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B2 L F B SR & BRSSOl sk LA R A BRI A E AR R - (b 2im R HAth 2
(). B84 EYIRNRATRSE - FEFAZEFIA organosolv el f AR EE(L - el
TEHAER - FRERT KA LRE I AR E E e/ B (L i b5 Fe it (3).ECN
T A58 = FURPR /K A AR B YRR (s ) FIH - BrsdiE Sae i R B A E phelaE
om0 FEEHENEEREIUKAEAE Y PRV LA REER LR e A 5 -

FS ECN HYAEEYIRALTo A& e - FelElf% a3 Ml - ECN 2 i AT
iRy - ECN B 12 FER=UM RS bR R bRioha 8 485 - 2R i R bRl »
A — RS B O EAE 800kW YRzl MILENA(E 7) - fER(bIEE &R
(gasification) ATAEE (combustion) WA{EETIHIES > » RALE A7 M =BTl © RALIERE
JHE (riser) - Jj(% = (settling chamber) F1RJJ%E (downcomer) 5 FABEEZ RINE AR RS —(EDT
> MILENA G/ b2 P I & RCRASRER LA (B 8)1% Al UYL AR AR
(SNG) ~ %t FLHT (green gas) ~ Fil Fischer-Tropsch 555H - SNG A]#E A GG ik e gl sl o]
F Ry iE ikt Bio-SNG ] - MILENA SF(LEGiT T 25 kW B Eaa= ST 2 800 kW
S B 5 (2008 AT T ) ©

FETHEER ECN 27 » ECN Mr.Klass Berkhof MA F573a 284 B sE R » H
Hr 800kW R bou sl - ECN B AE H A& TR RSCR BB Bt A 4 th 4y R 2R e
FICFB SRALZ& - #0H P B R IA &1F - SFRZ AR 4 AIREL 2R KW ]
BRILRS kst BN EET 1 ECN 2 R(LAY » iHG= R T &yl

=]
B

B

an»
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L—_’ Producer gas (CO, COy, Hy, Hi0, CHy, Gy, CHg. ete.)
2 [ £ss50C

I - Riser

. 2 - Settling chamber
Flue gas = L} 3 = Downcomers (number depending on scale
+830°C =) Z . 4 - Bubbling Fluidized Bed combustor
Recond il i o $ ~ Freeboard
RECONARLY == t = RECONSRY 6~ Sand transport zone
air 3 | ‘fs|  air # pyrolysis
i ;
HI combustion
NI
AL
1*1 .,
N
00 || 0@+ Pre-heated combustion air
14161 T 300 - 500°C
Biomass i -5 5| A
I-I Tar + dust from gas cleaning
t
Steam

*  Circulating bed material

7 ECN MILENA RBERIERAG
ECN Green Gas process Z ECN

Base case: everything converted into methane

| MILENA | [OLGA | | ESME |

S Pre- co2
HDS £ Me
removal | reformer | removal N Metha- Up-
nation | grading

Little organic-S, but tooll Needed to protect BTX is Ni catalyst is not able to

much for reformer reformer catalyst converted treat BTX nor ethylene
HDS also takes care of Smart combination of endothermal

C2H4 = C2H6 reforming and exothermal methanation

Gasifier: Fluidized Bed Gasifier operating at ~800°C
HDS: HydroDeSulphurization (converting organic S molecules into H,S)
BTX: Benzene, Toluene, Xylene (~“90%/9%/1% in case of fluidized bed gasification at ~800°C)

[E8 ECN £EYIRILZREF LR

Tar

Gasifier
removal

10 A 7 H4E ECN Y23t 2B A BRI &SR - SRRV - B 5ER
TR AN HEEHEENEE UM - BRI iR St &R i it 27 &b
PR E R iffs% 3~ 45

4. % EEFZE 4 NRG( Nuclear Research and Consultancy Group)
NRG Ei ECN [H)E Petten iff5eEE > 10 H 7 H NFEfZH NRG Mr. Martijn
Jimmink [FEIfZHATSEL A B - NRG BLA BT 500 A » F2EH LTS B 1%
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RERC Mo bt 8% e Ze 4 ~ Al SR Z AR A FE BRI 5 - NRG FlI /& 48 & S fEJE (High Flux
Reactor - HFR) K& 2f /& M0-99/Tc-99m &% F[RIL 2 > = BKi 54y 33% JiE FIAER2E I ~
B~ HOIRBRIEIE - METIRE ~ BetE ~ BB RAE © IS NRG fE2EKZ A7 e ftFE
I 2SN E B e AR 2 R4 24,000 9% B > 2B AR Z K E NRG»
BRAEMTHIANE 1300 2 &8 H2ET [ .2 Mo-99> HRE NRG A2 2 Ja i H B2k
PSRRI 2% 4052 2 Je 3 3 2750 - NRG 2 HFR i 8 8 50 4F » Btz Fig
TEZ R 2R TS - 5 2013 FERHAAHET THEE] PALLAS (S5SMW)3i S flE2s 2 i - 7 Rdbe
FHETT » P& P (2013-2017) Tkt ~ PO ~ FARE TAF - 25 P& B2 (2017-2024) K (55
WS e gs A AT I - AT H e A e b 2R a5 2L AR B U MR FI 28 > SR
2 Te-99m SJF(EL Mo-99) LN AFRIZIEL » HREINEE ISR Z KE
s BIRFR1Z > ATREMERE M0-99 2Kk - NRG JMEHALIRE - E¥ SRS seRits - A
FEJRIERK Mo-99 #1155 - LB R AT & Mo-99 fiEfefid NRG #EL1 - 5541 » Mr. Martijn
Jmmink £ EEhEL LA FHE > 7 EIXBTATSERE T 0 B H AT ST T E R R &
fEIEH -

T2 NRG &£ E 2GR B M ELR

High dose rate brachytherapy.

Used to study genetic diseases affecting copper metabolism, such as Wilson's and
Menke's diseases.

Arthritic conditions.

Head and neck cancer, tongue and mouth cancer (low dose rate brachytherapy).

Liver cancer. Used in clinical trials in Europe for new blood cancer treatment.
Thyroid, lung, brain and liver cancer, non-Hodgkin.

Various cancer therapies, e.g. cervical cancer, lung cancer (high dose rate brachytherapy)
and head and neck cancer.

Cancer therapy of solid tumors, ovarian and neuroendocrine cancer.

Treatment of excess red blood cells.

Metastatic bone pain relief and arthritic conditions.

Metastatic bone pain relief (palliative care) and in development for treatment of bone
cancers.

Metastatic bone pain relief.

Liver cancer, arthritic conditions and metastatic bone pain relief.

13



3. NRG 4 EZ 2l R R R

Used to label red blood cells and quantify gastro-intestinal protein loss.

Adrenal imaging.

Mo-99 is the parent for Tc-99m generator used for a broad range of imaging
in serious medical conditions: all areas of oncology, cardiology, kidney
function, brain function, brain disorders, lung function, infection detection,
thyroid function, bone disorders.

Imaging for lung function.

5. &£ B ~#H3E BPF (Bioprocess Pilot Facility)

BPF(Bioprocess Pilot Facility)fiz j* fa7 i DSM AER & A ([ 9) - & —EYiE iR
et A£ 2012 FEEEESERL - BMABI R — (B 7 AR IR B R e TREROAH
P E SRR AT B GRS B VIS R AR i s (5 © BPF V&S &2 2557 &
FEATREUR » RS DSM A H] - DURER 7y BRERHYAEE S % - 2014 4F4#E BPF Z &5y
sl - AERY 2015 FHRKEE E R E A -

10 H 8 H£:4 BPF - HiszonfilgaelinHiEa(H Ans Ligtenbarg BE 147 » Ans
Ligtenbarg A% 55 A\ B ez A 5 2 & #E00 - BPF A ST 30 A » S{rfiiig A
B0 17 N Rt E NG » Hith 8 A Risiiss s K ERA G » TEHMTHEFRRKZAEE
VIEROHIEA AR - BTN ER =B R, - I FTMEIFT &N AnsLigtenbarg 21471
SHAZBR PR AR BRI SORTRE IRV S R B0 - s SORAH R RIS A AR B REAEAZ R AT AT L
PERSER (AMT5% 5) » fxf& Ans Ligtenbarg 20 I M2 84 E BPF R#i5%5 < Ak
B~ B EOKf - B R - AR HE AREIS AT > PR e — V€S ([ 10) -
ISR B AE A AZIH PEAS ORI AE ] -

BPF JRi#ish < sea SR AV L3RR - a B YpklRm R - BEROKRE - 4
VyaEws SR YRS L F R IRR R R A B Y LR A B A B4 B B2 - BPF
KRG BT LA BRSBTS e s v [ S LR Rl - BREE e i B TR OR
Baagsh o TRt E R ROTES R ~ BEEIRT -

BPF (A ACEA 4 f54H (20 9) @ £FE: f54H 1:Pretreatment and hydrolysis (FijE
2K fi#) 5 154l 2:Fermentation (251%) ; f54H 3:Downstream processing (I Ji#E fmaa H
sfE RS o 154 4:Food Grade (Bindk) - Hrbisal VisHaH /1520 3 ELAZBH ATidak
AERRL - A 4 AR RIS B andfuE i & - BLEq A P @ iR (2B
R B 0 AIAE ATEX DPIREREE 1) - oo amddBie BBt » (REm R K EE L

b A{EEAHAETERE S
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Bioprocess Pilot Facility for innovations

154H 2:Fermentation

[E9 BPF REHEZRAAICE S 454

9 tft BPF i 3 {[E/AH B bt ATgf i RSB EL - 1Az Bl o T2 R 1(AT
HRE/K ) RS 2(5%1F)H 5y - 2% 4 KR 5 Rysfl I BEALAEARAH 1 RARAH 2 27 BB -
IS - BPF ZnsuidE ST A B YA &R Z M6 M KSR & Pl
LA RE Z B2 i LEACH TU Delft - i ATE IR ER - PR EEsgoistmsL -
IR B EROMTEE I ~ RS ~ S ETIF - & BB FEEBAVER -

