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@® Others
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Hlo|20jA =8}

Lt AE =4

(1) MAIAMZ

[ Bojeddzs A HA ozl ABIZ9| 124%E 2ASH. MA Ay #2& 2018F
1,8359 S2{0fA ABR 4.5% Gst0d 2024 2,3899 22 4T o=z MY
» A M2 HIO|QO|EISD} HIO|RC|A DX L JtA HEHQ| HIO|RAR Al FRE 20174

17569 S2iofM 2023 2,286% Z2iZ o 30% 27t Y. Hjo|2o|H7| AR 4R0] 2
2012 SNHR DT J|FHSNMOR YRYO| Tt 37 2P Y

= A NI HROR0|UZ ABIZS 20171 JIF HH OfUR| ABIEO| 124%91 46E10/0), 458
GE Eb I Te HCA Blo|0|UAT 5%E A, Hole HAS W HIES 9%,
£48 HO|2ARE 7%2 HEHO HOl2 SIZ 18%S A 43

[ Ho|2AZ HA Al¥rE U HY ]

MIAAZ 183,500 191,700 200,300 209,400 218,800 228,600 238,887 4.5
* 22| : Biofuels Market Size Will Reach USD 218.7 Billion by 2022, Globally: Zion Market Research (Jan 09,
2018) Atz 24

m ZH|0HZ| 7| (IEA; International Energy Agency)=  MA HIO|QYZ MAS 20184 oF
1,5409 2|8 0|22 MY THH] 7% 37t &= @ B 3% Ol S7I5t0 2025374 25%
371 Ae2 MY Hio|4z JtAE AR o] JHAECH LEl £52 4S5 £ AHES A=
Ar82=Z SH=0| ol

[ 2019~20244 HIO|HZ MAIA|ZF 2t ]

Ethanol @ Biodiesel and HVO Accelerated case

n
g -
1

T T T I
UsA Brazil China ASEAN India EU

* £2{. Bioenergy, IEA (2019.11.28.)
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HIO|20fEhs At 1902 BiE/Z2 B2tA0| 50%S 2AStH, =, Ei=, U= S0 2
U2 AR £ FHAEE {E FHZ] 0|52 S44 7|09 BIO|20]Eh2 Hit

HIO|2C|E YAgF2 702 BIE/E2 EU, Ol=, OfA[Opt 2 Wit dRI=2 d7 2 g2
FMZ AHFO| SOSAY Hem2 PES| SHEAM. HEHE S 7Y ¢ =

Al o A2
ZUSIHR|C, Az EgH|E 7|&2 OUA| SHOM CO2 d=E2=2 HE Al A &

= T4O=
30| g2/

SHH, SAAAMZF=HT | (FAO; Food and Agriculture Organization of the United Nations)= &
= S5, OR & AZTAVE 0|88 HO|R¥=E MAMe| E3t L& ZAZ HO|2H4=
Aol MAEO0 IA f=E A= HMY. HOIQOE=EE A 108t AEA 3.9%=
SESIRLL T2 1092 0.7%/H B, Ho|OEE2 1Aq 10d7t HABTF 9.5%0M &=
1082 04%/4 d=2 43N =3t ¥

ole =
[ AZ2IAS o|8¢t Hio|AR Mit MY ]
(a) Worid ethanal and biodiesa! production {b) Bioiuels as % of total use
Worid ethanad production e Maize used for biofuels
== == = World biodiesel production = == = Sugarcane used for biofuels
b L % e = \egetable oil used for biofuels
140 1 25
120
100
4
20 |
|]“""'-."""""""""""' e S T S SN S S Y S T 5 S S
000 2003 2006 2009 2M2 2015 20i8 2091 2024 2027 Z000 2003 2006 2009 2012 2015 2018 2021 2024 2027

Source: OECD/FAO (2018), “OECD-FAQ Agricultural Outlock™, OECD Agriculture statistics (database),

* 221 OECD-FAO Agricultural Outlook 2018-2027, OECD (2018).

() M MA BlO|0|HZ] M3 AMAMMHI= 121GW, A2 AMAZEe 2018E 592Twhz Hd
CHH| 8% Z7I5t9em 2019d AAHE 637TWhZ OAE &S AEA 6% =7)5t0
2025E0fl= 922TWh, 203049 1,168TWhZ 80% O|AF Z7} Mt

—_

ol 2018 dEE2 = 14%, JIEt O
:

Al Ao} 2 15%=2 =
A QUL HO|QOA S o) 22 6% A %

2
g 20| |ole ok

o)1

Ho|2oflA XA
UEAZCE &
A= Oxl
T T

0ok
r

s HOR dH 0| 17.8GW, MH du2 91TWhZE 14% S7f. Eot =& 4H|
E10.2GW, 2HF 50TWhZ2 F2 48 =71, REMME =0 7|& ME siHEdas
HHO|20OfA o2 Metstof dH| 83 30%Q 7.7GW, €& 35.6TWh 37t

HIO|ROjA 37| GRE DR AIBO| JRY OO TIS2 HO|RIIA, SAMIIS, oy
BIO|ROfA 29l HRLU2 HIO|QOIEIS 3 BABOl AGAS HUIE F2 UER A8



Hlo|20jA =8}

() HlO|2 M3 ke 2(of 3710l SU2 Weieta Ho|27tA9t 1Y HIO|RU|AS =2
O|8sots SYYYMO| Hob, Y22 HO|0A 4 A 250 B3
A

IZHA0 2| 232 20158 7|& HIO|R0|HZ| BEO0| 565%2 A=Ho|H, 1Y
HIO|QO|AEZ 0|25t= YHAH|= 7000{7|2 1,516, D& JIASAHI= 22W2 22 2|

[ Y2 Ho|ROfA HHM FHg |
1400
. e Mewe registration
200 ®under FIT
1000 Transiional
" registration from
B0 RPS
RPS
G0
400
] & & = & 2 &
& & S5 o 5
o & o
_;:5*‘ ]
o Q,ﬁg}

