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Biomass

; is carbon based and composed of a mixture of organic molecules containing
hydrogen, usually including atoms of oxygen, often nitrogen and also small
guantities of other atoms.

Accessing to biomass
Is one of the greatest challenges facing the world

BIOMASS

-HO|ROfA = HOIU= RZIMEFE AE, MZE S2)0M HRE |71 2ES 2olH,
OlAXIZO|Lt 7 [Ef M7 At 2 5 U X7 71 SFet X=o|Lt.
F2 =N, sETR=0: = A S), ME RitE, S 3 Y, URAE S eSS
D210 ZAE MAZILE 71 W7 |29 77| RSk BF HiO|20i20f SHEEICE.

-Hio|OjA= Ha, JhASH EE6) 8 Eeot 22 2HEE 8ol E, T7| = Hio[L HZ(O:
HIO|RC|E S HIO|20||EtE)et Z2 Cifel HElo| ofX|Z Heta = QUCf. Hio|20iA=
Crefet 2tg, ofliX| 5! RIA 2H|E siZst= S ob/| Wizo| LsE o2 71| 0|/ =
oie St XA2o[Ch. 24, ool ohdEl oty HAzet EE| Hi0|fA= XEHo=
ditE = L2 ofHX] +2E FF517| 2ot X% 7tstt MY 7ks olHX[=o|ch
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Biomass Fractionation

Cellulase 1 Glucaie HMF Levailinic acid

Fermentation Chamicals and
Products Pohymers
- Bie-fusls - Sohnints
= Organic ackds = Fusl addithms
« Solvents = Lubsicants
I Hemicellulose | Xylosa Furfural
v IR ey Food & Fusl Chemicals and
- Sugar-substitute Polymers
« Blonfunls = Awsing
- bl - Palyrnen:
Lignin Phenolic H.C Lignals
Fuel & Chemicals i
- Solid fusls - Carbon Fiowe

= Flavorings

= Bindarfachashons = Cosmatics
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BETO's strategic goals

Decarbonize the Pathway of BETO technologies @ — — HII

= Transportation sector to produce ety I I
cost-effective, sustainable aviation @ao o)
and other strategic fuels. al e

* Industrial sector to produce Qo_ww fgﬂ
cost-effective and sustainable chemicals, = 6“
materials utilizing biomass and waste o
resources.

Key performance goals by the year 2030

Develop the
= cost-effective, sustainable biemass and = Scale-up of biofuel production on SAF ( >70% GHG Re.)
waste utilization technologies » Four demenstration-scale integrated bicrefineries.

= Commercial production of >10 renewable chemicals
and materials
= At least one recyclable blo-based plastic (250% GHG Re.)

0|= USDOE®S| BETO(BioEnergy Technology Office) 7|&2 Hto|2z|mjo|L{z|S
Soll X 71sTt EtA XIS @5Y AlEe| g ft= HECE Melsl= AolCt 25
220|M HO|HRE= M7 CHAH| $EHS HISE 4= UCL S37), s Mut C| ER,
HE, 9 JIEt MY|2P0) of2{R xp. =St 7|=E ARl MERA HZR(0f: ofEtE 2
Hio|2C|H)E Hg3s}= Zio|C}.
4 BR0M MR= E2tAE, HIE, 28R S CIYT oletEAT HIES MEE o
ALE27| 2o MealstHEoA THYEEl B2 MIES Hio|2 |2l 2fst SEOo|LE Ax|=
H2kSE7LE CHA|E 4= ALCE.

BETOS| M2tH SH = LIS 2o}
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- 2ATtA BIES 50% 0|4 2Fets
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b= ZHA0| 1 Mg 7hse HI0|R 7|3 Z2tAES Z| Aot

Lowering the cost of cellulosic sugar production, including improvements to pretreatment,
sugar concentration, and separation from lignin

= Alterations to lignin chemistry that occur during high-temperature and acidic pretreatments, which
make it difficult to convert

* Quantifying the impact of feedstock variability on biomass deconstruction
= Exploring the use of low-CI chemicals and processes.
* Investigating pretreatment strategies that can preserve

natural lignin chemistry.

