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Abstract

The present study deals with the application ch@vanced oxidation process combining UV
irradiation in the presence of the photocatalyantum dioxide (TiQ), as an effective pretreatment
method of wheat straw as means for increasingatiegradability for increased biogas production
by anaerobic digestion (AD). Especially attentiocamsvpaid in oxidation of the lignin in straw,
besides release the sugars from the lignocellukisicture of straw. Specifically, four different
TiO, concentrations (0.0, 0.5, 1.0, 1.5, and 2.0% (W/@,) were tested at three different
irradiation times (0, 1, 2, and 3 h). Productsgrih-fraction oxidation, namely, vanillic acid,
ferullic acid and acetic acid were quantified faclk set of pretreatment conditions. Subsequently,
biochemical methane potentials (BMPs) assays warducted under thermophilic conditions from
differentially pretreated samples and the pretreatwith the best performance was further tested
in continuous mode operation. From BMP assays, 1va3) TiO./straw at 3 hours of UV light
exposure pretreatment resulted in 3P4 0.05) increase in methane yield and 25% in CSTRs.
was concluded that the presence of JJa@d the products of lignin oxidation did not inhithe AD
process. Finally, a simplified energy assessmamtet that all pretreatment conditions become

feasible when amounts of substrate to be treatedraater than the threshold value of 1.15 g.
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1 Introduction

There has been a lot of debate on replacing fdasis with renewable energy sources and
maintaining a carbon neutral environment. The pectida of biofuels from lignocellulosic
biomasses has the potential to contribute to fdgsls replacement. However, an important hurdle
associated with the use of these abundant biomasstge complexity of its structure where
cellulose, hemicellulose and lignin are compactgked. Therefore, to efficiently use this resource,
a pretreatment step is required to disrupt the éexngtructure of polymeric matrix. To this respect
different pretreatment methods have been developedding chemical, physical, biological, and
combinations of them. The goal of most of thesdrpatments is to unpack the lignocellulosic
structure and to make the sugars in it availabtedBgradation. They achieve this by altering or
removing the lignin and/or hemicellulose, decregdime cellulose crystallinity and increasing the
surface area for the hydrolases [1]. Very few méshmainly based on oxidation, are targeting also
to solubilize the lignin and make this recalcitramganic fraction available for biodegradation.
Most of the above mentioned pretreatments are e¢edavith various obstacles; for example, high
temperature and pressure requirements, or use evhichls that may introduce toxicity to the
fermentation process [2]. In order to develop atrpegment method with the desired results,
oxidation of biomass in the presence of a catalgstbe an alternative choice. Additionally, from a
sustainability point of view a process operatedaeunchild conditions without producing toxic
compounds is more preferable. Moreover, this metmdxidative would decompose also lignin a
fraction which is often unutilized. Several studiesused on lignin oxidation, in order to transform
the highly complex polymer into valuable aromatleemicals and/or provide a source of low
molecular mass feedstocks suitable for downstreategsing [3].

Photocatalytic oxidation process can be an altesaadolution to perform depolymerization of

lignin under mild conditions. The catalyst used tfeesquently is titanium dioxide (Ti£) due to its
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high activity, chemical stability, commercial aadllity, and low cost [5]. Other semiconductor
materials, such as Zn@nd CdS, have also been tested. Basically, theopkidative degradation
of lignin is initiated when Ti@ absorbs ultraviolet (UV) light. The short waveldng@nd high
energy of UV light trigger reactions of two diffetepathways, namely, electron hole reaction and
OH radical oxidation, to complete the photolysisqass [4]. Aromatic aldehydes and carboxylic
acids are formed as the main products from theabxie degradation of lignin. Vanillin has been
obtained as a major valuable product in the oxigatieconstruction of lignin, with yields in the
range 5-15 wt% with respect to the lignin sourde T8ie application of the Ti@QUV system has
been focused on treating effluents such as olivewaiste water, paper mill effluent, black liquor,
wheat straw kraft digestion. Although the directofatatalytic oxidation of the complicated
structure of natural lignin without pretreatmentdsficult, some attempts have been made to
depolymerize some natural and synthetic lignin sesiwith simpler structures such as rice husk,
alkaline lignin, wood flour, into valuable produgecetic acid, malonic acid, succinic acid, vanilli
aldehydes, etc.) [3-5].