* 22| Restructuring Japan's bioenergy strategy, Renewable Energy Institute, 2018.6

) Y22 DIE Ho|ojA HHS F2sh7| flsi 7IZ RPSO| FT A=E 27t =¥ =,
Ho|2oiA =4 2 FYETMGH Y0 800MW &7t 2030d  o|H{R|9A=
HIO|20|UHA| Se HIE 4%, HIO|2 HH 32.8TWh2 oA=Lt 28] =0 MA 59
=717t £l S8

(2) =LHAIE
J =4 Ho|HE AY 25 20184 12 7,5999 oM AR 2.79%=2 HA5H0]

20240 22 1,3359 o= Mg MY

] MRS HASHS HIO|QO|UZ AAS 20179 3wot

= HIO|QItA A DHAR StpseiR| Y
TOEO|AM 20239 3602 TOEZ S7 A%

[ Ho|l2HE I AZEH2 2 MY ]

= 18 19 '20 21 22 '23 24 CAGR

=UAY 17,599 18,090 18,594 19,113 19,646 20,193 21,335 2.79

* 2% KEA OZ|eHN, $I=0{HA|3TH2019.7.8.) HIO|R0|LHZ| ditak A2 0|8 22 39 HAE AZsH0 |2
QilPrices.com, OPEC Basket I 712 A&s10] =L AL AHY

O £, SteseiAl D¥AZ, Bio-SRF & HIO|QOjA A= AHARFO| =LY
HIO|20{| 42| ZA4AMZEO| 60% O|ASZ 2 HIE 21X

[EN =)

22 Hal AMARE2 2017¢ 1102 TOEZ 20124 CHE| oF 1081 =7t+5t0] Z3| BIO|20f4Z|
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= H{O|@7tA 4l
HHdez A

H%. I e JIA MALZES 175 TOEZR 5.7%2 2|5t oLt

20174 7|2 709t TOER HH| HIO|20{42]2|

%
22.7%%E ZA|etl UeL], HIOIRF

I%OI 22350l 20154 508 TOE CHH| 40% S7tst
A=
T
m 02 GEoiof ost VA LY BO|IRE3R MZRV|E s2 W oY E= ASTUAZ QO
Ol AHA} A2 oS
ML OL- 2L HAO

(] BIO|20HAE 0|88 L2 2018 9,729GWholM ABF 7%= ‘45t 2024H0=
13,709GWh& 40% 37f5t1, 2030 15,896TWhZ 80% S7tg MY
[ Hjo|OHA BMT MY ]
(Sl © GWh, %)
= 18 19 '20 21 22 '23 24 CAGR
ALY 9,729 10,430 11,131 11,692 12,252 12,813 13,709 2.8
* 22 1 KEA OfHZ|HA, oh=0fH42|5EH2019.7.8)
[ =i Hio|2 ofjLfz] ‘d4k F0] |
(Et9l © TOE)
T = 2012 2013 2014 2015 2016 2017
B 1,334,724 1,558,493 2,821,996 2,765,567 2,765,453 = 3,057,227
HfO|27tA 107,430 139,370 142,937 108,734 95,000 98,123
O 7kA 116,073 97,497 79,918 75,804 71,133 77,036
Hto| 20| 359,916 369,081 387,699 441,345 442,859 428,053
fci 164,542 168,466 190,687 373,308 223,392 122,443
get 23,857 23,517 24,927 15,828 15,432 15,663
Yatei= 56,481 49,622 5,163 44,700 123,810 123,810
SA=E! 120,055 268,129 795215 823,763 817,172 1,100,750
I =2 140,874 175,983 191,142 103,998 82,395 75,605
= 228,337 229,254 322,304 231,008 228848 230,016
stegeZ| DYEER 17,159 37,574 41,477 78,484 77,843 100,749
Bio-SRF - - 527,270 208,392 281,394 418,967
HHO|23 R - - 113,257 260,203 306,175 266,012
* E3 1 KEA OfH2|HA, oh=0f 2|5 EH2019.7.8)
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3. 71 &

(] 7| =3

s HO|ROfA Z|XAMEE2 O|=0| Xa7/|s=2=2 HI[YeH, RelLgts A7 |==
CiH| 69.4%2| 7|=+&2 ERSta AH, Xn7|&=1t0| 7|s4%ts 25H2E 24

s ST\ V=8 YH2 2T|s= iH| 63.8%, 7|=2dAts 29d°2E Bt

m FU(86.7%)> L =(81.6%)>2t=(69.4%)>5=(68.0%)2 =22 HIt

O Z|=x38F7)(TCN)12)
m HO|QO|A Z|XIHEELS 9109 7|&xHFI|E X Aoz mpet

7t 7le7hg ol4

O e U 7tAS sHAI|E B

) Hjo|204A O|UR|3 7l& £FS 2D 27} OfE| 71.5%, 71&H3t 48402 23 70|
QA 22 AHY SBE MM J|zMTcYS HE, SEARYe
Q42 HIMD o] UMMM Bt AID
= S35 9T HAUYISS ZYUSHO AEr U BlO|ROHA JhASH U B MH|Z AZHOR =Yl

e SUFUS HLH ZI0| HH B 12 WL Y BAIA JlES 233 24 oY HAIE
Aoz 2Ag
[ Hlol2 U HALE OIS HE FHY J|E £F |
o= 2= ue EU 0|2
IerE (%) 71.5 70 85 100 100
72zt (d) 4.8 4.8 3.0 0 0

* 22 1 20183 J|laEE0F 21, Ve ESLRF (2019.2.28)