L

\
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A% AT BPF ZE484H 1:Pretreatment and hydrolysis (BB SiL/K i) > ELEk

6 o EREEE ac 3 2 =349
2y =R ’ . 7 i i
R Em Mg s AR A AR ER i
BPF | &FfEmfERR |- (E2& Bench 4kg/batch | Autohydrolysis, acidic and 2BEERBAT /2 E2E 10L
(straw) -~ E | - 1R (ATEXPBA % alkaline treatments, liquid hot
BEeEHE |-BR I=1E) water, SO,, steam explosion,
BEfEK |cGkEge ammonia, organosolv, ionic
=y L1 liquids, oxidizing agents
mEM | RHEE) R PVES ST
Pilot 40kg/h Autohydrolysis, acidic and <10 m?
alkaline treatments, liquid hot
water, SO2,
steam explosion
INER &% - FE - | - BB Bench >1kg/batch | Acid-catalyzed steam =R/ 5L - 100L
KR -RE |-FE explosion U RS
BH--M175 |- IEEGEg - (Diluted-acid & steam
=k Sy Pilot 100kg/h explosion) 5~9m3
Bio Pilot Facility Bench scale facility:
Delft, Netherlands and 4kg per batch
40 kg/h prehydrolysis reactor system ATEX
(1-'-71(\’»\,"-"-'-’71"7“ L
‘ |

Evoposaioer
Heat s\ock

:
=

U |

)
[ Enzymatic
< Hydrolysis
r o - [ ] section,
§ L < separation of
"Ff_h Lignin form C-6
r i I sugar

)RR .

Valmet )
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5. %bATEE BPF fEf24H 2:Fermentation (85%%) 2 LEER

[Z3E 73 EXRE1E
« fE:BACTERIA, YEASTS +10L -~ 100L - 300L - 4m3 {E#4&(Rushton
OR FUNGI turbine)
BPF ‘BE +8m3 FiftE(bubble column)
EEEAFRR O

RS REBTURATEXPIRRIE T (ERTTIRERE

- EH:BACTERIA, YEASTS « 5L~ 100L « 7m? - 9m3B# 18 (Rushton FHHE

INER OR FUNGI Hturbine - TEE)
B - REEEAROHE

[E10 BPF 2 EASBORESBREE TS DSM £ EE
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[E11 # A BPF £ERERES Z ARLZEEHE

18
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ey B N ER AL BRI (LB PEILED - M I 0E I B e R PR LA - HC A 14 1600
HbaE/b - #EMEELYS 30%H LEHEPHE » R BIKEINEEE 25 KB S A - 8l
I AREARE - B R e 3 RAVERE M HEY > BREIEAET FAEEY) - o7
ARV ART > IS —KEER/GEH 1973 FRIAHE ORI R - PG A
AREIRZBTFESIEk - E5tiEis 40 5 > i RapelRbT e 0 ECN g i it — w5k
ILHY 1976 > SR L RHE AR - EERAMEEAE - KGR R AEEREE B2
WEsHER F - ECN HYRTS Fyfef Bl S BT 52 0 RCN AIDE TR 1955 4 - [ R aHaskaa ez
12 1976 4= RCN 247l fs ECN i RE BRI A #E(E SR 72 S RE SR BT 5T > (HFR 4y 2000 FE417
49 A NRG - FiLL » ECN [E£s NRG IVE /A # - HIE RN EIREE -

AT B 28 22 2 22 H Y Ry AT TR e gl AT R A B ER A s SO S e BB R 1
P TRERERIER A —1THIE ECN > (ARZUTATEL ECN e TR aE 2=k -
ISR MOU Z 25 EfS DU EE AR B ECN SRACR BETRFHIT T3 AV IR & 1F - IE
TTERAIE ECN 235250 » JRIHEFE R EEI B R AC R B 5 (AR - e S Bl i RAYRH
g%t TNO ~ NRG 2 BPF ZetfT S8 iRE - DU IR AT Z T S5 pie SRt B (e o 22 2 7 B PRe
Wt T B AV BIPR SR - ST T2 EE) - FIER LS T:

(—) RGBSR E R R R A OIS theE RN At -
LT R A & PR RGN ERS r  o iE tAE EEE N B S8 - PR
BEMT AL R ) (R IR AR 2 B A R PR e JE EE bR 38 5 T 2R 15 (a7 B & Je i
A HB A R ERSE - FRENE 22 ERER EEBER IR ERETH -
WEHEREEE KoRE SRS - REDZHIANRAER - NI E RV 5
AR EMD - NEEERE I3 B - ERSE BRI EREEAEE
Y > [ESEAEEE ) #ERERS T -

(Z)  TNO ZZH&KTEr Bl (AN THHEEALL - R RIRH IR » fe22 B R iahe 5 i
BROGHARAN =S = A RREUT - SR EER - DU U R EAIbT
FeEFIE o SRR 2 i ks TNO 7y H 5 ARRiTErE$E (D) T2 (Industry) ~ ()@ 4=
Jfi(Hedlthy Living) ~ ()T ~ ¢4 K frli(Defense, Safety and Security) ~ (4)#Hi{b
(Urbanisation) » Ei1(5)Energy(5E715) % - 1E & —HiThEalas i AR il o0 il Byt
B (Technical Science) L ke Bk A dy Bt @ fel 22 (Earth ,Life and Social Science)- {{cE [
AFHRARH % AR EF N AL S » — @25 B EREEATER - ERERAE
SPE FETERH IS Y E I - th & s BROlBAZE U719 - B2 Ry &R RalrEE N
5 | HEFTRR I ER A e B SRR R A -
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(73)

TNO Fyfaf R AR S REIMTFeits > 2 — B el R BURT 41 T S TR b e 3 fee iy
Bz - TNO Fli B AH &SR A BRPEBTFTAHAR - JO T S A BEUR VISR - 1T
TNO ¥ 2 BB BRI S FE T IR E R - MAE & R Rtk - DURERHET TR
BERIERGASE > Wit RIRE SR - L AmE THE R & 1F - RRHE SN
I TR Z FEF - TNO ¥R L IE IR I S ISR & SO BN TS IER - ER
APyt WEES - BE1 5% o BEEE H Al S fog BRI

ROREN > A5 aLsE (B -

ECN Fyfef el i L ZAVAEIRIT 72 o0 > BASARESE » HHARIZRY 1955 SFHIR FERSHTSE
Fuly RCN £ 1976 AT » ECN 20t i S AZ AR A AT 72 1 BR 4 iz i A
Re&r e AEIRHIS ST - BT AT AR AREC ST B AH A GE - RS RS COR R Ae TR ED
B 4 B RE IR SCFT - AR 2L RERS2E 2k - AT E R A 1% e B
AR E RN > SRR ERER S A i - ECN JREAREIRRHY
Wt ke sk e - Bl EEmEREE - KPRE B REIR RIS > SIRNT IR E &
AHE AR REE - AR BRYSCR - PrItZSh - ECN thispi 2 BlE) BRI EY
TR R R P ETEE - B4 FP7 ~ H2020 2 Solliance 55 - sl FIABKSHH 5
% - iRt ECN WHESIENEEETE > ERMEE - A RBER KEER&F -
AR RS R E

fXWTRTEL ECN REH AR Z4) » WH AT SRR T R LB H S UR R - Rt
K& TIEHEEESMERA > FL[FE200 2015 ££ 10 H 7 HiERE ECN {7 24K
ATEl ECN % R GRSk B e 7 0 AR EIRT & R ECN 4]
EHE Mr. Robert A. Kleiburg £ %% » ARG il A2 5 H BUERHIRE TR HRGHRE
FHEPRAREEIR S - MAEH A ECN 23] » AFrtIEFIZRERR 11 A 9)kiE
ARHTHIH R 28 TAR B G B R R RSB RO B 2 R A BT ECN i
TEE ESEGHESERFEMEIRBEE L - R fEhE ECN ELART{EEAE
Fhstse i s &1F - IE5h > B ECN {EBCR IR AVAETRRHIFE - fHE iRt
BABERNZET] - NI - RIS - #7488 ECN Rl fRHH 3O & 1F » A8
TR A A HERE TR RO 88 B D MR e TR b 2 P RE L -

ECN {248 AL T TR & RN - ELPTs& e 2 IR R AL S LRI A th iy K
27 LRty FICFB AHEHEL B AR EM 2 H4 - ECN & 2 5 i H A0
R B BN IR FICFB RALARYE - UFT BRINEE S E AL A
G0 o R EAE T RSB & F - THET S FRATR AR E KW R RER(E S
G MESEGET o AR ACGEE H KW REIRERA e iz - #E LU BB A 1
EEEE MW REIERHE - ILF7255 ECN B R/EEAr - Mmelits A 2 &AM
EHYKHE > BTN B AN AT S R SR B Ry - ECN Rl 0B 5 -
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BEZKFER ECN » Br 1 HIsEES & = N BRSNS RE R0 &38R - MAEZE AST am 7
FIREZ AN HERHVELRAEAE TIFRE 2 & - #E— D15 R business J sales J5iHi
URIRE > HETMBAYGEE business management J5iai 2 2675 > ILIEUABI N E SRS TAE
WAL S - HEA BB S 2 RefaryHERs -

{af T TR L FRET 22 Y 6000 SE A B » BV EEE AR - ZAT 4 EAEnTsE Al
FEE Zotil » H AT PABYEEE (thermochemical e fla P & 5z 4 Ak (biochemical £l 5 Ko
BT FTWERAARIREN - 7R EESh - FREHRTEEREERE - F4E
RV Erys RILEEE A S » BRI E S RAIESE & EH > Mm% E
FEIERBEANIE R T 2 FER] » R RE¥EMA EBIFEK - RItEA R e s
B2 En - EEENE - 2 - MTERFERIVHHE -

