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SUMMARY

I. Title

Planning Study on Biorefinery Technology for the Chemicd and Biologica
Converson of Marine Biomass to Useful Materids

II. Purpose and necessity of research

O Purpose

= A comprehensve andysis of the core technologies of biorefinery including 1)
pretreetment of marine biomass, 2) chemicad and biologicd conversion
technology, 3) separation and purification of the reaction products

= A review on the feashility of production of marine biomass-derived platform
chemicals to devise a detailed plan

= Andyss of the chemica compostion of agae in the coasta waters of Korea,
Russa, North Korea and establishment of an internationa cooperation to
secure raw materias

O Necessity of research

» The €ffort to industridize the biorefinery technology is a globa megatrend
and under the current high oil price environment, the biorefinery can offer a
continuous competitiveness by transforming the national economy from a
petrochemical-dependent economy into a carbon-neutral bio-economy where
more diverse and sustainable resources can be used.
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The cregtion of an dternative market and a new business modd in the
biorefinery technology is in ever more intense competition, and considering the
current trend of rapid change in the international oil and resources market, if
the competitiveness is secured, new biochemicds in the industria
biotechnology can rapidly enter the market resulting in a huge economic effect
in the short run

The problem of energy supply necessary for the industrid sustainability and
the criss of raw materids needed for the production of environmentally
friendly chemica products

II. Scope of the sudy

O Key technology andyss

Andysis of globd trends in R&D and industry in the marine biorefinery

- Compaaive andyss of the biorefinery R&D and industry between Korea
and the leading countries such as US, Japan, Europe

- Governmenta policies to promote the biorefinery industry

- Andyss of the markets and the R&D opportunities in platform chemicals

Analysis and sdection of the key fundamental technology

- Assessment of the potentid of the alga biomass as a feedstock in research
and suggestion of a promising domestic or foreign ageae

- Andyss of the current pre-treatment process technologies of macroagee and
their pros & cons

- Andyss of the chemicd and biologica converson technologies of the
biomass
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- Andysis of separation/purification technologies of the target products

Future prospects and demands of the corresponding technologies

Establishment of R&D plans

A proposa containing a drategy of research, a roadmep for technology
development, a SWOT analysis

R&D budget, and period

A research proposa

Writting a research proposa reflecting the urgency of research, the possibility
of success

Reaults

Unlike the biofud, bioenergy research, R&D on the biomass-based production of
platform chemicas is a untapped promising sector at the early stage with a high
opportunity factor.

This planning study sought ways to dtrengthen the competitiveness of the
industria  technology through R&D on the marine biorefinery for the production
of biochemicds including pre-trestment, chemicd/biological converson technology,
separation/purification method.

In order to ensure a stable aga biomass supply, it was judged to be desirable
to obtain information of the brown agae inhabiting in the Kamchatka pennisula
through an internationa research cooperation, and to utilize rather non-edible
algae such as Sargassum, Ecklonia cava, Ulva pertusa in Jgu idand and the east
coast of Korea

Importance of the key fundamental technologies including catdyst, enzyme,
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microorganisms for converson of biomass to platform chemicas

O A rdavant R&D project was proposed entitled ‘Development of the chemica
and biological key fundamental technology for the production of platform
chemicals based on aga biomass.

V. Future plan

O Transformation of a petroleum-dependent industry structure into a sustaingbly-
growing industry using carbon neutral renewable resources

O A vison presentation for the transtion of the korean industry to an energy-
friendly structure with fewer greenhouse gas as CERS(certified emission reductions)
have been started in 2015

O A prdiminay study will be performed based on this planning study, as a man
research project within KIOST, and be used as a background informeation to
enter a nationa project
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O Z9F 3g=(plaform chemica)> Hlo] @3le} AbJof|A Hlo] @3}ekA|E Az
S A EAG A8 E 4 Ak JRsleEs B

<E 1> Hjo|HA 7 IFV} StEEE
U455 HHEEd B TEH % EE AAEE
1,4-Succinic, fumaric and 4 THF, BDO, GBL Zl3tE (20ff, DB M7 A ANF C B
malic acids Pyrrolidinone| (24 T=A}) P
2,5 Furan dicarboxylic acid 6 Diols, Aminations (DA S Z2|0f|AH, LIYE E) C
3 Hydroxy propionic acid 3 1,3 propane dol, acrylete?| 2tEtS (M, ZEEYIX DES IEA) AF
L Amino analogs of dicarooxylic acids
Aspartic acd 4 Aspartic anhydride, polvaspartic (AEsliAd T2} A, B
Glucaric acid 6 Lactone (Z0), M7E IEX} AF, C
Glutamic acid 5 Diols, diacids, aminodid (D2A}2CH2EH)) AF
=0] JME BDO, THF, GBLA| EH&HE, Pyrralidinones
ftaconic acid 5 (Eguﬂ, SRt B = P AF
L Methyl tetrahydrofuran (EM4EASZ, 20H), Acetyl acrylates
Levinic acid 5 (2% 24 M), dphenolic acd (bisphenol A L) ¢
Furans. pyrrolidone SALZZE! (o)
S-Hydraxybutyrolactone 4 tetrohydrotrang] amino SAFEE (TEMIAS) ¢
S A} PLA, Glyceric acic (DAYS PLA, Z2|0| AE MS)
Glycerol 3 Propylene glycdl (£, £8M). Polyurethane TA| S AF. ANF, C
Isosorbide, anhydrosugars (PET SFAF TEA})
Sorbitol 6 Propylene glycol, lactic acid (S-S, PLA) AF, C, B
7tX|gh CIEER (=24 I2A § STEM)
Xylitol/arabinitol 5 Xylaric/xylonic acid, Arzbonic/arabinoic acid (2L EHH) AF. ANF. C, B

Polyols (2=, UPRs), wlitol, polyester, nylon S

* Top value added chemicals from biomass (U.S. DOE, Energy Efficiency and Renewable Energy, 2004)

SHZE: AP (27|28), AV (27]22), C (2HE/50f 83), B (22813): 54| (Mg 4

KIOST'N



Mg M

I'HTJ

. gHl A
7t A2 3}
196849 ZAAE =7 o#:,l Aol R2ulEyLe 19724 217 AY, g4 EAo) =
ok mlejof| & HaxQl AdAe] A'E S ZHIJ 7|0 A&HHoRE A
St AF2HIAANE ASo &2 A7|ste] A & e d] A7t

Eay
o
[e]
i

CEAVECY

el Green house effect
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H1°8 M E

<E H s|x=5e} 2|1 MEZQA HIO|2OAL| =AH|W(DOE, 2010)

Macrocystis ~ Laminaria Gracilaria Ulva™™ Hybrid  Summer Corn
(Brown (Brown (Red (Green pl}plm‘5 switch- stover®
Compositions, % w/w seaweed)' seaweed)’ seaweed)’ seaweed) gl'il-'i-'i5
Water 88.2 88 6.9 133 6.1
Total solids 11.8 12 931 86.7 939
Proximate Analysis,
dry basis, % wiw
Ash 411 26 37736 302 27 27 5.1
Volatile Solids (VS) 589 74 62.3=3.6 69.8 848 829 809
(calculated)
Protein 17.3 12 11423 13.6
Lipids - 2 2
Mannitol 202 12
Laminarin 0.8 14
Alginates 153 23
Cellulose 2 6
Fucoidin 02
Elemental analysis, dry
basis, Y% wiw
C 28.0 346 31.6 502 47.5 46.8
H 392 4.7 6.06 58 5.74
o 243" 312 40.4 43.6 41.4
N 1.86 24 2.18 0.6 0.36 0.66
S 1.09 1 31 0.02 0.05 0.11
P 0.33 0.35 02
K 0.014 0.0096
HHV, MI'kg, dry basis nfa 132 19.0 18.6 18.4
LHV, MI/kg, dry basis 11.0 1l 177 173 16.8
Note: *Average values of Ulva at different months: *Analyzed based on empirical formula in Chynoweth and Srivastava
(1980).