[J HiO|20iA E2oHo| ot HIO|RYUR= HU2 AR ALSO0HM CHY YRAet 50
Yrsd 2 HERE U2 AZ =
o of HE7|YOl HHEE 7tAS|E IHLSHo]

12) 7|1=5HF7|(TCT, Technical Cycle Time): £5] 2YHEQ} 0125 E5S9| 2AAT 2t0|9] 2YYUS E8f 7|&
al

Bt AU V|29 FAHY Y oS
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[ Ensyn2| 2% FEsHof o|gt HIO|RAUAF AY ]
Food Ingredients &
Renewable Chemicals
Chemical [ g
. f .
Conversion Feedstock — )
Biomass to Liquid ,;'
Feedstock Biocrude PR
,’ Heating & Cooli
,d Renewable Fuel "®=""8% o0 ing
: o [ |£H (RFO)
Jeis —> 1 ._> 1
4 > —— —> ]
L 1
RTP Process |l Refinery
i Co-processing
1 *
L i
Refinery = i'
Feedstock 1 k

* 221 The world’s leading biocrude producer, Eysyn (2017.07)

O Y HIO|0|H7] SHES LE4tYs}

) HO|204AS| 3 JkAsH U wHS M AP Ao IIW AL 2UE
FUo| 042 2 5102 Y| 2 J|ER ¢%ﬂ%§+ QY Al
" E= CREE2 AYel dH Qlmetyt 0|Est| o] dA| Bio|20jAS 8%t M3 7HE0|

—.—
jC
ol
L
0o
s

He= w3 A MA R 2P 24714
|20~ 047 B8 S I Cf7t LR

dAHoz Rolgh £ 20204 O L

[am

HiE23 Z=9| 9IFE O|dstEzE EtA ZEQI s 4=
g8 Y 246 EHET s L AR|AYZ 8610 Ol =7 Tiye #&24tgst /Y
= HIO|QOHA HHE 7|40 FES 2| @t HERMO0| 7tss 4H0| 2. A HA EfYd 2
2H0| gSot=0, U UM EHS sl tyH MY 352 B & Us B2 YA =
HIO| DA 2HH0| ZAA0|1 SAA Cior
m HRO|QO{A 7iASE HEFE2 At ALMSEIA = OB 2 HE22=2 IFk FHA6sH0
=20 ot A Mt HAVIA XA =, +4 FAHACHe| £AH=, 3FstEt30]| 2|5 Cikst
stetEd2 HetolH NEIIIR| AE AR LAY0| JtsstEE MY EA/E0| ojR 2
O HE =8d0| 48 Ho|2eA AR
(] HIO|ROHAZEEH HIO|24A HRV|E2 HIE E84 7|a7iY 24
m HIO|QOfAO| HESH S7IA A SHIIHE60f st HIo|ItAE 4 0| £7| IR0 2
22| £= gE 2|ZY(Methane reforming) L= $£87tA AsH(Water gas shift)of] 2|5t
HIO| 24 A ZR7|=0] JHEE[D US
. QU2 HO|QUIIAZ FE PEM HA=HRE £4 AR 1R=/kWh-Hydrogen2 SHZ HIE &8 ¢!
HO|27tA  2|EYU7|= AHdr 22 LSt ZO§ERSO| 247 &= HO|ItA EsteAE
2840z AHAsts 7|k 2% dANY SHY

74



Lt dEiA 71 S

Hlo|20jA =8}

Sk
©

(1) siiel Szlolo| S

J

(Ensyn) HIO|2OHAZ 2z O[Lfo| 4% F23lSt0] HIO|RER AHZRSt= 3EE 7fEsto
1570 A 44 2 23
2006LE 22| ARG Blo|oYR UG Hai/4S AZB0 23
220l 3R =¥RZ2 AY =0 2018FRE 10 AH/HS HOIRFRE FRIEQ
SERE AIBSI Tt 2 O 5 258 dE 33 Lot X0 Fof 20 /4,
Setof| 22840 HH/H F29| BIO|EF Mi 3& 22U =
(BOR Biotechnology Inc) BIO|QOiA HZ 5 2Ch JtASH HI2ZH JHet
SRS EEo 5t ALEE AH = CSYENOM JtASete 2 A Ef2 &> 50mg/m 0|5t
1A Ma0] £
D2 R, MY L W2 5 AR HE2 ALE. Clarke Energy®| Jenbach 7tAQIZI 2HM 7|9t
AAGt  AMYSE, Zetst Kozominel 2.1MWe 2 HIO|QOHA  JtASH FRYHEHEMEE
2014H8E 2H3h=d|, 7tASH7| GP750 57|2t Jenbach ZtAYMZI J320 37|12 7. &d7tAs

CO 25.3%, H2 22.7%, CH4 13%2 7t d& 50%, MALEET2 5.8MJ/m

() (Burkhardt) HIO|QDO§A TSIO| ARE JHASH BEE7| JHESI0] MANSQ| JHABIMT| oA
5t0] 50, 165, 180kWe & 22 B2
= HIO|QOHA TSIo| AR JtASE BREZT| JHYste] MANQ| JtAYAY| AHASHH 50, 165,
180kWe & 2@ ER 2018 &L 7|2 2207| A4 ER QEWEIL2 B27| UM 330
BFSIIAQL SH QB2 O|ZotHAM &AHo2 HR FE6f, A5t LU 2HAUS0]| 2lsH 7tAS}
m QCHSI0| RSAL IS 5122 HE FSAt AIEO| e gl= 330| £, 65kWegd 7tAS)
S0 AL, QEHEl 110kg/h AFRSH 2 165kwW, &€ &3 260kw, ¥ 28 34%, 2
28 77% 7t
) (Ropostc) /=2 ErES7I0|M 7tASH 9l 29| RIAIER ARID RCEZRI9 JtA
SHEEES F
» 50E/4(8MWth &E)el REZICZ 2E 2MWe A1 AMWth €2 44t

