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Abstract
The H-factor, a parameter used extensively to analyze and predict the outcome of kraft pulping, is applied to organosolv
pretreatment. The total solid yield after organosolv pretreatment fits well with the H-factor. The concept has been extended
to apply to the individual biomass polymers using unique values for the activation energy for the depolymerization of the
individual biomass polymers, giving the O-factor concept analogous to the P factor used for analyzing prehydrolysis kinetics.
The results showed a linear relationship between ln(L0/L) and O-factor at an activation energy of 96 kJ/mol. The best linear
fit for mannan and xylan degradation was obtained at O-factor activation energies of 104 kJ/mol and 142 kJ/mol, respectively,
and the formation of furfural and 5-HMF gave a good linear fit using an O-factor activation energy of 150 kJ/mol. The
O-factor is thus a useful concept for analyzing organosolv pretreatment when the temperature during pretreatment is not
constant.

Keywords Organosolv pretreatment · H-factor · O-factor · Softwood

1 Introduction

An increased concern about the environment and limited
availability of fossil fuels have led to an urge for alternative,
sustainable resources. Several sources are already being
utilized, such as solar energy, wind, and hydro energy.
Among the alternative sources, biofuels attracted attention
of scientific community as well as the industry. Biofuels
provide an effective solution to reduce greenhouse gas
emission in countries with sufficient biomass resources [5].
The use of ethanol as a biofuel can be traced back to
1826 when it was used to power an internal combustion
engine [16]. Ethanol was on high demand during World
War II, when countries used it as gasoline booster or
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as a fuel [39]. Current large-scale ethanol production
uses sugars or starch as raw material creates the food
or fuel dilemma [28]. In the recent years, ethanol from
lignocellulosic biomass, also known as advanced biofuel,
has gained attention due to its sustainability as it reduces
the food or fuel dilemma. Lignocellulose biomass primarily
consists of three main components: cellulose, a highly
crystalline homopolymer, hemicellulose, an amorphous
polymer consisting of hexose and pentose sugars, and
lignin, a complex polymer of phenolic subunits [6]. This
complex structure of biomass makes it resistant to enzyme
attack, an evolutionary trait of trees to survive in the wild but
a challenge in biofuel production. This recalcitrance causes
a need for a pretreatment step before enzymes can hydrolyze
the polymers into mono-sugars [8]. The pretreatment step
removes lignin and part of the hemicellulose so that the
cellulose becomes accessible to enzymes.

Several pretreatment methods have been tested and
employed both in laboratory and industrial scale. Among
the various methods, organosolv pretreatment is gaining
attention due to the fact that it produces lignin in its
most unaltered form [43]. The above is crucial in the
current situation as the industries reached a realization
that an integrated bio-refinery, producing not only ethanol
but also chemicals, is the economical approach [32]. This
could make lignin, which traditionally is used as an energy

/ Published online: 13 July 2021

Biomass Conversion and Biorefinery (2023) 13:6727–6736

http://crossmark.crossref.org/dialog/?doi=10.1007/s13399-021-01667-8&domain=pdf
http://orcid.org/0000-0001-5100-574X
mailto: storker.moe@ntnu.no
mailto: joseph.prajin@ntnu.no
mailto: mihaela.opedal@rise-pfi.no


source, a valuable byproduct, if produced with minimum
modifications. Organosolv pretreatment is a process in
which the biomass is delignified using organic solvents with
or without the presence of catalysts [18–21]. The kinetics of
the reactions (hemicellulose and lignin removal and furan
formation) is enhanced by addition of catalysts like e.g.
H2SO4. Apart from the fact that the organosolv pretreatment
produces the least altered lignin, it has the advantage over
other conventional pretreatments, such as ease of solvent
recovery due to the low boiling point of solvent. This
solvent recovery also leaves the lignin as a solid and
carbohydrates, mainly from hemicellulose, as a syrup [43].
It also possesses some disadvantages such as high cost of
organic solvents and expensive equipment development due
to highly volatile nature of many organic solvents.