!Chynoweth et al (1980); *Reith et al (2005); *Msuya et al (2002); *Briand et al (1997); *Phyllis Database for Biomass
and Waste: http://www ecn.nl/phyllis.
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<E 5> M M| HUNZT ORY SERUFEEENT} 20061 BIH MAE A

Ho==9| 7}X|(FAOQ, 2008)

Harvests of wild stock Aquaculture
Production % of Production % of Value

Source (metric ton) Total Source (metric ton) Total  USS$1.000s  $/metric ton
f:;‘;'d 1,143,273 100.00 World total 15075612 100.00 7,187,125 476.74
China 323810 28.32 China 10867410  72.09 5.240.819 48225
Chile 305748 2674  Philippines 1.468.905 9.74 173.963 118.43
Norway 145.429 12.72 Indonesia 910,636 6.04 127.489 140.00
Japan 113.665 094  pepublicer 765505 508 260,657 3522
Russian Fed 65.554 5.73 Japan 490,062 3.25 1,051,361 214536
Treland 20,500 258  Korea DPRp 444300 2.95 244,365 550.00
Mexico 27.000 236 Chile 33586 0.22 52,304 1.560.00
Iceland 20,964 183  Malaysia 30,000 0.20 4,500 150.00
France 19.160 168  Vietnam 30,000 0.20 15.000 500.00
Australia 15.504 136  Cambodia 16,000 0.11 4.000 250.00
Morocco 14.870 130  China Taiwan 5.040 0.04 447 75.14
Korea Rep 13.754 120  India 4668 0.03 467 100.04
Canada 11.313 099  Kiribati 3.900 0.03 156 40.00
Indonesia 9.830 086  South Africa 3,000 0.02 1.265 421.67
South Africa 6.600 0.58 %mm 818 0.01 082 1.200.49
USA 6.238 0.55 Tanzania 320 0.00 64 200.00
Madagascar 5.300 046  SolomonIs 120 0.00 6 50.00
Peru 3434 030  FijiIslands 119 0.00 65 546.22
Italy 1.400 012 Mali 90 0.00 3 33.33
Ukraine 1121 0.10  Namibia 70 0.00 65 928.57
Portugal 765 007  France 45 0.00 16 355.56
Spain 485 004  Mozambique 15 0.00 23 1.533.33
Estonia 304 0.03 Burkina Faso 2 0.00 1 500.00
Tonga 356 0.03 St Lucia 1 0.00 16 16.000.00
Fiji Islands 350 0.03 Spain 1 0.00 1 1.000.00
Philippines 314 0.03

New Zealand 225 0.02

China, Taiwan 190 0.02
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<E 6> Holx==9o| &= s*2ZKDOE, 2010)

Macroalgae Taxa

Brown Algae Green Algae Red Algae
Laminarin Starch Carrageenan
Mannitol Cellulose Agar
Alginate Cellulose
Fucoidin Lignin
Cellulose

®)

HO

ZaFL H2F F P 2 AWRFEA IS Uk Fe oPR:
memitd(FU3), memitd £ 3239t Hgk - 1, 3 Ao SE S5 laminain,
mannuroic acid?} guluronic acid2 A%l dginae, gaactose xylose, uronic acidE
323HsE 3FAES) fucang] fucoidan® (23 9).

OH OH Loz ale _ o
2 04.“ A A0, Ot [ OH 0= OH D504 g o
: o ! W [N | Chod 2 ""OH’(}M]-D“ i
OH OH . I o”oul, 2 o
mannitol laminarin alginate fucoidan
(28 9] ZZ7 8% CigRel siepx

= pis
T AAE=A pyrwaed] Ao ATstr] g Tark ofgx|vt, laminarini}

[}
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Taxa Common name Country Metric ton Subtotal
- by Taxa

Laminaria japonica Japanese kelp China 4,005,640

Laminaria japonica Japanese kelp Democratic People’s Republic of Korea, 444,205

Laminaria japonica Japanese kelp Japan 47,256

Laminaria japonica Japanese kelp Republic of Korea 22510 4.519.701

Plentae aguaticae Aguatic plants China 2.535.130

Plantae aquaticae Agquatic plants Malaysia 30,957

Pimtae aquaticae Aguatic plants Cambodia 16,840

Plantae aguaticae Agquatic plants Japan 15,968

Plemtae agquaticae Aguatic plants China 3,230

Plemtae agquaticae Aguatic plants South Africa 2,750

Plantae aguaticae Agquatic plants Republic of Korea 142

Plantae aguaticae Aguatic plants Mali 20 2,605,107

Undaria pinnatifida Wakame China 2.196.070

Undaria pinnatifida Wakame Republic of Korea 261,574

Undaria pinnatifida Wakame Japan 62,236

Undaria spp. Wakame France 25 2,519,880

Porphyra tenera Laver (Nom) China 810,170

Porphyra tenera Laver (Nori) Japan 358.820

Porplnra tenera Laver (Nori) Republic of Korea 228554

Porphyra tenera Laver (Nom) Tarwan Province of China 7 1,397.660

Eucheuma cottonii’ Zanzibar weed Philippines 1.069,500

Eucheuma spp. Fucheuma seaweeds China 07.820

Eucheuma denticulatum Spiny eucheuma Philippines 85,754

Eucheuma spp. Eucheuma seaweeds United Republic of Tanzania. 6.000

Eucheuma spp. Fucheuma seaweeds Kinbati 3,004

Eucheuma cottonii Zanzibar weed Tonga 1.195

Eucheuma spp. Fucheuma seaweeds Solomon Islands 120

Eucheuma spp. Eucheuma seaweeds Fiji Islands 45

Eucheuma spp. Fucheuma seaweeds Saint Lucia 1

Eucheuma spp. Eucheuma seaweeds Federated States of Micronesia 0 1.264.438

Gracilaria verrucosa Warty gracilania China 888.870

Gracilaria spp. Gracilaria seaweeds Viet Nam 30,000

Gracilaria spp. Gracilaria seaweeds Chile 19.714

Gracilaria verricosa Warty gracilaria Tatwan Province of China 0085

Gracilaria spp. Gracilana seaweeds Philippines 389

Gracilaria spp. Gracilaria seaweeds South Africa 95

Gracilaria verrucosa Wartv gracilaria Taiwan Province of China 72

Gracilaria spp. Gracilania seaweeds Namibia 67 048,292

Rhodophyceae Red seaweeds Indonesia 397,964

Rhodophyceae Red seaweeds Indonesia 12.606 410,570

Sargassum fusiforme Fusiform sargassum China 131,680 131,680

Kappaphycus alvarezii Elkhorn sea moss Philippines 44814

Kappaphyeus alvarezii Elkhorn sea moss Mozambique a2 44,906

Phaeophyceae Brown seaweeds Republic of Korea 22814

Phaegphyceae Brown seaweeds Russian Federation 216 23,030

Monostroma nitidum Green laver Republic of Korea 11.514 11.514

Caulerpa spp. Caulerpa seaweeds Philippines 4,252 4,252

Enteromorpha prolifera Dark green nori China 3,280 3.280

Gelidium amansii Japanese isinglass China 1,150 1,150

Asparagopsis spp. Harpoon seaweeds France 12 12

TOTAL 13,885,497 13,885,497

Note: ]Reclasgi.ﬁed as Saccharina japonica, “Plantae aquaticae is a designation for unidentified aquatic plant per FAQ
terminology, “Reclassified as Kappaphycus alvarezii.
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<E 8 o17F MAE|= sff=Fe| XAl ZER[(McHugh, 2003)
Product Value

Human Food(Nori, aonori, kombu, wakame, etc.) $5hillion

Algal hydrocolloids

= Agar(Food ingredient, pharmaceutical, biological/microbiological) $132million

= Alginate(Textile printing, food additive, pharmaceutical, medicla) $213million

= Carrageenan(Food additive, pet food, toothpaste) $240million

Other uses of seaweeds

* Fertilizers and conditioners $5million

= Animal Feed $5million

» Macroalgal Biofuels

Total $5.5~6hillion

3. g+l E24d
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High value

Bioplastics and
polymers

Energy and heat

Low value |

Source: Peter Westermann
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Fine Chemicals Specialty Chemicals
o AZFMM « MM
+ HE, 4=l gacor Y + NS, 4= 0gE00 53
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- E=relEE da= Sl « HiEE AXS =SS
+ O]9 O AN Y S22t = Sl
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= £, 245 k3
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Commodity Chemicals Psendo Commeodity Chemicals
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Chemical Market Potential Bio-based
Sales Value Chemicals
Segments {UsD) (UsD)
— 10 - 20%
W - AP H B0 CHAH| o -
Commeodity Chemicals —l (sg;;) ] . 60-120 |
__4 - -
s = .
Specialty Chemicals — (:g;] ] | 64-130 |
' - —
‘ - -
Fertilizer & Agriculture = { (Jé?}:) | |'r._ 30 - 60 Y
— Py . S
a ) )
Industrial Gases — [ (35;) ) | 12-24 )
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O @A =uUlllA HiqtL=2 FAE=
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A Bhol @ elutol el g vhol euj AR AHg
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Sargassaceae( 2 X} H,_I' Ecklonia cava(ZHEl) Ulva pertusa(7-8 Z 1t2ff)