= Enabling the fracticnation of separate hexose and pentose sugar streams

et 71Ehe SHEE 57t A EI &8 HE o] ZEk|o] Alen, of7jol=

HO|0fAS 78 HECZ ERSID 10 UE YIHOEE FASH= LHEO
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Chemicals

Advantages

Disadvantages

Acid

Removal of hemicellulose
Alteration in lignin structure

Formation of inhibitors

Alkali

Removal of hemicellulose
Removal of lignin
Alteration in lignin structure

Conversion of alkali
to irrecoverable salts

Ozon

Selective lignin degradation

High generation costs
due to large energy demand

lonic liquid(IL)

Carbohydrates and lignin
can be simultaneously dissolved

Lack of mature commercial
IL recovery methods

Organic solvent

Recovery of relatively pure lignin
Low sugar degradation

Requirement for removal of
solvent from the system
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Reactions & Processes Equipments

L
W

1945 1980 1550 2000 2010 2020 N
I I I I I aal Tt [=? [

Batch Reactor A0% 0% Extruder Reactor

55% | Percolation Reactor
62% Step Change of Temp.
N ?‘5*_ Count-currant
(Simaulation) |
83% Shrinking-bed y

9%

(Simulstior) | Count-current Shrinking bed
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Acid Fractionation Delignification

fc.Catuiyucd. | DLY. KimL Y5, Kim T.H, Kim, KK Oh, Tec-st

St Sy floresource Techmalogy

Fractionation
Reactor
LY Hong. .5 Kim, KK Oh, Fract b
Bioresource Technaloagy, 146, 2013, 1
CH. Chod, BHL Ui Y5, Kin KK Oh, i ved ¢
| Flush vahee Appited Foergy: |

TS5 Jeong. Y.5. Kim KK Oh, Teo-st

Hloresource Technalogy: 102

9ot it JkeEslEel Fote

5t BHOZ Lo HiS JIBTO|M YRSl £ T SHEIQICE A EE12 A EFB
OlAs 2271 ErI0] 62.4%2 B7RUCH, O] AIHOIM 22 EFBOIA 8|1 42224 #7t0)
|Tkl0] 205%7t FBEICE 1779 £2 MEiMS LELfs KUz A Brzio|

2 3
Zust Jlagei20| Halg 4 QT A 2T EFBE SMSHIEES 0|88 ol Hol
E 6”

N
ot
gt
10

= 227t 30| £11(70.4%) S0|LEZ QA o st2k0| H2(3.7%) 1A
THRES A2 £ UACH, Ol= HO|UEZA T stk 2| O 242t 95.9%, 67.5%2! WO 2
LIEFCCH 2| E 2E ME|2l DTS2 227I-E0HE S0 T Z M0 76.9%2
aiadtEs EESIRIC

S22 B ZEE MET T2, 22 % H&EFel gE|OY MM E 287t oie
SACH, S0 AEZ A9 2| 2O HHZ sl AEEHH| 250| S7tet A= =HEACH
YHE 712322 RILZATE SRS A 22|12 XUZA UH0| AFZE = U= HHEH,
2 A 2 28Y MREU LEZ AT TR K| 222 6EHE R E ?6 H2 2
FUCZ A Jt-EolE 4= UUCL Ol= HIO| oA 0| ST HES ?IoiM= 5T Lr 3H



I.

2Y Hlo|QUIAR AIBEIQICH WE TS FAH2| ¥SUl= SMel HuEzoA
A

RHOoZ goliAlZ|2 M| THRE0 &

FHKE| 2 165°C, M B&
M AaEl 2l A

E
ritMo=z 2251 &

O TS| Z=AHz|O{OF DITt.