() (NextEra) R¥Z &4 BIO[ROHA 7tA%H BHEI|E iS50l EE23 2~40MWth, d3
2~15MW £E2| SUY 7tAs SHALY 55
w VtASH BHEY] WROIM Az, FEd, 7tAs L S BiE £o= Al dRet SSYE b
20~30%29| Qaz7|, £F7| Y AAIE AR HEY| SHE EYoz KU
815~980°COllA E&24t5t, HEsl, 7tASH 8RS0l Qs BHd7tA AYit
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20% HIO|2 £, 10% BHI7IA AJAH
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ANBElE HRRE tiAste Yol 2350, ¢O2M0/=% BioOil2 7t&2l, HE U C|H d==2
A0l 7t
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* 22{ . International Biochar Initiative S|0|X]|
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HIO|201A A=ZS}
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O MA H218 DFEAZ AIZ2 2018 209 Z2{0AM 2024 24 Y22 HEA 3%=2
St Aoz My
= T7I2 ofuz AU QFt TA BASA HZ L orEHel oyx 2 272 TS
DR ARPRE ASHOR SHTYE0] 20241 249 DR HY1920)

I'

» HiO|RtASE S5 S HY|E oA HA| Al¥2 3509 & 2
[ M7l n¥A= HAl AlE 2 2 MY ]

T 18 19 20 21 '22 '23 24 CAGR

[

MIAIAIY 2,000 2,060 2,122 2,185 2,251 2,319 2,388 3.0

*x 22| Refused Derived Fuel Market Forecast, Trend Analysis & Competition Tracking, Global Market Insights
2019-2029, FACTMR (2019.01), A7+=

ot

Global Refuse-Derived Fuel Market Snapshot

[ H7IE 2gA= Ml A &

Market Value in 2018 CAGR through 2029 Top Application Category
~US$2 Bn ~3% Cement Kilns
= :
== /\/ I:I::I
_— H
— li-" - ==
Leading Market High Growth Market Key Trend
Europe Asia Pacific Integration of
TEanicy Span| Software Monitoring
Platforms for RDF
Production

x Z2{: Refused Derived Fuel Market Forecast, Trend Analysis & Competition Tracking, Global Market
Insights 2019-2029, FACTMR (2019.01)

19) Insights on the Waste to Energy Global Market to 2027, Research and Makets, 2020.9.7
20) Waste to Energy (WTE) Markets size to reach 35.5bn by 2024, Global Recycling, 2019.1.31

13



HUAE

rok

LY

L) (&) A W V2 3532 SUE 22 =2 DYA= ZoR| NAY d&F A=,
OIS 718 34% AEERSE MA LHEA= AYOM (B4 =S ifZIEP_T'_ US.
2H|El= APHRY| F 50%= AlUE AGZ0| AFEE|Y A[ME LYol Bta HZp= A

L) (OtAloh) L2 Aleh OfAIOF EHEYR| =72

L oz AB[E Fofof 7|0

m EQ0| IS DNHUR AIRUS oF guHOl Eoz 23 2|11 AH|2FO| 50% O|AtS At B8
SYHAE ARZ ALBEH A|ME ZES| YUz AT HIZE =2

» LACE 2006 H7I= OHEOl 52% ALt dAME 1% Olsto|H S35 R71d W22 OiES
0%. H7l2 LYl 9% oUHA L= 222 MEE. HUAMYAHA| S HiO|0(HZA| H|ZO|

80% =2 2035472 27t EtAZE 2H2)
» O|A2tAR 7S OHZ|E 2030 Program,2 H7|E OHEES 79%0IA 26%, OlLZ]

ol =21 old. 2 I7|E OlHA| A2 Nesher A|HMIE S| RDF AH|ZA|H0| RY22)

[ H71E2 nY¥A=Ro |FH A

fok
ol
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n FRU YA S B I HY8 22 U 22 S YR I72 £ X FMoR 2 Ay

2|2 st nYPARS0| ZAHH 2001 O|MBZ| Ol S 1DHAZ ARRO| Cfst ol

[ H7|8 DEHAZ X 2 A|ZAS L 2ot ]

P 18 19 '20 21 '22 23 24 CAGR
=AY 2,695 2,992 3,378 3,814 4,306 4,863 5,491 15.9

* E2 DYHARAE AR - AL - Y HHBE (2015-2020EE 2 27) 2|2 SUHE V|E VIS ET HAE MY
Elx

= =
202010 AFMIEl DHAR(SRF) YIEH2] B YLBD, £2K(2019.12.16), SRF 7IZEDV} HE ARYRR XY
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] 33 oIzt
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2 H| g8 HMdYE &8 2 g4 HHE4Y® =8
A= SRF 27 24 15 9 - 3 - 3 -
Al
Bio-SRF 236 148 60 88 - 88 1 87 -
3 263 172 75 97 - 91 1 90 -
s 23 2Izt
T OB a4 4Y uHY 22 24 4 U4 28
SRF 74 6 1 5 - 68 14 19 35
A2
Al Bio-SRF 68 0 - - - 68 30 35 3
sE 15 1 - - 1 14 - - 14
Bl 157 7 1 5 1 150 44 54 52
* 22 0 DYHHRAF AR - ALE - oY AAHE S=SEST (2020.2)
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combustion
heat
wast

generate

wast
material
gas
solid

system

waste water
water
treatment
wast

generate

Power production process with gas turbine from
solid fuel and waste heat ad the equipment for
the performing of this process

Waste plastic solid fuel incinerator

Municipal solid waste fuel steam generator with
waterwall furnace platens

Multistage thermolysis method for safe and
efficient  conversion of carpet/rug, polymeric
materials and other waste sources