Based on the aforementioned premises, the presay svas mainly focused in exploiting the
photocatalytic activity of Ti@for pretreatment of wheat straw for biogas promuctn batch and
continuous mode experiments. Therefore, differententrations of TiQwere tested together with
different UV light irradiation times, for elucidaty whether photocatalytic treatment was increasing
the biodegradability of lignocellulosic biomass adetermine optimal pretreatment conditions.
Finally, the energy demand to perform the pretreatnwas calculated to determine the overall

energy efficiency of the AD process.
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2 Materialsand methods
All chemicals used in this study were of analytigedde and were purchased from Sigma Aldrich

ApS (Brgndby, Denmark) and gases were supplied®p A/S (Copenhagen, Denmark).

2.1 Characteristicsof inoculum and substrates

Inoculum was collected from Snertinge centralizeéagBs plant in Denmark, operated under
thermophilic conditions. The pH, total solids (T®9Jatile solids (VS) and total volatile fatty asid
(TVFAS) of inoculum were found to be 8.31, 27.5.2 /L, 17.1 + 1.2 g/L and 0.2 + 0.0 g/L,
respectively. Regarding the VFAs composition, tbetate was measured to be 0.1 + 0.0 g/L while
the rest of the compounds were found in negliditaetions (.e., isobutyrate, butyrate and
isovalerate). Additionally, the total Kjeldahl magen (TKN) and ammonium nitrogen (hHN)

were measured to be 3.6 £ 0.1 and 3.2 + 0.1 gépadively.

Cattle manure was obtained from an animal farmeal&nd, Denmark. Before used, the livestock
manure was sieved to discard the remaining ligmalosic residues and then, was stored at -20 °C.
The pH, TS, VS and TVFAs of manure were 7.69, 28064 g/L, 19.9 £+ 0.3 g/L and 3.6 = 0.1 g/L,
respectively. Moreover, TKN and NHN were 2.6 £ 0.1 g/L and 1.7 = 0.1 g/L, respedtive

Wheat straw was harvested from Zealand, Denmader A arrival to the lab it was cut into 2-3
cm length by a cutting mill (Retsch SM 2000) anerthstored at room temperature (21 °C) prior to
use. The TS and VS of wheat straw were determiodmet92.8 + 0.4% and 86.7 + 0.1%, of fresh
matter (FM) respectively. Furthermore, the wheedvstconsisted of 42.0 + 0.7% TS, 30.8 + 0.5%

TS and 26.7 £ 2.7% TS of cellulose, hemicellulase Klason lignin, respectively.

2.2 Photocatalytic oxidation experiments
Sample preparation consisted of soaking 0.92 gh&fatvstraw in 240 mL distillated water. The

resulting preparation was transferred into a 500bméker and this exposed to UV irradiation in a
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guasi-collimated beam apparatus at ambient temperé21 °C). This device consisted of a doped
medium pressure lamp (SR HUV700) with enhanced®arisn the irradiation wavelength of
interest (200-400 nm). UV radiations from the lawgre collimated using a hollow tube to

maintain a uniform distribution of UV light durirthe pretreatment and to use the light energy
efficiently. The distance from the lamp to the egrdf the bottom of the beaker was 30 cm and the
treated volume of sample was 240 mL. During thediation, the samples were gently stirred with
the use of a magnetic stirrer (200 rpm). Detailesicdption of the quasi-collimated beam apparatus
can be found in Hansen et al. [6]. UV light irratha times were varied from 0to 3 h (i.e. 0, 1, 2,
and 3 h) at different Tigconcentrations (0, 1.0, 1.5, 2.0% (w/w)). Experitaéret up is

summarized in Table 1. After completion of pretneant trials, three parts of the pretreated mixture
were used for BMP assays whilst the leftover pas wsed for further quantification of products of
lignin oxidation, VFA'’s, pH and to perform scannielgctron microscopy (SEM). Electrical energy
consumption of the device was retrieved from Hareteal. [6] in order to estimate the energy

consumption of the pretreatment.