NRG  HFR CL{E I # 50 F - Kfg it FigE 2 FEr ZiRS - 5t 2013 FR4h
73 TIPS B T R | B R S 2 PALLAS (55MW) » FEETH 2024 SR B e ol B i
i - Tc-99m HPEH N B2 CIFE i - HEZ LA Mo-99/Tc-99m #5485 FE 4
28 Mo-99 DU FENE A7 > BN M0o-99 T BN RS - NRG FllH S EE
Z FE}% (High Flux Reactor HFR) A &4 & M0-99/Tc-99m E&F F[EI(i 2% » £ BkTi(54Y
33% > (R FLER N AE 73 HL Mo-99 B &Y | - {7 NRG Al B B HY 55 —BETH » 5541 -
FEHIL SR EE T T % - RS NRG 7R B Z 4 2 HE @ IR e @ A EN &
TEsiE -

SRR EIFEANESR - P H 2B EJEE B - ECN Z{FA RS FILE
stE 0 WKH A EFIAYRGE 73 BT BI A ) ~ 1 22 34 ~ Bl 3 £ 7 455 3 fiET& - K
PR ILEV AT ASE B E A L RS - AR A AR ~ B
Sk o TR 2 R (6 8 H )N ZBa BifE - o ~ REETEZ i LUE
S F I HIE > EERMRR AR E B AR Z Ll > B 25 E SR iE
A > B a7 TSt o W ] UBER G - S5 Eh AT

(-F—) IREHSRAERS ;e TAETT I - W3 N SAES Bl S 2 BT IS - dHpt

S BRAL R PR A B OREZ HIRE - NSRRI 2 B 2 TIFNE » 557]
BPERT LRSS BB RECHEERER - AR & Rl ae 8 2Rk i
ot e
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(—) #ZATEL ECN E BRI EERTE((MOV) » RAJENRER 2 &1F - EENERL
g~ B AR EEG ~ B ~ HEt st ESF S E R bR Rs IR il hE S B
MZ e

(=) 1 RESBEERALET 2 R R - T EEE S A FIY BRI L ~ BB F ~ T2 RIS AT E R
AR » PREAL 2 W E A H R SR T 70 0 780 ~ 5am  WILRE AR IREE S ERIF
AR > NMEA RS B E T RN D) - (RIS IR (£ PR TR
HFEZ > SRR AT R B P R BB (& 22 AT e AR RE TR s i F 275

(Z) W ARABHEE KW HYRRESR bR > SR LARBIEI A (2R 48 f MW SR A SR BRsitt -
FHY ECN A B SRAERT R - Hahtis N 8 A THERY/CE - BT RTeE A
B A e B YR bifatis - mIE ECN 51 Ry (F R B HTH R -

(P0) Tc-99m S BN FE R BUH 2B E IR s - FLE 2L Mo-99/Tc-99m ¢4 2 A
28 Mo-99 HFITLLS R 4 72 » B Mo-99 F2EMIE RFERZ A - NRG FH S @ E
[ fEfE( HFR)A: & Mo-99/Tc-99m BF FH[EIL 2 > BRI {54y 33% » (ALEIAES &7
A Mo-99 R ERIE i I - falf NRG H] Ry &1 55— 18830 -
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Ik L2aita B
HAr P4 JBers EE
aEERR | HE jyshen@taiwanembassy.nl
A Ay
EIEELERE | Wang, Li-Tong First secretary wanglitong55@gmail.com
AV

TNO Rene Hooiveld Director, Sustainable energy | rene.hooiveld@tno.nl

™NO Rob van der Stel New business and ventures | rob.vanderstel @tno.nl
energy

ECN Robert A. Kleiburg | COO, Executive board ECN | kleiburg@ecn.nl

ECN Piet Warnaar Business devel oper, wind warnaar @ecn.nl
energy

ECN Wouter J. van Business devel oper, solar vanstrien@ecn.nl

Strien MSc energy

ECN Jelle Blekxtoon Business devel oper, biomass | blekxtoon@ecn.nl
energy efficiency

ECN Klaas Berkhof MA | Senior manager, berkhof @ecn.nl
heat biorefinery technology

ECN Ye Zhang Technical consultant, Zzhang@ecn.nl
business devel oper

NRG M(Martijn) Business manager, jimmink@nrg.eu

Jimmink irradiations solutions
BPF Ans Ligtenbarg Manager operation ans.ligtenbarg@bpf.eu

TNO: Netherlands Organisation for Applied Scientific Research

ECN: Energy research Centre of the Netherlands

NRG: Nuclear Research and Consultancy Group

BPF: Bioprocess Pilot Facility
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bifsk 20 AZIAT R E 2 1R ECN k2 NRG Z 23312

Z ECN NG

Visit of Institute of Nuclear Energy Research (INER) to
Energy research Centre of the Netherlands (ECN)
and Nuclear Research and consultancy Group (NRG)

Wednesday 7™ October 2015
wind Turbine Test Site, Schervenweg 35a, 1771 RT Wieringerwerf
westerduinweg 3, 1755 LE, Petten

the Netherlands
03.00 Pick-up at Amrath Hotel Alkmaar for trip to Piet Warnaar Alkemaar
Wieringerwerf
03.45 Arrival and welcome to visitors at ECN Wind FRobert Kleiburg Wieringerwerf
Turbine Test Site
05.00 Signing of Mol ECN/INER
09.15 Presentation and site visit Robert Klkeiburg and
Piet Warnaar
10.30-11.15  Trip to ECM and NRG facilities Petten Piet Warnaar
11.30 - Introduction Solar Energy activities Wouter van Strien Petten
- Presentation on ECN 5E RED program and model Toren Boven
of collaboration with industry
- Introduction on RED Status of INER Kin-Fu Lim
- Discussion on potential collaboration
12 30 Lunch in meeting room
13.30 Introduction Imadiation Solutions NRG (scope on Philippe Brouwers,
medical isotopes) Martijn Jimmink and
René Measkal
14.00 Visit to Control Room High Flux Reactor Martijn Jimmink and HFR
René Meekel
15.00 Biomass & Energy Effidency overall picture focus on  Jelle Blekxtoon Meeting room G035-
thermochemical conversion and biorefinery, waste K110
heat upgrading, hydrogen production
15.45 Biomass lab tour Jelle Blekxtoon
16.15 End of visit, departure by taxi to Amrath Hotel
Alkmaar
Participants:

INER:

Kin-Fu LIN, Deputy Director-General

chin-Cheng HUANG, Director of Mechanical and System Engineering Program
Wen-5o0ng HWANG, Director of Chemistry Division

ECNC

Robert Kleiburg, COO Executive Board

Piet Wamaar, Business Developer Wind Energy

‘Wouter van 5trien, Business Developer Solar Energy

Jelle Blekxtoon, Business Developer Biomass B Energy Efficiency
NRG:

Philippe Brouwers, Unit Manager Imadiation Solutions

Martijn Jimmink, Account Manager iradiation Solutions

René Meekel, Account Manager Imadiation Solutions
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Institute of Nuclear Energy Research
October 2015

B /ntroduction
O INER’s Missions
O Organization

B Nuclear Safety

B Radioactive Waste Management

B Radiopharmaceuticals Applications
B New and Renewable Energy

B Plasma Technology Applications

B Conclusions

o i
Institute of Nuclear Energy Research 1 * E
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Introduction

—
4 (" Human Resource Profile Total 1337 )
. wsion (including contract manpower 668)
To provide integrated strategies and Staffs of INER 669
technical supports for energy security, - Scientist 369 « Technician 217
zg;::znment protection and civilian B — T
\.
B R&D Fields
Energy & Environment 9 )
45° 4 N
% Statistics of staffs in Education
Degree
Radiation Application
50%
31% 40%
30% o
20%
Nuclear Safety ] ‘ { ' g, /
24I:yo Ph.D. MS BS Others
113 1% 54
\.

>
» ki TR

Introduction

Organization Chart of INER

Institute of Nuclear Energy Research

 wankis TRl




Sp Introduction

E———

Nuclear Safety ’ Energy & Environment Aﬁgf;tti%"ns

Radiopharmaseuticals
&
Instrumentation

m Safety Technologies for
NPP

m Safety Technologies for
Operation & Maintenance

® Industrialization

m Life extension assessment

ration

The five démains of R&D technologies
7 ey \Gmmmmaaamnrv s

a2

Nugcl r 4 SRR TSy

. _

r/)
2D
owe Nuclear Safety Technology
—
» Safety Assessment
* Probabilistic Risk Assessment (PRA)
» Digital Instrumentation & Control
» Power Up-rating
Nuclear Safety _ _
Technol ogy o System Operation and Maintenance
e Nuclear Materials Safety Research
* Radiation Protection
¢ Emergence Response
L ¥
Institute of Nuclear Energy Research S uwgﬁ
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Seismic Hazard Re-evaluation for Operating NPP

O Role of INER: Supervision for geological investigation an

performing Seismic Hazard Analysis(SHA)

Spectral Seismic Source Geological
Attenuation Update Characterization Investigation
I

= [ DSHA, PSHA ]

Hazard
Deaggregation

3D site response considering =
dlpp?ng ol Sl [ Site Response ]

Offshore topography

| 2010 | 2011 | 2012 | 2013 |

Offshore Seismic Reflection

2014 |

Planning Geological Investigation |, =~ °5cn

DSHA Extend Investigation
Workshop, Level 3 PSHA|

DSHA: Deterministic Seismic Hazard Analysis
PSHA: Probabilistic Seismic Hazard Analysis

Institute of Nuclear Energy Research

o it TR

- Nuclear Facilities Decommission and Radioactive

_llNE" Waste Management

* Decommission of TRR

Nuclear * Decontamination Technologies
| Facilities « Solid Waste Clearance Release
' Decommission
' and » Wastewater Treatment Technologies
Radioactive | ) )
Waste o LLW Final Disposal Technologies
Management * SNF Final Disposal Technologies

» Remediation Technology

* Chinshan Dry Storage Project

Institute of Nuclear Energy Research

* Decommission of the Existing Nuclear Facilities

, wankipt TR
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Chinshan Dry Storage Project | Dry run campaign [

| Storage system and storage pad j

W 5 - e 2

Underwater handing  TFR tie dow

VCC: concrete cask PAD: concrete pad ]
Institute of Nuclear Energy Research 8 awgi}:

TSC: canister TFR: transfer cask

~~== Radiation Biomedical Application at INER

'GLP Radiopharmaceutical

GLP radiopharmaco =
Characterization Laboratory

toxicology laboratos

1. Preclinical evaluation for new
radiopharmceutical
2. Translational lab. M
Radiopharmaceutica Biomedical —) 30MeV
“manufacturing cente application Cyclotron

1. Quality control of raw
material and drug
2. Drug metabolism study

1. 1S0O-9001 and PIC/s-GMP
certification
2. 17 drug licenses from TFDA

Supply medical isotope: I-123,
Tl-210, In-111, Ga-67, F-18, I-
124, Ge-68, Co-57 etc .