Organosolv pretreatment has been utilized for more than
100 years [42]. Pretreatment is the most important step in
the biofuel production as it influences the hydrolysis and
the ethanol yield and is the most energy demanding step
in the whole process [34]. An optimization of the process
parameters is hence inevitable for an economical operation
of the plant. Among the process parameters, reaction
time, temperature, solvent concentration, and catalyst
concentration are the most important. An effort to express
the combination of time and temperature as a single value
has been done, since expressing those parameters separately
became cumbersome and confusing. Several parameters
have been introduced such as the severity factor and the
H-factor [7]. The severity factor is used extensively for
characterization of organosolv severity in pretreatment these
days, but has the disadvantage of not including the heating
time to the reaction temperature. This disadvantage can
be overcome by the use of the H-factor, a parameter used
more often in pulping processes. Versions of the severity
factor can be found in the literature where an integration
is used to accommodate the non-isothermal operation. R0

and ROH were calculated as the integral value in several
works [4, 27, 29, 31]. It is worth noting that the severity
factor concept was developed on the same basis as the H-
factor concept; however, the H-factor is a direct integral
of the Arrhenius equation whereas the severity factor
often uses a Taylor series expansion of the exponential
[1, 14]. The H-factor does not take into consideration
the catalyst concentration and the concentration of the
solvent used. Hence, it is very important to report these
parameters when reporting the H-factor since the change in
catalyst concentration or the solvent loading will affect the
activation energy and thus the H-factor value. The extended
severity factor enables the inclusion of catalyst effect to
the overall severity of the reaction by introducing the pH
term [7].

1.1 H-factor

The H-factor is a concept first introduced by K.E. Vroom
in 1957 for the kraft pulping process and is today a
well-established concept used for quantifying the extent of
reaction during kraft pulping [2, 10, 41]. The H-factor is
derived by assuming the reaction is first order and follows
the Arrhenius equation. Then the reaction rate constant k is
given by Eq. 1

k = Ae−EA/RT (1)

And the H-factor can be written as

H =
∫ t

0
Ae−EA/RT dt (2)

where A is not the same as the frequency parameter in the
Arrhenius equation, but a constant introduced by assuming
a relative reaction rate of unity at 100 ◦C

Lignocellulosic biomass is a highly complex heteroge-
neous system, and hence, a single value of kinetic parame-
ters cannot define the whole system. A common assumption
is to consider biomass as a “lump system” consisting of dis-
crete subunits or “lumps” with individual kinetic parameters
[1]. This model assumption allows us to assign individual
H-factors for the components in biomass. Furthermore, by
assuming a first-order reaction, we can write the general rate
of reaction as,

−dC

dt
= kC (3)

by rearranging and integration, the equation becomes

ln
C0

C
=

∫ t

0
k dt (4)

By comparing Eq. 2 and Eq. 4, it can be written

ln
C0

C
= m ∗ H (5)

Equation 5 suggests that a graph of the natural logarithm
of the initial concentration of one species to the final
concentration against H-factor should be a straight line with
a slope m. This article is investigating the extent of this
linear relationship. If found, such a relationship will help in
tailoring the pretreatment process in such a way that it can
result in desired output composition.

The concept of using a different activation energy than
what Vroom used for the H-factor is not new. Herbert
Sixta has mentioned the SF-factor for sulfite pulping and
the P-factor for prehydrolysis in kraft pulping [35]. The
prehydrolysis factor or P-factor concept was already been
proposed by Brasch and Free in 1965 where it was assumed
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that the prehydrolysis rate triples for each 10 ◦C rise in
temperature [3]. Lin tried to use the P-factor concept with
a fixed activation energy value of 125.6 kJ/mol and got a
good fit [35]. This value is a typical activation energy for
glycosidic bond cleavage of carbohydrates in wood. The use
of the P factor concept can be found in other literature such
as Yaldez and Ecker 2000 and Testova 2011 [38]. To the
extent of the authors’ knowledge, no such attempt to use the
H-factor concept to individual compounds of wood has been
done before and the authors would like to introduce the “O
factor” concept, an organosolv pretreatment analogue to the
H-factor concept.