METHOD, APPARATUS, AND SYSTEM FOR
PROVIDING AN INTEGRATED BIOENERGY COMPLEX
TO PROCESS MIXED SOLID WASTE

HYBRID ENERGY CONVERSION SYSTEM AND
PROCESSES

Hybrid chemical/mechanical dewatering method for
inactivating and removing pharmaceuticals and
other contaminants from wastewater

Wastewater chemical/biological treatment method
and apparatus

Apparatus and method for delivering solid
bioremediation materials
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MYSHD US|, R BAAEIHI|E NP HIO|2B2AAL M4 S20] 2018 O 2118t
SoiM 20231 2629 EC2 S0jL ZO2 o)

= 2110 B M4
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d4tFol 56.8% (1202 E)= BIO|0iA J[gh HIZdSHY HIO|2S=tAE 0L,
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L) & MA Z=01M 2|2 SetARa HIE 240t 71338 S 20, QAo 2ol SHHEME
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" O|LSHErA A, AAAOM 2= 0f &F F57F A =le UAF A7 HE XS

=2tAEl(biodegradable plastics), Atst MEaid S2tAEl(oxo-biodegradable
plastics), Bt HIO|2H|0|A Z2tAEl(bio based plastics) &2 212td 1EZ2F 220| A

) #E2 A MA Bole ZEA AHAZC 31% 2Rt 7H 2 AIZ0|1, s0iL=
20| teh 7ls7ig Y A7 SESHH =D A2D, A HIO|LEAAE Y
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2= T
= 2022E712 Y38 ScHAE AHFTQ HA| Wi Y ABIE oF 80%7HA| 2[AskStY| 2§ EUS

YW 22 2 YRo| wort Aol YIS FAY U2 oy

[ #E HlO|2Z2tAE A 72 |

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

B Bicdegradable Non-Biodegradable
* 22| : R H0|2 E2tAE! AR 72, 2020, Grand View Search
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- 1,174 1,334
0
2019 2024
® Bio-based/non-biodegradable ® Biodegradable Forecast

@ Total capacity

*Z2] 1 MA| M SetAE! AR, 2020, European Bioplastics nova-institute

O HIO|Q ZatAE| HE @l By

ok

() BlO|2Z2tAEl2 2 Z20iof 71 HO0| ARZE|0, ORA7IZ| CIE =ZOff gt AL8E2
g2 TOo|H, Ol =Uel =2F SYSH == AL T2t AHE 20PF HAt
Chaoz| 1, 2 20FE HISE =0t Z2= oy

= Z3oIE 4RaA Ui AE AR MoK S2Y NTOIN MBHERE B24AE, Hio|RuoA
BojAg| 40| YURO| NE EY, MYSE, MEY|, M, EA, ASH UZE, 1 €235
S CiYst HO|RBRAE| HEOZ STHUSIT} B

[ Ho|2Z2tAE2| AL FOF |

Global production capacities of bioplastics
in 2017 (by market segment)

Packaging (flexible & rigid)
@ Consumer goods

Automotive & transport

@ Building & construction

Total: '
2.05 million @ Textiles
tonnes Agriculture & horticulture

58

in%

@ Electrics & electronics
@ Others

Source: European Bioplastics, nova-Institute (2017). More information:
www.bio-based.eu/markets and www.european-bioplastics.org/market

*Z2] . HIO|RE2tAE! AF2E0}, 2017, European Bioplastics nova-institute
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(1) MAIAMZ

() HIO|REZAEl MAAIZ 2= 201849 53.29 20| ESA20{, 2018EFHFH

2024 E7A| 9.5%2| HEA HYEZ 37t 202430 = 2F 91.89 H2{0| 0| A=
o=
" RQ MU0 AH|RISO| A0 CHEH Q1AL TEAIDE AMAAOM RISHA A|EO| CHE mHA, ZAM
L2 2O[OM HA SOHE|D Qe HIO|REZIAE! HE HEOM RSt EtAXMZY U SHARHA
HIZ| O3 M3 S
[ MiA| HiO|RS2IAE! A|Z 2 U MY ]
(CH © eHOb 2, %)
T 18 19 20 21 22 23 24 CAGR
MIAIAIZ 5,320 5,810 6,360 6,970 7,640 8,390 9,187 95

*Z2] © M7 BIO|2Z22tAEl A S&F & M3 2020, Global bio-plastic and Bio-plastic Additives MarketE HiEC =2
H|ZOtO|K|Z[Of| A A7 tS:

(2) =UAZE

) =4 4Idd SatAs AIZ2 2018d 3ZF 6dY 0| HotRem, 2018HRE

o™ ©
2024E712] 15%9| WP MFER 27} 2024W0= o 8Z 529 Yol 0|2 o=
o=
= HO|R2S2tAEZ2 1980dL] SEIEE UFE 7|2 S2UHAEQ HAZT224, 19904 S 0=
S8 AT ZeteE S 22410 A= LHE 202, 20018 2 7|8F 30% 2o A&
O|F3s}, 2003 YS|EF 52 AFESA| g EuE WEoY SeHAES SHU2Z AIZ0| it

[ = SEaHE S2t2E Ay 72 L HY ]

(Tl - A 2, %)
7= 18 19 20 21 22 23 24 CAGR
=AY 36,522 42,000 49,000 56,350 64,803 74,523 85,701 15.0

*22{ 1 LY MESHAE Z2AEl AIZ 72 LAY, 2020, Market&MarketE HIEIQ2 200K R[OfA] 2712

159



AL
=
= F3H
H| 91
™ A7|

0 71a4y
. Wty

zold DEAts O0=0| HA7[g=22 E7/tEAel, fELets 227 |s= o
7ot A2, HA7|e=1te) 7|*’**PE 082z =4
gol 7[eddH2 H7|e= UH| 79.7%, 74Xt 16H22 E7t

