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G LAY BF

1) MIA|
0 (A& XIEE0! Rotot=io] Qs Bio|eteiMe HEMIE FSEHRACL, TE Mestet 7|1Y &
7Y See2 7Y 7F MA ATIRT A 3l ti+2 HI0|R SAH g 5= Salf XEXL
A JEE Allotn U= o
* (30|EHI0|Q) HIO|RMZ, HIO|RSISIHIE, HI0|Q A} S &5t M| Sl0|EHI0|R AE
2= fletg - 27 MIZol ofeh AHXF a2 B7f 7% - o 22X tEsS ¢l
2017 2,480 2l 308z )01 A HEH 10.2%= 7115] 4% o0 2025 5,394
(o 67020 EEE FA(Wise Guy Reports, 201926)
*UIE ARt el TEE UiA VIsEM, MR S SR A HI0IQIIAE HER
ANEot Ha 59 HE3HEE 0l E2AE, adE, UF 59 aeiHlgs ditcle
A= o]

% Frost & SullivanOf A OISt HIO|QSFIMIZ AR 2= 153 30546 2(2F 379 222 0f| A
20 6,901 2= (oF 856 9x U2 E5| AASH 702 0|=(Frost & Sullvan, 201327))

S0|EH0|2 HEE M SHEHE AlE ERE Sl0|EHO|2 HIEE S2Y AIETE
800
2010 _ ol CAGR : 18%
B 2025 g Pl
= 600f
= [a]
® @ 500 | ARG &R
g:g § 400 -
EL @ 200 | CAGR : 20%
KD
< g 200 -
= [ e EEE =
| HE o=
N - .
He =4 MY 2010 2015 2020

EX: KISTEP, HIO|2ZMZ2| 0[S ffet S{0|EHI0|Q A S5 HAM KX, 201728)

(23 2-1] 2l0|EHI0[R AMYFol AlE HY

26) Wise Guy Reports, White Biotechnology Market 2019 Global Analysis, Growth, Trends and Opportunities Research Report Forecasting
2025, 2019(ntips: //www.medgadget.com/2019/05/white—biotechnology—market-global-industry—analysis—size—share—growth-trends—and—forecast—2019-2025,hm)
¥ HoM EHT0| ot @E=19 Q92 JINE EZE Ay

27) Frost & Sullivan, Emerging Technology in Bio— chemica\s 2013

28) KISTEP, HIO|2ZXIZ2| 0|3 I8 SI0[EHI0|R MY |4 M X, 2017

147KIER Energy Technology Policy Focus



SI0|EHI0|R =LH-2| 2z A Olf 24

— (ZE SEHE) HI0|Q7[E ZE SBIHIEC] AR FR= 201713 88121211220
2025\ 227 7L (282 )2 HHANME 12.6%=2 NS MAU(Grand View Reseach, 201929)
* 07 |M ESE SSIHIEE 1,3—Propanediol, Dodecanedioic Acid, Lactic Acid, Succinic Acid,
Fumaric Acid, Malic Acid, Glucaric Acid & CHEXQ! 7| =EHHEZES 2|0
— (HIO|2Z2AE]) Y38 HIHEE S S2AE X A 1| Zhitof 2ok Aol S2tAE
S HiolojA 7Bt SetAES] 50| & RE AlE2 2| dHsk= FH= 2014 3872
4870 N 2024 204.8UH(25.4x2)2 HES MU(Frost & Sulivan, 2018%0)
- (Hr0|sz HEH) 20| ¥ R A2 20145 24%ZH2{3x0lA 20243 392 Bi4sxR)2
HAHANME 5% 502 MAS MB(Frost & Sulivan, 2018)
— (Hio|2 HIRIE) ZEKN| HIRIE S| MEZS 50| ¥ F3 AR 20143 104221 2x2)0fA
OF 1581 OfAF AMAFet MU(Frost & Sulivan 2018)
o 3F2, HIO|QeMINE0| tAE 4~ MRstet 7|Hh SeiMY AgHEe= 2015H 55428
(6.879= )0 A 20254 6,76 H2(8395x )2 HEE MUOZ HIO|SFSIAAO] AR &

IHs42 e Eemeye

-

F

o (HI0|2%=) M| HI0|2%E 2Ot M=ol Aoz M £&%= 220M Hio]2H=7}
RIXIGHE HIZS 2018 7| OF 3.4%0| A0, M7l B[R 0| MM2r2 201814 1525
2|0 M 2024 1.8752EZ2 71 MA(EA, 201932>)

* OfEHZ, B0 L HVO(Hydrotreated Vegetable Oi) X2t 2! XFACH HIO|2HZ(Novel advanced

biofuels) |2

0 2 7l 58

(HIo|23tStRIE) MX1=2] 2% Haser|Y, izl Y, AxsteP|d e
I:IHEI|O| |_|-| E_._ . O|2<.§_ (ID:I-I

- (M7t E= EL) ergH Y
71ga B8 selv|ge 2RIE #IX 8 Ve ME

—

29) Grand View Research, Bio—based Platiorm Chemicals Market Size, Share & Trends Analysis Report By Product, And Segment
Forecasts, 2019 - 2025, 2019

30) Frost & Sulivan, Growth Opportunities for Bio—based Chemicals and Materials in Europe and North America 2017, 2018;
SHEHI0|283] SH=2HI0|QAMHTNME, HE0|23FSHBio—based Chemicals) A $12f 2018

31) MISARIIS, BBt TRIPIXISH F2F, 2016

32) IEA, Renewables 2019, 2019
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u%l) B4, HH0[2, HEI S fh AR U A JI Jle HE U HRAS
Soff W 452 £ HRCS LN TS S0, UBISHES It Au

— (B= CHHS)) Hio|QsleiE e R X&7tsd 7IE ZSREiM S, M &

K

o

AE HI0[QUIANN 2| HER A HI0|QOiA, FUVIA, SAE WAH7| 52 Hi0[2
OiA 0[20| &7Ictk= Al

l-_l

2f

2t
71540] Z3HE Novel SISIHIE MM 2 JH Bt 24

Nature Works
(0|=2)

Dupont Tate &
Lyle BioProducts
(0|=2)

Genomatica

(0l=3)

- (REg ME A =)

AH|XY] Zetd Mz d=k S710l| tiSott] 27k=2f 0[#(0f,

A
SIMHIE #7159l HI0|SME A TIY 2es

- (Allﬂ’é"EI HE) A

MH Vaniin 52| efx 2 g4~ S2! Sebacic Acids(C10), Dodecanedioic acid(C12), Levulinic

(# 2-1) 222 FQ H0[2 3leidE 7Y S

.

