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Biorefinery Based on Weeds and Agricultural Residues
In Taek Hwangl*, Jin Soo Hwang, Hee Kyung Lim and No-Joong Park

ABSTRACT The depletion of fossil fuels, ecological problems associated with CO, emissions
climate change, growing world population, and future energy supplies are forcing the development
of alternative resources for energy (heat and electricity), transport fuels and chemicals : the
replacement of fossil resources with CO, neutral biomass. Several options exist to cover energy
supplies of the future, including solar, wind, and water power; however, chemical carbon source can
get from biomass only. When used in combination with environmental friend production and
processing technology, the use of biomass can be seen as a sustainable alternative to conventional
chemical feedstocks. The biorefinery concept is analogous to today’s petroleum refinery, which
produce multiple fuels and chemical products from petroleum. A biorefinery is a facility that
integrates biomass conversion processes and equipment to produce fuels, power, and value-added
chemicals from biomass. Biorefinery is the co-production of a spectrum of bio-based products (food,
feed, materials, and chemicals) and energy (fuels, power, and heat) from biomass [definition IEA
Bioenergy Task 42]. By producing multiple products, a biorefinery takes advantage of the various
components in biomass and their intermediates therefore maximizing the value derived from the
biomass feedstocks. A biorefinery could, for example, produce one or several low-volume, but
high-value, chemical or nutraceutical products and a low-value, but high-volume liquid transportation
fuel such as biodiesel or bioethanol. Future biorefinery may play a major role in producing chemicals
and materials as a bridge between agriculture and chemistry that are traditionally produced from
petroleum. Industrial biotechnology is expected to significantly complement or replace the current

petroleum-based industry and to play an important role.

Key words: bioenergy; biofuel; biomass; biorefinery; industrial biotechnology.
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Fig. 1. Petroleum based refinery and biomass based biorefinery.
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Table 1. Biorefinery core technology and companies.
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Fig. 2. Biorefinery process (Chemicals, Fuels, Energy).
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71t = 150~170C 2] AL Agel= A7}
7Fssttt.

dRU S HA GRUoLE ALESte] 1.5MPa
x| FHeA 50~80C 2] HlalA A 2o|A Az
st ZAH Y FUe FFe=E A7t ¥l AFEX
(Ammonia fiber/Freeze Explosion)°| it} o]
o e R o] emjaARd e A5 T

7%, 2EFde A8l 7hestH, 571 FHHE

ol : %% zsgs;o}oq Azlehe wol
BHuEAc} AX o AlgE+ 1 9o o= 1 ﬂﬂ
Mo 24 EE f7140 g gade] F34,
o @A, HS 2 g it - S, 01»7E1.
2] opgitatt & g Sy %o] L5}
o2 o AFE LA ATHMosier 5 2005; Li
5 2010)

YEGE AHY
who] So) 28 oUIA, 43, AR, 3G
2 A2 W, 7180w Dol & 4
il Ao HEe] e 54 R A
§3He o] ohleh, AR o §3te] RN
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A8 B, ASgAE 233 A2 20 271
a8 -‘?—6]] st A=A E2H4| (endocellulase), 2o}
A AE A Wk 2479 X=Y TS 74}

2E 2%‘—54 o 224 E-2}A (exocellulase), 2}2+e] E
TS A2E WEREFIZAIGA (ﬁ—glucos1dase)i T
dulo] slom 7+ mAe dEe a7 49 YERL

th AL &2 AL gbAl (xylanase)oll 93t 3l 7}
o] Fojx| M, ME g 0| Hajo} FAleHA A=At et
A, 229 diztd ghdA|, wERfo] BAITA| 2
2010).
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Fig. 4. Cellulose structure and hydrolysis enzyme.
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ARt o2 g ade AR U =& AP E
P QAN B Bujgo s glads B 5
Atk o] W S 43 S RsAQ] X
o| A gk WhS-AIZte] HlmA A glad BEde ¢
adedt ollal guAERes MEROAE &
8 - wallete Aol o] AgAo] =& a2 Y
ato] AA gt Aol FAlot) Al AL o5
of ofaf F3H EAle] M, 2ATA EA 4 T
d A AE Tl 7IEste] 2R (brown-rot

fungi), WAE-Z 3 (white-rot fungi) % <
(soft-rot fungi)o.= OE Ty AFTF] Ha 75
)
o

4
T ol
o =4

2o o) ZaA A B Al 28l 9%
2ol FUE B0 ook 59E AL 2ART
#e F2 UURE Fale o1de Ao Baa
et Hisiel, WAREFE RS a0 E
Aol Zalgitt 2l ad e Zefol] Bofsls BaRe
2] 2139 SA T (LiP), ¥R S A ThA| (MnP) 2
g7l (Lac)d 35 F7F €814 A thUeffries 1994;
Hammel 1997; Pérez & 2002).