(32 19] MFE 28 u4

00

=2

AFEoA &3] & 4 3= Sagassacese(HAM), Ecklonia cava(#H]), Ulva
peftU%(:rmZz_ﬂJrElD o HAE dE2FEA et WAEHe F=9d, o=l

g Alol 27k whElis dloje] Aiebakel AT) ZEFAE AAskT Qlid) o
AT FWS & 5 GOt YO WAZPEe] FEAeolHo] 9t ejAloh
SHFATa (MB), BHBF B4718kstdTs (FBOOTS] FEATE o ot
G5 24 L vl ouj AR A Y A JbsHE SIS ast e

DA BAE olgEh AHEUA ME Bt ,;_U = olgsrs s
o RS FUS WEA= 7%,

d@si=mel aes dAe 34 i Al si=F volemis HA e &
2 (BT s @A volemiAE Tavted doR EfA7e dub
A WS AERAE tto R A= o] Wol 2ofal QUA|RE, o] v
M2 AlAe $o S4e Al7Aslor shaL, o] wf BiojemjAr) ghashal Qe 9
FE= A AAET] ol Hioledgs At & A He fabes A=
Ao olgd &= A Hol Augol Higt FAZ Feol tidts] =,
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AN 3A =4 2 oy

» P RFo 1P pete] Ed(anneding) @S w5k, A2 YL
A st gt & AR AR =detold(normalizing)sh= 57
= 9 glucose FEFoR FHF HologhE g0 W T

%jii;df » TR ALE o] gl AERQAE glucoeR HE

(‘E dlulase) » 12 glucose YA & (68HF glucosewt YA, et xylose:= E71)
A2 = 4 SRl A #FE AEdoF st 7]’\7‘4 o1& =

BT  SFolAd di(darch) =& &, amylase® ©FRE YAitsh= A

ol A a » AR FEHE T AR A AR AAYt 52 aES 47 F

(amylase) A k= AbAE WS Ao B4, W2 8, a9a ARA
£ e FAES ot 2AdES WE

O WebA wEI AlZre] @ol EYH I SIBAL EYste] AN JE B
e dAT FAH Axe 2R L] Bas

-

—

Al 3 A A=

O Hiolegmtoly o= o|AE, FFolR Ei= mPES o3 HaFyy, o

9 SebE dto] F2 AMgHOR, V|ARiE UgEEoR Adste YE
4 9 sleka Hek AR7E ool g 2 WUYdEF9 oY, 4Eh g4,
=3 ¥ 5% 5 3 vl s A= HE =L B olE 1aE
H o

: O 2 tiAste A= oA A= ook o

2ab4 34

S

o

1. AOI'IE%I-I-I Ii}j'%

=/ 71 =

oo 9 ulol QBRIRR ALY T WBIA AWI|&o Ado] Fadt
g, S4E AARSES bR AR P B SARA i, E8E NS
Sgk A2 ArEetd ZHE 714 A AAE vloledr @ nolo s}t
Bof et WA F L 2 AAEEES R wEA dF A 2 /1% )
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stol e Zufjo] Ad Bl AbdA AE Al dPsfol & AMFES Ul ot

47h EFHEoloF sjul, olejgt R4l F5H e
+-7(ideal bioconversion process)’o|zf & 4= %1%(131 20). H}O]i Zuj = Aks)H
FAUNES, Houhe, FhRENRS, olg W RohS, o] dshhg, TN 5
& Zufjsl Qubdel V)5S BEo|u Solgt 7] WL olgsle] SHa ukg
AAES Bistre &
o =Y=T =T
A
A3 affinity jIE
arzel 0 dRoEonw
M2 TarN Fx| Sy
X
= = - AT D OF DFE I8
BlOIZ0H [ = nyet f SUAHRATH
F y
- 84 9127| QAL
sgns M0 osssvsss
S01™ Al HIZ=2|&
ansnols f soeenaussoe
[712! 20] Element for design of Ideal biochemical conversion process
(Source: Kor. J. Wee. Sci. 30(4) 240-360, 2010)
| gE7|5F Hlol Quj A e £ At &of= 1) #£7 Hio| 3=
WA Fe] Ak 2) B4 vlol o sgE A AT 4 9) dhAbEEY 25
Mg 9 eus kot TN 4) 587 voleddr 4l Hiolesighes Ak fIet
Ay G AT 71% A 5 vloledR W vlo] 28kgE AL 93t o)
& 43}t T8 = 4 U=
KIoST
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organic residues e starch sugar lignocellulosic lignocellulosic ilorons marine oil based
and olherq E crops crops crops residues P biomass residues

paration ‘ Irv H nation and/ 4

—I[ - [T

organic
juice

r syngas

s | extraction e
digestion ] liquid
A ||| =
w?”w ___________________ paratio | : '
Coom >
hydrogenati
biogas up s w
5
A 4

'\
[ reaction
(" feedstock ) lhcrmo\.‘hcmical‘
process | | I
= ol A 4 l \ 4 A l VYVY 4
< platform >|  mechanicall
B " | physical 1"“““‘ bic hemi and synthetic hmfucl polymers and food animal
/materal — build blnck (FT. DME resins feed
{_ products /! { energy products )

i :I;lr\k‘mwri;g hiﬂ;’ﬁm‘r}' r'ﬂll\“'ﬂ:'; e Dj ' fertilizer ) t bio-H, ) (blouhano) ( glycerin ) (e;i‘[.f?iégly) GEUdMED
[O& 21] Hlo|2oiA0 CHSt 7|2 SEXE
(Source: Interface Focus, 2011(1), 189-195)

O m}Z ol g3t A& woloms AL AUFOZN, WYET ol
© AR % Hlolo BRLE AL AlLHS gus] B, nAART A
o 7lest G B S/ vl el R4 SU Sl ApHon

O A vloleutol e Fa o L ulolosglES AMISHE HlE AAE
8 Al A1 Belel T, velodat HIT GOl 414G 2
sl w= skl e £ %

o o gol 878,

ozseaied | 61
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7}. Ladtic acid platform(C3)

~

o =2 ro K

O Lactic acid= glucose, matose, sucrose, lactose 5 ol FHo4] &9l W3
=5k el A (fementation)of] oJsf Aikd o AT AR AFG A A
lactic acid bacteria® o] 83 WES T3] o] FojX L Y. A AAHCRE 1
350,000% ©]At9] lactic acid7} AJAE AL gJom, mjd 12~15% Z717F 912 A

2 AS5=H 9ls.

-

o)
4

O dA Lactic acid®] fermentation broth® FE F2] AA|GA A AH| AAH]
o] o 80%7HA] 487t H7] "o, & a2 A Ads 9ttt g
A7t olFofAof & dart S EEAAl B2 fermentation Eg-E 04 H
e 27 & AAE cdcium lactateo] &9 FollA My} ke o83 o
AMdeE S EZ3eh7] wmel, W o FHate]l AREET ERF W ¢
CuSO47t FatkEs AAEER 2 skl FA o] 7ido] atHal Q&
(1=9] lactic acidd 1E9] CaS047} HAMER AJAHE).

0.__0 polymerization
carbohydrates I I -— polylactate
o "0

fermentation
/precipitation OH lactide
o H,SO,
Ca®*
O /2

T oligomerization/dimerization

OH hydrogenation OH oxidation oH
- OH . OH
OH
. (0] 0]
1,2-propanediol lactic acid pyruvic acid
hydrogenation T / l dehydration
OH esterification
/SfOR /\[(OH
0 o
alkyl lactates acrylic acid

[12] 22] Lactic acid28E =235t 35t SZH|=29| Bist

O

O Lactic acid= dehydration, hydrogenaion, esterification, oxidationy} 72 3}8h# Q]
ZAS E3) acrylic acid, 1,2-propanediol, pyrwic acid 5 o7 7}A] 483t 35t

SAAR AgE 5 AS(T" 22).



