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Abstract
In this new energy economy era, the importance of renewable energy resource needs to be highly addressed, as the demand

of energy dramatically increases and fossil fuel is being exhausted. Lignocellulosic biomass is considered as the sustainable
and renewable feedstock to produce biochemicals and biofuels that are the alternative for petroleum derived products. Furfural
is a natural precursor for the range of furan based chemicals and solvents such as methylfuran, tetrahydrofuran, methyltetrahy-
drofuran, ethyltetrahydrofuryl ether, ethyl levulinate, levulinic acid, and alkanes. Thus, furfural should be a renewable platform
chemical for biochemicals and renewable biofuels. In this paper, the concept of biorefinery, furfural production and its applica-

tions are briefly reviewed.
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Table 1. Fossil-derived Product Substitution Options (Cost Price Per
GJ end Product)

Fossil feedstock cost Biomass cost

(£/G)) (£/GJ end product)
Heat 3 (coal) 4
Power 6 (coal) 22
Transportation fuel 8 (oil) 10
Average bulk chemicals 30 (oil) 75
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Figure 1. Biorefinery concept.
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Table 2. Comparison of Refineries and Biorefineries Regarding to Feedstocks, Building Block Composition, Processes, and Chemical Intermediates

Produced at Commercial Scale

Refinery

Biorefinery

Feedstock Feedstock relatively homogeneous

Low in oxygen content

processing

Some sulfur present
Sometimes high in sulfur

Feedstock heterogeneous regarding bulk components e.g.,
carbohydrates, lignin, proteins, oils, extractives, and/or ash
Most of the starting material present in polymeric form (cellulose,
starch, proteins, lignin)

High in oxygen content

The wight of the product (mol/mole) generallly increases with | The weight of the product (mole/mole) generally decreases with

processing
It is important to perceive the functionality in the starting material

Low sulfur content
Sometimes high in inorganics, especially silica

Building block
compostion

Main building blocks:

Main building blocks :

Ethylene, propylene, methane, benzene, toluene, xylene isomers. | Glucose, xylose, fatty acids (e.g., oleic, stearic, sebacic)

(Bio)chemical Almost exclusively chemical processes

Combination of chemical and biotechnological processes

processes Introduction of heteroatoms (O, N, S) Removal of oxygen
Relative homogeneous processes to arrive to building blocks: | Relative heterogeneous processes to arrive to building blocks
Steam cracking, catalytic reforming
Wide range of conversion chemistries Smaller range of conversion chemistries: Dehydration,
hydrogenation, fermentation
Chemical Many Few but increasing (e.q., ethanol, furfural, biodiesel, mono
intermediates -ethanolglycol, lactic acid, succinic acid, ...)

produced at
commercial scale

Wood chips
T T T T T T T T T T T T T T T T T T T Bioretinery plant)

Pretreatment
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Lignin sugars
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Figure 3. Gs-platform (Cs and Cs sugars, electricity and heat, lignin)
biorefinery using wood chips for bioethanol, electricity, heat, and
phenols.

Eulag o] S, o] A1F W] Frw WL
NG e Faslobn glek web BT 13 F RARRY H
> | &

[}
Sitt Y-S BA) 7k el ves TR B FAHERI], o]
£ olgdt] A7Fss i, 55 HA 9 slstEdd A, 1%
Ao dAn Aike AdEl €8E 5 vk 5247 vl emAas Tk,
Az, sl Torrefaction) 52 AATE AX § oA 37k~
(Synthesis gas) Akl &84 % Qi $7FAe T2oA A
= AR F Fu) P FHOZNE Hloledmt sEEZ(FT diesel,
dimethylether), BFo] Q&S L3t nfo] @ A, tokst A f{-3)sh
A= E4(ethylene, propylene, butadiene) 5= A 5= St} o)

35kt Ml 27 H M 1 & 2016

Figure 3°l:= Cs-platform (Cs & Cs sugars, electricity, heat, and lignin)
24 vio] @ glstol g of] AFEE = SEF R uio|QegkE, W7,
A 2 s Al digh & VeI o] TN =S dA
g, 7FEslE Sl 2l1d Y Cs & Co BoE i, Bade o
3 F Hes gAketh 183 Cs & G B2 A E 53 vlol
offeba-S AAtetal, 247 wAgelA AR AANEE B3l A7)
9} A& Arshke Zo®E FHdEo] Qlok