Table 1 Pretreatment experimental set up and conditioiexperiments were performed at

temperature of 21 °C and 200 rpm.

2.3 Biomethane potential (BMP) assay

Biomethane potential (BMP) was determined accortingngelidaki et al. [7] in 320 mL glass
vessels (batch reactors) with a working volumeGii inL. A volume of 60 mL of the wheat straw
suspension (from the pretreatment trials) was mixitd 40 mL of a thermophilic (53 £ 1 °C)

methanogenic inoculum in the batch reactors sotki@adrganic load was diluted from 3.32 to 2
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gVS/L. The inoculum was allowed to degas for sedays in an incubator prior to use. The basic
characteristics of the inoculum are described atise 2.1. Avice? PH-101 cellulose (Sigma

Aldrich) was used (2 gVS/L) to validate the accyratthe BMP assay experiments. Batch reactors
only with inoculum and water (blanks) were includedietermine the residual methane production
from the inoculum. Finally, the batch reactors witiehed with a WCO, (80/20% (v/v)) gas

mixture, closed with rubber stoppers and aluminaps¢and incubated for a minimum of 30 days.
During incubation period, the reactors were shaksre a day to avoid the development of dead

zones. All BMP experiments were performed in toates.

2.4 Continuous mode experiments

A lab-scale CSTR with a total and working volumebdd and 3.0 L respectively was used to
perform the continuous mode experiment. The reacésroperated at thermophilic conditions (53
+ 1 °C) with heated water jackets. The hydraultemdon time (HRT) was set at 15 days
throughout the experiment by supplying 100 mL efd&tock twice per day with a peristaltic
feeding pump. The organic loading rate was set7ay0S/L/d. The feedstock consisted of 85% VS
of cattle manure and 15% VS of wheat straw. Theearpental period was divided in two distinct
operation phases. During first operation phase IjQlfe reactor was fed with untreated wheat
straw and cattle manure until steady-state conditiwere established [8]. Subsequently, second
operation phase (OP-II) started by feeding thetogaeith pretreated wheat straw (1.5% (w/w)
TiO, and 3 h UV-light irradiation) and cattle manur@s@nd effluent samples were taken twice a
week to measure methane content, pH and VFA'’s otisply. The biogas volume was measured

daily using the liquid displacement method [9].



152 25 Analytical methods

153 Total solids (TS), volatile solids (VS), total Kgielhl nitrogen (TKN) and ammonium nitrogen
154 (NH4-N) were determined as described in Standard MestH&6]. Determination of structural
155 carbohydrates and Klason lignin was performed atiogrto NREL protocol [11]. The pH of
156 inoculum and pretreatments was measured with a BREIMAB pH-meter. VFA's composition of
157 inoculum, cattle manure and pretreatments was measas described in Kougias et al [12].
158 Methane concentration in the headspace of batcletorsa was determined using a gas
159 chromatograph (GC Shimadzu 14A, Shimadzu, Kyotpada equipped with a flame ionization
160 detector (FID) [13]. Biogas composition in the hgaace of CSTR was measured using a gas
161 chromatograph (Mikrolab, Aarhus A/S, Denmark) egeigb with a thermal conductivity detector.
162 For both AD experiments, the methane yields arerted at STP conditions [7]. VFA's were
163 analyzed by gas chromatography on a Shimadzu GO-2@h a Shimadzu AOI-20i auto injector
164 [14]. Products of lignin oxidation were quantifiagth a Thermo Scientific Dionex Ultimate 3000
165 UHPLC system with Multiple Wavelength Detector (M\VAADOO RS). Products were separated on
166 a c18 reversed phase column (BDS HYPERSIL C18,x41®0 mm, 5 pum - Thermo Scientific)
167 equipped with a guard column (BDS-HYPERSIL-C18x40 mm, 5 um - Thermo Scientific).
168 Separation was achieved with a gradient of acettendand 0.3% (v/v) acetic acid. Flow rate was
169 kept constant at 1 mL/min. The injection volume w3 pL and the column compartment
170 temperature was set at 30 °C. The total time falysms was 22 min per sample including
171 equilibration time. Scanning electron microscopENBFEI Inspect S) equipped with thermionic
172 tungsten filament electron gun was used for thditqtisge study of morphology changes in wheat
173 straw due to the pretreatment. All the imaging wase under the high vacuum modes with large
174  field detectors.