[ |

b 5|
[SX=]

Of A= AEER

3.5%(w/w)ollM K| HFRE T ST 2848

gl
& 7t 2o S SUACE BiX|A HA2| 2 =& 2=t =

2 HIO|OiA FHE|S| 2E2dE =¥ = U=

A

No.04 | 2024 HIO| 2OHA FX{2| ZH 14
N
@ HIO| A A< HMA{2| ZA|
Continuous Twin Screw-driven Preatmant Reactor gg:‘;mf;':mwt
e = 1. Screw Configuration: Type A
. S ; 2. HiS304 Concentration : 3.5%
2 “_""'5_ | S 3. Reacation Temperature: 165°C
— L 4. Biomass Feeding Rate: 0.5 g/frmin
I- e ,.T-?"l 5. Liquid Feeding Rate: 6.9 mL/min
L) 6. Screw RPM: 19.7 rpm
E‘ - 7. Residence Time: 7.2 min
WAL Chol HLL Ry, w..l -t.m.\ KA c:|.. Br T
Bionwsaurce Fee fvailogy: 24
I'-I._ 'GIII'|-I_ H. Chol KL Oh_ £
.';.-.m--\lr-l.'-e:' |'|1'"-'.':f'||.'ir:' 1
I!--I. lll‘.u..’ H. I‘I'.:.. K_ii_ Oh
ﬁ :..-|. (I':.!. |'>.||_ nm. (14 (JI\-l T by of
;""-'J’\'l'l'\.f'ln'."l' Focholk ;;J l. 1 £
CH] 7| FA2| 7ISSS WAL, X2 8, W DS Hot U &2 ofLix] Aulet
HHE H2EES 7IX| 12 ACH 2HEY YE 7|8 MHEIE AE5h= CHA| TN HEH2 =2
M|t 0y +=F0M SEA Hio|QOHAS| E-T7|AA B ooty HAEIE Zesr| et
DR AL Y| 2HE 2 MSY &= UL Tioh 2t 0|8et W=ET|E 0|8 TXNE|7t
7| == ATk
- HIO| | & MA|M FLtEl RMCHZL AL ER AR F W49 ML HX2| HES ¢let
H HHOS
TE=



No.04 | 2024

HIO|OiA HX 2| SF

15

T

Ankaline catahyzed | IEKLEIEIEEN
¥ fractionation .
| _Soha “J Adid catalyzed

- Mg tirs Migaiel Equation

Coliulose (€1 Glueose §0) "= Degradation Products (0}

[ o=
uiguid | lals,
"

| & o

&

m

¢ i
e )
{oox ja, Lo Hydralysis =

Pretreatment

eyt w Ay v vl FRTIEL Mg g Mg e i
G5 By w Wlmplly o 134 Do W v mmpll = 014 Qi 4 08 43y
LT Pt P s S 1 e e i ) 5 i i P

Fnactson corditinnm

=TT
¥ 4

A,
A,
L

E
E

m;

Acid Conc. @ &8 by, H5000
R Tomg. @ [T, 190, 200 T
Fexry Thme - 0 = 14 {mdm}

Kimasiicn Parsmad ors.
o ©SB081 = L0 win
a & A= 07 iy
L O2TAs ~ sl
At
.47 kbl
GG Rl el

05305

-2 AN E HXF9| 2Bl Saccharina japonicaOiA] H
2t 170°ColIA 15
romyces cerevisiae DK 410362
PNPGU/g-=2F 72t eHl Ar25t0] SA| E2t 3! 22 (SSF)E &5t

0.06%(w/w)

U HEAS HHSIRILC

-ELATXE[ = T

T =

2atE LIEFRACE.

- SSF 30M= 6.65g/L2| HIO|20i
13.01g/L0i| siH5Sh= 2L0ICt. Ol= TAz2|El S. japonicall & f= 2FHS

PH S0t &7|HI0|E Rl S22

ol=2
o=

=80 67.41%

Hotoh= E2lE A 728l

Xz|=l S. japoni
0|X2|El S. japonicadi H[sH 227t

LIEfLE= Zd0|H,

[l =13
oo

Sh Y]

=L 1

= Mz
EEIE

L oz
Cac =+
i)
—_

7t

4.

