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/ | Introduction | \
Why enzymes?
Biological catalysts Current industrial share of enzymes Enzymes in anaerobic digestion
* Reduced activation energy of reactions Biofusle | feed
. iofu
* Specificity 16% Enzymes have been successfully proven to enhance performance of anaerobic digestion (AD)
« Environment friendl Ytlnel: Elo@t
VvIro .e iendaly cdbdng waste and treating a variety of feedstocks; e.g. energy crops, municipal organic waste, sewage
Energy saving o 3 beverages Wastewater? sludge.Several studies have shown that enzymatic pre-treatment can enhance the hydrolysis
- Stable and work in mild conditions Household Y . :
_ . 28% step of the AD process’: < °, although only some of them suggested real improvements in
Cost saving care 34% . . .
_ ...and in biogas yield.# > 6
* Less chemicals - L . . " .
. . .. anaerobic Increase in biogas yields were also reported for enzyme direct addition* ° 7 coupled with
« CAPEX saving for direct additions - ; er and digestion? . . . i .
. . Medicine 1% . Igestion : additional benefits, such as increased dewaterability and solid removal.
e Cheap industrial enzymes nd biotech textile
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Aim, objectives & methodology } L Results

1, 2. Enzyme tailoring and applications
Table 2. Results from solubility tests and batch tests

Aim of this work was to assess the feasibility of using enzymes in
anaerobic digestion, with the following objectives:

Soluble COD Pre- Direct
1. Enzyme tailoring 2. Enzyme application 3. Long-term use Although useful as a guidance, the Dose Mcreaseafter treatment  Methane  addition  Methane
. . . . UlaTS 24 hours Cumulative content Cumulative content
Determi thod . . implications solubility tests does not always g g/gVs biogas % biogas %
t © elrmlptehanbeatsy metho Identify the different effects and Evaluate the long-term compares with the results obtained mlfgVS added migVs added
O select the best enzyme vs  implications of the two treatments impact of direct additions from batch tests udge
feedstock vs dose : Amylase MT-3K 820 12+ 1.5
N : ition. i it i, Cellulase ACx8000L 900 81+8.3
combination e a. Pre-treatment Direct addition: Direct a.ddltlon anq pre t.reatment el 20 PO
Feedstock: a.Strategy showed different optimisation results, Protease Bs-L 130 46+ 6.3
i — b. Long-term impact L : Lipase LIP 200 1170 7+4.2 148 * £ 5.0 71% 263 +4.0 45%
_! & ‘(tf‘:ﬁ_ : : the former in biogas quality, the latter ceiulase ceL 200 2100 159 + 16 131* £ 9.5 70% 250 + 8.5 52%
M= " Fws 7 5 ield CEL 200 + LIP 200 - = 135* + 18 81% 255 + 4.0 63%
Sludge Food waste Crops - I Dblogas ylelds. Control * 0 24669  47%
Y 3 ¢ Feedstock + The action mechanisms for the pre- €entrol e 76%
: E
Sl enzymes treatment is an enhancement of the =~ > ©°°°
vs dose i _ Amylase MT-3K 20 0
hydrolysis step due to direct Cellulase ACx8000L 100 39+0.4
vs feedstock e . . Lipase NL-GX 5 0
b. Direct addition solubilisation of the organic matter is protease Bs-L 0.5 0
. . . . expected Lipase LIP 200 310 0
Solubility test AD batch test Semi-continuous digestion P - Cellulase CEL 200 9920 41 +2.1 687 + 8.2 59%
Substrates (250 g, 150 g and 100 g Enzymes were used in batch test with the three 1 | reactors with a 700 ml working Whereas direct addition is likely to  Control - - 509 £ 50 54%
for sewage sludge, energy crops feedst_ock, foIIo_V\_/mg a 24 hours pre-trea_tment or volume, using AMPTS |l automated impact also on the composition of Food Waste
and food waste, respectively) were  as a direct addition to the reactor and biogas system (Bioprocess control, Lund, . . . Amylase MT-3K 2800  660+140  295* + 54 52% 2882 + 9.3 66%
mixed with the required amounts of ~ production was compared to those of control or Sweden) and sludge. The reactors microbial community. Cellulase ACx8000L 200 14124
enzymes as a liquid solution and control maintained at 37°C for 24 hours. were maintained at 38°C and fed | |The two processes work in a different SPaseNL-S* oo o x2 ol odh
incubated at 37°C in 500 mL flasks.  Direct gdditi_on were als_o_ done using pre- and every two days ?t an OLR of 2.69 way and hence, tailoring needs to be Lipase LIP 200 2800 235+ 111 452** + 17 56% - 0
Control samples without enzymes post- digestion composition. gVS/I-day, allowing and a 16-day . Cellulase CEL 200 8000  281+19.7
were maintained at 37°C for an Direct hydraulic residence time (HRT). The done in different ways. Amylase + Lipase = - 109" + 43 59% 255+ 1.8 68%
equal amount of time. At the end of  additionEnzymes methane content was measured gﬁﬂﬂﬁ: 475" + 7.4 60% orEss o