175
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2.6 Statistical analysis

A one way analysis of variance (ANOVA) followed Bisher’s Least Significant Difference test
(LSD, p < 0.05) was used to evaluate if any significaffedences were observed in experimental
measurements. All statistical analyses were peddrasing OriginPro 9.0.0 SR2 software

(OriginLab Corporation, USA).

3 Resaultsand discussions

3.1 Photocatalytic oxidation of wheat straw

The effectiveness of the pretreatment on wheatvstras evaluated through the quantification of
main lignin oxidation products. In this study, thain products quantified from the photocatalytic
oxidation of wheat straw were vanillic acid andufer acid, for the pretreatments at irradiation
times of 0, 2, and 3 h at different concentratiboatalyst (0, 1.0, 1.5, and 2.0% (w/w) T)OAs
shown in Fig. 1, the effect of the pretreatmentdingctly correlated to the formation of vanillicid
and ferulic acid and was observed to be signifigart0.05 compared to the untreated wheat straw
(0% (w/w) TiG)/0 h), thereby confirming the effectiveness of pinetreatment. Increasing the
irradiation time had a positive effect on the oxidadegradation of the lignin fraction in wheat
straw. When the irradiation time was increased feota 3 h for the same catalyst concentration
(1.5% (w/w) TiQ), the concentration of vanillic acid at the endha reaction was increased by
57.7% whilst the ferulic acid concentration follaivne opposite trend. This could be an indication
that longer irradiation duration favors further detion of vanillin and formation of vanillic acid.
Ferulic acid underwent a first oxidation pathwayiteld vanillin as intermediate compound and

then, a further oxidation of vanillin to yield vélid acid. Recent studies have proposed this
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mechanism where the most important intermediaten the photocatalytic degradation of ferulic
acid were identified as homovanillic acid, vaniligandelic acid, trans-caffeic acid, vanillic acid
and vanillin and also organic acids such as fommwid, acetic acid and oxalic acid [15,16].
Quantification of total VFA's for the pretreatmentgh an irradiation time of 3 h and a catalyst
dose of 1.0 and 3.0% (w/w) TiOshowed that acetic acid concentrations increaised 7.1+1.7

mg/L (untreated wheat straw) to 26.82 + 2.62 and@ 2 8.20 mg/L, respectively.

Furthermore, a positive effect was also observeenvihe dose of catalyst was increased (from 1.5
to 2.0% (w/w) TiQ) for an irradiation time of 3 h. This resulted2h.6% increase in vanillic acid
concentration at the end of the reaction, in comparto the pretreatment with only 1.5% (w/w)
TiO,. This effect was also observed by Ksibi et al] MiBen they pretreated the lignin present in
alfalfa black liquor using a UV/Ti@system. In the absence of BiQolely UV-irradiation resulted

in negligible degradation of the lignin fractiorpfaoximately 3.3% in 420 min); whilst in the
presence of Tipthe amount of degraded lignin increased to re&éh 420 min. In addition to
vanillin, they also identified vanillic acid amotige different intermediates as a result of the

photocatalytic oxidation treatment of the lignimadik liquor.