2. Industrial application: Neutron
monitoring (for proton therapy )

Co-60 irrradiation
\ center

Institute of Nuclear Energy Research 9 é“ﬁi’:’:
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Radiopharmaceutical
manufacturing center

(ISO-9001 and PIC/s-GMP certiﬁcaﬁon)

—

— e

-

|

Institute of Nuclear Energy Research
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[ INER

m Energy
Conservation

Energy quen
Conservati
on Focus
u Solar Center . s
Photovoltaic 5 L
Cell g G & I
® Biomass eotherma
m Solid Oxide rgy Focus gneﬁ;ydantd
Fuel Cell Centers j o verae
® Energy i Center
Storage e
System

® Aviation Fuel

B Smart-Grid
N System
W
\

N

\_

Institute of Nuclear Energy Research

Programs of INER in NEP-II

® Carbon Reduction
and Clean Coal Study

m Wind Power
System

o i TR

' Achievements in Energy Related Research —

~== Fnergy Conservation

A self-powered electrochromic (EC) device

Flexible thin film
solar cells

LED lightings

A Reverse Thermosyphon Loop (RTL) for
Ground HEAT Exchanger

Indoor unit
(evaporator)

Heat Pump Outdoor Unit

Compressor

Coil heat
exchanger
(Condenser|

RTL ground heat exchanger

A flexible electrochromic device
100

80

700
wavelength (nm)

A flexible thin film battery (TFB)

900

= = | |1
Heat valve
removing .‘ """""" 2 :
! Ground =
GSHP with RTL ,‘:;‘,:,",,"‘m‘ = (L
in summer tank Borehole

..........................

Institute of Nuclear Energy

Research
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[
m Solar Cell

Development of Mass Production and Commercial
Medule of Polymer Solar Cells (PSCs)

O Non-vacuum, Solution-processed, Flexible,
Printable — The third generation solar cell
B Low-energy, low pollution, low carbon and low cost.
B Large-area coating techniques: ultrasonic spray, ink-jet
printing and roll-to-roll slot-die coating.
W All-solution processed and transparent large-area PSCs
or modules.

Thin, light,

=

e
e

B MW Grade HCPV System

N

Location Lujhu, Kaohsiung, Taiwan
3.44intotal
*1.76 from National Property Administration
Awa (racs] *1.68 from Taiyen Co.
1.6 in acting
Tracker (set) | 7.5 kW (120), 5 kW (21)
Equipment Module (ea) | 8,040
Inverter (ea) | 201
Cost (USD/W) 8
Established/Operation Dec. 2009/Feb. 2010
O &M Personnel 2
Institute of Nuclear Energy Research

Achievements in Energy Related Research —
L == Solar Photovoltaic cell

® Concentration PV (CPV) Micro-module

Feature 1. High Efficiency

Module efficiency reaches 35.15%,
is almost as twice as traditional PV's

Concentration ratio is above 1100;

optical acceptance angle is 20.7°

ing LED pro|

& packaging; effectively promote

automation fevel and yield rate

Feature 4. Low Cost

Reduce customized components and highly cut the
development cost; simplified the process of frame assembly;
efficiently drop manpower

Feature 5. Carbon Dioxide Emission Reduced
Module height is only 1/3 of originaf;
quantity of materiaf used less; easier for transportation; effectively

reduce carbon dioxide emission; save energy and protect environment

Feature 6. Raise Reliability

Capably lower working temp of solar celf
because solarenergy is spread;

increase module durability and refiability

&
E—
m Core technology:
Pretreatment System,
Co-fermentation Yeasts
and On-site Enzyme
Production
B Competitive Biorefinery
process producing
ethanol for ~$0.67/L
(exclude feedstock cost)

' Achievements in Energy Related Research -
== Bjomass - Lignocellulose Biorefinery Technology

Diverse product

Long-chained hydrocarbons gasohol
{jet fuel)

FDCA {PEF bottle) 3
Cellulosic
Lactic acid (PLA plastics) othanol

Total conversion technologies
Thermochemical
conversion
{160-2007C)

Xylose

enzyme '_1
, Solid res.idt.fe Enzymatic
{glucan, lignin 2
hydrolysis

hydrolysa

Biochemical
conversion

Glucose

Purification
Fermentation
te *] &Dehydration

hydrolysat
Cellulose (glucose) R

Hemicellulose(xylose)
Lignin

60-70%
Steam/electricity«—lignin—> methane—
t

y

|

Organic
waste

Anaerobic
1 digestion

Institute of Nuclear Energy Research

T 1
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~ Achievements in Energy Related Research -
- =" Solid Oxide Fuel Cell

High efficient,
fuel-flexible,
eco-friendly
SOFC technology
is pursued.

Technical Status Check

l Cell Manufacturing

Cell

®
Powder
Stack Testing
SOFC Technology - Powder '~ Power
—Institute of Nuclear Energy Research

_ Achievements in Energy Related Research -
L= Energy Storage System

L}
B Redox flow battery RD&D platform

Materials optimiztion ~ high current
density with reasonable efficiency

single cell(2-6W)

2013

Micro-grid %

Energy Storage System Test & Application Site =3 o - e

Off/fOn grid integration PV~VRFB ESS with BMS/EMS

Institute of Nuclear Energy Research 17 éwgﬁ

o on - . con
INER , hi: > . g | }
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Achievements in Energy Related Research —
~em Aviation Fuel

(T l Thermochemical / Biological Hybrid platform: |
F 3 - 5 N
TeCh. Thermoc'hemlcal Blol.oglcal
. ~ : CO,/Syngas — MeOH — Aviation Fuels

Biological conversion,

Thermochemical converion, |> Lowopgration&
tn o i capital ¢osts
..g g Biomass — Syngas T3 et expectel.
=l — MeOH/DME — Gasoline / Aviation Fuels = - .
8 O [ T R L
8 O -
o o D > High selectivity 8

blending ratio expected.

1D ata & proce . > Long life : >20 dayjper cycle &
T | ~ S >1 year lifetime.

(o)) ‘ . & ‘ = A ‘ » 100% drop-in fuels/

= 1 Yo s 2
aic ‘ )
= o . py e
i) 9 el e » High syngas conversion : 92% o
o) o D cata theoretical value
(O] g > High yield : >2.0 g-DME/g-catalysth

(O] ifi plasma gasifie o [ cy ~75% YT

4 5 INm?3
2006 2008 2010 2012 2014 2016

Institute of Nuclear Energy Research Year é“ﬁf

'::;-;;.'L_, Achievements in Energy Related Research —
™= Smart-Grid System

Mlcrogrld in Longtan Township
O Taiwan’s-Pirst-Outdoor-Microgrid Demo Site

B Total capacity 470 kW
(PV 100, WT 175, MT 195)

Connect to TPC distribution feeder line
Grid-connection or islanding operation
Renewable energy penetration ratio > 50%

Energy management system & energy
storage for peak shaving 10%

Water Park of Pingtung Microgrid

Y £t AT ) - | Microgrid Test Field |
Institute of Nuclear Energy Research 19 ngﬁ
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' Achievements in Energy Related Research -
- == Wind Power System

L ____ &
Development of 150 kW
wind turbine in "
compliance with IEC o ifionie of Adcrodtes

61400-1 Class-IA

[t ..s-l-q [
—

B Design certification of

i Wu \)"N‘ VA offshore wind turbine
ij;;‘ e and support structure
= ‘:w--- e B Design evaluation
“5} [\'W A i laboratory certified by
S .. e :;“: TAF

( ~ Achievements in Energy Related Research -

= Carbon Reduction and Clean Coal study

iy ystem e5|gn
\ Profll |
1

Institute of Nuclear Ene Research

Chemicals:

R — = Heavyoil X Particulate
Natural gas b 4]
removal
S e

7Amine
»Ammonia
»Oxochemicals

Refineries:

1 i
KeY'de‘"ce ICombination 1 ==
design N i Sulfur remova B i = Features of INER's co,
10WN abow ~ - i
Coal to liquids: 1} § G@Pture sorbents:
]
1

v capacity > 50wt%

v stability at 750°C > 90%
in multi-cycle process.

v A kg-level sorbent
manufacturing system

Electricity (IGCC

Benchmark
platform

»Hot Model of Moving

Granular Bed Filter: Y e y - .
v The only operating HT- ] MGBF AGR ? CO2 separation ~

(500°C) MGBF in Taiwan.

v Filtration efficiency > 90% » Stability of desulfurization solid sorbents maintains over 90% efficiency after multi-cycle tests.
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Plasma Technology promotion Center

renewable energy and clea

Plasma technology for environmental protection,

n process

Applications

Plasma Technology

Thermal Plasma

Plasma Incineration &
gasification

Plasma density:@ = 10%'2 ions/cm?

Non-thermal Plasma
Plasma Surface Engineering

Plasma density. P ~101%~"7jons/cm?
I I

l |

LOW-|eYe| Hazardous Wastes
radioactive Incineration ash

Plasma Coatings

Plasma Surface
Treatments

wastes(LLW)

Biomass Conversion to
Syngas, Liquid Fuel,

Cleaning, Activation, Implantation
Thin Film Solar Cell, Energy saving

Electric Generation
Institute of Nuclear Energy Research

Plasma Coating Te

chnology

Far Eastern Ti-Gold Technology Inc.