using a SERVOPRO1400 CH4 gas
analyser (Servomex, UK). Enzymes
were added to the systems once
every HRT, mixed to the feeding

the 24 hours the increase of soluble
COD was used to identify the most
suitable enzyme.

Table 3. Batch test results of direct addition, following pre- and post
digestion tailoring
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It is clear from the data reported in table

Increase process stability and methanogenic activity.

biogas content (Nm/gVS) and (B) methane percentage (%).

Enzymes Pre-treatment material (4200U/gTS).
o 24 hrs Pretreatedifcedstock Pre-digestion tailoring Post-digestion tailoring 2 that an increase in enzyme /substrate
sCOD £ ? TN~ . . . .
= Doses Biogas Methane Biogas Methane ratio will lead to an increase in reaction
) oq-- o0 O Q- i : . .
= ﬁu % ﬁu % ﬁu % PU’QFTSt nerease CO’:/te”t v COfg/te”t rate as more enzyme will be available
- - re-os 0 () () (] . .
(p-value) (p-value) (p-value)  (p-value) ’;:]) mter':lct Wltlf|1| the s:bstra;te. I;lowev.er:(
N S Sludge e system will reach a saturation poin
Table 1. Enzyme doses used for solubility tests and batch tests I Cellulase 2100-3290 (01 525) (0554) (0152) (06562) after which, a higher amount of enzyme
atch tes Enzyme selection ' ' ' : ' i i i
N | Solubility Batchtest  Direct y | _ 6.3 45 0.5 65 will necessarily produce and increase in
£ Activity Supplier Waste tost Pretreat dditi The enzymes and the doses used in the batch Lipase 1170-5 (0.46) (0.78) (0.46) (0.41) . eld h
nzyme (U/g) dose feestock (Ule?rS) (ﬁl- ;_e;). a('U I'.I'_;'; systems were selected following the materials ' ' 8 6 66 reaclion yields, as the enzyme
g g oo 9 posts  Characterisation (pre- and post-digestion) and Protease 0-5 - - © ;1 2) (0.49) concentration will not be any more the
Sludge 820 manufacturer recommendation (Summary E limiting f rinthe r ion. Therefor
Amyla:‘:e s000 00702 crops 50 570 reported in table 1). All concentrations are — 23 56 i) “Eeie . I EEIEIE _ eretore,
MT-3K mi700ml FW 2800 2800 60 940  reported as U/gTS. Amylase 0-570 : . 57E08)  (BsE0s 2N enzyme optimal concentration value
Cellulase 0.02- Sludge 900 26 40 10 57 exists for each reaction. This optimal
, 8000 0.03ml/1 En.crops 100 Cellulase 9920-5340 : . :
ACx8000L 00m! FW 200 (8.0E-06)  (4.4E-07)  (0.054)  (2.3E-06) value can be identified using
7.8 56 e . .
: 0 Sludge 40 Protease 0-0.5 - - solubilisation test and batch digestion. A
bipase 00 1% e orops 5 (0.225)  (7.9E-06) , ' 19
- wiw = G e 05 Food Waste comprehensive testing of
o Sludge 130 5 42 66 21 75 :
:;o_:_ezase 900 Oﬁ:ot/;izf En. crops 0.5 05 Amylase 60-940 e e o e concentrations shoulq be dong for ea.ch
FW 4 4 10 Cellul 06000 95 70 enzyme to assess this saturation point
. 30-100 Sludge 1170 1170 1170 5 ellulase - - - . . . L
Lipase ) 0 0 (0.02) (7.1E-05) to identify the optimal combination of
Lip2ogt 2505 perfonof En.crops 99 'Sinobios (China) 7.6 60
;e;%sggff 5 EW ;?88 i yto0 agq | EnZyme Supplies (Oxford, UK) Lipase 0.5-0 (© ’ 4) (0.52) - - concentration vs solubilisation and