513l
[=]

o X=7|Y Cargildt 22ESISH7|Y Dow Chemical®l SEISIAIR ARSI SIXl= Cargillt
H Z|ch 3f5t3|AF PTT Global Chemicalo] 25 AR
* O|= Nebraska M, 152tE 22 HIO|2Z2|H Ingeo PLA MZEAIME ER] 2 0|2 PLA
(polylactic acid) AI&Ql 28% s
. 20165 [HlE}'_X-I)\f HFR 7|§_| Al'.@.f,_l.E 06}. A| )élé-l)\l S =

rO

XL =2 = TIC aO= =2y
» 20E77kK| Ingeol] ZEREE 100% ISCC* 01z |22 Y A3 2H(19, 28)
* ISCClInternational Sustamabnny and Carbon Certification): HIO|OA AXF Az g9l X

AL B SO H IRH0| 2R TIATKsY JIF 55 028 BEss 21 o5 7
© Sl 244 A4S S ARRIZ0| U2 0/85H Yo, 257, B 59| aEzeA

HIOIROiAE A, CO,, CH.E Y 0|8t A+ o8 &

2 MEF M7 Tate&lylet 2EH31517|¢ Dupont ZQUE HIKZ|AF M2IS Qs 14

EEIEIN,

0|2 Tennesseell|, 1,3—PDO(1,3—Propanediol) AAAA ES

Jg% E5H A2 Zemea® propanediol, IAs Z2[0|AHZ2 2X| Susterra® Propanediol,
MSe ATHE PTT(Polytrimethylene terephthalate) M= A AdAt

Cargilzto] H2g S8 A=) A = =X(1577)

3tat719 BASFRt 1,4-BDO(1,4-Butanediol) CHR MAK750005/H)E SEZ 2t0[MA
A2 HOl Sith(20| — S 0FAI0P(15.98)

Novamont 7|&at GENO BDO™ Z&* 20|MA AlokS HZGI¥SH, o|Ez|oto| BDO
EUE(30,000E/H) M50 2016 427] 715 Al

* Yldextrose, sucrose)| TUEA HET LEE Sot BDO it 3F

33) CJ DjeiEgeTE,
34) BRI S| Bt

HiO|2&ket M E&f, 2016
HIO |2 AMHTAMIE], HIO|23}sHBio—based Chemicals) At &8t 2018
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Genomatica

(0l=3)

BioAmber
(0l=3)

POET-DSM
(01=)

LanzaTech
(0|=2)

Verbio North
America Corp.

(0l=3)

Neste
(m2E)

The Coca—Cola
Company
(0l=2)

PepsiCo
(01=)

Dell
(01=)

LEGO
(0l=3)
P&G
(o1=2)
IKEA
(Hzte)
Evolva
(Aag12)
Borregaard
(=29)lo])

Solazyme
(0=)

SO|EHI0|Q 2LY-9| #Hg I Ol 24

-

3
S

Invista, DSM, Lanxess, Toray S GENO BDOTM Z2X7|= =8| ZE

Aquafill} X|&7H5st caprolactam 2 LIYE-6 %‘NE o5t R&D g2 =XI(18.18)
HIO|2OiA 22| Brontide™ butylene glycol O1=20i 0|0 SEAIE SA(18.38)
Versalis 2! Braskemz} Butadiene M4t 7|& et &

re!

HIO|Q 4l E'J BDO/THF A4ALSH0)| Q10] Cargil2EE= O|MS 72 71 DupontC 22 =

Z0f Met 7|2 B

Dupont2§$E1 Succinic acid®] BDO, THF(Tetrahydrofurane) M3t 7| 2=

U= StetS|AF Mitsui & Co.2F F=5H0 FHLICHY| Al ERHE(30,0005/H) AM A 7t&

=t
TG Vinmar, sef2|At Oleon st A7 [Ea5HY E= R0l H 1 X2

POETZ} Royal DSMQ| ZQIE Hilx
0= lowafl| MIZAl Z/= Celulosic HIO|2OA (420, ¥, Z4Z]) 7|8t OfERE S2HE(Project
Liberty, 2HBHAE21/H MAMHD) JI5

SU7tA 7

8 OIEES/SELCION AL Tl JH 27
S0 QIR LML J|8t OfEES A BHE N EIE 7HS(46,000/2)

Dupont®| Nevadall| & lowall| MEZ2 A OEES ZUE Q= F9|(18.118)
244 BMS 7|8F IHY7HSEE HHTIARNG) MAAILZ et F2

ReNew ELP(E3), Licela(37)2t B 88 Z2tAE H7I2S ¢, S50 U 3
HES YRZ AIRY 4 Qe m2HE &7

[y

X&7bsst Z2 a8 XHRI0|A 100% HIO|RS2) PET 7|Ht S28 £ =X

2009 30% HI0|292H S22 'PlantBotie™" SA|

20123 Heinz, Ford, LI0|7|, P&G St & XS0l 100% AlE 7|8k PET M= 2 MR
MNEE ZETINFI7| §Igt AN the Plant PET Technology Collaborative(PTC) A

20112 Lab—scale T+29| 100% HIO|R2SK2H PET XZE 274
HIO|RR2 PET, AIZ ZAA MAS QIS HoHe =%

2020E7IK| 100% X|&7tset ZET ME =8

S35fsh 7|8F ABS(acrylonitrile butadiene styrene copolymer) £X| HIO|2S2H TEXtZ2
l= S8 8

FO

El _Ii
oII

H|

"Vision 2020", "Ambition 2030" HIO|QOA S2ff ZAA S HIO|QS/SIHE AR Sl =X

'People & Planet Posiive’ M2F2 Eaf] KA 755 AXl| & Z2tAE AR St =4
SHGlucose) HEE E5t Hi2l(Vanilin) MAt 7| HS 2 EFDA, FEMA(D|Z 2= X|&X}
3)) M B 2B =S

Z27H HO|QOHA Sl SFEINZE(RE|aY. 2laY S Hid2l 2|aAZH0|IE 5) A& 2
IR

Alguronic acid 7|8t9| SI&E HHE Algenist® &¥st &
OJMEF HIO|Q0HA J[EE 248 HE, SR AE LU A2 XHE e

SH=EOEX7 e S T E _
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-

=

L
0
rek

o HIEF2I Ambroxan g4 %Xt Farnesene, Squalane, BiossanceTM fAE S AISA(Plant)
Amyris o R Cifot EeleA BEXF &Y Jie 2 HE At Ve BR

