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Lignin from 2G biorefineries will be quite abundant
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At a high capacity factor, each plant could process up to 400 tons/day of lignin



Lignin can offer economic and sustainability value to biorefineries
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R. Davis,

Lignin valorization Is essential for biochemical conversion M.J. Biddly

et al., 2013
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N Total

MFSP ($/GGE 2014S) —Prior to coproducts $7.80 $7.43 $5.48

Fuel C efficiency from biomass (%) 20% 21% 25%
Fuel yield (GGE/ton) 34.2 35.7 43.5
TCI (SMM) —Prior to coproducts $640 $628 $520

Fuel-carbon chain length ~9-20 ~16-20 11

Carbon efficiency through lignin-to-coproduct 59% 56% 40%
train required to achieve $3/GGE (C in adipic
acid vs C available in residual biomass)
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Image from E.M. Anderson et al.,

Native ‘Igﬂlﬂ structure (mOﬂOCOt) ACS SusChemEng 2016
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Multiple bond types, multiple monomer types

- Common polysaccharide-centric treatments break labile C-O linkages and form more
recalcitrant C-C linked structures

- More than a century of research In lignin depolymerization



Heterogenelty is the main barrier for lignin upgrading to chemicals

Lignin’s Alkyl Aromatic Structure Depolymerization Product Slate
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There Is a world of difference between a valuable mixture of chemicals and
a mixture of valuable chemicals (Art Power)
- Overcoming lignin heterogeneity is the key problem in lignin valorization to chemicals




—merging routes to overcome lignin heterogeneity: Engineering plants

A Clint Chapple et al. ' John Ralph et al.
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Lignin biosynthesis Is plastic and can be successfully manipulated

- The C-lignin discovery highlights that native lignin polymers remain to be discovered
- Work in model systems can be transitioned to energy crops via emerging genome editing




—merging routes to overcome lignin heterogeneity: Plant diversity

3.0 _
i} -
E ....-.__.e___-_... ——
" me sw— e.—_.__.-- . O
O 20 @ @ -—EO-0—0 - @D-+~ O
) 3 = O
. 8 & & & s EmEms GEmsEss s sEmES SEE S @S s s =
g @ =i i o oaa ...’ oae W O
9 / ..-. s A RN R e @
- @ 00 O
1.0 810 D\S
15 20 29 30
lignin content [%] Image from Studer et al. PNAS 2011

Lignin In many species can be quite diverse



Emerging routes to overcome lignin heterogeneity: Biological funneling

Microbial degradation of aromatic
compounds — from one strategy
to four

Georg Fuchs*, Matthias Boll* and Johann Heiders
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Siological funneling enables metabolism of heterogeneous aromatics

Lignin Depolymerization Product Slate
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Microbes can funnel lignin-derived aromatics to central metabolism

Significant body of work going into process development around this concept to optimize
biocatalysts, biological cultivation processes, separations, and chemical catalysis
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Biopolymer production from lignin
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Atom-efficient intermediates from lignin

—O

OH

OH

OH

~ HO

Titer ~ 30-48 g/L

Yield ~ 100%

Rate ~ 0.4-0.6 g/L/hr

o~ )
0 oH Ny
oH

GuaIaCyI Ferulate
0 . .
" o Lignin ¥ Fos
+ Ech
OH
° + Vdh

Vanillate

Syringyl

. -00C
Lignin ITgﬁ/
¢ spont.
COO-

“00C. | N COO"
O (0] ©
I I

OH OH

DesA

COO
LigAB / DesZ ’
AN
> I
0 OH o]
I Desz

\ /sp;nt. ©

ngM ~Z
| ¢Lig|
- 0”8y Scoo 5
| H
\ -00C CoOr
| A
[1 T¥
HO OH (ololoy
OH DesB /
Gallate LigAB ¢LigU

-00C l/coo>
\E\’O

COOr

¢ LigJ
“00C. COO”
ol
O

COOr

¢LigK

Pyruvate +
Oxaloacetate

¢LigK

2 Pyruvate

VanAB\

—>

oc
coo
o
\
o

4-Hydroxybenzoate Benzoate Guaiacol
/pobA BenABCN\ + Dmp /9
BenD X\ -

COO

fﬁ

LigAB
OH
Protocatechuate XYIE /Gatechol

LPcaHG

(ololoy
. _COO

PcaB

-

PcaC
COO"
2
o
L PcaD
o)
COO0
L PcalJ
o)
COSCoA
L PcaF

Succinate +
Acetyl-CoA

-

TCA
cycle

S

AroY

U

XylF
N> CHOOH

Y
WY
I Xyl

¢XyIK

Pyruvate +
Acetaldehyde

IXVIQ

Pyruvate +
Acetyl-CoA

’
-

4

----

vl BH =H = = = = = = == == = = = EE N

7
NS

COO-
COO-

Muconic
Acid

) )

S EmE E EEEEE.

12



Beckham, Johnson, Karp, Salvachua, Vardon,

TO\Na rd S SG‘GCJ[IVG ‘ Ig ﬂ I ﬂ Va‘ O rlzat I O ﬂ Current Opinion in Biotechnology, 2016
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Siological funneling (along with other emerging technigues) may enable a
solution to overcome lignin heterogeneity

- Significant opportunity in co-designing in planta lignin with biological and catalytic conversion

- Emerging 2G biorefineries offer space for new lignin valorization processes 13




Conference announcement!

(}t, Gordon Research Conferences

For your calendars!

The inaugural Lignin Gordon Research
Conference will be held in the August 5-10, 2018
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critical to move the field forward.
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