(1) Polymerization

@)

2

Lactic acid®] tf&#Ql =2 stz 2T AZA tigh Abslzel A
&0 polylactic acid7} 224 1 E XM (biodegradable polymer)Z A &
3 Q)L 2002y umj=t7] 92l Cagill Dow7} AHHAZ NebraskaT=of| 4] toff
A|ZFsE AL, 2020 7kR] ABESA] polylactic acide] AJAFS tfj2F 82 ©

s
7|2 g2 Jler 95H.

T1
vy

=
Ay

Ji of i &
Mo e &

[e]
'ﬂ'_'

10 fo =

=

A1 2 latic acidE o] &3t 11522 34 polymerizationiZ;
=] pKe)

) o st whgel
SR depolymerizationol AR o AW Al BAlge] TEAT
2 FJASH "ok 2822 lactic acid®] dimer E£3HA|1Q1 lactide2 HE  ring

openingS 3 1EA} Z2FNSS o]8ele] o HxlEFo] nEA) T

3T

. olo _124_

Lactide:= ﬂJ lactic acid=H-¥ F @Ao 24 ATt 393423 K &=
Z oA F4E3E el SO42-/Zn0-Sn02/La3+S o] 83 -4+ A|(heteogeneous)
T8-S E3l lactic aadq oligomer7} 3=, o] ThA] 423483 K =279
A oligomer®] depolymerization-dimerizationS Z3l 58% &= lactide= Z3H=

2~ 0]9

Hydrogenation ©]-83%t lactic acid®] 1,2-propanediol = %1%}

1,2-Propanediol & thofst £ 52 zUal Q) HE FErEARA] oekE FpAE
s SAlE AR 8z ARSEY, ARNAY Federr: AMEH. FA A
3}skA| =<2l propylene®] oxidation©. 2 HE| XA % propylene oxide®] hydration2-
Bl AR QS 28y o] AL Zd E4Ql hydrogenperoxide 2]
Abgo] "pAolal, & thE H 29 3t chlorohydrines Ya 2 o]8317] o
o] FAH=2 hydrochloric acid7} A= of, 2ol Ayl 2o & HEs

. ofebA] lactic acidiE hydrogenation o] &5k AJAFEHIS] AHre A8}
of EstL Qi Ax) T ABAA hA FEZ ATY & YL

Lo oy M

[e]
AT

(1SS

B
R

119.% lactic acid®] hydrogenation> carboxylic acid®] %172} (nucleophile) o]
dol REor Qs wjAgAolztal A A e TP lactic acide
T3 lactic eter=hydrogenationof thaljA dFAE WAL 7FX|aL 9

1§20l AT o188 4 S

:|o o]o

EE&
oo

>
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O Ethyl lactate= Cu/Cr oxide = Raney nickd Zuf|& o]-&3}o] 423-523 K, 20-30

©)

64

MPa 4=2:Qtof| Al 80%2] ~&= 1,2-propanediol= AshE 4= <)
AI203 Zujo] Abgo Sn(Rue] 796)¢] H7H= Zujo] WSS
o7 23515t WSR2 AQ 423 K, 5.5 MPaof| A 91%9] A1) A3} 3l
ehyl lactate= 1,2-propandiol 2 ATIA| 7). 72+ ey} LXoj|A Sn 2242 HA=
ARt AeeS 247 51%0F 79% A, ot 559 SRR Y 97l
st dH dA1LE B3 Sn B Feo] 2AAZA AFES AT HAFSS
=o]Z|ul, Cogt Zn & AT} 3L A4S Sulsls Aoz oA gle.

=

Carboxylic acid®] hydrogenationo]] thglt WH-A S Aojox= EFLslal A4
o] wjZoll lactic acid] 232l 1,2-propanediol 2 ek 2L A
E1 9J&. Ru on cabon &S o]83}o] 373-543 K, 7-14 MPa2] Ao A wt
5ol X3E uf, 95%°] Head 90%° sa= latic acde] ZxgA <l
1,2-propanediol 2 #2to| 71531, magnesiasupported poly-y-aminopropylsiloxane-
ruthenium complex Zuj] Zx] 3s}of 513 K9] HIg2%, 5 MPag] +a¢dS %
£35to] 100%2] 4+~8= 1,2-propanediolS 3AdE 4~ ¢JS. S-supported coppers
AFE-3F vapor-phase hydrogenation> 0.1-0.72 MPa =A%} 413493 K =27
oA 1.2-propanediolo] et 88%2] MBIy} 100%9] HeheS AlEdh Lactic
acid sdt E3F 1,2-propanediol 2 AJAFSH7] €3t S EZRZ A1E QS Lactic
acide] ArlZol AAFEAC] HrFolA AAEL cdcium lactae® HE] F2ko)
3 HH2S04)7+ Ru on cabon &S A}83}7 373 K HHS-2%, 315 MPa 44

oM 2 83to] L2-propanediol & 90%0] &2 AT 4 oS o WL latic
acid AAFEA S STHAIZHE 2 HZF o2 12-propanediol = A& <+ 7] W&
of, AAIAQ AL wie T2 THY.

e<=3}(dehydration)& ©]-8-3t lactic acid] acrylic acid2 gt

Aaylic adid &= s}ehiieiel] vje Fa3h We sehEURA A7k 4200000E0]
AALEL Acrylic acide} F=A]Q1 acrylic amide, esters= poly acrylae®] TeFA| =
A FRAYA, A, BT 5 gt SEREd 2AH W §84L
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5.0
79] vapor- phaseOHH CuS0O4/Na2S04 —-—ZH 3lo]| 68%%] 4~&-= lactic acid=
TH acrylic acid7} ?Hd H 3. o ¥, 613 K =204 dmyotz A
AIPOAE Zufj= ARESh= HESollA acrylic acidZ} 43%°] &= A=A,
S02-Al2039] 114 % Na2HPO4¢2} NaHCO3E 958 o2 ARg-3lo] 623 Koj A
58% &1 65%2%] AElAd o R acrylic acidE $ASISS. Lactic acide] sdtQl
ammonium lactate F3F e A3lo] HERRE ALEE ¢l on, R olE X
2 AIPO4E o]-§3}o] 61%2] &= aoylic adid= A=l

O Latate esterE 0]-8-3}o] acrylate esterE 3H/d5= W E Jldto] ¥ Q1S CaSO4
SujE o]-83}o] fixed-bad reactorof A Hhg-gh W] 61%2] &= acrylaes 4
gt 4~ Ql%it}. Mehyl lactater= 473-263 K Alo] 2% 9] gas phaseo]| 4] zeolite =
) S ARg-3lo] 93%9] &= methyl acrylae ATHE 5= S

O Methyl lactate®] GT=XQ1 a-Acetoxy ester®] pyrolysis T35t acrylic acide] A=y
o2 AREE I QlS. Ethyl lactateE acetic anhydride® #2]5}o] a-Acetoxy ester
2 A3t & 773 K2 719sHH acrylic acide} acetic acidS A AJsh, 2 &9
E2S AFg35te] cabon, quatz, pyrex 5 B|EHA EF S2A] ARESHH 820 Ko
Al methyl acrylaeE 90% &= AL 4+ QS

O Lattic acid®] &<-HE-g2 23-pentanedioned] A xo|%= AMEE 4 Ql+&=d|, mixed
metd oxideES ZjE ARE3F 623 K of| A lattic adid2] ©4=51-2-& 2,3-pentanedione
2 65%= XSG S020] 1A E potassum(K) E+= cesum(Cs) sdtE U=
fixed-bed reactor Qtofl A vepor phesez WHE-T wf theF 60%9] 4= 80% A1
S & diones AT & U=

(4) Lactic acid=H-E| pyruvic acid2} F=A2] A

O Pyruvatee} FEAl= 2JoFE & 8% IjHEe AFARA AFAAHQA ARg-o]
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T
i

7ML = 8. @A dlucose?] wha, GAFv) vk, T12|al 3)s)

o
o

B2

d

ol

Methyl = eyl lactate 5 dkyl lactate= heterogeneous =1j] WH-S 3
pyruvatez2 ZgHe 4~ 912, Alkyl lactater= V205-based mixed-oxide Z1jE o]-&
3} vapor-phase oxidation= Z3f 90% A eiAd1} 95% H3H-&-= akyl pyruvate= 3+
AE. T3 Vapor-phaseo]| 4] binary oxide?l TeO2-MO3E ©|-8-35}HH 80% #3217+
90% AEIdo R pyrwvaes TA4Y 4 2. Gasphase oxidationof| 4]+ lead-modified
Pd/C, Pd/Pt-base 1], SO2¢]] 12% % Molybdenum —12]31 Vanadium phosphaeE
ol g whgo| matHoletm BiEo] ¢lg.