(o]=2) o HEE A4 7Y Cosanzt E&ESIAF Nowi M2 2 Farnesene 7[B! AIRIQ QU S5
23t M5
Verdezyne « AIZM(HIAIR) SX| 7|t DDDA(Dodecanedioic acid), Sebacic acid, acipic acid S AlAt7 |
(0l=3) H& 2 U0[Al0} DDDA Mt SHE 714 FZ
Cathay o Ot 222 9 M3k |5t C11~C16 LCDAS(ong—chain dicarboxylic acids) A4AF 7|
. . HS
Blotec:lnologles . 0|2 7|H_ E2|0f0}0|=(100FE/2), 1,5—pentanediamine(50ME /), | CDAS(S0HE /)
(&E=) = MAF Z3jE HO
o oL == 1T
GFBiochemical ~ * AMH Z= Lewulinic Acid Al235} AZ 9l ME2QAJ| HI0|O|A 0|2 St =X
(H2te) (10ME/H 712)
Avantium

. K = AH 2
(Hzate) PET CHAIAXY PEF(Polyethylene Furanoate), Furandicarboxylic acid S MAD | B

o (HIO|RQ=) HIO|Q01A 7tAS Efsfpa Az SO DEH HI0IQAZO| MAF 7]z Lo
Y0 Hi0|R0iA TpASH HE SHE e 3 HI0|SER V(B A2 S HI0|2A=Y
S =A== FA

* (HIO|REER) HIO|2YEF A SIS et KLM, SAS, JAL 52 8 =X FSAIRt 0|2

(# 2-2) 229 & H0[%¥= 7Y &
71U )

Shell Avitation
(%2) + MEIL HBR YIS 9 BT 9 17| Bl Sl WH(186R)
H = H

SkyNRG * SkyNRG S8 A=
(Hgz2te)
Agrisoma
Biosciences * Carinata £t 7|22 0|2¢t Hl0|Q¥E2 MIZIA|AT-F2|5] 23 MZ(189A)
(FHLtCE)
« 2018¢ 1€ 02 LA-SF HHE 2t Agrisoma Biosciencesiit HI0|2 SH2S 0|2 X
Qantas H|3 AT
(&%)

* FILICE Agrisoma Biosciencesiit Brassica Carinata Al S2if HIO|2&HES MAF 7| It

» H23|At Preemt 24| SAL Setral= GavieQ| Kastet MXjA0 L5 @YU ZZAA

e (25.000/)S AX[3HT. Lysekio] Q1= Preemit MS Zxtoz ¢iZsio] Hlo|QMEE

AQlcl

(=4lE) SRIE ol
Enerkem * Enerkem@| S™X0I Haloty =2 AlEal EtArt 0| StRE IYHV|E2 OtE Hio|R
(FHLtch) DMES 7Hef3iom, 1,000AI17t 0|4 2% HAE 202(1898)
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SO|EHI0|Q 2LY-9| #Hg I Ol 24
7|98 Ll
Eni « HAZR0IA 55 0|/ Eni LS /85101 BIEAS(AAA) A 28 57
(olk2ioh) (18.3A)
e H0I29E S8R 012 D202 Hofslol BBRE 10% HOILE SUAIE A ol
Enbridge Dufferin * 7| 7|20l A M= HIO|QOES 34 & 712510 HIO|2HE - RNG(renewable
(FHLtCH) netural gas)S MAtot= Al 71d FXI(18.78)
ALfO| AT * 75%9] ZIAEE] A=} 25%0| HI0|R ME ez TFdE H=RE 01800 ME=d= 2=
(2=) Ho|@A= T[Ht HIY H3(188R)
JAL * 20208 Wl OF 2 HiE SSURE MESIH T= = UM SSE 2eE SHZ H2T
(2=) SRS ERZ AZoI0 HIAE HI0|2%E Ak FEI(18108
BT ¢ ME RUZ Ol HOIDHBR MU 96 FuDt 2R SXt E(1895)
2) 2y
0 (A 2018 71 HIOI2515! - OAXIARY 0] ZLh HIO|@ARIO| MAt & Lig AP0l XiXIGH=
HIES Z12H 16.4%(1x 7,178218) L 24.7%(1% 7317992 »EECH= 2L T AY SHo=z diet
* U Hio|AY SHolM HI0|R3fS! - o HXIMY0l= HIO|RUEANE, MHE &4 &
AOR, O17 - A8 B4 U AR, HOIQHYE U MESSINIE, vlol2st U 8|2,

E=EN
HIO|2H2, 7|E} HIO|235}5! - of| X |H[Z0| =&t

(H 2-3) 2018 HIO|2AIT 20FH MAF 31 {4 542435

r|uur 1, %) HAL

—_

s 1w
IS I 3 T I N

5,205,539 5,180,857 10,476,395 100.0 5295539 1,705341 7,000,880 100.0
1,646,354 2,065,802 ,411,893

HO|22| 2t A 3,712,156 354 1,646,354 3,058,247 437

(31.1%)  (39.9%) (82.8%)

1,612,706 105,136 119,038

Hto|23}5t - ol LA X[ Ak (305%) (29%) 1717842 164 1,612,706 (79%) 1,731,744 247
HiO| M EAA 1@?5'%5 1’(22%52)3 3098558 29.6 1,243,645 ?S_’g(g 1,201,658 184
Hio| 2t A A 53,563 1,645 55208 05 53563 197 53760 08
HIO|22|2 7|7 |AMY 162,224 464593 626817 60 162224 37402 199626 29
HIO|XH| & 7|7|AF® 45800 33888 79688 08 45800 63951 109751 16
HO| 2 X} A 153195 23540 176736 1.7 153195 24549 177744 25

HO|A{H| AL 378052 631,341 1009393 96 378062 298 378350 54

35) UUSHAET & ot=HI0I2YE] 2018 7|E =L HI0|MY ~Ef=AL ZufE 1M, 2019,12

=

SH=EOEX7 e S T E _

.‘
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* HO|Q3f3} - OLAXIARIC] RUITHY AV TR 1X 6,1272R05%02 ZUT) 220K
310]20I0MQf [1S0Z 29IZ AXSIACOH, HE JEORE Hio|2IZ HEZ0| 1 1417242
TER W=l 2 BN 71F 192 712
o SIXIS HIOI23}3t - OL{XIAR] RSO0 HIO|RARIO] 45 I 491 AINOIN HISHs HIES
242 2910519480, 79119024202 BIO|QOIORAR] 1 ALZAIYY Cht| DY FHR 470/,
201801 45 FRECH 2ol7E} o 2 2% XIS |
X AN Hl0|235 - HUXIAIS 201220171 SO 2

I

e |
Jjol

e 7I=EolRE

i

(H 2-4) 2016~2018 HI0|QAR] 2ofd 42 H3l 20136)

1:}0| of ,_4 %) AN T AE) LH (2 LHmtop+221)
Fuchy| | mz Bdtchy | HEm
03| 92611 101,457 104764 64 60898 65466 70000 72
HO| 0|2k A 35,176 36,850 37,122 0.7 2.7 28793 29636 30582 3.2 3.1
= 13,335 15944 17178 12836 15644 17317
315t - oflLgKIAl] | : . ' . '