Super Coater

Generation I (1995-1998)

Generation 1I(1998-2001)

Over 30 planar CAD plasma
sources and 2000A in total arc
current

Good for deposition of
complicated shape and large
volume of working pieces

Institute of Nuclear Energy Research

Good for deposition of high
uniformity of larger plane are:
of working pieces

One plasma source over 8m in
length and 1000A in arc current

Generation IV(2007-2009)

Modified multiple Planar CAD
together with 5m-long column CAD
plasma sources

Good for deposition of all kinds

a
of shape of working pieces

23

st Ty
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m-n Exclusive coater with front gate of 5 meter in length

LLLEERERRR

"
"
I
[
[T}
o
-
4

4
4

Feature Screw-rod for plastic extrusion

; Extending the life period at least
2 tons work pieces @ Multiple modified planar CAD y e

v Three times

available per batch  pjasma sources together with high .
power pulse DC bias @ Adhe519n force over 70
® Equipped with Pulse DC driving N for TiN film with
Nitride thickness of 3 um on

plasma nitride steel

Institute of Nuclear Energy Research 24 AM@&

= Conclusions

INER followed the steps of the most National Nuclear Laboratories of the

world. We extend our research fields to Green Energy during the past 15
years.

Taiwan’s Bureau of Energy (BOE) rises the renewable target by 25% to
17.3Gw in 2030, which raises the share of renewables in national power mixes

is estimated to be more than 26% (now 5%). PV 8,700Mw, Off-shore Wind
Power 4,000Mw.

INER will switch to “Ministry of Economic and Energy Affairs” and
change our name to “Institute of Energy Research, InNER” after the new
Organizational Act to be approved by Legislation Yuan in the near future.

Institute of Nuclear Energy Research 25 QM@&:’:
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Wind Power Research and Development
at INER

A ,.'1‘ | .
Presented by
Dr. Chin-Cheng Huang

Director, Mechanical and System Engineering Program
N October 2015

,, i lplsn Institute of Nuclear Energy Research

- Outline

B Geography of Taiwan

B \Wind resources in Taiwan

B National target for wind power

B Research and development of
wind power in Taiwan and at INER

B Some important research topics on
wind power

LT el
Institute of Nuclear Energy Research - p—— "
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Geography of Taiwan

[
[
[

B Taiwan is located south east to China 7 IS,
between Japan and Philippines. = i

B Taiwan is mostly mountainous in the middle =~
and east, with gently sloping plains in the B (B 7
west. Penghu island is one of large off- o
islands in Taiwan.

L] b aﬂ 15
Institute of Nuclear Energy Research -u h-\* - if"-'

2

Wind resources in Taiwan

B According to the international website, 4Coffshore.com, showing the
abundant wind resources on the Taiwan Strait.

10 Year Global Wind Speed Rankings

“.
e e
= -

-
- _
- - B % e ' -
e a3 o -
—— o v ‘ o

Souree: 4CofTehore

et ad TR0

Institute of Nuclear Energy Research
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~~  \Wind resources in Taiwan-onshore

B Superior on-land wind farms are mostly
located in the northwestern and
southwestern coasts. The full load hours can
be 2500~3200 hours per year.

B Penghu island is one of the best wind areas
with annual average wind speed ~ 9 m/sec,
higher capacity factor of 45%

TRT 0w B FIVY S Rl R

{ Y [Ty
\ T AGwwoe |
i
Sowce: Bureau of Energy

Onshore wind power plants

in Taiwan
' e r— ; ﬁ -—* Source: Buresu of Energy
Average wind speed and wind power density at elevation 50m = i:..‘
Institute of Nuclear Energy Research — m-‘* . "‘5

~= Wind resources in Taiwan-offshore

L ] Shallow Water (5720 m) ° Deep Water (20™ S0 m) [ ] Deeper Water (> 50 m)
- Area: 1,779.2 km? - Area: 6,547 km2 - Potential: 90 GW

r Potential: 9 GW - Potential: 43 GW e Feasible: 9 GW

- Feasible: 1.2 GW r Feasible: 5 GW

Wind Power Density(W/m2)
Bl < 100 ] 400 - 500 [7] 800 - 900 B 1.200 - 1,200
B 100 - 200 ] 500 - 600 [ 900 - 1,000 [[5] 1.300 - 1,400
B 200 - 200 [[7] 600 - 700 [ 1.000 - 1,100 [__] 1,400 - 1,500
7] 300 -400 7] 700 - 800 [l 1.100- 1200 _|> 1,500
Three offshore demonstration wind farms
Formosa offshore wind farm (Swancor)
(1)Capacity: 108 MW (30 turbines)(2)Off-shore:5km
(3)Water depth:5-30m
Taipower offshore wind farm (Taipower)
(1)Capacity: 108 MW (22-36 turbines)(2)Off-shore:6-8km
(3)Water depth:15-25m
Fuhai offshore wind farm (TGC)
(1)Capacity: 108 MW (30 turbines)(2)Off-shore:11km

Cortomn sermdated oy NCAR WRE

(3)Water depth:25-40m o ﬁ g
Institute of Nuclear Energy Research ﬂ_ - M- i"a %
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B National target of wind power for Taiwan

B According to the Bureau of Energy, the latest national target for
wind power development can be shown in the table below (as
of July, 2015).

B Hopefully, there will have first demonstration offshore wind
turbines installed in two demonstration offshore wind farms,
Fuhai offshore wind farm and Formosa offshore wind farm,
respectively.

(o [ o | o0 | auas | 200

Onshore

Accum.MW o4 737 1,200 1,200 1,200
(units) (311) (370)  (450)  (450)  (450)
Ag:ij\;f/v 0 >12 520 1,520 4,000
(units) (4) (104) (304) (800)
MW 614 750 1,720 2,720 5,200
(units) (312) (374) (554) (754) (1,250)

Revised from BOE I @i"_‘
Institute of Nuclear Energy Research = W : "u

6

Timeline for offshore wind research and
development

. INeR

. 1 1 "
E;;::r\;exﬁgiz?f “National Science Technology Program-Energy

government(MOST) Sub-Subject: Master Program on Offshore Wind Power

has formed national IRGErBRUGRALG0operation RERETE) DEVERBRONS
2010 NN 20125 NN 2017~ N\, 20225
program to support  _gu [RGIRIENI> SR> SIS oD
the offshore wind R&D N i x d‘m o ‘
R E— nagsina Velopmegts
from 2010. l Project Evaluation
B The offshore wind and Planning &l’lshorc Wind Farm () ]

program widely covers
many different areas
which are urgent and
important to the
offshore wind
demonstration
projects in Taiwan.

Taiwan Offshore Wind l Offshore Wind Farm (II) I
Power Demonstration Project

Source: National Energy Program I

et T2
Institute of Nuclear Energy Research — T “'u



~= Research and development on Wind Power
at INER

B INER is a multidisplinary national laboratory and started
small wind turbine research and development in 2006.

® The technology development for small wind is primarily on
the mechanical system integration and self turbine
development including aerodynamic design of blading,
rotor system and dynamics, turbine integration, power
testing, turbine test operation, etc.

B During the past decade, 400W, 25 kW, 150 kW from small
to medium wind turbines have been developed and put
into test operation at INER campus.

B Some joint research projects between universities and
INER were performed on the self developed wind turbines.

Institute of Nuclear Energy Research b= Anes 7] LS "

oo Design of wind turbines and verification

B INER is the only national laboratory with test wind park in Taiwan.

® Wind turbine technology team was recognized by TAF for design
evaluation of small wind turbines.

B |n 2013, INER helped Hi-VAWT with DS-3000 design report which
was successfully certified by Class NK of Japan. The small VAWTs
have been exported to Japan. .

25 kW wind turbine 150 kW wind turbine

i -‘A' SISy
Wind turbine assembly e
» N . et d
wha i PR

Institute of Nuclear Energy Research 9



Technology development for wind turbine
design and verification

INER

Aerodynamic

analysis

.....

. : = —
i g~
ki Tyl
Institute of Nuclear Energy Research A“h e l«‘-",

- ~= Offshore wind research and development at INER

B |In 2012, INER joined the national offshore wind program of
Taiwan

B The primary objective of the national offshore wind program
is to support the demonstration offshore wind projects and
localization of offshore wind technology by integration of
research institutions, academia and industry.

B INER has been involving in the integrated dynamic load
analysis of offshore wind turbine subjected to extreme
external conditions such as typhoon, earthquake, etc.

B INER has also joined the IEA Task 30 OC5 as an observer
since May of 2015, to get involved in the international
activities of simulation and test on offshore wind and also get
more technical information to improve the load simulations.

whedii BRI
Institute of Nuclear Energy Research s W» . "‘4
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Offshore wind research and development
at INER (Cont’d)

B With the OC3/OC4 technical reports,
INER has finished the comparisons of
load analysis results for NREL SMW
reference turbine subjected to some
load cases for both of turbines with
monopile and jacket support structures.

B Collaborate with SWE, Stuttgart
university on the integrated load
analysis for offshore wind turbine
and support structures.

W At present, this work is ongoing for
load analysis for offshore wind !

turbine system subjected to local "I"""NI i
environmental conditions such as - " “""

typhoon, earthquake, etc. i s

Institute of Nuclear Energy Research H“gﬂl

= SOMe important research topics on wind energy

B Re-examination of the adequacy of use of the international
design standards on the design of wind turbine in Taiwan.
Specially, impact of harsh environments of typhoon,
earthquake, etc. on local design guidelines for offshore
wind system needs to be studied.

B [oad simulation and load measurement are crucial for the
offshore wind turbine design, operation and maintenance.
Development for the combined technology is also very
important for determination of regional design load cases,
necessary component design strength, load mitigation, etc.
against the harsh environments in Taiwan.

B Structural integrity and reliability assessment technologies
are also to be developed in the near future at INER.

et T

Institute of Nuclear Energy Research
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INER:

Thank you for your attention
Welcome to INER !

Seebn it NN y
b, v:' B 3 o=~
Institute of Nuclear Energy Research M“ﬁ-@l’&’.
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R&D Activities for biorefinery Technology
at INER

Wen-Song Hwang

Chemistry Division
Institute of Nuclear Energy Research, AEC

Institute of Nuclear Energy Research (INER)

INER

~ INER was founded in 1968, currently under the administration of Atomic Energy Council
(AEC), Taiwan.