olof H|&f, lactic acide] Z|H A<l AFHEE-S E3F pyruvic add® A3 C-C
Agto] EAw|o] acetddehydeot CO27F A EE RuES wEo| Ao of
Q] Wo] A7} RPEo] QIR &L Iron phosphates (PIFe H]& = 1.2)5 o] &
3t 500 KojjA] lactic acid®] 2] AQ1 ArsIHE-S-o] =3 %] Qlal pyruwvic acidE 60%

A, 62%2 Aeigdoz ST 4= Qlg. o] WS 5 FePO4= Fe2+/Fe3+
ol &o] FEBH M-phase HEHE Ao TAA UL

=,

Lo

. 9|

ol2lo = o2 7}A| lactate oxidase(LOX)S o83+ 2 H &l Abslyo]
A=dl, BAE o8t AL Ay AEE fsiA whs FAE] peroxide

“ = =2 2
2 Zoleli welo] A&HT 9l

oo oo

1}. 3-Hydroxypropionic acid platform(C3)

[giucoss ] Ho™ "0

fermentation 1,3-propanediol

T reduction

OH dehydration HO OH oxidation HO OH
T T — >~ — 7"

(e} o (@) (e}
acrylic acid 3-hydroxypropionic acid malonic aicd
(BHPA)

polymerlzatlon

‘f[“ﬁ

poly-3-hydroxypropionic acid
[212! 23] 3-Hydroxypropionic acid(3HPAZFE| STt 518t SZH|Z2| Bt

Fl
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(1)

TI3% HARIHI|S BA W M

3-Hydroxypropionic acid (3HPA)+= lactic acid®] isomer=2A] glucose?] wra & E3)
AT Qo AA7IR] AR E o]L3t AAMIHLS sjuirio] Qx| oF
FoHo] 2877} Qo ofal rhx| E7HAE Ago] 7MsEtaL, polyestersl 7+
© nEA} F3e] AR A8E 4 U9S(1Y 29,

3-Hydroxypropionic acid=2 -] 1,3-propanediol 8] A

1,3-Propanediol & =923t polyester®] HLx| =2 4] terephthaic acide} 3= oA
A iR 5 TRt 3 "Z o H& Aol ARE-E= polytrimethylene terephthalate
(PTT)E A3 202080 500,000 =20 £2Q7F 9 ZAOR o Zx T,
AX HURE Ol%B‘M AAEL Sl dE S0, ARk Sl
Chamicd Co.oj4+= dhylene oxide®] hydroformylaions ©]-85o] 3-hydroxypropand &
/33t ¥, hydrogenation -3 1,3-propanediol & AJ4kstal Q5.

3-Hydroxypropionic acid(3HPA) ester®] hydrogenation2- =31 1,3-propanediol & 3t
Ariell disfiAe 2% AFET B HollS. Crabtreee] ZAzto] o5},
methyl 3HPA:= 2% manganese-promoted copper 25 408-423 K& 2=%4
3 30 amo] Sa7|gtolA 802 AEEI 80%2] AEgom el ol

1,3-propanediol o] FHt}. 3-HPA ester®] hydrogenationof| A AREAQl Fuks-o Eof
J3t B-lactone®] P/du}t o]2| degradationo] wE polymerizationo] |, FEH-g-9]

e Rhe2ko] IA TS e

Methyl 3HPA 2] hydrogenationS alcohol 72 fujE ARES w] (-lactoned] A
gAY F Youw, o) Hgshw 453 Ko 2Ex7 103 baolA Y
60% &= 1,3-propanediol 2 AT 4 3-8, CuO/SIO2-based nanoparticle = njj
9} doohol £1jE 0] 831 gasphase WSS 90%2] A3HE YAo| 7bssh, 1
o] 2 lactone?] A4 wiwoll E7Fseal 4 A Q1S Tetragthylene glycol dimethyl
atherol & Ho BLHL 2H- §ulE AFESl liquicphase sturry processel 4=
aege) lactonedt A E R e AeT 100%0] AL AAT 5 S
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Bio-PDO™ (1,3- Propanediol; 3G; Propylene Sorona® Polymer

glycol)

Sorona®
*Clear + Softness
+ Stretch & Recovery
* Vibrant Colors

« Printability

*Colorless

*Odorless
‘Low Toxicity

‘Biodegradable

[12! 24] DuPont2| Bio-PDO £

(2) 3-Hydroxypropionic acid25-€] acrylic acid®] 34

O St e HUxol aylic acide Wi 83 sigta2A4 A A==

E] AJALE propene?] Absturgof oJajA AT AU A THsE YEEEE A
AAHol1 AaAACl TA Ure B3 Yalo] QFLE T gle

3HPA= Z}Fito]ut phosphoric acid 5 AF Z0j

FRkgol osf acrylic acids AgE 4 <l

Cu powder7} AFE-%Em 413-433 K9] oA 80%2% &= auylic aidE

AATE & Qe 3HPAS EHWEAR uhd WszoA mehao Ei:
=}

dhanol 5 AT R EAste] HHSAZE aoylic eterS HA BT S LS

il

AFESE #19) liquid-phaseo]| A &
. Polymerizations A|gt 3517] ]38l

lo

M q

LERT

>

H|#Y Zujx= 3HPAS acrylic acid®] A 3hof] A%, Liquid-phaseo]| A SIO29

IAE NaH2PO4E =uj2 ARE3le] 453 K2 7193l 96%2] 4+~&= acrylic
acid7} AAdo] H. 3HPA sdt2 CaOH)2 121 NaOHZ A&slw ok 45%2)

$E2 aylae AtE 42 4 3. E3F high-suface-areay-Al203 E+= zeolite
Zu|E 0|83t gasphase &S 3-HPA ~§AHOZHE 97%° ~&=F aorylic
aidE P4 ¢ 9JL. Zedlitel} NafionS acrylic acid®] eterificationo] &1}4] o]
il & A Qlal, acrylic acid2 5 € methyl acrylaeE 90%9°] &= AT &
]

QL. 182 ZE zeolite EM-1500 =ujjo] ARE-S A2 9] dehydration-esterification
THE Z25t0], HPARRE mehyl acrylaeS 88%2] &2 Az 4= Qe
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(4)

M3% SHAIIXMT|S BAM gl MY

O 1O

o]QJo= 3HPAE liquid phase £+ vapor phaseo|A] aminex} high-surface-area
S22 Euj2 Abgste] WSSl amylic addE 20-50%2 ¥ 4 9L

3-Hydroxypropionic acid2 %€ mdonic acid®] 3HA4]
Malonic acid= vitamin Bl and B62} 72 HIERR] QekE /ol QlojA S8t

ZAZ AFEE. @A mdonic acide] AFSE = cyanacetic acid®] 7lE| o
s A= AN SHPARFE A4dE o= U3

AR oloh AW Y ATk A=) UA et T Ek duminee]
e Pt E= Pd 5 B4 i AbAS ASHA| R AR&Slo] 3HPAR RLE] 94%
o] 2282 maonic addE FAsH= FA 0] B 9L,

3-Hydroxypropionic acid®] polymerization

Poly-3-hydroxypropionic acidv= A, A4, 18|31 FHof

j -y
R o
AR BAE AUL Ui, BRI Asstnn ARFA DEARA @

e
0,
o
o}
1

o] 1B = F=F B-propiolactone®] ring-opening polymerization £3f AYALE
UAGE, SFEAQ] B-propidlactone= HtEA R dHA lonw e A
A AR7t Zed gAYHoes 3HPAS macrocydic estere] ring-opening
polymerization: ©|-§3) TEAE T Pl UG @A AWEe HPA
FLME A 2WE ALE5Fo] macrocycle® 35}l active Zn-akadoid Zf3}
o] ring-opening polymerizationS %3]  poly-3-hydroxypropionic acidE 53+ &

2~ o]lo
T AT

t}. Succinic Acid Platform(C4)