HRol2etst - ORI (o) (157%) (164%) 7 139 (o11%) (23.9%) (247 07 162
HO|RAIZ AL 29182 31,230 30986 —08 30 12331 12648 12917 2.1 2.3
H}O| @&tz ] 295 462 552 19.4 36.8 293 460 538 16.8 355

Hio|29|= 7|7 | A 5895 5988 6,268 47 3.1 1.502 1,632 1,996 22.3 15.3

HIO|@ZH| L 7|7|A4 1199 1130 797 -295 -185 1,163 1174 1098 -65 -28
HIO|@XRdALA 1689 1709 1767 34 23 1527 1560 1777 140 79
HEO| 2A{H| AAA 5842 8144 10094 239 314 2453 2712 3783 395 242

o (HI0|23SHIE) MRtV Y USHET|HE SHCE HE HIO|QIfEIHIE 2 AT

Lol &l SOo[Lt, A 72 3 HFe| SF ZSHOIM ME= thH| =7|HA 4~

— BIO|QOHA R2H 2,3-Butanediol, nylon, PLA S9| HMZ0| 7Hg - Tofza oL, =LY
HIO|23SIRES] MAl AIY BReE2 0% &g 4&37)

- Mgt 718t 71X, MY7tA U2 Qlsf f=rt SEe MTI= O] uo|0fA 7[gt

H

olojAsl &=, st &

_F—_I
HL
'_
R
N
o

36) MISAXIES & BHRHI0|9EE|, 20181 T1E BU Hlo|Ae] AEHEA 2
) xilae, AgoiEn B3 3 SAlA KIS FSt HOCHE RUFR 201212
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SOIEHI0IQ 2LH-2f $g U Ol E4]

(B 2-5) 2 = HO|LQSISIMZE 7Y Saf

s

* 20093 CHANGHAESR} 2 3-Butanediol, Nylon 4 TZHME H= FT
S

GS ZEHA * 2010 &) CHedut HO|RLIH F SZME &4 HHS 9|5 GS Bo M
=71 * 20124 PTT(Polytrimethylene—tereph—thalate) ZEME X
« 20144 HIO|2ZH|UE AZ Z2HE =X|(2.3-BDO At 1.3-PDO, pyrrolidone)
CIN| UM * Lysine 59| OfO|LAt FO| CHEFARAL 2l é!%i_f
="e  Of0]e Mt R2H nylon THEER|, HA MAH J]s B
LGafet * Pilot 29| PLA ZZ3H| MA|S 2L
- « HiO|R2K2H PLAZI StRE HIEX, HXi SA|
+ H{0|Q Z2tAE! "O|FH(PETG), "H|FZZHPLA) EA|
KOz * HIO|2ZE2tAE POSGEZZAESHEHEHZS20E) Tt Z&F 202 2 MA 2245}
= (19.78)
o A ZE0| 244 L2 HI0|2E2|E AMAX] PO3G AH| k2 Z2F 2l Mgst £7I(20.28)
3t 0|2 - I
- ';fgiéf s OISR PES/PRAT T it 07 48 3
=] o =
Qfoliof| = ¢ 244 FE UAL MES HIEHOR oF MESHN Z2tAE R0l FEZIAEIF(NUPlSQ)
|oj 2t Tl AIZH(18.88)
Aot} + 2|28 7[8t Isosorbide A4A7 |2 T AR ,
o AN 1PHE/E 729 Isosorbide A SE 74M(19.78)
o AN E7|01M S0t SAISH S2tAE ATHE TS0t A2 UZ & AsSkt
SIC|ZH|A XMl HIO|R A7l AMZ AR S0|H, 0|20l = OFXIED] Mot K2 2= =2 M=
= - 71E2 LS oo HY SO=2 E8dl= S AlEd ALK LM SSAR e RLHATY
2 OFXIEDf =2 42 85(18.78)
HISA « I3 ZF S HI0|QUHAS MEE o] TIeHE E2tAE B2 HU(18.118)

* BioCombinat Schematic Diagram

e Uiquefaction
 Sacchanication
—— { =
- ilTath

Ethanol

- Sterilized W/W
= Salt-free Nutrients
= C5 Sugars
= Glycerol

)II 2,3-Butanediol I
1,3-Butadiene

Crude
B

onversion

Sugarcane |
1 — g" - I.
Cellulosic — —
u_. — _GABA L

Pretrastment o Enzymatic
Saccharification Conversion

—> Pyrrollidone

&: GS Caltex

u

EX: GS Caltex, 2015 Bi0|20|2)222] LHEX}Z38)

0

[12] 2—2] GSZEIAQ| 2 3-BDO AfAL ZX Q%

38) GS Caltex, Opportuniies and Efforts for Commercialization of Industrial Biotechnology, 2015
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o (HI0|22R) =L tHE FRA GSHEIAL =27 HI0[QOHA 7|8 HIO|QRESO| 4

=
HEsi0l 2Eet 4-o[Lf, Hio|UE 2&elFH|EE)2l HE 2ith, Hi0|201Er=En SH

—

OJAR Sof w2t AlF0| 2kdet HX| 2ot Uz

o (HIO|R&ZR) 17t2 HIO|RYSR 7H4, &% et 85 522 2lsf siel MXI= Cid|
Ho|eels® =RI01 OEH &

(H 2-6) =l &2 Ho|2¢z 7| 5

7|6 ol
* 20159 n—butanol MM ME Z=HE FI

GSZEIA * HO|QREE HABEUE(M00E/H)E 2017E Y 23t oI, 24X 7152 2ls A

- 25 7“7:1 % 25 Asl7t AEE TASIH 4Yst FI2ENR SY(187A)

* BIO|2FEE MY &Y SH(19.8R)
* BIO|2CE Al S 202HE 2 YMES AZ2 A7t UEY 200098 =22 §F
« IR R oo AmRly SE(1TE #2) d3(19.114)

SK#[o|Z * HIOIRER MEf 22 S&= ffet g R M=l g FTU(20.1R8)
+ 22 AjZ & dEast AY S 0l2 A SEAY SIS ff6l HolOHE, B0

S HIOI20IUHX] AtY, BrHZmHL{0] 3800 &0l 0§zt Z&(20.28)

=
ror
s
Of]

2017 DI2Y-QIFSY thSHEIE 2X7|(KE038) HIO|2H= 28 SER(7IE MER 95%,
HO|? = 5%) 013 HId &3

* Q= $X|7|Y HANSSY ORI W 7tAS 0|&8sh HEtES, 0|2 DME 59 Hi0|R

M7
HIO|2=2H X _ _
fol= A HE H 483 MY FT2 fIs MOU XMZ(18.65)