Bte =

. T
Ligquid i m»\%\,uﬂ Far
) dee

&Y Ethanol, Butanol
= Hydrolysis &

o

| Fermentation

.’: :
o 4. %

Fermantation

1 “. Miim Wl Chal, T'\: m.:r: i Oh &
LY, Lew, P, LL LE Lis, Ho Ic\.u.mc oh Exha
Biarescurce Techaokagy:

T.5 Jeong. CH. Chol, 1Y, Lee, KK OF

Hioresouee Fecfooiog: 77

TA Jeong, V.5 Kim KK Oh A o

Foreweabie Enorgy: 4

227t 4

al
=

=22 FEP| Il
ML (ELA) THEIS AFBRULE. 0]0fA Saccha-
2fx|(15 FPU/g-2F7t -=F 3 AICHA|(70

B
HO|2+E ALEIH

2910%, 224212 83.96%= LIEILHO]

RAASHER 2.48} SI15H0] &bt i

ot FEERIeH, Ol ZRY St k=2

7|ZO= SSF

w3t o S QEME
22 AAHOER [} ws IHo| 2T 4 S Holck,



No.04 | 2024 HO|QOHA HK 2| H 16

@ B|a-l HAE

-| i .! ‘.._ g- !--“:.i
. " i v attly g at
e g PR L TR Ll
Lol ‘,'.lﬁﬂéfi-\ Lo TE e med® . T N
i Wyt L -
T e O - 28, BES5 URI 8 o WRSH N 25 10 90
Rescios cordibosy $0% sthinsd fetvl O 2E% sulberiz siid bl 170 -

VT, B - VD i,

(ELFEES BRI RS EHEREERTESE B H. Jursg, HL Kwak, ), Chin, KK Oh Al
B. Organasols SEL XU G2 WG E hgnin monomerl] compasition 1 molevular weight v
[ —— [r—— SuslairalyiRy
Condnan ) .
B Mighic  Wust  Glumt Piest P 000W L H.). Jung. KE Oh,
m w 140 3k 1 sa 1 o L T i ke
- ™ 14 a& &n a5 19 an 115 et 128 T.H. Kim. H. Ewak. T.H. Kim. KK Oh
" e - L] i ¥ - o s e 1 g - . L
"W il iy 14l o8 b af 1 T
| £ 1w " 159 o RRD i s (1] ] Wit )
TR ) e o~ T T F P, = =1 T T.H. Kim. H. Kwak, T.H Kim, K K Oh
= " W 14 asr ) o 28 an e ht) ]
L i G & L 18 L ] i i £

un  Hr
o
HA
©
2
oln
=
N
Pal
-
9]
o
r?
gal
=l
Mo
=2
jim}
jel3
ne
o
10
n>
oot
mjo
4>
0%t
bl
n

slo| =5 AmeaeE 2laugg S5t SA0 H04ERA Qi e
MBI ZH0[QICt 91T As 22 BFEo|M ofziet SY ARSO| et Cleet WES
HOIZQICHs Zo|ct

-2aue olste 97180 2t 2UAS Xl SY NRSRHE HFEion,
SAIE IR 2 2|04 &5 $82 RHO| A9 55.2%, RSS| 2 531%, BSS| 2 59.4%
ULt FEE 2|32 RHRERS 25 99.5%, BS2| 22 96.8%2| = +FEC2 =2 =k E

LIEfL= HQZ LIEtGHCH, st A2 Ml 7H| TEE ZR0M F=ZE 2(3H0]
1453~1817g/mol HL|Q| XM2XIZF 2L} 1.15~1.28 AL0|2] W2 CHEA X|+E XS0
FAreH ofotx EM S LIEICHE ZA0]C.