Succinic acid(SA)«~ A butane® 2 H-E| maeic anhydrideE TS 3l AYALE

il 9. Glucoed] HraE FolA AAHE = Jov dX 7e2E ¢ @

AJAbu]go] A QE($0.43/1b vs $0.501b). T L WrEV|S] we AR
:ﬂl

ol F AL, HF e HHsE Tl AAEE dE ALR dEHL s
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O Glucose?] oo AHEE= H|AES AR oA Aobd A st g Sz
oAl R3Ysf a7} AP o] AHER succinic acide] sdt7} FAE L, o]F st
o] ojZet 43t A AAA B A B4HES Eol7] S8 FEE Ia
71yt Je, FA] et A7 A3 Foll Al

l:llo

O Succinic acid+= THF, 1,4-butanediol, y-butyrolactone, N-methylpyrrolidone, linear
diphatic ester 5 W% Q3 34 A2 ASE 4 9, o5 SEAHE £
g T A EE A%E 270,000 2

(1) Ederification

—

O Succinic acid+ edteifications S3l| 4] dieter =+ anhydride2 Zglo] 7153 A
Hhx o] HFS-Z AL 3hAl, Al ptoluenesulfonic acid(PTSA) 5 bronsted acid?]
ARgol  phtEo] 3HY ZskHolx] gron, Amberlyst-15,  aduminophosphate,
silicoduminophosphate molecular sieve, zeolit&Q} o cetion exchangerE A&
E4Y 2ojure 24 E=3 Adbo] HlL. o= phosphotungstic acidE ©]
&35 succinic acid=®  F-E dimethyl succinateE 94%= IS 4+ YL
Montmorillonite += di(p-cresyl)succinate®] &HAdoll & 1}4]o|a1, Fe3+ montmorillonite
£ = AREshH dimethyl succinates 70%9] = T o+ U

O
OR

|  glucose | RO

(@]
succinate ester

fermentation

l ]esterification
R, R Stobbe O amidation

@] | 3 condensation O /hydrogenatlon O
OH =— OHl—»

o) 0 ,
o . 2-pyrrolidones
alkylidene succinate Ry Rs succinic acid succinic

anhydride

l hydrogenation

dehydration hydrogenation

¢ O - O/\/\/OH - ?

tetrahydrofuran 1,4-butanediol
y-butyrolactone

[712] 25] Succinic acid25E =38t 3tst S7H|Z2e| Hal



HI3% MM 2N Y MY

O ZEu W F AT FEETNL £ Fof &S, sliced] W) B %
A7E A7) o], Zuho] Bl4et AAE-S IS EeHel 4] AH4o)
a3k

(2) Hydrogenation

O HydrogenationS ©]-8-3}j 4] succinic acid, succinic anhydride, succinate ester = H-E]
sheieh-g-o] §u 1Ejal FAER AREEAL Sle 3HEHE¢l 1,4-butandiol (BDO),
tetrahydrofuran(THF), y-butyrolactone(GBL)-2- $4da 4= Ql&(18 25).

O BDO: 1A 3ol vl Fad BARA, tfEHl
Sof A% polybutylene terephthaate®] dHgo] wekaz AMEE 4~ Q)
BDO:= A oA & w32 E3] THFE A3 Eal, o]% Alglukg-S 53
GBLZ #2%lo| 753t dx] BOD+= acetylene 1} formadehydeES A}
processE Foll A em AlxEH AT AREEE ST FAA 9

d |9 mdeic anhydride®] hydrogenationE 3+ BOD3EIAJo] tix| H=7}

(o) e X
=

i
P
g
®

it uEL
4> ©

O Maléc anhydridel= hydrogenationS =3 succinic anhydride2  A3+=| 11 A& ¢l
hydrogenationS Z3l GBLZ 34 E 4 1o, GBL-2 hydrogenation =7 of A
BOD= 7} 2|¢l Hgho] 7h535tal, o]F B-ikg< Faf THFS] gAdo] 7

O Maec acid ¥+ anhydride= acoholZ} ion exchange resng Al8sh= Davy
Mckee Z2ZAN| A5 F3)| didkyl mdatez = w, diakyl maeate= vapor phase
oA Cuzn ZufE o]-gsto] diakyl succinate® eHEar, kg2 2Hof wpet
GBL, BDOZ H3to] 7153k

0] 23} maec anhydride, succinic anhydride®] GBL,
T2 AE7E gEo] 9la1, o] BhgRAS A-&st
hydrogenation2 £3t Zglo| 7153 Ao o =4

rsL' mlm

=
BOD, THF= A3} o

O Ry Cu, Pd & Z&Zn)
Agksof
o] succinic acid®] 274419

(S

(3) Pyrrolidones N-alkyl pyrrolidones

O 2-pyrrolidone, N-akylpyrrolidone®] A 291 §4d-2- 520 K, 80-90 am Rh-g-Z7of|A]
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(4)

anmonia 4= aminex o83t GBLO| SRS &3l o013, N-Methylpyrrolidone
2 slshukSof e FQ39F SujE Al 1995 AJAHE 70,000% o]Are] GBL %
oF 50%7} N-methylpyrrolidone] A zof AE-E| 312

<
D

kylpyrrolidone2 SA or SANS dkylaminex} ®BF-3-A|7|3l hydrogenationS =3f

NiO, Alumina, SO2, 12]3l graphiteE ©]-&3Fo] N-methylpyrrolidoneES 70%= $H43

CuO-Al203-based %1 E ©]-8-3} reductive gas-phase hydrogenationS %3] SA and

[e)
amine® ZHE 90% &2 3H4
SAN 9} amine = ammonia®] Z3E2 hydrogenation oA HESA]HA
N-methylpyrrolidone 2. Ni-based cat. 73%, Rh-based cat. 95% homogeneous
process E5F 7iHkE. Dicarboxylic acid =42} amineg Ru or Os 18|31 §-7]
phosphine Zujj & ©]-83}4] N-methylpyrrolidones: 83%= 343

Stobbe condensation

Succinic ester®} ddehyde -+ ketone®] metd dkoxide Z=}5}of addol condensation

o 2A 483 dkylidene succinateE AT 4 S
2}. Itaconic acid(C5)

IA= sucrose, glucose, xylose?} e er3lEz HE Aspagillus terreus and
Aspergillus itaconicus -2 fungi 2 F-E AJAHE.

Xylosel FWAlR B3k Foald hadwood, 9] HAME] A Al
g 21013, Glucosee]) v]3) Atfaow 9 A7,



(1)

2

@)

IAS] o]FZA o] polymerization 7}55HA ¥ ¢17F 10,000~15,000t0] AYAFE AL gk

o nho| mEAe] YRR AHEH.

IAx= Pt-Re 18]3l Cu-based catdystES AFE3}o] 2-methyl-1,4-butanediol —12]37
3methyl THFZ 3k 7}53h

o}, Glutamic acid(C5)

_>|i
re
)
=2
x
é
rloi«
QL‘
rm
=
P‘L
=

lo
>,
1o
12
ot
—
i
off
£
)
fo
H
i
>
o
i
=)

ghe|2jofol] OJ3t fermentationO. ZEE] AANE. BRSlgd, AL YO R A
urea, minera ion S-o] E&tE ujokol A dbg ol Qd] AYAE. o]F o]
w5, AMIsh AR M= E BAE.

polymerization

Glutamic acid2 ¥ 38 12212l poly(g-gutamic acid, PGA)= Ao 35
atal Alg7bsatn AR Al AaRtol7] wiel, SFE § ol
o

FAZ QA =25 7HAAL QU

A PGAE 3oz F3to] %ﬂ-‘g—ﬂtﬁ Ajzujj o] Bacillus subtilis PGA
gynthetaseES Z3 4 TAAE 5 2. 28} ARG Al AJARS: 9J3) glutamic acid
o] A= F7H9] caboxylic acid2HE LAYt LRZHQl thekgol xAw)
FeAQ 7HA e "L e Y 59 2Ale= siEsloF &

RN

lo

112 3k-g, decarboxylation, hydrogenations {2 ¥H5-= 3l 483+ platform
chemicad & Z3lo] 7}5skA| g e A Lyp Z3PE|o] Qx| oL,

Hydrogenation
217491 amino eter?] amion doohd 22| A3 Raney nickd-S ©]-83F hydrogenation
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S B3 EuES. dutd oz fr]Ako|L o AE Q] ARt WhS-e ¢k, A1
ZAA APE L}, ofu]icAite] e LA racemization, diminaions
o] Hukgo] P oZ2 2315F oA RdPE| ojof g

RUO2Re207 &S o]&3fj4] 100~300bare] <2l 343423 K oA glutamic
acidE glumaminol 2 58% =81} 98%2%] ee® 2.