\J

. 2 MBI KA SEEIZT|S(SYN-TG) 018 ZIBHY HI0|2 MEFS AAL L

A
ol =I(19.128)

1) M7
Q AF- 8- O CHRE GIRCHS ZA02 HI0[Q0HA| BIEIHE sh M7t Hlo[QA i,

&, IRII7IA] HI0|2 steiiiE

7 7]z S HIOI20iA Hz
222 £ o 2T S0 FEe b

MAF
O L
otAl L= U
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* (0|=22) DOE/EERE Ats} BioEnergy Technology Office(BETO= O]=0| L4l 2= 21 0
HIO| 0|4 X| & HIO|RNIE Aol &M= 2J6f CHAE T2 J2H(Muli-Year Program Plan)

- Y AFZ HV|E, oUXlAE S8 =4 HIO|QOiAS} 3M(C 2FRH[0|Q0IAL] F
ol

o |_
Het 88, S sojeajuo|uz], tig elzZet & 2 2| ME7K| S0E 2

IILJ

t
oM A

o

=
1
=

If

MNESHRDD&C, Research, Development, Demonstration & Commercialization) X| &

H

o

™ =

m

‘ Research and Development Scope ’ @nonstration and Market Transformation 50;

Feedstock  gypply |

Types  Chain
Element

Terrestrial
Feedstocks
Agricultural
Residue
Energy
Crops
Forest
Resources o ©
o & S
Waste S = S
o & 3 g
= S
© = @ %) 8—
== ==
28 E28[ 8|S
= SSls5 |2
fie o LUINo ==
@ .= (L] m =
o= © L]
£5 8 i
& z E]
« @© 5 [
» o
@
=
{75,
Algae
Feedstocks

Z£X{|: DOE, BioEnergy Technology Office Multi-Year Program Plan, 201639

[a2! 2-3] DOE/EERE BioEnergy Technology OfficeQ| 7|&igt maf|le=

39) DOE, BioEnergy Technology Office Multi—Year Program Plan, 2016

S0 X|7 &S+
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Total BETO Budget: $859,814,037*

6.8% $58,606,382
Co-Optimization of Fuels & Engines

|
37.5% $322323910 Percentage Of

Advanced Development
and Optimization - Integration u e

and Scale-up

4. 7% $40,004,062
Feedstock Supply and Logistics

2% $17,280,057
Feedstock-Conversion Interface Consortium

12.6% $108,155982
Advanced Algal Systems

— 6.1% $52,040,000

Agile BioFoundry Consortium

Per Program —— 9.6% 5969210

Area
0.9% $8,092,031
Advanced Development
and Optimization - Analysis
and Modeling

Biochemical Conversion

6.2% $53,638,660
Catalytic Upgrading

4.9% $41,868415
Analysis and Sustainability

2.6% $22,750,283

Waste-to-Energy 3% $25,459,273

0.8% 36,590,000
Carbon Dioxide Utilization

2.4% $20,312,172
Lignin Utilization

Performance-Advantaged Bioproducts and Separations

*Percentages do not add up to 100% due to rounding

Z£x{: DOE BETO, 2019 Project Peer Review Report, 2020, 0440)

[22 2-4] DOE/EERE BETOQ| 2016~2019E7t 7| A RD EXt &g

—'16~19d SOt BETO Z2 IS S5l £XHE U2 2k 8% 6,
HfojealmolL2] T 89 S H ALY, M =7

59| 20t0f| R&D A= X[#

— IESF BETO= '200f Drop—in H0|@ ¢ I HIO|@F20| =7t MZiut Hi0|0HA L

£ 314
- ol ¥= 3 Ho|oiA Ref MEFQ XE7sd & BHY
o 5= AEO| 2=z FAM0|H, HIO|QOA Reff 17

40) DOE BETO, 2019 Project Peer Review Report, 2020.04

o Rl DRVPIX] ME ol ger S5t 20k & 9,6002 Z(1,192918) 2

41) https://www.energy.gov/eere/articles/department—energy—announces—nearly—100—milion—bioenergy—research—and—development
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(B 2-7) 0|= DOE/EERE BETO Z27% 20203 ZZ2ME Z 11 515442

=5 e £ oft
Al S S ($ million)

> Hio|2¢= I HIO|2| = BA J|&/2H| g

[HH

K
oA
1o
[>
2

i)
10
d0
et

(Topic Area 1)

o
510) SALA BiB0| AR ZEE 4 U
7:

HIZ|Z 72 o M9 R HZQ} H|W
2850} sy X|&7tset %ﬁ%_E% ArEatAL, ‘307K HfO_IEEOJE o 7kl ~ o8
(Scale=Up of Bench $25/GCEE EHY 4 U= Mot SF JHM0f| Cfgt AT
Applications, SCUBA) * Ui SH) A= TOH 74(Fuel Seling Price): $2.5~~3CGE, A% 2 S=
Che| HIEE 2= 60% &
» TA| I H7|2(Municipal Solid Waste)?| X8t S8 SHAS 2|8t XIMICH
25 9 Mg 7=
« HIZEN Ofg0| 2 TADEMIE0N I S5 H2E MMst|
ot XM BF, ©X2l, MY 7le i
s (e 2H) AEZIO| £ 05~00wt%, MY S8 80~95wi% EF
2 MY SF HIE: $20~30/ton
: » HELIE| 12O SA L7|M H|7|S(wet i tes) |3
(Topic Area 2) {RLEl 22 &4 |71 H|7|S(wet organic wastes) X|Xi5}
HIO|2ZHIE SISt « EtA M3 580| =1, ARLE| F2(G dy ong/ Q0N ZHAS Z2t=
H7IS oUXISh B2 | sy 2ol HYI2(SA HYIE S)9 ME B g ~ 18
(Waste to Eneroy Stiategies |+ (ot =7) £r4 TS 58! Fl4 50% A, &4 R7I8 I A=Y
for a Bioeconomy 2| HIS: 25% O 24, ¥HS7| F@: 5501, HA2F AlZk: Y100h
> OJMIZ=F HA| i X2|(Synergistic Wastewater Integration with Microalgae(SWIM))
s O M2l ™M oUX| 7S U1 SA0 &F HIO|QUHAS
MARSE 2~ Q= JiE TN
* (Ui 2H) dAHE @ESE 2 04X ARE(KWh/kg): 20~~50% 74,
MelE SEREC| AF HIO[QOHA MAZ: 20~50% &, Hat &
i~ & 21 8 0.1~0.3 mg/L
> EtA Met §2 M ¥ 37| & AY 2 7|&S St X7 HI0|HE
(Topic Area 3) HI2 =L 715
5 | HOIFIE
2 CO; &l 57| =28 - =3 diYat HAS Direct-Air—Capture(Dac) 7|2 &8 ¥ A&t 28 ~ 4
(Algae Bioproducts and HIO|ROIA ZZ! /M X2 22l HI0|Q9=E & BAE HE g A3
€O Direct-Air-Capture — , Jysr =) x2 do|QUIA 40 ZAHE, X2 Hl0|QUIA Z& J|F
Efficiency, ABCDE) N T P =
&2 AAHI| ZZE DAC COA%) &
: » 23 I EY HZ 2/ SHE E olux| XE Kiuf 22 ZHH -
(Topic Area 4) 14X mol Xz
- —O T =" OOQI‘
Hio|2 S¢: MHA
AES SEal7| #et - . djo|QoiA MitY EY BX T 2414 HISY MBOUN S g
Hfo|204A HIO|DHA AAL 51 kit HAE MERA AMH|A NSt 7 23

