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Why biofuels? 5 100
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* Increasing energy requirements

Depletion of fossil fuel reserves

Global warming
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References: Constant et al., 2016;Wang et al., 2017



What is lignin? bq |0,

e Cell-wall constituent of
vascular plants (and some

algae).

Plant cell

e Composed of aromatic
residues (H:G:S)

Cellulose

H (l}ll CH:OH
|

b H\” 4 o \|—"—
N Le i\ i

CH.OH J, .

* Lignin monomers are linked by

8-O-4, B-p, B-5 bonds. g ;

ngnln

0”7 0’ o _ Hemicellulose
i o HO HO
T -

/ \Xmﬂ‘kx ~,

o]
) e S
OMe OH HO OH
E j [ﬂ Nj [b OH
OMe MeQ' OMe
OH

. OH OH
Reference: Georgina et al., 2016 Aoy () Gusisoy @) Syringy! (5) H
group

group



100

1918-2018

Sources and potential uses of lignin

* Industrial processes producing lignin
(technical lignin)

|. Soda

2. Kraft

3. Sulphite

4. Steam explosion (Cellulosic ethanol process)

e Potential uses of lignin

|. Direct use e.g.,cement additive (especially
sulphite lignin)
2. Degraded lignin e.g., fuel, fine chemicals

References: Gordobil et al., 2016; Hussin et al., 2013
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Lignin depolymerisation methods

]30-4

OMe

e Thermal methods I@
. Pyrolysis ﬂ O
2. Combustion -

¢ Chemical methods Lignin P°'Yme'”

Alkaline (e.g., NaOH)

2. Acid (e.g., formic acid) A &
OMe MeO OMe
OH - OH

* Biological methods
Lignin monomers

. Whole cells (fungi and/ or bacteria) @
2. Enzymes

Fuel

Reference: Azadi et al., 2013; Naron et al., 2019



Enzymes suitable for lignin degradation and
their limitations

e Enzymes capable of degrading lignin
|. Laccase

2. Lignin peroxidase

3. Manganese peroxidase

e Accessory enzymes involved in lignin degradation
|. Cellobiose dehydrogenase
2. Quinone reductase, etc.

e Problems with the utilisation of enzymes
|. Difficult to produce
2. Difficult to implement due to:

|.  Heterogeneity of the lignin polymer
ll.  Poor accessibility to the lignin polymer by the enzymes
lll.  Polymerisation vs depolymerisation
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Aim and Objectives ts IUU

e Aim
|. To develop an enzymatic approach for effective lignin degradation into low
molecular weight compound for fuel production

e Main Obijectives
|. To investigate the thermal stability of the lignins after enzymatic treatment
2. To identify low molecular weight aromatic compounds by GC-MS

3. To use GPC and I3C-NMR to explain the difference in the lignin structures



Methods
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Lignin

degradation and
product analysis
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13-C NMR

Biodegradation

Enzymes :LiP alone
LiP with CDH and QR
Conditions:

30 °C; pH=3.0; 6 h;
200 rpm

Thermal
gravimetric
analysis

Structural analysis




Results: Thermogravimetric analysis

STEAM EXPLOSION lignin
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Results: Molecular weight properties of lignins 5 100

determined by GPC
1.2
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Steam explosion lignin | 6335 2263 2.8
Soda lignin 3253 1721 1.9




Results: Structural properties of lignin samples bq IUU

determined using 13C NMR
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Conclusions and direction for future work

e The study demonstrated effective degradation of lignin though the use of a
combined enzyme cocktail (LiP:CDH:QR).

e Knowledge of the lignin structure helped in understanding lignin:enzyme
interactions.

Future work

e Analysis of the degradation products using GC-MS to elucidate the most viable
lignin residues for fuel production.
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