= EU(93.5%)> °'E(92.3%)>§h?, S(75.1%)2 =22 HI}

—E—5H’S Xf._ 7462 7|2+ F7|E A AR Ltef

7t Jle7hE ol4

o ¥4

) HADZAA | &5= AE22A9 ME2 0[0] 7|20 dxE A0 =l d&
A

-

AEAA| HO|2Z2AE J|E71E S8

o

Este g2 AR Sl HAE d/iste A0 HEH

) 2g= 22028 E2s

=
T= EeteA2 THA|SH0] =267t

0 22 083 A 8mA o] HYstD LM o |
AYZ BelojAElZe 2=It £1 kMOl Fofd FHO| oLt kel stzola

__
0x
o
£Q

Y=o = L= Z20LH =S
7 O

tSot== Al#E

CtA Ol _E_}H

BASF, Bayer, Dupont SOIlAl &= A% Z20AHZE, YF O0IE 59 2AFRE 4=
MBI ZalAEl JjEtd12

za%

O |2 =22 I8 850 FAMNZ 2H Z2SI=EFA 2L(0|E/L2[0|E(PHB/V)
o]

) 3 20= MHUFAA BIO|E2AEQ] A2 FIEI(F|EL), 43 82
M

%, HO|2 J|50| o5t MR2 ZFO| MR BotAt B Y M2
Bole Bolo|AE|2 ALt AT} R

ZHR0I0 EEGO| p-(1-4) S2AE BEOZ
| 224

rf

rio
Hu
Ul
°
0f0
ol
2

=2

) 71=+BF2I(TCT, Technical Cycle Time): 5§35 S{AE} Q&5 S5152 2/AE 20|9] SLUS &l 7I=

27
ST U T

160

&9 ZAH +¥S oS




©
=]
0=
o
]
0x
.l
o
o
o
n|H
iC]
|>
Jm
N
>
-~
nL
on
oot

"
rit
oX
A
=lol__l
0x
kl
AT
]

d A=A A2 FZeS|EFAEIHO0|E(PHA)S| QA+= MA

2 ©Y0l AN O0IF 7Hdst7| fIsi PHBLE PHVE &=

Old4= EtAl PHA PHA & (% w/v)

=F3IH0|E PHB 46~ 85
Alcaligenes eutrophus OZ0|QH|0|E PHB 26~36
2EHC00|E PHB 38~45

Bacillus megaterium QMB1551 223X PHB 20

Klebsiella aerogenes recombinants = PHB 65

Methylobacterium rhodesianum MB1267 S2HEQXR/UEIS PHB 30
M. extorquents(ATCC55366) oEt= PHB 40~ 46
Pseudomonas aeruginosa HAES PHA 20~30

HErZ P(3HV) 0.02

P. denitrificans

HELS P(3HV) 55

=2F71=00|1E PHB 1.1~5.0
P. oleovorans

2E}L00|E PHB 50~ 68
P. putida GPp104 2EHL-0[0|E PHB 14~22
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P. putida
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CHEZQl o|2= Eastman ChemicalAte| EasterBio

- O] AE2 AYZ/LEE Z20LHE SSEA(CAP)E Sdll USOH 20, EasterBioS ALE Al
OE dedd SetasE 2 2N J890| JidE

O] 2E 7|goM AMetlEeE 7|sS %7
U2, I= = FHOAM= o7 2L
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(1) sliel &alojo] &

() (NatureWorks LLC) CargillAle] ©= ZFAIR 3, 0|2 A|ZHERE9 & 28%E
A5t MIAl ZICHS| PLA A1
" 2442 VU0 B HES MBSHY SUls 250 ZEY 5SS MM
B PLA HIO|2AZ ZEEZZ|29| 7IE2HE 10%7A| S7HAZ LHo| AR 7|8 ZZAHE 3l =,
20213 2of| &=E A= o4

(] (Dupont) NatureWorks?} &7 M|AH HIO|RE2tAE! A|YQ| MEZZIZ &H3ls 7|Y

= 2006 Tate&lyle?t Aoz = 19 YHE EXlst0 O|= HUA|F, FHO| HO|2 S&S
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metal, catalyst, process,
S AH oxid, liquid, step,
01 comprise, propylene,
cumene, recycle
oil, crack, catalyst,
S2{AH process, product,
02 feedstock, catalyst,
pyrolysis, recycle
carbon, process, stream,
S2{AH catalyst, solution,
03 alkylene, product,
recycle, oxid, organ
catalyst, reaction,
Z2{AH | product, process, acid,
04 comprise, invent,
stream, product, recycle
catalyst, reaction,
Z2{AE  compound, acid, oxid,
05 solvent, presence, metal,
hydrogen, produce
catalyst, zone, reactor,
SaiAg stream, reaction,
06 separate, process,
regenerate, recycle,
hydrogen
resin, acid, produce,
S2{AH reaction, chemic,
07 recycle, material,
process, product, ester
gas, chemical, pyrolysis,
EAE  wast, recycle, heat,
08 water, separate,
treatment, apparatus
recycle, acid, solution,
22{AH  material, reduce, de,
09 pentenenitrile, cyanide,

product, water
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+ Method of preparing amino-, imino-, and
nitrilocarboxylic acids and silver-promoted  copper
catalyst for use in said method

« Substituted  dihydropyrimidinone  preparation  using

polyaniline salt catalyst

+ Reuse of titanium-based catalysts

« Coking process and system for enhanced catalytic
reactions to improve process operation and economics

* Process for the production of alkylene glycol

« Method for recovery of aqueous wash in phosphate
chemical conversion and apparatus for metal surface
treatment

« Production method of alkoxy-modified silsesquioxanes

« Method for making rubber composition that includes
method for making alkoxy-modified silsesquioxanes