~oUYg udge 3 Pre and post refer to d f lculated f ' : i - - :
g:lll_;?;e 2E-06 pertonof En.crops 7920 7920 5340 ther?n:’?eriglocszo:re\peorsiﬁonots):?o?e 222£Toe;ccgi§:§cign o Protease 4-10 91 63 14 s 2 overdosmg M INBeNe Lse ©f
material FW 8000 8000 (ingestate) or after anaerobic digestion (digestate). (0.08) (0.24) (0.03) (2.1E-05) the enzymes dosed..
. . . 350 - A) 100 -
3. Long-term use implications o Sludge Nmiigvs (A) (B)
| | | | | — -@-Sludge +Enzyme (Post-Digestion) ol 90 -
Data from the batch tests with sludge were validated during the semi-continuous & Sludge +Enzyme (Pre-Digestion) - L .
] ] ] ‘.
experiments were pre- and post-digestion doses of Cellulase CELL 200 (2100U/gTS and 250 - -’..f-,-..., . _ {)
4200U/gTS respectively) were added to the reactors (Figure 1). The results showed @ u X 3 ©'e o8
" . . = Q o {) 8 wmoe 8907 O O
positive long-term effects on AD process. Both enzyme doses (pre- and post-digestion) ERRN 8 @35
] . g [ ] ] ] S q') —1
produced significantly larger quantity of biogas (p-value of 2.06E-21 for pre-digestion, 2z = %0 E o Boo og
. . . . . . . 150 A 0o
9.94E-32 for post-digestion). Higher gas productions and methane yields were obtained in 3 40 - - ©C0 FFO O ©
(]
enzyme-added anaerobic reactors also by Recktenwald et al. (2008)’. The same authors Eu 100 4 :li"‘:".‘:""'lg L o PP 30 16
. - . . =) L 666020002080 e 0SS
showed increased dewaterability in enzyme dosed reactors, due to enhanced degradation E = y ° 20
] ] [ O T
of extracellular polymeric substances, in particular of the carbonaceous matter. Ayol et al. 50 - opPaaad™ 00 0l @
: . . ary e e62
(2008) “ reported that this enhanced degradation of the EPS matrix will improve sludge ) -'!'.,. .,,' )
. e . . . |__| ~ T T T T T T T T T T 1 D T T T T T T T T T T T 1
solids solubilisation and hence the formation of enzyme-substrate complexes. In addition to 0 5 10 15 20 25 30 35 40 45 55 60 65 0 10 15 20 25 30 35 40 45 50 55 60 65
: g : : . : " Time (days) Time (days)
organic solubilisation and increased hydrolytic activity, direct additions have also proved to

Figure 1. : Long-term effect of enzyme addition using Pre-digestion and Post-digestion tailored dose of cellulase (A)
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Enzymatic treatment in the AD sector is being underused mainly due to the cost of the enzymes itself and a poor understanding of the enzyme action and their long-term impact on the process. Both enzymatic
treatment methods enhanced biogas production, although significant difference in performance of direct addition of enzymes and enzymatic pre-treatment was observed. Our research proved that AD performance
improvement by enzyme dosing can be economically feasible by using industrial enzymes and tailoring the enzyme type an dose to the nature of the feedstock treated. The long-term impact is beneficial mainly
through the improvement in biogas quality.
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