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Abstract >> The authors reviewed information about biorefining of biomass by using academic information
databases. Feedstocks were classified into triglycerides biomass, sugar biomass, starchy biomass, lignocellulosic

biomass, and organic waste biomass. Biorefinery is an integrated system converting biomass into biofuels and
biochemicals by various physical, chemical, biological, and thermochemical technologies. This paper presented a
comprehensive summaries of opportunities, recent trends and challenges of biorefinery. A brief overview of

promising building blocks, their sources from biomass, and their derivatives were also provided. In conclusion,

this paper demonstrated the feasibility of biorefinery producing biofuels and biochemicals from biomass.
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Fig. 1 Schematic diagram of biorefinery (adapted from [3])

Table 1 Comparison of oil refinery and biorefinery (adapted
from [10])

i Triglycerides iExtraction . Transesterification o
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' accharification ermentation
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i l1omass Saccharification
| Lignocellulosic  |Prietreatment] Ethanol
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Direct liquefaction .
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Table 2 Top 12 building blocks produced from biomass by biorefinery and their derivatives (adapted from [13])

Biomass | Intermediate Building Derivatives
feedstocks platforms blocks
Glyceric acid, glycidol, 1,3-propanediol, propylene glycol, glycerol carbonate,
Glycerol propanol, diglyceraldehyde, mono-, di-, or triglycerate, branched polyesters and
nylons etc.
3-hydroxypropionic | 1,3-propanediol, acrylic acid, methyl acrylate, malonic acid, acrylamide,
acid propiolactone, acrylonitrile etc.
1,'4-.dlac1ds . g-butyrolactone, 1,4-butanediol, succindiamide, tetrahydrofuran,
Gl (succinic, fumaric 1 4-diaminob ’ . L e
ucose ! R ,4-diaminobutane, 2-pyrrolidone, succinonitrile, 4,4-bionolle etc.
and malic acids)
Starch 3-hydroxy- 3-hydroxytetrahydrofuran, g-butenyl-lactone, 3-aminotetrahydrofuran,
Fructose butyrolactone epoxy-lactone, 2-amino-3-hydroxy tetrahydrofuran, acrylate-lactone etc.
Aspartic acid 3-amm.0tetrahy.dr0ﬁ1ra.n, amlno-y -butyrolactone, 2-amino-1,4-butanediol, aspartic
anhydride, amino-2-pyrrolidone etc.
Xylose
el Itaconic acid 2-methyl-1,4-butanediamine, itaconic diamide, 3-methylpyrrolidine etc.
ellulose
i Levulinic acid g-valerolactone, angelilactones, acrylic acid, 1,4-pentanediol, levulinate esters,
Arabinose d-aminolevulinate, b-acetylacrylic acid, diphenolic acid etc.
. . Glutaminol, glutaric acid, norvoline, 1,5-pentandiol, 5-amino-1-butanol,
Glutamic acid . . . . . . .
Lactose pyroglutaminol, proline, prolinol, pyroglutamic acid, polyglutamic acid etc.
Hemicellulose Xylitol Xylaric acid, propylene glycol, ethylene glycol, glycerol, lactic acid, mixture of
/arabinitol hydroxy furans etc.
Sucrose

Glucaric acid

Glucaro-y -lactone, glucaro-d -lactone, glucarodilactone, polyhydroxypolyamides,
o -ketoglucarates etc.

Sorbitol

Isosorbide, propylene glycol, 1,4-sorbitan, lactic acid, 2,5-anhydrosugars,
ethylene glycol, glycerol etc.

Furan-2,5-
dicarboxylic acid

2,5-furandicarbaldehyde, 2,5-dihydroxymethyl furan,
2,5-bis(aminomethyl)-tetrahydrofuran, succinic acid, 2,5-dihydroxymethyl
tetrahydrofuran etc.
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Table 3 New top 14 building blocks produced from biomass by biorefinery and their evaluated results against criteria®

Extensive Multiple . Hi . Existin; Prim: Commercial
P Direct gh Platform | Industrial e mary .
Compound recent product . volume . commercial | building biobased