+ Method of preparing amino-, imino-
nitrilocarbonxylic  acids silver-promoted
catalyst for use in said method

and

and copper

« Carbosilane polymers and methods for use in analytical

and purification applications
« Fraction to a secondary reaction zone separate from a

dense bed stripping zone

« Process for producing polypropylene from ¢3 olefins

selectively produced in a fluid catalytic cracking process
« Process for chemical recycling of post consumption

poly(ethylene  terephthalate) equipment
chemical recycling of post consumption poly(ethylene
terephthalate)

and for

» Decomposition product of fiber-reinforced
plastic, regenerated resin and regeneration method

organic

+Method and device for combusting precious
metal-containing materials
+ Method and apparatus for waste plastic thermal

decomposition and liquefaction ]
« Process for the carbonylation of alcohols using a

rhodium or iridium based catalyst in an
non-aqueous liquid, with an efficient recycling of the
catalyst

ionic,

« Catalytic cracking method with maximisation of diesel
bases
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« Catalytic processes for the controlled polymerization of
free radically (co) polymerizable monomers and
functional polymeric systems prepared thereby

oil, crack, catalyst, « Reuse of titanium-based catalysts
22{AH process, product, heavy, ki q ‘ h q Wi
02 feedstock, catalytic, < Co |r.19 proc.ess and system or.en ance catéytlc
pyrolysis, recycle reactions to improve process operation and economics

carbon, process, stream, Process for the production of alkylene glycol

S2{AH catalyst, solution, + Method for recovery of aqueous wash in phosphate
03 alkylene, product, chemical conversion and apparatus for metal surface
recycle, oxide, organ treatment

catalyst, reaction, « Production method of alkoxy-modified silsesquioxanes

22{AH  product, process, acid, hod i bb . hat includ
04 comprise, invent, « Method for making rubber composition that includes

stream, produce, recycle method for making alkoxy-modified silsesquioxanes

» Method of preparing amino-, imino- and
catalyst, reaction, nitrilocarbonxylic acids and silver-promoted copper

Z2{AE  compound, acid, oxide,
05 solvent, presence, metal,
hydrogen, produce  * Carbosilane polymers and methods for use in analytical

and purification applications

catalyst, zone, reactor, . Fraction to a secondary reaction zone separate from a
stream, reaction,

catalyst for use in said method

2 A dense bed stripping zone
separate, process, ] )
06 regenerate, recycle » Process for producing polypropylene from ¢3 olefins
hydrogen selectively produced in a fluid catalytic cracking process
« Process for chemical recycling of post consumption
resin, acid, produce, poly(ethylene  terephthalate) and equipment for
ECIPNS react||on, chemlcl, chemical recycling of post consumption poly(ethylene
07 recycle, material, terephthalate)
process, product, ester
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plastic, regenerated resin and regeneration method
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recycle, acid, solution rhodium or iridium based catalyst in an ionic,
22{AE{ material, reduce, de, non-aqueous liquid, with an efficient recycling of the

09 pentenenitrile, cyanide, = catalyst

product, water - Catalytic cracking method with maximisation of diesel

bases
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2018H 809 9,9008F F2{0M 20244 1329 8,700%F

(1) MAl AIZ
O SEZ 25 MA AIY #2e
S22 OEHA 8.6%= MAS Zicz MY
[ BlER 35 HA AZ7E ¥ HY ]
(Chel @ ek =2, %)
T2 18 19 20 21 22 23 24 CAGR
MAAIZ 8,099 8,796 9,553 10,374 11,266 12,235 13,287 8.6
* Z2{: ZionMarketResearch, Global Rare Earth Metals Market 2019-2025
(] SIES MRYOIM S22 AHi0| dYot7| W20 A7 |Yol CHSt RIYYHEO| IR =3
= 230 SER BT A0 CfE A2 SER MBOIM M HE, IS ZYo|
O|27|7tA| O 220|M YLD S =% 7[Y2 SEF 7HHAEHMNA| 71A|12 US
[ 2712 MA S|ER M4t H|F $31(1960~20191) ]
(@2l £)
FEME
156
L8y
S
oy
Other
A ER ! pie IO Pty
US Geological Survey: 2011-2019 data comes

GG TG
*Z2{: ‘China dominates rare earths production’, US Bureau of Mines;

from USGS annual Mineral Commodity Summaries
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a9 a9
Mty 88% M2ty s91%
4.75% ¢ 457% |
sl =l
5.8% ~ 5.43%
5z TTAY ERL o
&Ity ° Xpad
s ;e,; %1'|-,. 25.35% 5_41% -~ %;233];{.
S|EF CAGR '
oot 9.35%
13.90%
SIERE 4931977kt S EE E93F-309.10kt
(2016) (2021)
*Z2|: S|EF 2I5H4 ZHEE 7|z l R &t BioF  KEIT PD ISSUE REPORT AUGUST 2018 VOL 18-8
(] 2320 224220} AFS ABT 6.0%4 HASHHUC, MABREZ(5.5%)=C} Cia
= £F0(0, 0|F slagiax Alde d&E0| 13.3%=2 7t& =2 LEtE
. 230 Fagsaz AZE 2024'F 5059 HYHE £E= HEAY A0[H, MAAIYL <
53.6%E A A= TCHE
= 232 07 ¥ MYOIN GOl PRRYW SAO DIUB NS s S 2ol
=d20F WEA SALD AUS
[ 2447 20} 32 E2¥ Z2A|Z H8 Y HY |
(EH9) - W g2y, %)
FLET 18 19 20 21 22 23 24 CAGR
HLAY 297,500 310,000 323,025 336,598 350,740 365,477 380,834 4.2
52 136,200 142,900 148,904 155,161 161,680 168,473 175,552 49
HHZEA 202,500 220,100 229,348 238,984 249,026 259,489 270,392 8.7
=T Y 500 500 521 543 566 589 614 8.3
S| AZEAA 36,200 41,100 42,827 44,626 46,501 48,455 50,491 13.3
SELAY 672,900 714,600 744,625 775,912 808,513 842,484 877,883 6.0
*Z2] | MARTES], SHEH|ZESEYS], The Aluminium Market Analysis, Financials and Forecasting 2012-2017(Vision
Gain), HFYUSSAAN/EZAAL| 7|S/UsTt AFPURMAAMMAEZS, 2013) 52 A= AT, 2 MAK|ZOA
E2AYO| AR 1 Y 4%, HIF 40%, BY 10%, 81434 54%2 23
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- 201549 SIER 3|4&2 st AASH material, 47| MA|, FEFR 342 QT Vs BAHA