As was expected, a slightly decrease in pH wasrebdeafter completion of the pretreatments. This
decrease in the pH was attributed to the formadfararboxylic acid groups during the

photocatalytic oxidation pretreatments.

It is important to point out that the conversiom aelectivity to the intermediate compounds
aforementioned highly depend on the structuregoiit. The lignin structure varies between
materials, with softwoods and hardwoods havingrditive proportions of the monomer. For
instance, grass lignin has additional phenolicabiound to the polymer by ester groups. In

addition, reaction and parameter conditions (cataliaracteristics, catalyst dose, irradiation fime

10
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etc.) determine the conversion and selectivityhefintermediates. Therefore, an accurate
understanding of different types of lignin and theiemical structure is fundamental to optimize its

use and target cost-effective pretreatments [3].

Fig. 1. Performance comparison of different pretreatmeotslitions based on vanillic acid and

ferullic acid concentrations.

3.2 Scanning Electron Microscopy (SEM)

SEM was performed in order to obtain an insighthenstructural changes induced by the
pretreatment and visually to evaluate the struttlifierences between untreated and pretreated
wheat straw. SEM images showed that longer irremhdtme along with higher concentration of
TiO, resulted in disruption of the smooth surface oéathstraw with increased porosity.
Specifically, the surface of untreated sample lwapits and furrows (Fig. 2a) compared to Fig. 2¢
and 2d, in which furrows with larger pits can bes@lved. The furrows are certainly the spaces
from where the lignin polymers were disrupted dgtine pretreatment. The SEM observations
provide a qualitative confirmation of the quantitatmeasurements (i.e. vanillic acid and ferulic
acid). Specifically, wheat straw with the most diged surface (Fig. 2d) was associated with the
highest amount of vanillic acid released after ugdmg pretreatment (Fig. 2d). Conversely, an
irradiation time of 1 h (Fig. 2b) did not show amgticeable difference compared to untreated

samples.
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Fig. 2. SEM images of untreated and pretreated wheat s&tplntreated; b) 2.0% (w/w) Ty h;

c) 2.0% (wiw) TiQ/2 h: d) 2.0% (wiw) Ti@/3 h.

3.3 BMP assays

A set of BMP experiments was conducted in ordehdooughly examine the effect of the
photocatalytic oxidation pretreatment on the bioddgbility of wheat straw and the results are
shown in Fig. 3. Firstly, both the solely applicatiof UV-irradiation in the absence of Ti@s the
application of different catalyst doses in absewfddV-light had no significant effect on the
biomethanation process. This was also observedamgland Kim [16], when they pretreated rice
straw with only UV-light in absence of THOOn the other hand, regardless the catalyst dose,
irradiation for 1 h did not result in any signifidaboost in methane yield, probably due to the

limited exposure time to induce a significant chengthe biomass structure.

The effect of irradiation time on ultimate methamed increase became significant starting from
1.0 to 2.0% (w/w) TiQ@ catalyst concentrations as observed in Fig. 31K (w/w) TiQ and 3 h
irradiation time, an increasp € 0.05) in methane yield of 24% (311886.77

NmMLCH4/gVSagded Was observed compared to no irradiation time tmms (251.96t 12.72
NMLCHA/gVSagged- Similarly, for 1.5 and 2.0 % (w/w) TiCat the same exposure time (3 h), this
increasedf{ < 0.05) corresponded to 33% (3332%0.02 NmLCH/gVSaqded and 24% (316.6%
12.47 NmLCH/gVSaqded With respect to no irradiation (251.394.91 and 255.11 4.16

NMLCH4/gVSaqdeq respectively) conditions.

