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Anaerobic Digestion (AD)

Biological conversion process for organic residues into renewable
energy, while alleviating environmental concerns associated with the

waste.

 Soil amendment
 Animal bedding
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To assess the potential of straw digestate as sugar
source
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Materials and Methods
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Materials and Methods (1)

province, Greece

AD fiber sample: Solid digestate after S/L separation from a
pilot scale CSTR anaerobic digester (37°C, HRT= 20 days)
that treats wheat straw in NTUA.

Value (% wiw)

Cellulose 24.78
Hemicellulose 11.99
Lignin 18.58
Klason lignin 17.30
Acid-soluble lignin 1.28
Ash 27.31
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Materials and Methods (1)

Chemical pretreatment: The CSTR AD fiber was pretreated
in autoclave with/ without dilute NaOH or H,SO, at 120°C.
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Materials and Methods (lil)

Factorial experimental procedure: 23 factorial
experiment

c GOO/p_timiza tion parametercoSacehaxification efficiency SG1000/
°~ Theoretical glucose produced from the total conversion of carbohydrates ’

Controlling parameters
» Chemicals’ concentration
» Autoclave retention time

» Enzyme loading during enzymatic hydrolysis
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Factorial experiments

Alkaline pretreatment prior to enzymatic
wenisiiig Parameter Variation Intervals
I Low level  High Level Center

Time autoclave, t_ 6 (h) 1 1.5 1.25
NaOH (%) 2 4 3

CellicCTec?2, C_ , (nL/ g cellulose) 100 400 250

Acidic pretreatment prior to enzymatic hydrolysis

Controlling Parameter Variation Intervals

I Low level High Level Center
Time autoclave, t_ ,, (h) 1 1.5 1.25

HZSO4 (%) 1 3 2

CellicCTec2, C__, (nL/ g cellulose) 100 400 250

(174
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Results and Discussion
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Alkaline pretreatment

o o o -

auto NaO %TS %ocellulose | %AIL YAST ohemicellul
H (%) | hydr oly51s degradatio degradatlo ekt ose

n degradation

.- 30.67 62.28 3.45 =+ 5.92

nn 23.09 = 2# + 493 75.82 * 1.27 7%'3 + 1.59
0.8 3.4 43.7 16.6

24.01 * * g 68.62 =+ 4.16 g * 5
4.7 4.7 44.0 13.2
3.3 : 2.7 44.7

n 19.84 = 3 3 * . 65.15 =+ 1.42 1 * 2.42

in lignin content

» Slight change in cellulose content

 Glucose 1.11-4.78 mg/g digestate

* Volatile Fatty acids 56.95-84.17 mg/g digestate
 Phenolic compounds 2.50-4.61 mg/g digestate
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Alkaline pretreatment
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Alkaline pretreatment

SGy.o;=3.975+32% t_. +0.0525% C__

auto

tautoclaving time and/or enzyme loa-d-i-ngt
saccharification yield

Max SGy oy = 76% for
1.5 h autoclaving time

2% NaOH and

400 pL CellicCTec2/ g cellulose
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Acidic pretreatment

0 ]
(%) hYdrOIYSlS degradation degradation

.- 20.37 1.97 4% & 345
n- 32.02 =+ 223 1.81 6?3'8 + 9.56
n 25.12 + 15'1 el 53'1 + 5.9
20.88 + O 3.87 °0° x 145
n 13.18 + 020 3.63 *0° + 885

* Insoluble lignin remained almost unaffected
« Volatile Fatty acids 9.92-25.89 mg/g digestate
 Phenolic compounds 0.3-0.54 mg/g digestate
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Acidic pretreatment
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Acidic pretreatment

SGips0, =11.35+ +0.03* C_,,

tenzyme loadin ge= t saccharification yield

Max SG,0, = 39% for

1.5 h autoclaving time

3% H,SO, and arshest pretreatment conditio:

400 pL CellicCTec2/ g cellulo
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Conclusions
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Conclusions

 Acid pretreatment along with enzymatic hydrolysis was
found to yield low sugars recoveries (2-39%).

 Alkaline pretreatment and enzymatic hydrolysis is a
better approach with elevated saccharification yields
reaching up to 76%.

« NaOH pretreatment presented in all cases much better
performance on saccharjjication yields than acidic
pretreatment. ﬂ

New integrated system that combines ethanol production
with anaerobic digestion simultaneously producing
energy in the form of methane and ethanol and
improving the overall energy balance
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Anaerobic Plants in Europe

The number of biogas plants in Europe has
greatly increased. Between 2009 (earliest
EBA data) and 2017, the total number of
biogas plants rose from 6,227 to 17,432

installations (411,205 units).

Most of that growth derives from the
increase in plants running on agricultural
substrates: these went from 4,797 units in
2009 to 12,721 installations in 2017
(+7,924 units, 67% of the total increase).

Agricultural plants are then followed by
biogas plants running on sewage sludge
(2,854 plants), landfill waste (1,374 units)
and various other types of waste (688
plants).

20,000
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000

2,000

Number of biogas plants in Europe

2009 PY,

849 EEFA

JWEE] - 11% 3 13,812

TRY - 16% £ 12,397

LWiyW + 69% I 10,508

~
o~
o~
o
o
-
o
o~

M Existing plants

http://biogas.org.rs/wp-content/uploads/2018/12/EBA

2011
2012
2013

Z14,661

< (=)} ™~
o m (2]
®Q by I
5 ~
2 & &
[*N] W (]
(=
2%
4 +
= Ts)
(o]
m
L o
i
(o]
— [=)]
[0s) =l )
0 o0 =
> I~
s B
4 1n WO
i - =
o o o
o (o] o~
W New plants

ELYN+ 2% 17,783

17,432

2017

_Statistical-Report-2018 European-Overview-Chapter.pdf

7%t International Conference on Sustainable Solid Waste Management, 26-
29 June 2019, Heraklion, Crete Island, Greece


http://biogas.org.rs/wp-content/uploads/2018/12/EBA_Statistical-Report-2018_European-Overview-Chapter.pdf
http://biogas.org.rs/wp-content/uploads/2018/12/EBA_Statistical-Report-2018_European-Overview-Chapter.pdf
http://biogas.org.rs/wp-content/uploads/2018/12/EBA_Statistical-Report-2018_European-Overview-Chapter.pdf
http://biogas.org.rs/wp-content/uploads/2018/12/EBA_Statistical-Report-2018_European-Overview-Chapter.pdf

{ = Challen ges of digestate

It is vital that digestate is seen in a holistic way as part of an overall materials

processing and re-use system.

 The use of downstream processing to treat digestate may consume more enerqgy
than is likely to be generated by the AD facility.

Digestate is difficult to manage due to its fertilising properties, format and high
water content.

There is lack of a legal framework. Many European countries do not have
appropriate (if any) legislation concerning digestate, resulting in legal barriers to
the use of waste material, its conversion into products or its export abroad.

There is lack of information. Most farmers are poorly informed (or even
misinformed) about the benefits of digestate and other organic fertilisers, often
making them hesitant about spreading them on their land. Public authorities should
make a conscious effort to explain the advantages of digestate and the adequate
management of local resources to build confidence on its use.
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Lignocellulosic material

Lignin
// Cellulose
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Hemicellulose

Removal of lignin is favorable to reducing the
recalcitrance of lignocellulose for enzymatic attack.
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