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Anaerobic digestion (AD) of (solid)
waste

Products Formed:
ANAEROBIC DIGESTION

w ‘
Biodegradable Materials:

Blogas:
HIDE,E-'E that is created can be used to generate heat
andfor power, Itcan also be processed to remove
non-methane compounds and can then replace
natural gasin almost any application, such as
transportation or in the pipeline grid.

¥ : One or more, covered, air s
; tight tanks where
Livestack manure, food waste, bicdegradable material is

municipal wastewater solids, broken down by naturally
high strength industrial wastewater,

Anaerobic
Digester

k i

Digestate

industrial, institutional, and
cammercial srganic waste

QCCUrTing microorganisms.

Digestate:
Solid and liquid digested material is also
preduced, and can be pracessed into many
different nutrient rich products, such as:
compaost, fertilizer, soil amendments, or animal
bedding.
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Lignocellulosic substrates (LS)
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Lignocellulosic substrates (LS)

« E.g. agricultural residues
« Reduction in biogas production
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(Biological) pretreatment
* Improve anaerobic digestion
Lignocellulosic Biological \ o
Substrates Pretraetment ' ‘ o

Biogas WP Biomethane
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(Biological) pretreatment

» Pretreatment causes formation of inhibiting
phenolic compounds
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(Biological) pretreatment

« Effect on hydrolysis rate (k,) of miscanthus

(high lignin content)
:hk
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(Biological) pretreatment

« Effect on hydrolysis rate (k) of hemp straw
(low lignin content)
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Modelling of AD for LS

« Simplified AD model
= Developed previously for AD of manure
= VSS -> VDS -> VFA-> CH,
= COD based

= Upgraded with effect of pretreatment

- Lignin content (C,) -> reduction of maximal biogas
production and hydrolysis rate

- Phenolic components (Cp) -> reduction of hydrolysis
rate



Simplified AD model

¢ VSS -> VDS -> VFA-> CH,

« Gujer Matrix:

Table 1

Gujer Matrix of the anaerobic digestion model, with inhibition of lignin and phenolic compounds, used in this work.

1]
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Process ATAN) VDS VEA CHa X X Process rate
Hydrolysis -, 1 ki [VSS] gt S0
VFA formation -1 1-Y, Y k2 (s X

CHs formation -1 1-Y; Y; ks Fg{;;,'ﬂ 1X2]

Decay acidogenic bacteria -1 by [Xi]

Decay methanogenic Archaea -1 b, [Xz2]

Hydrolysis rate

: function of C, and Cp
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Simplified AD model
¢ VSS -> VDS -> VFA-> CH,
« Parameters values used:
Table 3
Parameter values for the kinetic moded] used in this study.
Parameter Value
| 024" \
Kk T
k3 105000y
ke gd ! ,
ks 129001 Hydrolysis rate constant:
- e much lower than e.g.
K 150-3000 mg/g studies with waste water
K 351008

(cfr. ADM1)
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Simplified AD model

¢ VSS -> VDS -> VFA-> CH,
 Model tested with AD batch tests with different
substrates

s \V/: 250 ml
= Substrate to inoculum ratio of 0.5 (g VS/g VS)

R Biogas




Simplified AD model

 Effect of C,

» BMP | if C, 1
Substrate BMP (NI' [kgVS) VSS(gCOD/I) C.(g/100g)
Ensilaged maize 4139 40.0 0.8
Corn stover 2424 228 4.5
Wheat straw 2471 228 6.0
Flax straw 233.1 216 3.6
Hemp straw 2378 216 0.2
Miscanthus 1445 13.2 12.0
Willow 886 7 80 " 17.0 °

* NIl stands for normaky

GHENT
UNIVERSITY

14



Simplified AD model

 Effect of C,

o Hydrolysis rate | if C, 1

BMP (Nl’kg VS)
g
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Model application

 Effect of C,

- C,: 0,8 -> 17 g/100g
- TIC: 0,03-0,14 < 0,3: OK
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Simplified AD model

« Effect of Cp
» Hydrolysis rate | if Cp 1
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Model application

L EﬁeCt Of CP Table 6.4: Measured and simulated hydrolysis rate (k,], and measured and simulated BMP of the anserobic digestion of

hemp straw with the adaition of the different phenolic compounds st concentrations of 100, 500, 1000 and 2000 mg/I
(VA = vanillic acig, FA = ferulic aci, PCA = p-coumaric acd and HBA = 4-hyaroxybenzoic acid) [n=20)

= 4 phenolic e e e e e
compounds at 4 i e Z
concentrations: o= m B
- SP=0,4: - . . " =

- VA: vanillic acid IR R | E
- PCA: p-coumaric acid - I
+ SP=0,8 - |2 flz s
- FA: ferulic acid o - : o

- HBA: 4-
hydroxybenzoic acid)
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Model application

o Effect of CP

= 4 phenolic compounds at 4 concentrations:
- TIC<0,3

14 10
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Fig. 3. Experimental (n=15) and simulated BMP values (A} and the experimental (n= 15) and simulated hydrolysis rate (8) of the anaerobic digestion of miscanthus with
the addtion of phenolic compounds, represented together with the bisector.
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Model testing

 Global sensitivity analysis
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EVSS] K +¢L Cp+K;

s Kk, (hydrolysis) is most important parameter
Without inhibition by C, With inhibition by C,
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Conclusion
« Succesfull application of a
simplified model for batch w01
anaerobic digestion of

lignocellulosic biomass
= Effect of lignin content

= Effect of phenolic
compounds B i S e

= |[mportance of accuratly
describing hydrolysis

BMP (NIfkg VS)
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QUESTIONS?