RUC 5 o] 83k ¥hg-2 5<_Zjoﬂ g WG er (343 K), &2 AlEoA
& AU =S 2E(@23 K) $4 EE A
9___1011/} pyroglutamic acid7} A4 E.

glutamic acidE glutaminol
&gl A= aLes} vk

ull
o [ﬁ
o r{O

v}, Furfural (C5)

SEEel A tFom AAE 4 Uk fU%
3 HlA R BREEY AR 913k WA ARl F1HA9.

7F 300,000t0] AAME W Ed) 250 euro AE2] AU R tiE A0l 494 3}8)
ZH Q&9 benzene, toluene(225-250 euro/t)} M]3t 714 S FAT o R
ARYE 7HAAL 5.

N O{N rﬁ

Pentosan polymerS F531A a5k 9l

pentose?] 473-523 KofA ALESE = o Zu|z A3}
of Al ®e gente= AA *ﬁ*&%. A2 ¢l ZRA| A0 AL 70%E
A Feut, CO, supercritical =2 28 ) 80% AHEE 24Y = U=

A AL 0l ARIHQl ZEAs 10224 Quaker Oats Co.ofl ©J3 7patlg)

o, 3RS Zuj2 ARES ESH Patrole-chimie ii/ﬂ]iOﬂAﬂ— phosphoric acid
ZRAAE A Fujo] Abgel A uHAlEH:

A= w2, e XH%}%, A g #‘ﬂ% s M= ofoF & ZA|F 0]
3

glonz gaE maAxel el Aol A% aTHIL 9L,

DA ———

O

o



Zedlite Zvf EA)5to] 23} methyl isobutyl ketoneS BufE A}8-3H 443 Kof|A]
xylose®] E0h-3-& 90~95%9] =2 AelyS GAT & oyt HEHE| £4
7F A= (30%).

Sulfate titania “12]3l sulfated zirconiaE IA|Zu|= o]835}al CO, supercritica
< O
T=

22U ol §3to] wyloeR RE & 58 AURE IS 5 Y

Heteropolyacid, MCM-functionalized sulfonic acid, microporous 123l mesoporous
niobium slicate 5 Zu¢} DMSO 12|31l =/toluene S1l|E ©]-8-310] 413 Kof 4]
xylose?] #2zlo] HAFtE. o]5 MCM-functiondized sulfonic acid ZujE ©]-8-3}¢]
00%e] H3HE 820%9] MG o|F 4 AUl heteropolyacid ©f AHE-S FHAH
v pTSAR FE doj7l AvpEth 9o a3 Alseh

Microporous AM-11 nicbium silicate AF8-A] 90% A3} 2o 50% +&2 &
AE 4= 9] o1}, mesoporous MCM-41-type niobium slicae= A2 Al o=z
S AEAY S H2-EY A4S TAAIR.

A} 5-Hydroxymethylfurfural (C6)
ohoFel 8o EM5tal AAZMA] sugars YRE o|8st= A& Q] chemica
process= ZNIE| o] UA| A5 AN 77w o] ARGl B4Eo]7] Wil &
o
o

]
sle} BEalpyo] 3k A fufurd e} formadehyded] WHS-2 E5to] AYALE.
Hexose (glucose = fructose) 256 Al H o] &4uh-3-S S35 YA E.

Hexose2 HE HMFQ] AJA-S isomerization, fragmentation, condensation 5 -2
FHRS-S ukshy] oo g0 gdFS mF.

Ketohexose®] ==HF-3-0| ddohexoseE ©]-8€3F WHS-H T} HMFQ] dAJo] a itz

o|11 A& Q). Glucose:= endlizationS =3[ 4] ketohexose?l fructosez= -2 ©hg]

T o] HEu=m o] HYo] glucose=FE Al HMF /449 5asth adl

Ql. X3t dlucosex= =THES-S £ oligosccharideE A5l HMFL}

crosspolymerE FA4s 4= QAT fructosel] 714 wfj&of A& 9l HMFS] AYAE
0]

2 o %3] glucoes o]g3slal 3JS.
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Cotiere hexose® HE Z4ubSS E3 HMFO F4L 93 Zujs 97,
7], 4, Lewis 4k 718} & oAl 79 OOFoE &

wjo] FRob Sxof whet hAlY 1FOE BRI
process, (2) 473 K ©|4] aqueous process, (3) H]4~84 8iS o] 8-& (processes
in non-aqueous media) process, (4) &3-81l|5}2] processes, (5) -&-Hfj/microwaves:
AHE-SHA] Q= processes

7|4t (organic acid) oxalic acid; levulinic acid; maleic acid; p-toluenesulfonic acid

phosphoric acid; sulfuric acid; hydrochloric acid; iodine or

S . -
R [ irciodic acid generated in Situ

(NH,),S04/S03;pyridine/PO4%; pyridine/HCl; aluminum salts;

A (Salts) Th and Zr ions; zirconium phosphate; Cr; Al, Ti, Ca, In ions,
ZrOCl2; VO(S04)2, TiO2; V, Zr, Cr, Ti porphyrins
Lewis acid ZnCl2; AICI3; BF3
7] e} ion-exchange resins, zeolites
O 84 guj= 23H AR o]Fo| QoL hydrationo] YojifAl levulinic acid2}:

formic acidS RAMER FAstos o 29w HMFE A H30%).

Kuster 12|31 Van Dami= 4481} st Q4% o] g3 ofe] 2aA

Agke z3Psto], methyl isobutyl ketoned F&Lujz AHE3H wf HMFE )
75%2] AEldor S 4 ok AES WE.

lon-exchange resng |2 0|43t mjx 483} AHejygo] we FAS o]E 4=
e
H]| 424 gl 2o A= DMSO7} 714 &34 9l

AP reing Sl o3 u) HMFS 80%9] &= 92 4 9lg.

Levat SPC-1085 Zu2 A3 Wi 70-80% 4=& 12]3 Diaion PK-216 Zu]
= 90% &= HMF §43t

DMSOE: levulinic acid £-9] BAME AL AASHA T HMFR} Eajof o #2-0]

0]

el
=

KIOST'N
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o = [y

Aqueous n-butanol, dioxane, poly(ethylene glycol) AF8-2 luveinic acid®] A

AaA7|3, B3 SIS AESA 23S olE 2 ANE AL 5 9L,

lonic liquid®l 1-butyl-3-methylimidazolium tetrafluoroborateE Amberlyst-15 Zujj 2}

o] &3k vh-gol|l A fructose® FE 50% &= HMFE 4 5= 93
2o mole?] pyridinium st A& w 7l=Rar} A 70%E HMF &8

Fluctoseo} 7] phosphate®] =48] EFES MW ZASH 1 28%0] $8=
43,

Hexose| dehydration> @2 A-+7F = o] o, ob# o ket Fujet
7 Bl SlE 2] % Ao A S

Acid mordnite zeolite (S/Al = 11/1) Zuje] o]&o] 7} FL&ZA o] dHA 9
. 0]Z o]&35lo] 438 K Z7o)A] 91~92% =&} 76%2] fructoseo] A3HS o]

KX
=
2 4 9. SIA MR Z7ekE AEge e

Fructose @] ZA1A|¢l glucose?] AME-2 92~97%2] MefAlu} 54%9] fructose?]
FE2 HVMFE A4 & = 35 o S Al 384 zedliert =& ol
e oz 2Askal YA EE HMF7E (5202 methyl isobutyl ketoneo] 23]
2z solidliquiciquid reactore]l A -g3kof, HMFO] 524 gufo] FHRAIZHS
ZUoRA MYy /M 5 Y.

Glucosel} fructoser= LaCI3E w2 o]-8g uf DMSO, DMF, DMA 59| #-7]
g 3} 373 K Z7A] 90% 482 HMFS A% 413 Kol Suj&A] 29
A B HEL 0B £ o 15 BFo] 10% AE, 2417 Fol 40%

J

&2 HMF A4k

Niobic acid®} phosphoric acidS ©]&35le] A% Nb-based 0SS 0]83F o]
fructose, sucrose, inuline- 373 KojlA ZH o 100%%] AeiAda} Adj&xo g &2 d}
SAS B3 AT S ot AYHoR e 5:5(20-30%)2] fructose A3

= olF= Aoz Iy
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O 49 Zufel vanadyl phosphate(VOPO4-2H20)E o] 83t fructose 4=/d-8-919]
353 KoflA| &g 80%2] Aei/dit 50%9 Me&= HMFE 4T 4 Sa.