-HHH, S0 AE2A K2 Fo| M £2 22 RHE 170°C2| 2X0j|A 30= 3¢
o EPEIR2H, T 21t 73.8%2| 20| LIEFRICE tHEH 2, RS BSE 242t 31.9%%t
35.7%2| 2= MYS| M2 A Hn|LEZ A Ref TS MHUCL

-28E RHO| 24X J7t+Edl= 85.2%2] 2 =FZ0M XY 29| MetES JHMLY.
JfLt 2EE RSF BSS| 2 A%lE2 RS 22 60.0%, BSS| 42 70.5%= O &2
WO 2 LIELLTY.

=o}
o
7



No.04 | 2024 HIO|QOHA FX{2| 2H 17

-O| ¥7= RHZL 2|3 =& 8l 7t Mi ZHOM fUT 27 284S EAXU 3HSE
S HH5HH 22dS FUAME = ASS AMAMSIH, J2 77t 81 24 L08S
H0[= RS 3! BS2| 22, AF0M= 0l2{8t EF =Y THRS0 tio 2ot zatAel ZatE
o] 2l Ml 27 STS MY AS HESC oEts R7I80 28 o 2 LS
MESHY sY HFRERFH Nk 2(ad Y DAERA R Y2 FEY =+ U=
tsde BRI, o] 2HHo mEd2 et =Y R=0 o2t thi=H 2t £EF
RS0 = 2| X} TEHo| R 4= At

Main reactor

Tunning
roller

5 L Kim, B H. U D L im0 ) H. Lee, and K K Oh

T. H. Kim H. ), Rys and K K Oh I

HI'\(,-'J

-2 U oflELS RVI201 HE2IE 2F EEsHs MZR TA2| M2HO| M| 7HX| Tt
HFO| 2UHA Q& Ol HLH oM, %##EH 5! UHof chal MIQH=|RICE. O] ZEtEl TRz
M5t Hio|2ofAS| 27t eHdE B |= F 7HK| =2 SHE 22HH
2 JAUCH, 120229 WHEI =0f| 237 2H2F0] 63.09%0| EESH0] Aest 7HMO|
b St AEEY 2|09 55.89%7t HEH M EE0|A MU0, MERZRA
EEQA OHMIEYIS MAHE= 2|kl M2 YRt 2tEH0| Qs A= LIEHHC
L HXNEE S LEZA MAHESO0| 7HE Z/UCE J2{LL o2t HEZRA
A 23 MA JHEOH 2l g2tXls A= LIEHCH SOI§AIE 2|3
HHet AEZ2A WA Ato|Q] AptetA|= CHE AEttA|of HIsH 22 7|27|E B



No.04 | 2024

HiO|OiA HX 2| SF 18

BlO|QUHA ixjel 27| RS EMsH Zat, FAE| AlZto| SIRl0l Wt M JhR| xE
BO|QUHA S8 BEOIM At 27| ATt ol | JHME WO LietTt. of2fst
=otxiol Selsora TAe| 2, B A8H80| IA| FAEIION, 30 FPU/g-227t 242
Hokst 249 HAEIE Sa4riol 20 91%e 327t AstgS LAY DiK|gtoR, of
HTOIA e Zololl 2|48l 2|aulo] T4 BAE ZARI] FA| BA2] BT A

Chet Z2RO! ofsol Z|ofct AuHoR 2 Uzint ofete R7I80H HalS

Zolots AgE TAe| Y2 =82 oE 71t =84 2lat ’MAHEts F 71K F£8
C

J

§ 1
Erapmans Dgpimitng (%

HHIEEQA RIIE REXHOE 25| ldf ZE2 SH(YPS)Q 228 |Htst
ULt o] XS e AL ERI AT & HISI|(CTSR)E A8SHL CiYet R7Ho=
AMHYOM, & 47t MAZH0| 71HE 2 %X T2 HiE 2% 127°C, &4t 5= 0.8wt%, K|
28 &% 25mL/min, 28] 28 &= 2.0g/min, 237 3| £ = 25rpmO0| 1 HIF A|ZH2
14.520|RUCt