Contrary to aforementioned, increasing the catalgse did not result in a significant effect on
methane yield for the same irradiation treatmeaot.datalyst dose 1% to 2% (w/w) Ti@r all

irradiation durations (1, 2, and 3 h), non-statadty differences{ > 0.05) were observed in the

12
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ultimate methane yield as shown in Fig. 3. One pttae was when the catalyst concentration was
increased from 0.5 to 1.0% (w/w) TiGpecifically for 3 h irradiation time, where armigcant
increase in methane yield was observed. Then,@aiegd by increasing the concentration above
the threshold of 1.0% (w/w) TiQincrease on methane yield was no significant 0.05).

Actually, it was previously found that the incredas®ncentration of Ti@in the solution can
potentially level off the efficiency of photocataly, as the increased concertation of catalyst can
partially prevent the UV transmittance [17]. Thire augmented concentration of catalyst is not

always associated with increased effectivenes$atiogatalysis.

Finally, the most effective pretreatment conditibmsnd in this study corresponded to 1.5% (w/w)
TiO, and 3 h irradiation time, which resulted in a gigant (p < 0.05) increase of 37% (333.25
15.02 NmLCH/gVSadded in methane yield compared to the one obtaineoh uatreated wheat

straw (243.23 8.19 NmLCH/gVSadged-

Similarly, significant increasgp(< 0.05) in methane yield was also observed fair@atment
conditions with 1.0 and 2.0% (w/w) Ti@t 3 h irradiation time resulting in an incremenH28%
(311.96+16.77 NmLCH/gV Sadded and 30% (316.6% 12.47 NmLCH/gV Sadded, COMpared to

untreated wheat straw, respectively.

This is in agreement and is supported with our ipresobservation (section 3.1) that longer
irradiation times favor the formation of the protiiGaromatic aldehydes and carboxylic acids)
from the oxidative degradation of lignin, therelawimg a positive effect on the biomethanation

process.
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Fig. 3. BMP assay — methane yield for the different pedtreent conditions (means with the same

letter are not significantly different from eaclnetp > 0.05).

3.4 Continuous mode experiments

The most effective pretreatment identified by BMBt$ (i.e. 1.5% (w/w) Tig 3 h UV irradiation)
was further investigated in continuous mode opemnatnitially, the CSTR reactor was operated at
stable conditions using cattle manure and untreatesit straw in the feedstock for one HRT. As
shown in Fig. 4a and 4b the steady state conditbnsactor can be seen with low VFA
accumulation, stable pH and steady methane yielthtve than ten days [14]. After this period, the
feedstock was changed and specifically, the lighalosic biomass was pretreated before feeding
into the reactor. The effect of pretreatment wasadiately observed, as a rapid increase in
methane yield was monitored due to the changedfeekl This rapid change can be explained on
the basis of increased susceptibility of wheawstradue to the applied pretreatment — to microbial
attack and also from the utilization as microbigdstrates of the formed lignin oxidation products
(i.e., vanillic acid, ferulic acid, acetic acid) teethane. At steady state conditions, the metheshe y
was increased up to 25% compared to untreatedttexgsvithout provoking any instability to the
reactor, as seen by the stable pH and low VFA aaotation (Fig. 4a and b). On the other hand, the
achieved increment was remarkably lower compard&M® results. Indeed, in continuous trials
the substrate is constantly fed to and removed tr@meactor so that the reaction time is lower to

achieve the maximum biodegradability as in batetctas.

Moreover, from the stability of reactor with predted wheat straw and steady operation throughout
the second and third HRT, advocate the benefihotgratalytic oxidation process to be used at

larger scale.
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Fig. 4. CSTR reactor performance; a) methane yield; b) \@AEéumulation and pH.