O VO3t 37k B3 AE ST Hahe] B ®el o] 20N B
9] fructoseE ARS8 & 1gg 376 mmol/he] £=9F 90% Aleido s A o

2~ 0]0

O Slica gd &u|& o] &3}

&-5}od
HMFZ 50% &= 4& 5 Sa.
o}. Levulinic acid(C5)

O 4Hd &l Al Hexosel] YEallE ol HMFE 3/d3stal o|F hydraions &
3l levdlinic acide} formic acid A3l TS W2 kO] humic acidE FAMES

AR,

O Cdlulose2} hemicdlulosesS Z3$Hslal = UHQ 5 FAEZEE AFYAQ]

912 Aol ZHs .

O 373 Koj|A| @A E= 3FARS 0]83} polysaccharide?] 714=5-38)| 2 monosaccharide
2 AMgstal, o] H2 #+ gt tAlR TR XdE. oaE Fo
A FARE humic addE A|ASHIL ether, EAGY] F7]8&E o]&3dto] &3t

o] IS F3ll Hexose &A7Fe| 0% =] &= LA A7} 7

O BioMsetics Inc.o| A UFe} s=HFAEZE FE LA AJASH= Biordinery processE
continuous processE Z-&-3f Zldrsk A WA HH2-7]o A 488 K, 31 barZ 7ol A
25 Wiob SHALS Z| 2 o] gato] 152 9k FlpRa) § &, AE HMF: T
HA &7]2 o]gEo] 466 K, 14.6 baroj|4] 127 &<t hydrations Sl AHE-H

A= 9| hexose T2 60~70% &= LAE ¢S & U=
O Heterogeneous 1 E ©]-83F A-82Ql AW Wol] Hixo] QA 3.

O lon-exchange resins ©]-85}¢] sucroseE 373 K o4 HMFL}F LA

=
=
wURS sl u)e 12T reing] S44 o RS A8 5 YL
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LZY-zeolite A}&5
o) 582 lag UL > US.

=vY SUE o83 R laz o] aupAo|il e Al Aol 7N
2 7ol A=,

A}, 2,5-furandicarboxylic acid (C6)
of terephthalic, isophthdic, adipic

O FDCA+= polyester, polyamide, polyurethane A|
widg AT 4 gdon AL = 7T IS

0] o
=

4

O HMFo] 482 58] Hoj2

s
2
i
J?i'
2
r o]

Nickel oxide-hydroxide A=<

A3 ol
jof A HMFZ FE 71%= AJA4=E

A
A

’81—
.

O Y metd bromideE Zuj= QK7 MPaoj A2l AlsiuES-o

o]
=
o];‘sjo

| Mo AYHoR e 298 FDCA ¥4
A sl Abmsp 2AE

O 333 Kof|A] Pt supported on C or dumina e} Ak &
& g2 A8 W) FDCAS AFHoR 98 5= 9. 5%2] P H7ishw
?ﬂ%ﬂr Mg Z707]3 Foje) 20 AgAZ 5 9.
o]%_

Bimetalic PtPO/C =

O
O Membrane resctor == PBI/C ASIEW|E T E2A Alg]lE 7| A7) 1L
FelA| 2 ARgsto] fructose® HE| IHHOE FDCAS AAT 4 9lo

AT Ak
U 4go] Lho(< 25%).

Co(acac)2 on sol-gel slica —-—ZH

O Bifunctiona/redox ZufjQl
A2 0] &3t fructose® FE] FDCAS 70% 2= S
2} 4-hydroxypentanoic acid(C5)
O LA 9 332 =3) 4-hydroxypentanoic acid=2 A 3to| 7Hs3stal, ©@4g Z3
asdyuies | 79
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80

gvderolactone (GVL)S ¥& 4 Sl %3k GVLE hydrogenations &3
14-pentanediol 2 A3to] 7153131, o]ojR= &3S 3l 2-mehyltetrahydrofuran

O FLABF A 0)o
g JA8E 5 &

Raney nickd Z1jZ o] 83+ 700 psig?] =412, 373-493 Koj|A] ] hydrogenation

© ] FEE IS AT - U

7}. Gluconic acid & Glucaric acid(C6)

D-glucose®] enzymatic oxidationof| 2J3f] AJALE ™ A7F 60,000t2] AR 7} S

Aoz 3715 AR o] 83 5551 vheol U=

Glucose?] C1 anomeric Yx|+= 12} = 22 IS HTE ABSHE7] 48 2

Pd Ei PtE o83 supported F4 EujS ARSSHANL, TS whgo] ey

of met ¥=Ee F52 HZASHY. Second meta 24 Bismuths Abg-shw &
]

33+,
gt egel BAE HE & 5 UL

-

support A =2 ARE-g.

SATRE A7) 2ANA PAFIL W F hat 347 M) whie]

Pd & POBI Elli Pt Fujmch whSAo] oFsly] wie] glucosed] gluconic

acidz o] AFhbSo] o AElHel 3E guosee] golold AWE F&E

w paticle 7)o thEt ATolA 3im Rok 2 FEEU) A4S AHSRS W 6

AZE Gkl P TR KT, 20m Mo A2 FEEU YA ARhete]
=7

Asiest Z7he) 47 S 2] sl

5%9%] Pde} 3.5%2] Bi/C Zujj= 35H 9 I AMEoE 98% =& gluconic
acidE glucose® ¥ AYASE3E. PABI/CO ARE-2 PAC So AREREU HH-<
T 20847 SRR AEAS 94.6%0l A 9.8%E Aol HiE SR UERY
L], o] &1t= promoter7t Zufe] poisoninge Ao E=H UYERGE Ao
HQl. Bisnuth= PdEcT} = AlA 2SS Zl7] o &9, Pde] over-oxidation2
e Aoz ofAA, o] o S fY&-gFo|e BT AHdS FAsH=

)
AOR UEhds. EI patide A7|7F 36nme| ¢l FERo|EoA A

Fl
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Pd-Bi/C 18]l Pd-P-Bi/C Zulj7} Al#E = SujEct o £2 &4 A94S
Hol= AR dygon, AR A dluconic acid7} v FHo| &2f
(poisoning) F| B2 o] AfEl= AeR dHA S

Z1] %3} glucose?] ARSHHS-S E3 gluconic acidE FASH= AoR A A
- AdACR PdBi ZujHoh @ 9SS HolX|wt a5me AtHHoR
o] & wiztst Aoz A 9L, Colloidd ZEU|E AMEalo]

A gujjol A glucoseE gluconic acid= A2 4~ 318

4 o3 ELI
1

Glucaric acid= gluconic acid?] 12} YIS Asigto=zay AL
Ptbased %07} Pd MTh o £ 13 AT Ashgo] s L
et 7] dioll A=A A AdEs0] FH F2E o] v&%7
A3 Bol AsHE. EF e ey wiRe] 1%}, 23 dFgo| B

S =] o
2 4 Sla B Fukgo] 13y

jﬁ

o=, HHeby 2704 PIC FujE of
gluconic acid®] ARSI oF 40% A =9 &= dlucaic addE FASE o &
%9 guconaed] o He ool HujE AT Aol FHE 42550
AEE(97.2%) 2 glucaric adids AT 5= Q2.

R4

E}. Sorbitol (C6)- reduction of glucose

Glucose?] cataytic hydrogenationof] 2]3jA o] 4= ¢l31, 217k 700,000t0] AYAk
He Aoz dHA L.

AWt o2 Raney nickd FHujo] ARgo] ATEi, 4HA SR datchd] 7h4&
= olsf AJAE 65% glucose F=8Mo] 6-20 MPa, 393423 K Z oA
hydrogenation W52 Z3l Hdo{%l. Supported Raney nickdS ©]|-83t Gasliquid-
solid 34+2] Continuous processE £3f 70 2] HE-3-A| 7o) 98.6% =& = sorbitol

o SO A olo
e?::—]e’r‘/vlu-

Ni Z0}o] BH4e gol7] 9% WA A7t HWE. Reney nicke promoted

o
with phosphorus = Raney nickd Xt} =2 turnover rates R 4.

Molybdenum and chromium %24 Zujle] B8 Z71A7 B ofuzt M4

53]9] Aj&tgo] 7153514 &

sasigeried | 81
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