1Z A

MEstsl/ sty ME|l=s

Hpo] Quj 2~ & o] -§-5}= biorefinery®] 2= U8
of e wet 7 E /7T F A=, A, F
A5 w8t WA= o 1% 55 952 )
= gaxA g2~ Hio] @ gllo] 1 2] (lignocellulose
biorefinery), =4, STy 14 5 I4& Y852 3t
= =& vlo] 9.2]glo]1]E](whole crop biorefinery),
AR, 8] AR g2 2EolY 324 A= o)
= =4 dlo] 9 2]glo]1f 2] (green biorefinery) &l
ATHHoward 5 2003; Sanders & 2005; Clark 5
2006).

Y&y Jje

AA LA =AES DAY 7ledEs A4 7
&2 7o) R Red F os AR 54
Aol ¥ gAe B4R Beshe 3 2 ulele
Ag, TYv g G, 554715 =4 T HEE &
A7ol A3 Yste] 4 EE 1 FE AES o
3 AEGEA Ag)eo] A EH) S Hlol oy

AEY AARE Qg Ve ARt e 2 2, AE
(EL) e rAE o7 N 9 A87E, 75
Mg 2 di AJibel] A 71E=2 9| 3tH(Garcia
Tl S (EL)E et
}}“_

. [¢}
7] Y3t} Ao BRE e Ve HAA e
423 7)1%S Ad YRS I 7|5 g9l
st = Ao 54 9§ 24 717}
< sk J8 7hed S A JpEei oS
DA, dAbEE 2 g4 95y 2ddy 5o 7HE
o] g-3lo] H2 nlo] @ FakEe] Aakel] Ol Al A
S P28l 549 7S HA 3} a8 g
£ 9 g4, ARG, g4 39 Ve
A g3}, 19 2R, A 27, F4F 254, b
2 & AA 7hee vle] e APES JfEH o R
theket JEERZ FAEC] g7 Wil o] 3 Hio]
Quj~e] WEEEA At zbzte] =Yl &
2 F AT o] aFEY AESEA A%
7)%d] o] & 7}5e FAE0] B AWAREE A
&Hog WAy 9o fHFstAQl HE F
sto] 1 7]5] AMAAE Aot A&AH R Sy
o] @ FAEL AAAOR YR Aito] 715tk

(Wright 5 2007; Li 5 2010).
o1& F5d nolelae] FRE WS st
&

e
2FE (bioproducts) 2]

% A4
FRE Bae 8] uEed nel meHoly] fue
& &

7b 2A @Al duA 2 ABAZ A 640(€
/ha), 54 A8 DA 3F 1,360(£/ha), W
& sEAF o ASAIZ 75 6,400(€/ha)= oL
A& AGAZ 7Rt 100 o4 77 FEE
T Jlon® veFsta BIRA7E 2 Al 3eA
F AAA FE50] AR AFu(E D) T
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2 Age vl eelstoluiele] 344 43 D27

2 Zo|ti(Sanders 5 2005; 2007).
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9% 5o 7S o] gafe] B2 o] ¢ AR
Bl A N 2WE FEAL, K )5S
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& Akl ool o] g3 93 A4 1 o
HE 5 Qe ol 2. S0 $HE o) g3}
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£ e
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=

s}etA 9 93] (Council of Chemical Research)E
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Hlo] ¢ Zujjo] w2 AkdA g Al mE o}
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AREE okl 21 59 vpehe uiel o] wlg- Tk
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Fig. 5. Element for design of Ideal biochemical conversion process.
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£ 14 5 A7 9 biomassE 7], 2tA B B3 oA B oF 10kge] 2U¥ 1kge| WEL=FS vHS-
BREAIA CO, Ha, COo, Ny 55 X3 §47h2 o] 10kge] vio] 2T A7} 1kgo] SejHEc] BAE
(syn-gas) = 47} (producer gas)E Aitete ok tiEAQ vl et Aigow e T
HH o2 FGTh(Ni T 2006). Hio|emjxo] 7k FA V]F] WSk AlFe AAsta )lon, 539
3t 3o dAd F e ko rE B, BEA ASFHS o] &3 YR Hlo]Q UA YAr|Ee
8}, 54 7hxd 2ol Y, dEY THL AA T 14 D nEA ulo)o AL AEE V&R
E 3715 26 &2 vlo] Qnj1o) £E 2 dsletd 7)ee] YRS Z2E VeE F43] A
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Table 2. Twelve top value-added chemicals.
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Table 3. Status of biorefinery technology in the world.
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Several options exist to cover energy supplies of the future, including solar, wind, and
water power; however, chemical carbon source can get from biomass only.
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