» Will be renamed Institute of Energy Research, under the administration of Ministry of
Economic and Energy Affairs (MEEA), Taiwan, after government organizational restructure.

£ » Organization was founded as the sole
Academic 4  mutual Policy national research institute for nuclear
M Cooperation Instruction g
\ Technag, / science and technology studies.
)’o?
. ; %, il ~ Research has been extended to the
g , Support development of carbon-free energy,
i low-carbon energy, and industrial
2 radiation applications.
Technical ¥ W K _ » Special focus on research of renewable
Service o Marketing
/ ¥ and new energy area.

Rl st tutelor[N ucicary :
{ . Public / EnergyjResearch w “Professionalism, Innovation, and Safety”

--—--—-Institute’s core values



O Biomass power

O The city waste will be decreased due to

oo

> Energy Usage and Supply in Taiwan

O Highly dependent on imported energy:

98.04% of energy sources are imported, only 1.96% from indigenous
energy

O Major reliance on fossil fuels (89.94 %)

O Biomass, the largest resource, accounts for 63 % of indigenous energy
(1.96%) in Taiwan

Total energy supply in Taiwan Indigenous energy in Taiwan
148 million KLOE(2014) 2.9 million KLOE (2014)
Nucl Solar solar
uciear Coal & Coal Photovoltaic Thermal :
Power, 8.33 Renle\?y;:) 'Ies, Products, and Wind 3.88% (;“;i:’;""
* s 29.2% Power, 6.78% 4 Natural

Natural Gas, . Gas, 11.65%
12.23%
Hydro Power, _

14.26%

Source :http://www.tbeia.org.tw/frnEnd/news/news_detail.aspx?id=17

Biomass Energy Industry in Taiwan

INER
B o P TS L R TR

Waste » City 624 MW

* Industry SMW r
Agriculture  + Biogas 19MW 24 Waste incinerator Bﬁégas ;;owe; pi;n; 19
& Forestry  * Agro-waste 92MW powst plant G2AMW hw
Total 740MW 950MW

well garbage sorting and efficient resource
recovery , and the biogas from sewage
sludge and animal feces will be promoted
in the future.

Aim to reach 950MW in 2030.
Construction of Refuse Derived Fuel (RDF-5) - “Ron;:; o RDF-5 CHP plant
plant and co-located with paper 180,000 ton/year

manufacturer was operated well in Taiwan.

Source :http://www.tbeia.org.tw/frnEnd/news/news_detail.aspx ?id=17 ﬁm@ﬂ,’ -3
— . -t
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> Biofuel policy in Taiwan

S P e S e o D ) S R S =]
OBioethanol

BE3 gasoline has been used in government vehicles in
Taipei since 2007.

W14 gas stations in Taipei and Kaohsiung city provide E3 = k ‘ x
gasoline since 2009. | E3 gasoline. |
MSource: Highly dependent on imports. s
OBiodiesel

B B1 biodiesel was implemented nationwide in 2008, later
increase to B2 in 2010.

B Source: Transesterification of kitchen waste oil and plant

< \'

oil First manufacturer of biodiese
2007 2008 2010 2025 2030
B1 * B2

* E3 gasoline in * B10 * E10 gasoline
Taipei * E3 gasoline nationwide * Biofuels account for 10%
implementation. of transportation fuels

i T .

Cellulosic Ethanol (Biochemical Conversion)

INER

O INER has been dedicated to develop cellulosic
ethanol technology since year 2005, and a leading
and unique pilot plant with a capacity of 1 ton
biomass fed per day was built to validate the
applicability of cellulosic ethanol production at
massive scale.

INER’s pilot plant process Cellulase production

\ » L f » === ’ -
Lignocelluiose 57 | | & Buga - " Ethanol  /ANEREL
7 ST : i | ie ST B
i A 3 1 ! 4 f -3 40y
.y ] g
’7: Z) § E ’«7 [ - —
ARSE S Distillation &
il dehydration
‘F:OH,
COMP‘;;Eib" of Destructionof lignocellulose  Hydrolysis by enzyme Fermentation & Dehydrationupto ]
lignocelluiose & release xylose & release glucose produce ethanol 99.5% Yt

AN
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Cellulosic Ethanol of INER - Feedstock collection

@ Cellulose g Hemicellulose - Lignin & Others
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Rice straw

Bagasse

Pennisetum [z e e v

Miscanthus
Bamboo

Corn stover

Sweet Sorghum

Poplar o S
Wood Chip [N SN IS

-)Approximatelyi@/) can be converted to fermentable sugars

= ale i TG .

INER Milestone
INER Bioenergy Technology Emerging Abroad
B e e e s e meeen e ot e
O INER’s Cellulose-to-Ethanol Technology Transferred to
Malaysian

l O Business model of “Co-location construction” design was
provided

O New biofuel plant construction co-located with the existing

plywood plant by using waste wood chips as raw material
for of biofuel production.

The agreement of technolog{ transfer signed on May 14'" 2016 by the Director-General of INER, Dr. Yin-Pang Ma(left)

and Mr. Lin Tsai-Rong, the president and representative of Cymao, Malaysia.
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v'Pretreatment process improvement
v'"Methodology of scale-up engineering
(Capacity: 100-300 ton/day)

= Establish computational fluid dynamics
(CFD) simulation models according to the
results of pilot plant tests

St

( Taiwan patents 1340192, 1346723, 1369944 ,
1364427, 1392544; US patent 8,080,128B2)

cid-Catalyzed Steam Explosio system
has reached the threshold of commercialization

~ 38 O Features:

# -Diverse lignocellulosic

feedstocks

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

Xylose concentration can be 40
g/L, glucan recovery > 80%

*Enzymatic hydrolysis conversion
of the solid residue can be >

80% s =
LT

8

INER

Cooperation between INER and Novozymes Company

~ INER’s acid-catalyzed steam explosion pretreatment system has reached the
threshold of commercialization (Taiwan patents 1340192, 1346723, 1369944 ,
1364427, 1392544; US patent 8,080,128B2):
® Input solid/liquid ratio can be up to 40% ~ 50%
m Xylose concentration can be 30 ~ 40 g/L, glucan recovery > 80%
®m Enzymatic hydrolysis conversion of the solid residue can be > 80%

50

mono poly
xylose N BN
glucose I NN

Concentraiton(g/L)

104

T R T > 2
o o o o o P AT
LA N R R R LR

Rice straw hydrolysate obtained after
pretreatment system of the pilot plant

<@
on/day

rovozymes

Dose response curve

INER20120116, DASE pretreated rice straw, 12.6% TS hydrolysis, 50g assay,
CTec2, 3 days

= (1557 P S

e 80% _

g -~ |
7| BB
> e T4 T S T

s Enzyfﬁétic hydrolysis conversion in =~
flask heeds to be higher than 80% for ..
' commercial application

€02, catf vt pranr-sbgs guime + Abse)

Evaluation of enzymatic hydrolysis of the
pretreated rice straw by Novozymes

it TR -
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INER Develops On-site Cellulase Production

INER

termentation strategy study (5-L) } e -.qggf_»,.‘.,LScale-up (100-L, 1000-L, 9000-Lq

v Increase cellulase activity v Validation & Optimization
v" Shorten production time v ?356 gga(l)ysswi /& Clo)st-down strategy
-2-1/ga

i Fungus 3 P
iscreening cultivation Cellulase production

7

INER’s
Fungi
i (cocktail, for
i high lignin-

content ) ;
biomass) induced carbon source SR

INER’s Ethanolic Fermentation Yeast FRIEND
INER --- Efficiency, Robustness, Innovation

Pl e e e e e

O INER has developed Glucose/Xylose co-fermentation strain FRIEND :
Flexible/Robust yeast for Industrialization and Economy of Next-generation
bioethanol Development

O Strain FRIEND is flexible apgliiatile in SHCF, SSF and SSCF production process

Efficiency

¥ Ethanol yield(85-90%)

D ¥'Sugar consumption(>0.8 g/CDWg/h)
. YLow pitch(0.5-1 g COW/L)

Robustness

 VInhibitor tolerant

¥Various feedstocks applicable
¥ Genetic stablity

. ¥Scale-up validation

Innovation

L /US patent granted
> 5 v’ﬁwan patent granted
Microbial Co-fermenting Strain . " VJIMB publication
Fermentation FRIEND  ¥*“Silver medal” in Taipei Int’l Invention Show

= sacis it TRl v
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Extension of CE Technology to Biorefinery

INER
e s o e e :
O INER’s R&D now focuses on biorefinery technologies | : Biofuels
such as depolymerization of lignocelluloses, cellulase L?J s ‘:2,;',
production and recombinant strains to produce | g

advanced biofuels and bio-based chemicals. m -
v Bio-polymer (Lactic acid) | S - j

* > 99% optical purity L-lactic acid & D-lactic acid
v" Drop-in fuels

Fatty acid & fatty alkane, hydrocarbons fuel G "t:’ & (=
v Bioplastics (Bio-FDCA) <

Packaging Materials

* Building block for PET or PEF ““ ig et
v' Butadiene precursor i o e
+ Important industrial chemical used as a monomer in £ Synthetic rubber

the production of synthetic rubber.

v" Lignin derivatives
*  Carbon fiber

v'Chemical

- \/ Refinery

v Electricity |

] 0CO, capture sorbents:
OHot Model of = :
. Capture capacity >
Moving Granular e e

Bed Filter:

v'The only operating
HT-MGBF (@500°C)
in Taiwan. —

v Filtration efficiency AG CO, separation

v Stability > 90% in
multi-cycle process
at 750°C.

v'A kg-class sorbent

manufacturing
> s : system has been
te?r(\):G Stelevated »Acid Gas Removal: Stability of desulfurization solid czmmissioned.
— sorbents maintains over 90% during multi-cycle tests..?
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Decarbonized of syngas from biomass derived syngas

INER
e s (S S = P vy
O Carbon neutral is an important item for sustainability of using =
carbonaceous feedstock as fuel. 3
O The gas cleanup technology including acid moisture, S, Cl has
been tested using kW scale reactor as test rig.
O The sorbent Ca/Al material capture 50 wt% CO, at 750°C
under syngas composition of 17.7%H,, 28.9%CO, 4.5%CH,, R o
and 25.0%CO0, (air balance). gasification

O Most of impurities in gaseous stream are removal to sub-ppm
level, which is benefit for utilization of high purity syngas for Raw syngas ]
advanced application such as solid oxide fuel cell.