SZFH o] LA~ (Marine biomass)Q] WA ZFH(Micro-algae) 2t 7
) ZF(Macro-algae) = S742] vlo] QuAr T 4T w2 Al
Ado] =& Fo R A Qlt} 5ZF(Green algae) i} 2
shFo] =31, 3FF(Golden algae)= U7} BH-3}E o] =)
F2FE COE Ashe sEo] &4 vl enig s7lsk] o
ol 247 AZEATE Holdk Zlow Q1A E I gltk Kg Hlo]
A5 WS g AREHAEAY] A wel #lYelA] dato]
753 glehe).

Table 2= 71 At 71WEe] glatoqe) s} vlo] e gl ato] ] €]
AV 2po) S Al st Flolt). Figure 48} Figure 5ol 242 A7-3
] V1xEAN vl e atolde] A Fo EdEs U
Wit} 53] Figure 40l Hiolui Az 2e e 12714 34 7]
8 2x(Building block)=°] 7d2]=o] 3lvk v]=2] DOE= 2004 1%
07 npo] e FE9] 12714 7124 wHE) A F-3lelo ] AlEE =
Z|x2EAE dAsk] S8l Hleleg|stelve] 7 el tidt e
4L =2JF3ItE Table 20114 A2l€l W83 Figure 4$} Figure 5&
v HoHs o, Af7|9ke] M3t 7t vle] 2 gtely ] Ak
A8 FAEA, T Y HEF AEe] A9 tE As IIE

ik

Ho

o

[

712 Mgk Af, HAVIAZERE G, G-, T Cp 74 3}8F &
RES el AL vlolem A~z giAely] $lgt vlo] e.g|stoli



Biorefinery At ¥} Furfural A4k

Y g o 13

Maphtha and gas

(petroleum)
|
l BTX l l’ l
@ @ N = o~
Butadiene ﬁéhx':%n:,a Propylene
p-Xylene Toluene Benzene 9.3 Mion/a 71
27.6 Mton/a 18.4 Mton/a 36.5 Mton/a
l Polybum /\\/“\,/OH P I Propylene
Oy OH ¥ i rubbers HO ‘ olypropylene derivatives o
F 8 o 1,4-butanediol
oam enzene 0 (8] 1 Mton/a
A N
polyuretanes derivatives v HDPE, LDPE, = 3
\ NH o Maleic anhydride LLDPE Acrtylonitrilc Prc;p;\eh?te rglyco\
.2 Mtorva
Te?ephtal%’;cid ©/\ )j\ 1.7Mion/a [ soivent and v 4.7 Mton/a
22 Mton/a l plastics Ethylene
Styrene Caprolactam  Acetone derivatives Fibers -
. plastics,
¢ 23 Mion/a 3.2 Mion/a 5.1 Mion/a Resins and HO resins Solvent
Polyesters fibers chemicals \_\ =\
and films OH Cl OH \)(J)\
Polystyrene and| Nylon 6 Solvent and Ethylene glycol  Vinyl chloride A = OH
resins vien chemicals 17.8 Mton/a 33 Mton/a
Isopropyl alcohol Acrylic acid
o OH HO OH l ¢ 1.8 Mton/a 1.6 Mton/a
Ho 2L O e e I} |
OH antifreeze chloride (PVC) Solvent and
o .. . chemicals Salvent
Adipic acid Phenol Bisphenol A
2 Mton/a 8 Mton/a 4 Mton/a i § cl
e} S~ g
Ethyl id 3
¢ ¢ ¢ 2;::;;’3: Allyl chloride Propylene oxide
Resins and Plastics and 0.33 Mton/a 4.8 Mton/a
Nylon 6.6 N
chemicals polymers i ¢ l
. Polyols and
Polyesters Epoxy resins chemicals

Figure 4. Base petrochemicals, major applications, and global production in 2009([7].
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Figure 5. Proposed bio-based platform molecules[8,9].
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