THsA RAIZ QI3 10719 TRMUEE Y

= DOEQ Advanced Manufacturing Office(AMO)OIA=  Z7|H(2|cf 2025E)2=2 Ay
MA|IE, A 2 oy 7=, AHEE 7|2 S CHYSH ROM0M 47i2]19] 7[aefYeE SH=2

ZRME AYUS FY Z

] 012 oHz|=Z(DOE)S| 2oz ot 0§ Z&(membrane solvent extraction) 7|52
LS 233 XM IV | 2288 Aot EFE 2(15)

= QOak Ridge =EHTASl Ramesh Bhave2l 19| S22 SIEFE 3|4st7| Qs of &2
gl 7|2 BOf 2E TVl=8 ZEdiM ©RA o THA
ZeMeb g, ClAZZsE0 oLt i 84 =8 gt B

A
o

Z27|18E0 20~30% d= A2 &9 s& Hrl=E
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5EZ QRAIMO| BEZ Al HZ 7|& ) ~ 9
|E2 FPAMo| 3| Arz Eﬁ & N2 O b 5025 25~50MGOe / NC/i\ZSVlt/o
(1/20A18, 20154 £2 EXN) SIEZM HRV|s BER
AR B I7I2 e J)a ; 2 5 W7 | % O[5
;I'o 1L 2 2 : |= Hare 5025 A} I Ifoﬂ iS04 LA) |5t
BIER MEE 2H : 20%) SERYHA EE 2
« 23| 5|EZ 21814 A2 7|2 U Y B2 HOP KET PD ISSUE REPORT AUGUST 2018 VOL 18-8
o 78
) |82 SIEFI O2(A, m2E, Amel =282 L29I0|, EZ|, AYH0 O{j&=of
UL, BHEE Zﬂ**oi Qlslf 2§=0] 022 A&
m O2I2ESl AR SIEFVE 2F 50~100 Mt OHAEZO US Ae=2 ZFE|Lt AA ZA s
O|20{R|A| ¢t /US
) 2013d" Qgte AL2-st FER MEIIE2 ZAI9Z  European Rare Earths
Competency Network(ERECON)E RISt D, R[&£A0|1 QHHAQl SIES 322 2ldH
SIER A=, MEE L UAAZ, A 78t 1= 4 FWH UeE =2 Jotez MY
[ Ede W SIER A U &8 T2HE g |
meHEy EE: 2t o 3
SE2 ARO| TfE U U £ ABY B, BES 3+
REECOVER SOMO[AS] EA7|20| 2t 218 B HIZL|~ 7|3 2HE 2014~2017 Nd, Dy, Tb, Y
ColaBATS THE{z| ZRO| Chat ABH U W22 SAMH 7% e 2013-2016 O N"Lice' La,
A.SPIRE I o | £ 2t A
5 s5to fud 9| A S A SEAF ~
(REE4EU) ——|E-rr =TT 7\'I|E Zl',_ 9-|—|— =25Tc o 2015~2019 LI;_”AiZ_Izl
«232|: 5|E2 2187 AR 7|& U 2 &= HIF, KET PD ISSUE REPORT AUGUST 2018 VOL 18-8
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= SHLQl AUFEZEHS 8T SIEAAMOM SERE MEHHOZ 2E55= J|es MY
AMYS 285 JIS2AM ISR FAUOR JHYUF ‘Mo24S 0183 SIEA
s «©g Mg J[=70] U, HS|EAMEZ HHOIH S0 EsHAIAH, NdS
Mefoz 22510 5|8 SUBY Q0| AYHOR Nd 2422 3pdte JIE
[ M8 ALSES 288 SIER 32 34 |
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Nd extraction by molten M
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» The method of manufacture for PolylLacticAcid fiber

« Fibrous  sheets  coated or impregnated  with
biodegradable polymers or polymers blends

— =
« Fibrous  sheets  coated or  impregnated  with 71&
biodegradable polyhydroxybutyrate polymers or polymer
blends

« Agricultural by-product of the manufacturing system to

separate chaff and silica minerals and fiber derived from

the biomass of HIO| QO A

« PROCESS AND SYSTEM FOR RETTING PLANT FIBRE FOR dSF4ZHst 7|&
TEXTILE USE

+ NANOCELLULOSE-REINFORCED CELLULOSE FIBERS

» Methods for producing recycled pulp and methods for
modifying pulp fiber surfaces using liquid jet cavitation

» Method of making carboxylated cellulose fibers and
products of the method

+METHOD AND COMPOSITION  FOR  ENZYMATIC
TREATMENT OF FIBER FOR PAPERMAKING, AND PAPER
PRODUCTS MADE THEREWITH
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Az 71
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- Biodegradation Non-Woven Fabric and Manufacturing 218tz AHE35]| 22
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can be regeneratively manufactured with the part -
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manufacturing methods
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COMPOSITE  MATERIALS AND CARBON  FIBER H4f AR =
CONTAINING PELLET

METHOD OF PRODUCING MOLDED PARTS OF

CARBON MATERIAL USING RECYCLED CARBON
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Sheath-core type Polyester Composite Fibers Using
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