=Ny, - L S-filter —|
0. .. L2 |
I CI', NHz removal l

Syngas cleanup 1
I Polishing guard bed l

oJ: -
o
.

[ Filter ]
et Syngas tank :
‘Guausli'ﬂcation CO, capture L Clean syngas I
INER

Thank You for your attention

bk 2R EURE TSl S8 f T
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Wind Power Research and Development
at INER

A ,.'1‘ | .
Presented by
Dr. Chin-Cheng Huang

Director, Mechanical and System Engineering Program
N October 2015

,, i lplsn Institute of Nuclear Energy Research

- Outline

B Geography of Taiwan

B \Wind resources in Taiwan

B National target for wind power

B Research and development of
wind power in Taiwan and at INER

B Some important research topics on
wind power

LT el
Institute of Nuclear Energy Research - p—— "
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Geography of Taiwan

[
[
[

B Taiwan is located south east to China 7 IS,
between Japan and Philippines. = i

B Taiwan is mostly mountainous in the middle =~
and east, with gently sloping plains in the B (B 7
west. Penghu island is one of large off- o
islands in Taiwan.

L] b aﬂ 15
Institute of Nuclear Energy Research -u h-\* - if"-'

2

Wind resources in Taiwan

B According to the international website, 4Coffshore.com, showing the
abundant wind resources on the Taiwan Strait.

10 Year Global Wind Speed Rankings

“.
e e
= -

-
- _
- - B % e ' -
e a3 o -
—— o v ‘ o

Souree: 4CofTehore

et ad TR0

Institute of Nuclear Energy Research
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~~  \Wind resources in Taiwan-onshore

B Superior on-land wind farms are mostly
located in the northwestern and
southwestern coasts. The full load hours can
be 2500~3200 hours per year.

B Penghu island is one of the best wind areas
with annual average wind speed ~ 9 m/sec,
higher capacity factor of 45%

TRT 0w B FIVY S Rl R

{ Y [Ty
\ T AGwwoe |
i
Sowce: Bureau of Energy

Onshore wind power plants

in Taiwan
' e r— ; ﬁ -—* Source: Buresu of Energy
Average wind speed and wind power density at elevation 50m = i:..‘
Institute of Nuclear Energy Research — m-‘* . "‘5

~= Wind resources in Taiwan-offshore

L ] Shallow Water (5720 m) ° Deep Water (20™ S0 m) [ ] Deeper Water (> 50 m)
- Area: 1,779.2 km? - Area: 6,547 km2 - Potential: 90 GW

r Potential: 9 GW - Potential: 43 GW e Feasible: 9 GW

- Feasible: 1.2 GW r Feasible: 5 GW

Wind Power Density(W/m2)
Bl < 100 ] 400 - 500 [7] 800 - 900 B 1.200 - 1,200
B 100 - 200 ] 500 - 600 [ 900 - 1,000 [[5] 1.300 - 1,400
B 200 - 200 [[7] 600 - 700 [ 1.000 - 1,100 [__] 1,400 - 1,500
7] 300 -400 7] 700 - 800 [l 1.100- 1200 _|> 1,500
Three offshore demonstration wind farms
Formosa offshore wind farm (Swancor)
(1)Capacity: 108 MW (30 turbines)(2)Off-shore:5km
(3)Water depth:5-30m
Taipower offshore wind farm (Taipower)
(1)Capacity: 108 MW (22-36 turbines)(2)Off-shore:6-8km
(3)Water depth:15-25m
Fuhai offshore wind farm (TGC)
(1)Capacity: 108 MW (30 turbines)(2)Off-shore:11km

Cortomn sermdated oy NCAR WRE

(3)Water depth:25-40m o ﬁ g
Institute of Nuclear Energy Research ﬂ_ - M- i"a %
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B National target of wind power for Taiwan

B According to the Bureau of Energy, the latest national target for
wind power development can be shown in the table below (as
of July, 2015).

B Hopefully, there will have first demonstration offshore wind
turbines installed in two demonstration offshore wind farms,
Fuhai offshore wind farm and Formosa offshore wind farm,
respectively.

(o [ o | o0 | auas | 200

Onshore

Accum.MW o4 737 1,200 1,200 1,200
(units) (311) (370)  (450)  (450)  (450)
Ag:ij\;f/v 0 >12 520 1,520 4,000
(units) (4) (104) (304) (800)
MW 614 750 1,720 2,720 5,200
(units) (312) (374) (554) (754) (1,250)

Revised from BOE I @i"_‘
Institute of Nuclear Energy Research = W : "u

6

Timeline for offshore wind research and
development

. INeR

. 1 1 "
E;;::r\;exﬁgiz?f “National Science Technology Program-Energy

government(MOST) Sub-Subject: Master Program on Offshore Wind Power

has formed national IRGErBRUGRALG0operation RERETE) DEVERBRONS
2010 NN 20125 NN 2017~ N\, 20225
program to support  _gu [RGIRIENI> SR> SIS oD
the offshore wind R&D N i x d‘m o ‘
R E— nagsina Velopmegts
from 2010. l Project Evaluation
B The offshore wind and Planning &l’lshorc Wind Farm () ]

program widely covers
many different areas
which are urgent and
important to the
offshore wind
demonstration
projects in Taiwan.

Taiwan Offshore Wind l Offshore Wind Farm (II) I
Power Demonstration Project

Source: National Energy Program I

et T2
Institute of Nuclear Energy Research — T “'u
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~= Research and development on Wind Power
at INER

B INER is a multidisplinary national laboratory and started
small wind turbine research and development in 2006.

® The technology development for small wind is primarily on
the mechanical system integration and self turbine
development including aerodynamic design of blading,
rotor system and dynamics, turbine integration, power
testing, turbine test operation, etc.

B During the past decade, 400W, 25 kW, 150 kW from small
to medium wind turbines have been developed and put
into test operation at INER campus.

B Some joint research projects between universities and
INER were performed on the self developed wind turbines.

Institute of Nuclear Energy Research b= Anes 7] LS "

oo Design of wind turbines and verification

B INER is the only national laboratory with test wind park in Taiwan.

® Wind turbine technology team was recognized by TAF for design
evaluation of small wind turbines.

B |n 2013, INER helped Hi-VAWT with DS-3000 design report which
was successfully certified by Class NK of Japan. The small VAWTs
have been exported to Japan. .

25 kW wind turbine 150 kW wind turbine

i -‘A' SISy
Wind turbine assembly e
» N . et d
wha i PR

Institute of Nuclear Energy Research 9
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Technology development for wind turbine
design and verification

INER

Aerodynamic

analysis

.....

. : = —
i g~
ki Tyl
Institute of Nuclear Energy Research A“h e l«‘-",

- ~= Offshore wind research and development at INER

B |In 2012, INER joined the national offshore wind program of
Taiwan

B The primary objective of the national offshore wind program
is to support the demonstration offshore wind projects and
localization of offshore wind technology by integration of
research institutions, academia and industry.

B INER has been involving in the integrated dynamic load
analysis of offshore wind turbine subjected to extreme
external conditions such as typhoon, earthquake, etc.

B INER has also joined the IEA Task 30 OC5 as an observer
since May of 2015, to get involved in the international
activities of simulation and test on offshore wind and also get
more technical information to improve the load simulations.

whedii BRI
Institute of Nuclear Energy Research s W» . "‘4
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Offshore wind research and development
at INER (Cont’d)

B With the OC3/OC4 technical reports,
INER has finished the comparisons of
load analysis results for NREL SMW
reference turbine subjected to some
load cases for both of turbines with
monopile and jacket support structures.

B Collaborate with SWE, Stuttgart
university on the integrated load
analysis for offshore wind turbine
and support structures.

W At present, this work is ongoing for
load analysis for offshore wind !

turbine system subjected to local "I"""NI i
environmental conditions such as - " “""

typhoon, earthquake, etc. i s

Institute of Nuclear Energy Research H“gﬂl

= SOMe important research topics on wind energy

B Re-examination of the adequacy of use of the international
design standards on the design of wind turbine in Taiwan.
Specially, impact of harsh environments of typhoon,
earthquake, etc. on local design guidelines for offshore
wind system needs to be studied.

B [oad simulation and load measurement are crucial for the
offshore wind turbine design, operation and maintenance.
Development for the combined technology is also very
important for determination of regional design load cases,
necessary component design strength, load mitigation, etc.
against the harsh environments in Taiwan.

B Structural integrity and reliability assessment technologies
are also to be developed in the near future at INER.

et T

Institute of Nuclear Energy Research
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INER:

Thank you for your attention
Welcome to INER !

Seebn it NN y
b, v:' B 3 o=~
Institute of Nuclear Energy Research M“ﬁ-@l’&’.
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R&D Activities for biorefinery Technology
at INER

Wen-Song Hwang

Chemistry Division
Institute of Nuclear Energy Research, AEC

Institute of Nuclear Energy Research (INER)

INER

~ INER was founded in 1968, currently under the administration of Atomic Energy Council
(AEC), Taiwan.

» Will be renamed Institute of Energy Research, under the administration of Ministry of
Economic and Energy Affairs (MEEA), Taiwan, after government organizational restructure.

» Organization was founded as the sole
national research institute for nuclear
science and technology studies.

//“—\\
4 N

\
Academic Mutual Policy
M Cooperation Instruction
\ ;0‘52““‘9’ 1""""’%}-9 /
L) \
% ~ Research has been extended to the

Support development of carbon-free energy,
low-carbon energy, and industrial
radiation applications.

Technical » Special focus on research of renewable
Marketing

swu] A 3 \ and new energy area.