2Materials andmethods

2.1 Rawmaterials and chemicals

The wood chips used in this study were industrial Norway
spruce (Picea abies) chips from Norske Skog Skogn,
Norway. The chips were dried and fractionated to different
particle sizes at RISE PFI. The −8/ + 7 mm fraction
was stored at room temperature until further use. Absolute
ethanol was obtained from VWR chemicals. Sulphuric acid
(ACS reagent, 95% to 98%) was received from Sigma-
Aldrich.

HPLC analytical standards glucose (ACS reagent, ≥
99.5%), xylose (ACS reagent, ≥ 99%), arabinose (ACS
reagent, ≥ 99%), galactose (ACS reagent, ≥ 99%), mannose
(ACS reagent, ≥ 99%), furfural (ACS reagent, 99%), and
5-HMF (ACS reagent, ≥ 99%) were obtained from Sigma-
Aldrich. HPLC internal standard mannitol (ACS reagent, ≥
98%) was obtained from Sigma-Aldrich. All the chemicals
were used as received.

2.2 Moisture analysis

Moisture content of the sample was calculated gravimetri-
cally. A pre-weighed amount of sample was dried in an oven
at 105 ◦C overnight and then weighed again.

2.3 Reactor setup and organosolv pretreatment

The reactor used in these experiments is a custom-made
autoclave reactor system with 6 parallel autoclaves from
TOP industries, France. Each autoclave has an internal
volume of 1L and the system uses electrical heating. The
operating pressure and temperature are 50 bar and 220 ◦C.
The reactor cap is fitted with a themocouple which is
extended to the inside to measure the internal temperature.
The reactor is seated in an inclined position and is agitated
throughout the reaction for proper mixing and even heat
distribution. 50 g of wood chips (oven-dried weight) was

used in all the experiments. A 63% (w/w) solution of ethanol
in water was used as the solvent and 1% H2SO4 (oven-
dried wood basis) was used as catalyst. A liquid to solid
ratio of 7.5:1 was used. After mixing the solvent with the
wood chips and the catalyst, the reactor was inserted into
the heating jacket and let being agitated for 10 min to ensure
proper impregnation of the wood chips. A fixed heating rate
of 2 ◦C per minute was used to heat the system to the desired
temperature unless stated differently. Upon completion of
the reaction, the reactor was cooled in a water bath to
stop the reaction. The effluent was separated from the solid
residue by filtration and was stored at 4 ◦C until further
use. The solid residue was washed first with solvent of same
concentration as used for the reaction followed by about 10
L of warm water. The pretreated chips were then collected
in a zip-lock bag, weighed, and stored at 4 ◦C.

Table 1 shows the reaction temperature and heating time
used for each experiment. The validation experiments are
marked with v.

2.4 Carbohydrate and lignin analysis of the biomass

The carbohydrate and lignin analysis of untreated and
pretreated biomass was based on the NREL method for
structural carbohydrate and lignin analysis in biomass [37].
The sample was air-dried to a moisture content below 10%.
The sample was then powdered and 300±10 mg of sample
was transferred to a reaction tube. Three milliliters of 72%
H2SO4 was added to the sample and mixed thoroughly with
a Teflon rod. The tube was then placed in a Laboshake at
30 ◦C and incubated for 60 min with stirring the sample
every 5 to 10 min. After incubation, the tube was removed
and the contents of the tube were transferred to a 100-ml
pyrex glass bottle and diluted with 84 ml distilled water
to make the acid concentration be 4%. The sample was
autoclaved at 121 ◦C for 1 h, cooled to room temperature
and filtered through a pre-weighed filter paper. The liquid
was collected, neutralized using Ca(OH)2, and analyzed
using HPLC. The filter paper and the undissolved content
were dried in an oven at 105 ◦C overnight and the Klason
lignin was analyzed gravimetrically. The liquid fraction
was analyzed for acid soluble lignin before neutralization
using UV/Vis spectrometry at a wavelength of 205 nm. The
composition of the pretreated biomass samples is given in
Table 4 (Appendix).