- 2 Yol b= IR RUMOH, CTSR 2EE YPSE 2271 47.8%2t S0 AEZ A
10.4%E etQ6tn QO Mt B2E DHHOZ MEZ QA 44.9%2} 0| MEZRA 76.3%
Tt UM IEOEE MBEOE FEEUSE Y £ AUUCL RN Z, STt TN
HiX| Al 2EHE AT B2, SI0[AEEA H71 =82 20.5% 2 AKX S| AL



19

Hio|2oHA TX{2| 3

No.04 | 2024

HHX|Al 230 B[S CTSR

StLt=

A = At

Z0|H, O]

=
—_

m

o

LRYS &0 Hjo|OfA9[ 7

Ul
ol

H}O| QO A 2 HE

N
s

ol 58

HiD

Hio|2H = 5! HIO|X|

A7

ol

g

ION

2350l BES

=
—

olofgtct.




No.04 | 2024

Hio| 202 HX{2| 20

#2

1) T.H.Kim, H.J. Ryu, K.K. Oh, Low acid hydrothermal fractionation of Giant
Miscanthusfor production of xylose-rich hydrolysate and furfural
Bioresource Technology, 218, 2016, 367-372

2) J.Y. Lee, H.J. Ryu, K.K. Oh, Acid-catalyzed hydrothermal severity on the
fractionation of agricultural residues for xylose-rich hydrolyzates
Bioresource Technology, 132, 2013, 84-90

3) J.Y Hong, Y.S. Kim, K.K Oh, Fractionation and delignification of empty fruit
bunches with low reaction severity for high sugar recovery,

Bioresource Technology, 146, 2013, 176-183

4) C.H. Choi, B.H. Um, Y.S. Kim, K.K. Oh, Improved enzyme efficiency of rape-
seed straw through the two-stage fractionation process using sodium
hydroxide and sulfuric acid Applied Energy, 102, 2013, 640-646

5) C.H. Choi, K.K. Oh, Application of a continuous twin screw-driven process for
dilute acid pretreatment of rape straw Bioresource Technology, 110, 2012,
349-354
6) T.H. Kim, C.H. Choi, K.K. Oh, Bioconversion of sawdust into ethanol using
dilute sulfuric acid-assisted continuous twin screw-driven reactor pretreat-
ment and fed-batch simultaneous saccharification and fermentation,
Bioresource Technology, 130, 2013, 306-313
7) H. J. Ryuand K. K. Oh, Combined De-AlginationProcess as a Fractionation
Strategy for Valorization of Brown MacroalgaSaccharinajaponica
Appl. Biochem. Biotechnol 182, 2017, 238-249
8) T.S. Jeong, Y.S. Kim, K..K Oh, A kinetic assessment of glucose production
from pretreated Gelidiumamansiiby dilute acid hydrolysis
Renewable Energy, 42, 2012, 207-211
9)S. J.Kim, B.H. Um, D. J. Im, J. H. Lee, and K. K. Oh, Combined Ball Milling and
Ethanol OrganosolvPretreatment to Improve the Enzymatic Digestibility of
Three Types of Herbaceous Biomass Energies, 2018, 11, 2457
10) T. H. Kim, D. J. Im, K. K. Oh, and T. H. Kim, Effects of Organosolv Pretreatment
Using Temperature-Controlled Bench-Scale Ball Milling on Enzymatic Saccha-
rificationof MiscanthusX giganteus Energies, 2018, 11, 2657

11) W. L. Choi, H. J. Ryu, S. J. Kim, K. K. Oh, Thermo-mechanical fractionation of
yellow poplar sawdust with a low reaction severity using continuous twin
screw-driven reactor for high hemicellulosicsugar recovery Bioresource
Technology 241 (2017) 63-69



Ol&-g-855) 5%

Z2H/2RE 283

HIO|OiA Fxic| &

K Petro

R

e

AASNRRIRO| R EFE JIS2 B ARl 'S8 Y UH 20L0| Ho|29IR BF 23t 7|
A
=)

==

3

b

=

EJEL