(Bio—Restore: Biomass to . (fe 2H) o

Y2 E= ]Y RARE ZR(kg/km'’y): 20~60% LF, EY
Restore Natural Resources)

L EtAZF ZT7HMg/km?): 20~60% S7t

42) DOE/EERE, FY20 Bioenergy Technologies Muli—topic FOA, DE-FOA-0002203, 2020.01.23
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e
=7 ol LH S
= ($ million)
= -0

(Topic Avea §) | * A8 LRI oA 28] 3 W B7| 28 Ul 5 198 =i
5850l 25} 5|g S|HZEH OMEX], CO, VOCs §2| Kol thiE= ds= 2o olE AA| ~ 5

ERGENPN S e
(e 2H) 203 7+88 =X 5|E1Q| O|M|HX](Particulate Matter) HHE St
ChH| HIESZF 25~50% U=, 5|5 S8 5~15% SfAt

> 7718 HI7ISZRE HO|QHH Mit

(Efficient Wood Heaters)

(Topic Area 6)

SA| - 19| H7|S2EE - HI0IRME L= Z7RMSCH et s) MMS 2ot R71d 27 HYIEY
ur0|saﬁa4 o mZ Ak S X2 J HE Vs O

oz ol mee o5t ¢ (UfY SH) Hi0|RMHO| & LCOE ZlA 25%7HX| &
= EWJ tSY HEUE » mzaiasl Qo) MZ M ~ 15

(Biopower and Products
from Urban and Suburban  * S2tAE H7 IS 22H MS(OIUXIE Mel)S MAst7| st s & et
Wastes: North American 7= e
Multi=University Partnersr.'lip « Ol 2F) slstMoz IHER 7St R U STHMAS 5|A2HY):
for Research and Education) 10~30%, ZapAgl 2 5 A0S ] 20~100% SHA S
H

> sletd Wy SE2 Yitsly| 218 M2 - MY CO, T MI|=0

Il&
=13
(Topic Area 7) W
AF|deio]| JHsst ¢ CO, M2S E5f C1, C2 2iE E2m=4t gjek2 0o, CH: S)2 AMAIGH |
CO, M7|E0i=IE et M2 - M 75 MII=0f 71E i L TEA LCA AAYY 7tsd ~
(Scalable CO» 7t
5ssiee 2el) (O 2H) M2 D5 200mA/em? 0JAL THIEI0| 52 90% OJAL B
HHE: 750 cm?/cell O, 23 : 1000h O
o (23)) 20141 221915|= HI0|Q T |BIARIHAAANA T} 817 & 372 S2(EU: 9750192, DIzt

= EX}&}O# "Horizon 2020 A5}

Bio—based Industries Joint Undertaking(a-Ju) AdE!
2 HIO[R0§A 7[8F MEQ At A X 5SS Qo R&D F24

}
- BB-Ue SgdE, 38 ME A XY & 4719] Hefdlar ZH0jM A7t 102~135801 22
(1,304~1846212)) 29| ZZMEZS O 11
— BB-JUS] AL Horizon Europe(2021—27) 2124 5Hoi|A "Circular bio—based Europe:
Sustainable, inclusive and circular bio—based solutions’ IIE MO X E 0fF44)
* Bio—based Industries Consortium: Braskem, Celtic Renewables, P&G, NOVAMONT,
novozymes, avantum < 2007 O|A9 TH7 |, A7 st S0| 71E Qe BIZE

H{O|2 AL

43) KISTEP, HIO|2ZMZ9| 0|S ¢St SI0|EHI0|IR MY A X2 M 2017
44) European Commission, Orientations towards the first Strategic Plan for Horizon Europe, 2019.12
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(B 2-8) &3 BB-JU ZAAA|9]

H =2
= 7T

A& 7ksst Hio|OfA
o =X|
oHd /|-
(Foster supply of
sustainable biomass
feedstock to feed both
existing and new
value chains)

(M2} st )
R&D&IE Sot gt
Hto|22|mto|L2|
33 x|X3|
(Optimise efficient
processing for integrated
biorefineries through R&D&I)

>

v

SOIEHI0|Q 2LY-2f gt

a A H
X Ol 24

201920203 ZZ2ME 11

Ok

1 L2

JIE 35 Hro &

(BB2019.S01.D1) 2|29 DEIIIX| StE29 Tet 38 AAH YUY
(Scale up conversion of lignin into valuable compounds for application in specific market sectors

)
(BBI2019.501.02) DIMAZZRE| AT 3 MRS LBl CIUSH SEIO| T4 M
(Produce components for various materials, including for food and feed, from microalgae)
(BBI2020.S01.D1) 2= H7[E9| 7|5 A= Metety| ot SZAE Mol i
(Resolve supply—chain hurdles for tuming residual waste streams into functional molecules for food
and/or non—food market applications)

HIO|AAS 25t STt W7 Lt MER2 33 #=29l 0|8
(BBI2019.S01.R1) Al HIO|L 7[dt =Rl HE

A
(=]

-

1]
0%

C

(BE_3|2019_801.F1/BB|2_O20.SO1.F1) g%.*&* 20| S8} HI0|2|T0|H2IE SoF =A|
19 7|8 &7 2219 I2717ER|3KValorise the organic fraction of municipal solid waste
through an integrated biorefinery at commercial level)

(BB2020.S01.02) &= 7|32 7IMla HAE &80t Ao 2= 7tEH 3
(Use biogenic gaseous carbon to increase feedstock availability for the industry)
(BBI2020.S01.F2) 2|atle] mE7} M=z L sistiEo=2 Mt

(Tum lignin into materials and chemicals for high—end applications)

(BBI2020.S0O1.F3) 44 XAUC2EEH AATIIL 22 AF 4= it

(Produce food ingredients with high nutriional value from aquatic sources)

FX 2| (Pre~treatment)

(BBI2019.S02.R2) Hio|22|mto|H2| SHoIAN MAel HA2 viE &84 ¥
IIsNE StMAZ|= SMT = THE Develop breakthrough technologies to improve the
effectiveness and sustainability of pre—treatment steps within biorefining operations)