, institutelof{Nucleard
{ Public / EnergyjResearch w “Professionalism, Innovation, and Safety”

\
--—--—--Institute’s core values

N
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O Biomass power

O The city waste will be decreased due to

oo

> Energy Usage and Supply in Taiwan

O Highly dependent on imported energy:

98.04% of energy sources are imported, only 1.96% from indigenous
energy

O Major reliance on fossil fuels (89.94 %)

O Biomass, the largest resource, accounts for 63 % of indigenous energy
(1.96%) in Taiwan

Total energy supply in Taiwan Indigenous energy in Taiwan
148 million KLOE(2014) 2.9 million KLOE (2014)
Nucl Solar solar
uciear Coal & Coal Photovoltaic Thermal :
Power, 8.33 Renle\?y;:) 'Ies, Products, and Wind 3.88% (;“;i:’;""
* s 29.2% Power, 6.78% 4 Natural

Natural Gas, . Gas, 11.65%
12.23%
Hydro Power, _

14.26%

Source :http://www.tbeia.org.tw/frnEnd/news/news_detail.aspx?id=17

Biomass Energy Industry in Taiwan

INER
B o P TS L R TR

Waste » City 624 MW

* Industry SMW r
Agriculture  + Biogas 19MW 24 Waste incinerator Bﬁégas ;;owe; pi;n; 19
& Forestry  * Agro-waste 92MW powst plant G2AMW hw
Total 740MW 950MW

well garbage sorting and efficient resource
recovery , and the biogas from sewage
sludge and animal feces will be promoted
in the future.

Aim to reach 950MW in 2030.
Construction of Refuse Derived Fuel (RDF-5) - “Ron;:; o RDF-5 CHP plant
plant and co-located with paper 180,000 ton/year

manufacturer was operated well in Taiwan.

Source :http://www.tbeia.org.tw/frnEnd/news/news_detail.aspx ?id=17 ﬁm@ﬂ,’ -3
— . -t
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> Biofuel policy in Taiwan

S P e S e o D ) S R S =]
OBioethanol

BE3 gasoline has been used in government vehicles in
Taipei since 2007.

W14 gas stations in Taipei and Kaohsiung city provide E3 = k ‘ x
gasoline since 2009. | E3 gasoline. |
MSource: Highly dependent on imports. s
OBiodiesel

B B1 biodiesel was implemented nationwide in 2008, later
increase to B2 in 2010.

B Source: Transesterification of kitchen waste oil and plant

< \'

oil First manufacturer of biodiese
2007 2008 2010 2025 2030
B1 * B2

* E3 gasoline in * B10 * E10 gasoline
Taipei * E3 gasoline nationwide * Biofuels account for 10%
implementation. of transportation fuels

i T .

Cellulosic Ethanol (Biochemical Conversion)

INER

O INER has been dedicated to develop cellulosic
ethanol technology since year 2005, and a leading
and unique pilot plant with a capacity of 1 ton
biomass fed per day was built to validate the
applicability of cellulosic ethanol production at
massive scale.

INER’s pilot plant process Cellulase production

\ » L f » === ’ -
Lignocelluiose 57 | | & Buga - " Ethanol  /ANEREL
7 ST : i | ie ST B
i A 3 1 ! 4 f -3 40y
.y ] g
’7: Z) § E ’«7 [ - —
ARSE S Distillation &
il dehydration
‘F:OH,
COMP‘;;Eib" of Destructionof lignocellulose  Hydrolysis by enzyme Fermentation & Dehydrationupto ]
lignocelluiose & release xylose & release glucose produce ethanol 99.5% Yt

AN
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Cellulosic Ethanol of INER - Feedstock collection

@ Cellulose g Hemicellulose - Lignin & Others
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Rice straw

Bagasse

Pennisetum [z e e v

Miscanthus
Bamboo

Corn stover

Sweet Sorghum

Poplar o S
Wood Chip [N SN IS

-)Approximatelyi@/) can be converted to fermentable sugars

= ale i TG .

INER Milestone
INER Bioenergy Technology Emerging Abroad
B e e e s e meeen e ot e
O INER’s Cellulose-to-Ethanol Technology Transferred to
Malaysian

l O Business model of “Co-location construction” design was
provided

O New biofuel plant construction co-located with the existing

plywood plant by using waste wood chips as raw material
for of biofuel production.

The agreement of technolog{ transfer signed on May 14'" 2016 by the Director-General of INER, Dr. Yin-Pang Ma(left)

and Mr. Lin Tsai-Rong, the president and representative of Cymao, Malaysia.
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v'Pretreatment process improvement
v'"Methodology of scale-up engineering
(Capacity: 100-300 ton/day)

= Establish computational fluid dynamics
(CFD) simulation models according to the
results of pilot plant tests

St

( Taiwan patents 1340192, 1346723, 1369944 ,
1364427, 1392544; US patent 8,080,128B2)

cid-Catalyzed Steam Explosio system
has reached the threshold of commercialization

~ 38 O Features:

# -Diverse lignocellulosic

feedstocks

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

Xylose concentration can be 40
g/L, glucan recovery > 80%

*Enzymatic hydrolysis conversion
of the solid residue can be >

80% s =
LT

8

INER

Cooperation between INER and Novozymes Company

~ INER’s acid-catalyzed steam explosion pretreatment system has reached the
threshold of commercialization (Taiwan patents 1340192, 1346723, 1369944 ,
1364427, 1392544; US patent 8,080,128B2):
® Input solid/liquid ratio can be up to 40% ~ 50%
m Xylose concentration can be 30 ~ 40 g/L, glucan recovery > 80%
®m Enzymatic hydrolysis conversion of the solid residue can be > 80%

50

mono poly
xylose N BN
glucose I NN

Concentraiton(g/L)

104

T R T > 2
o o o o o P AT
LA N R R R LR

Rice straw hydrolysate obtained after
pretreatment system of the pilot plant

<@
on/day

rovozymes

Dose response curve

INER20120116, DASE pretreated rice straw, 12.6% TS hydrolysis, 50g assay,
CTec2, 3 days

= (1557 P S

e 80% _

g -~ |
7| BB
> e T4 T S T

s Enzyfﬁétic hydrolysis conversion in =~
flask heeds to be higher than 80% for ..
' commercial application

€02, catf vt pranr-sbgs guime + Abse)

Evaluation of enzymatic hydrolysis of the
pretreated rice straw by Novozymes

it TR -
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INER Develops On-site Cellulase Production

INER

termentation strategy study (5-L) } e -.qggf_»,.‘.,LScale-up (100-L, 1000-L, 9000-Lq

v Increase cellulase activity v Validation & Optimization
v" Shorten production time v ?356 gga(l)ysswi /& Clo)st-down strategy
-2-1/ga

i Fungus 3 P
iscreening cultivation Cellulase production

7

INER’s
Fungi
i (cocktail, for
i high lignin-

content ) ;
biomass) induced carbon source SR

INER’s Ethanolic Fermentation Yeast FRIEND
INER --- Efficiency, Robustness, Innovation

Pl e e e e e

O INER has developed Glucose/Xylose co-fermentation strain FRIEND :
Flexible/Robust yeast for Industrialization and Economy of Next-generation
bioethanol Development

O Strain FRIEND is flexible apgliiatile in SHCF, SSF and SSCF production process

Efficiency

¥ Ethanol yield(85-90%)

D ¥'Sugar consumption(>0.8 g/CDWg/h)
. YLow pitch(0.5-1 g COW/L)

Robustness

 VInhibitor tolerant

¥Various feedstocks applicable
¥ Genetic stablity

. ¥Scale-up validation

Innovation

L /US patent granted
> 5 v’ﬁwan patent granted
Microbial Co-fermenting Strain . " VJIMB publication
Fermentation FRIEND  ¥*“Silver medal” in Taipei Int’l Invention Show

= sacis it TRl v
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Extension of CE Technology to Biorefinery

INER
e s o e e :
O INER’s R&D now focuses on biorefinery technologies | : Biofuels
such as depolymerization of lignocelluloses, cellulase L?J s ‘:2,;',
production and recombinant strains to produce | g

advanced biofuels and bio-based chemicals. m -
v Bio-polymer (Lactic acid) | S - j

* > 99% optical purity L-lactic acid & D-lactic acid
v" Drop-in fuels

Fatty acid & fatty alkane, hydrocarbons fuel G "t:’ & (=
v Bioplastics (Bio-FDCA) <

Packaging Materials

* Building block for PET or PEF ““ ig et
v' Butadiene precursor i o e
+ Important industrial chemical used as a monomer in £ Synthetic rubber

the production of synthetic rubber.

v" Lignin derivatives
*  Carbon fiber

v'Chemical

- \/ Refinery

v Electricity |

] 0CO, capture sorbents:
OHot Model of = :
. Capture capacity >
Moving Granular e e

Bed Filter:

v'The only operating
HT-MGBF (@500°C)
in Taiwan. —

v Filtration efficiency AG CO, separation

v Stability > 90% in
multi-cycle process
at 750°C.

v'A kg-class sorbent

manufacturing
> s : system has been
te?r(\):G Stelevated »Acid Gas Removal: Stability of desulfurization solid czmmissioned.
— sorbents maintains over 90% during multi-cycle tests..?
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Decarbonized of syngas from biomass derived syngas

INER

e s (S S = P vy
Carbon neutral is an important item for sustainability of using
carbonaceous feedstock as fuel. 3
The gas cleanup technology including acid moisture, S, Cl has
been tested using kW scale reactor as test rig.

O The sorbent Ca/Al material capture 50 wt% CO, at 750°C

under syngas composition of 17.7%H,, 28.9%CO0, 4.5%CH,,

and 25.0%CO0, (air balance). gmiﬁcaﬁion
O Most of impurities in gaseous stream are removal to sub-ppm
level, which is benefit for utilization of high purity syngas for Raw syngas ]

advanced application such as solid oxide fuel cell.

, : : - o = =0 ey L s-filter —|
: - !
- v 3 = o 25" I CI', NHz removal l

Syngas cleanup 1
I Polishing guard bed l

[ Filter ]
S '
Gasification CO, capture L Clean syngas I

INER

Thank You for your attention
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