. . ... | substitute potential scaleup
literature | applicability product product block product
Ethanol -+ -+ +++ +++ +++ +++ +H+ ++ -+
Furfural -+ ++° +° + 4 + — —_—
HMF +H+ ++ + + ++ + + o+ +
FDCA o + + e+ o+ + + + +
Gl.ycer.ol/ b b +++ +++ b ERRE et et +H+
derivatives
Isoprene +H+ ++ +H +H + +++ ++ + +
Bio- - + ++ + + + + + +
hydrocarbons
Lactic acid -+ +++ + ++ ++ + ++ + +
Succinic acid - ++ + + + + + + +
3-HPA + + +++ +++ ++ + + + +
Levulinic acid ++ ++ -+ ++ -+ -+ + -+ +
Sorbitol +H+ -+ +++ -+ -+ +++ +H+ ++ -+
Xylitol - +++ + + ++ + ++ - ++

*Good performance against criterion; "emerging performance against criterion; ‘lower performance against criterion.

B
2

o %, oleje ael ARt B sk Ee
Foll TRt AR 9] F71 Blo] 2.8k ke(building
blocks)& AAkgich o] Folld AR 1270] £
3 271 ulo| o3ROl 2elE, 3-HPA, 1 4-diacids
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3-3| =E A 5 E] & (3-hydroxybutyrolactone), o}~
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2L, FEE A glutamic acid), X422 S0kl
EAarabinitol), 2F7}2AKglucaric acid), A~ZH|E,
FDCAZ} Qith. dlE =of, 2= Ffole =
AldAKglyceric acid), 2 Al &(glycidol), 1,3-Z 23
T}:&(1,3-propanediol), & Z&l Z2|Z(propylene glycol),
=AIE 7HEY0)E, Z23-2(propanol), Tj=2|A
2|3 =(diglyceraldehyde), Hi=-, T]-, = E
2| 2AFS(mono-, di-, or triglycerate), 7}A| &g =
o AH| 2 9 d-E(branched polyesters and nylons)
oo A= AL
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Table 4 Technology needs for new top 14 building blocks produced from biomass by biorefinery®

Compound General biorefinery technology needs
- Selective alcohol dehydrations
- Improved biochemical production of alcohols from biomass (rate, yield, titer, product, pH,
Ethanol e
inhibitor tolerance)
- Engineering of optimal fermentation organisms
- Selective dehydrations of carbohydrates
Furans - New catalysts and reaction media for dehydration
(furfural, HMF, - Reactive separations
and FDCA) - Selective oxidations of alcohols; improved oxidation and dehydration catalysts
- Catalytic systems for reactions in aqueous solution
Glycerol - Reactions in aqueous solution

and derivatives

Selective reductions and oxidations of polyols
Improved biological conversions of polyols

Biohydrocarbons - Improved biohydrocarbon production
(isoprene and other - Engineering of organisms to convert sugars to hydrocarbons
biohydrocarbons) - Optimizing rate, yield, titer, product tolerance

Lactic acid

Optimization of bioconversion of carbohydrates
Bioprocesses with high rate, yield, titer, product, pH and inhibitor tolerance
- Engineering of organisms to produce single materials

- Bioconversion of carbohydrates

Succinic acid

Optimization of yield, rate, titer, separation
Engineering of organisms for optimal production of target

Hydroxypropionic
acid/aldehyde

Optimization of bioconversion of carbohydrates

- Bioprocesses with high rate, yield, titer, product and inhibitor tolerance
Engineering of organisms to produce single materials

Selective dehydrations of alcohols

- Selective reductions of carbonyl groups

- New selective hydrogenation catalysts

Chemical processes in aqueous solution

.. . Improved separations of products
Levulinic acid P p P

Selective dehydrations of carbohydrates

Utility of co-product schemes by biorefinery
Improved catalysts for selective carbohydrate conversion processes

Sorbitol

Selective dehydrations of polyols

Selective hydrogenolysis of polyols
New catalysts for reduction of carbohydrate derivatives

Comparative assessment of chemical and biochemical conversion technology

Selective bond breaking/bond making technology for polyols

Xylitol

- Comparative assessment of chemical and biochemical conversion technology

Selective hydrogenolysis of polyols
New catalysts for reduction of carbohydrate derivatives
Selective dehydrations of polyols

Selective bond breaking/bond making technology for polyols
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