ME2|E ISEO| HIO|L FEHHE U M2 XMt

(Conversion of pre—treated feedstocks to bio—based chemicals and materials)
(BBI2019.S02.R3) HIZ2AAE! 0|45 oflZSH| {Iot OlME X 54 &8
(Apply microorganisms and/or enzymes to resolve end—of-life issues of plastics)

(BBI2019.S02.R4) M=l Z2xf 7|8t THEE It EH = H3 X2| 7= Jhe
(Develop surface or bulk treatments for improved wood—based materials)

(BBI2019.S02R5) AlE 5! 710l ME2E S Cidet SEE0F &2 fI6t Ay |X
2l X|8t9| otMst TEIIZIX| MECZ FM=HConvert plant oils and fats into safe high—added—
value products for various applications including food and personal care)

(BE_3I2019.802.F2) HIO|QOA E2g8=0 BE IAMEO| HIIIIX|SIE 2/t 7=
%E.*(Apply technological combinations to valorise all components of biomass feedstock)
(BBI2020.S02R1) B0|2 7|t Aio| BFRUR J18H 3 X4 TS HS SFMAT1)

-?—|5._f —_rlé.j 7 |% 7HHE*(Use enabling technologies to improve feedstock availability and sustainability
for the bio—based industry)

(BBI2020.S02.R2) 117t2] TN MAS 2[5t 2OLMEZRAO| S 223t 7|&
7Ht£<Deve\op integral fractionation of lignocellulose to produce components for high—value applications)
(BBI2020.SO2.R3) Sz MEES et Hio|R 7[8t &= M I

(Develop bio—based solutions to recycle composites)

(BBI2020.SO2R4) 157t SES 9ot Al OIS, LHE5hA blo|QujAZRE] MEY
SIS = 7| 72 (Extract bioactive compounds from new, under—exploited and/or recalcitrant
residual bio—based streams for high—value applications)

(BBl2020.502.03) A& SHHE @[5 bio[2 7|8t SSHE 2At MA 155}
(Upscale the production of bio—based platiorm molecules for larger market applications)

Xl

cost—

45) BB JU, Annual Work Plan & Budget 2019, 2018
46) BBl JU, Annual Work Plan & Budget 2020, 2019

stzodx|7|any 27
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HI
4

(=12t g 2)
R&D&IE S5t S
Hjo|22|mto| 2|
33 x|™3|
(Optimise efficient
processing for integrated
biorefineries through R&D&I)

HZ He
(Develop innovative
bio—based products
for identified market

applications)

(xf2 W 4)

Hfo|2 7|4t
HZ - S0

NE 22 U A
Y 7i45t
(Create and accelerate
the market—uptake of
bio—based products and
applications)

OHl

1 e
CHRAEZl Z&(Downstream processing)

(BBI2019.502.R6) BH&st I 4l zIBMES St tole(molH2] X M
(Improve biorefinery operations through process intensification and new end products)

A|AED REIElSystem modeling)

(BBI2019.S02.R7) H0|27[dt XFZ AES JdME DHY I 22| - M2l N
(Model the composition of bio—based residual streams and its evolution to optimise its management and
processing)

MR gt MIZHCH L8t 452l Ho|2 (8 MF
(Bio—based products that outperform fossil—based counterparts)

(BBI2019.SO3.RY) tHE AH| MES {Igt XI&7HsSt B0 7[8t HE i
(Develop sustainable bio—based materials for high—volume consumer products)

(BBI2019.S03R9) #IR XMZ2l Ms a2 #Iot H0|2 7[Ht MR 2 7ISAN 2Xt WY
(Develop bio—based fibres and/or functional molecules to improve the performance of textile products)

(BB2019.SO3R10) Ci5I 7ICIE2L S2L0E /st 10| 7|8t TAS TH= 7HEt
(Develop bio—based high—performance materials for various and demanding applications)

AHAF
O

(BBI2019.503.D3) =T A= ot HIO[2 7[8t 7|54 Mz H MUK
(Produce bio—based functional ingredients and additives for high—end markets)
(BBI2019.S03D4) =Y Atdo| X|&EXQ1 S7IE It HI0|2 7[Ht AFX| I Bio|2
ZXIH| %'%(Demonstrale bio—based pesticides and/or biostimulant agents for sustainable increase in
agricultural productivity)

(BBI2019.SO3.F3) QId| 71z ¥ &t4 HS AR0IM Raliet M2 2 ol Cfgt
INs Hio|2 7|8t CHAIXH AAkProduce high—performance bio—based alternatives to harmiul
products or processes to protect and enhance human health and the environment)

(BBI2020.SO3.R5) ZEIM|Q| X|&7FsA THMImprove the sustainabilty of coalings)

(BB2020.503.D4) &4 LIHE Z|Astet 4~ Q= 240t HI0[2 TH7|H &M I
(Demonstrate superior bio—based packaging solutions with minimal environmental damage)

(BBI2019.504.51) HI0|R 7|Htoz Melel=2 e 2l X|E
(Assist brand owners to 'switch to bio—based)

(BBI2019.504.52) - HIO|R0A B= SSHEE MEF0| 20 Al 22 K| #2lE
AMI5H7| et g 2l FHEL|AH|0|M 2= (Establish methods and communication for applying
mass balance principles to attribute biomass co—feedstock to products)

(BBI2019.504.53) &M HZ=2 St ol 75
(Shaping the bio—based economy through a participatory approach)

(BB2019.504.54) tlAMZ|E SmE o == F47|A(OVE) SHAH Lst
(Empower SME clusters to bring SMEs 'across the valley of death)

(BBI2020.S04.S1) AEIEY 4l AHQD XI= StH x|
(Help start—ups and spin—offs to gain access to finance)

(BB2020.504.52) Ht0|2 7|8t #2HIQl RAF 7|=0f st QAUMOIE XIS
(Provide insight on emerging technologies for bio—based value chains)
(BB2020.504.53) Al 7|& H A LIZE FSFAZE 4 Ues Hi0|2 7[E us

M| Al 2l A'S HZ(Create and interlink bio—based education centres to meet industry's needs
of skills and competences)
525 A

(BBI2020.504.54) 14 EEE «t HIO|RZHIE st ~SHEX
(Expand circular economy to include the underexploited circular bioe

Q
o
>
e}
3
=
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Sl0|EHI0|R =U-2 3 I Ol &4
o (=) MO - M7 [27HE 7IFHNEDO)= 14EIRE X HI0|Q0iA &#& S0EE ol

i

000N A OfHfXIS] XIHAIY AAH A AY(14~20) 2 XIEshRCH, 17HRE= &3
E29| MEtASH Q0] LEIR0| 2030 HIO|LYE RO HESE SHE 'HIO[QESH it
7lENe ME(17~2408 FT47)

EDO= 198 V1= THIOIRESR Muh 7IEHE A off 24.2421 27oeted/'Hs FXI5H04,
Y

270 HIO|OHA 7tASH B FT(Fischer-Tropsch) S8S S8 HI0|282S I =

TN |2

- O S S S e S S .