3.5 Energy balance
A simplified energy balance analysis was perforrimechlculate energy efficiency as function of
the amount of substrate for the different pretrestintconditions tested in BMP assays. The

procedure for evaluating energy efficiency is gibgrthe equation:

n= 1- ( EPretreatmem/ E Cki)

WhereEcha is the heating value of the produced methaneEgRgkameniS the energy used in the
pretreatment, for each particular set of pretreatroenditions, respectively. The electrical energy
consumption by the UV-lamp was considered as sellegrgy used during the pretreatment and
was determined experimentally according to Hansah ¢5] obtaining a value of 0.061 kWh per
unit of volume () of the suspension treated per unit of time (m&#sed on this and the
aforementioned assumptions, results are depictédjirb. Except for untreated wheat straw
(Epretreatment= 0) for each specific pretreatment condition @akreven point is defined. As observed
for amounts of substrate to be treated lesser@hag all pretreatments become infeasible.
Conversely above this threshold value, the enardesisibility of the process depends on both
amount of substrate as pretreatment conditiondstdibove 1.15 g the energy balance is positive
for all pretreatment conditions. For instance, Xfay of substrate to be treated all pretreatmets ar
feasible except for 0.5% (w/w) T¥Bh conditions. However, 1.5 and 2.0% (w/w) F®h present

a higher efficiency compared to other conditiomenkan economical point of view, it would be
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preferred to select the pretreatment with lowealgat dose as both present practically the same

efficiency.

Finally, it should be remarked that this energycedhcy analysis was based on the ultimate
methane yields obtained from BMP assays and itdiffiér when continuous mode operation is

considered.

Fig. 5. Comparison of different pretreatment conditiongeirms of energy efficiency analysis.

4  Conclusions

This study defined that photocatalytic pretreatneoam boost the lignin disruption and
subsequently, improve the anaerobic degradatioacaficitrant wheat straw. Among the products
from the oxidative degradation of lignin under BV catalyst system, vanillic acid and ferulic
acid were detected at a maximum value of 91.18@ and 1.67 £ 0.01, using 2.0% (w/w) BiO
and 3 hours UV irradiation in the range of 200-40®. Moreover, the most effective pretreatment
strategy (1.5% (w/w) Ti@and 3 h) was found to increase the biodegradgloditvheat straw up to
37% compared to untreated biomass. The positivacingf photocatalytic pretreatment was also
observed in continuous trials, as the methane ptamuwas increased by 25%. It was concluded
that the photocatalytic oxidation of lignin-richbmirates is a promising method to disrupt the non-
degradable organic fraction under mild conditidfiswever, a simplified energy balance was
computed and revealed that further investigatioassall needed to improve the overall process

efficiency and possibly transform lignocellulosiotmass directly into products of economic
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interest such as vanillin, vanillic acid and/oriier acid, rather than the low economic value bgga

as the only product.
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413 Table 1 Pretreatment experimental set up and donditAll experiments were performed at

414 temperature of 21 °C and 200 rpm.

415
Pretreatment Organic load Catalyst_ Irra_d|at|on
concentration time
gVS/L % (wiw) TiQ h
1 3.32 0.0 0
2 3.32 0.0 1
3 3.32 0.0 2
4 3.32 0.0 3
5 3.32 0.5 0
6 3.32 0.5 1
7 3.32 0.5 2
8 3.32 0.5 3
9 3.32 1.0 0
10 3.32 1.0 1
11 3.32 1.0 2
12 3.32 1.0 3
13 3.32 15 0
14 3.32 15 1
15 3.32 15 2
16 3.32 15 3
17 3.32 2.0 0
18 3.32 2.0 1
19 3.32 2.0 2
20 3.32 2.0 3
416

417
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Fig. 1. Performance comparison of different pretreants conditions based on vanillic acid and

ferullic acid concentrations.
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425 Fig. 2. SEM images of untreated and pretreated idtemw: a) Untreated; b) 2.0% (w/w) T h;

426 c) 2.0% (w/w) TiQ/2 h; d) 2.0% (w/w) Ti@'3 h.
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Highlights

* TiO,/UV based photocatalytic pretreatment was succigsipplied to wheat straw

Products of economic interest (vanillic acid analfie acid) were identified

Best pretreatment conditions: 1.5% (w/w) Fi€raw at 3 hours of UV light exposure

Best pretreatment in BMP assays resulted in 37%ease in methane yield

Best pretreatment in CSTR’s resulted in 25% ineré@gasnethane yield