F 4
| dR= ' Hto| 201 A
L5 H 2 i 2% ﬁ:ﬂl :ﬁ
IJIHIE-"—

- . . . . . .

A HIO|2E3F
- (Bio—jet fuel)
"’g ?}A Hio|OH A OHSherra)
el S 7ta M e
HHIES’_H}OIEU]'I A) (Hz, CO) —
SR k. A5 (N el L #
Z£X|: NEDO EH|0|X], hitps://www.nedo.go.jp/activiies/ZZJP_100127.html48)
(23 2-5] Y= NEDOQ| HIO|REBR 7Het Z2AlA
0 0= |RE & 7I&titi=e 22 =2 Hio|uA 2 H=F ORAEE 3 7ies 7|Uez

[
[S)
o
o
100
=
OfH
10
>
Oﬁ
rLtIO
ot

ICHE Qoh Hlo|22|Tto| 2| HAHE AS(piot, demo, and pioneer),

e (O|=2) Genomatica®| 1,4-BDO(1,4-Butanediol) AAH ZZHE DuPont Tate & Lyle Bio Products?]
Bio—PDO(1,3—propanediol) 2! 1,4-BDO At EHE S0| ME MA S0|H, Gevo 2 Virent=
22 22O pXlpara—xylene) AA ZEHE  Anellotech= pX MAFS Qo Haletd 24X 7|dt

IS 2 SHE e 5

47) NEDO, NEDO® 2%/, 2020
48) NEDO ZI|0|X|, htips://www.nedo.go.jp/activities/ZZJP_100127.html

sizo|dx|7 a7 29



KIER 7|=3X Focus

P —
= A
NH .
VWhole Ene e
Legend ZoachomncA‘, ; MY, Iy 4 v { v
= M [ TR\~
{ | MA
L o A0 L
A Aceticacid == s Gt el e |ne¥ ) AnofiSiech AT o
| -~ : c. o 7]
A Butanediol {1-4) Am‘!rﬂ:‘ / N "“ ; R v OM ) ;:: ue
™~ Cargill n L] o MD
A Ethyl lactate . T 9 A neneari
Micromidas, g <o ‘FE oy a3
Inc. = e Lari - A o ‘-ﬂDM:r i
urac erica, r b
D\ Glycerin L\ Genomatica Ine. ™ s g :
A 'soprene . = N AR A DuPont Fate & Lyle
Bm&odug.ls Company, LLC

A Lacticacid Terrabon,Inc. & Gevo A Myr:am
™ ‘ LA

Starch, sugars
Glycose A L b
‘ para-Xylene Biotechnologies SR

A Propanediol (1-3) < AR
A Propylene glycol . :,'-?“" 4_\"‘:{
A Succinic acid - _,"“ . "

Z£X{: NREL, Chemicals from Biomass: A Market Assessment of Bioproducts with Near—Term Potential, 201649

Ahi

[efe)

(23 2-6] 0|22 48 E= A= &2 HI0|3SIHE Mirhld 13

—_
J

78 g0l H HEE EU BHRE Sele2 & 80329 Hio|almolH=]7

[ ]
/\

o1 ALH, 0] & 177212 HIOILOHX[QE Hi0|eeiilEgs SAl ditoh=

M

HO

sjol@aimo|Halz BolE
* BBHRIE 50771, %o&a 36371, =2EAT] &

0z
40
&
N
Ol
il
[
o
o
40
ofM
s
i)

Integrated biorefineries (bio-based = " f
products and energy) Non-integrated biorefineries

Z£7: European Commision, Biorefineries distribution in the EU, 20180)

ror
ol

(18 2-7] {39 Hlo|22|mHo|Hz

49) NREL, Chemicals from Biomass: A Market Assessment of Bioproducts with Near—Term Potential, 2016

50) European Commision, Biorefineries distribution in the EU, 2018
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O (HIO|2SEHIE) MRl seiiE +&2 HIIEHE SHE Qo AE, Y 242 & X7t
Sodz 28 g7 i 38 278Y ¢+ S0| AT UeH, EoF ARl ME ]
71580l B} HatE HO|QSSIHE MY S5 Sdl M2R a2 Ads S| et S+
IE RPN

* 1 4-Butanediol(Genomatica®BASF 7.52t=/H &), PLANatureWorks, 182H=E/H), 1, 5—Pentanediamine

(Cathay Industrial Biotech At23t %1 %) Dodecanedioic acid(Evonk A23st thfl 28) § MLEIEHHE
+&0| 7t - Ve ZMEE SHotK 0[0] AE8st H UL &Est 2 HA| 012 B0
sleNEE e,

o NR7t0ll CHH[SI] =7HHQl T HZT ME M 2y MAMZE XE7tsd MM 52
Qo XEMoZ HAIHE £ Ol HIO|RSfStNE 20k EXH(Adipic acid(Genomatica),

1.3—butanediol(Genomatica), N—butanol(Butamax. Green Bidlogics), Levulinic acid(GF Biochemicals) S)51)

(H 2-9) A7 Hio|QSteHIE 2 2 RD L=NE 51852

OZNE
- AT WE
(27D T U
_ o S2H|L|0fC| Aquafilslo, Circular Change, O|E2|0t2] Aquafi SpA, Novamont SpA S
S oo T 127h0l R 7[R} 0l Genomalicas LIELAE TESI0Y XI47153 B3R
= ’

HiO|Q 7|Hf Z2|0t0|=(Polyamides(Nylon)) 2 Z2|0j| AHZ(polyesters) At 71 gt
FXTRL 7 £7)

BBI-JU SElectiveLi ~ * XX| & HI i ZZO| FM=01 2| IHO2RE M|elsly £ 7|8t URIPIIK| =4
(5%, 2AER(0t §)  (adenydes §) F& 71 & T2AE 22| - Aol 23t g &7 22

SZH|LIot 5)

BBI-JU USABLE  * E{7| KORUMA, O|Zt2|o} Barill Se MR r THSE B0l BAAS] mE et 27
PACKAGING « MY ZHE 0|88 AE 75 A 2l %—J MHIE SEEE2RE M2l
(E{7|, o|tzlot ) TLRETH té'%'ZE(Polyhydroxyalkanoates(F’HAs) S) MAF 7|z ot
BETO-RENEWABLE <« NREL, Cargil, MATRIC, Fisipe, Ford Motor Company %QE TAE AHAANYOZ
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