2.5 Analysis of the effluent

The amount of organosolv effluent lignin (OEL) was
calculated by precipitating the lignin by adding three
volumes of water to one volume of effluent. The precipitated
lignin was separated by filtration and dried overnight in
an oven and the amount was calculated. The amount of
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Table 1 Reaction parameters for all the reactions. The validation experiments are marked with the letter “V”

Sample ID Reaction temperature ( ◦C) Heating time (min.) Time at reaction temperature (min.) H-factor

150A 150 65 165 487

150B 150 65 200 581

150C 150 75** 65 213.5

160A 160 70 80* 687

160B 160 70 120 901

170A 170 75 73 1302

170B 170 85** 55 1037

170C 170 120*** 155 2597

180A 180 80 44 1974

190A 190 85 60 5815

195A 195 87 18 3270

170DV 170 75 90 1571

180BV 180 60 60 2568

180CV 180 80 30 1477

190BV 190 85 20 2358

190CV 190 85 30 3162

*18 minutes on decreasing temperature from 160 to 148 ◦C
**10-minute hold at 100 ◦C instead of 20 ◦C
***A heating rate of 1.25 ◦C/min

5-HMF and furfural was determined using HPLC. The
NREL procedure for determination of sugars, byproducts,
and degradation products in liquid fraction process samples
[36] was used for the analysis of carbohydrates. The
composition of the effluent samples is given in Table 4
(Appendix).

2.6 High-performance liquid chromatography

The samples were analyzed on a Shimadzu Providence
HPLC system provided with RI and multichannel UV-VIS
detectors. Separation of alcohols, acids and furans was done
on an Agilent Hi-Plex H column (300 mm × 7.8 mm) using
0.005M H2SO4 as mobile phase. The flow rate was 0.6
ml/min and the column temperature was 60 ◦C. Separation
of monosaccharides and furans was done on an Agilent
Hi-Plex Pb column (300 mm × 7.8 mm) with an inline
deashing column (Bio-Rad Micro-Guard) using DI water as
mobile phase. The flow rate was 0.6 ml/min and the column
temperature was 50 ◦C.

2.7 Model fitting

Model fitting for the main components such as lignin, xylan,
mannan, and the furans was done by regression analysis.
The range of activation energy values for each compound
was chosen based on the literature. Once the range of values

was decided, the physical meaning of activation energy was
disregarded while performing regression analysis and the
value which gave the best model fit was calculated using R2

analysis. Once this value was calculated, this was compared
to activation energy values from the literature to make a
physical meaning to the value.

3 Results and discussion

The composition of untreated biomass is given in Table 2.
The yield of biomass after pretreatment was plotted against

Table 2 Biomass composition of untreated Norway spruce

Component Weight % (O.D.W basis)

Glucan 43.79

Xylan 4.73

Arabinan 1.12

Galactan 1.40

Mannan 10.80

Lignin (ASL+AIL) 31.5

Extractives 1

Ash 0.2

Non-detected 5.46
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Fig. 1 Biomass yield after
pretreatment plotted against the
H-factor. A second-order
polynomial regression was used

the H-factor, calculated using an activation energy of
134 kJ/mol as in the original H-factor expression [41]. The
resulting graph is given in Fig. 1. A single relationship was
observed for all the temperatures chosen, suggesting that
the H-factor correlation is valid for organosolv pretreatment.
Based on Eq. 5, a relationship between the individual
components of biomass and the O-factor was investigated.
Lignin was chosen first and the O-factor for all the reactions
was calculated for a range of activation energy values from
70 to 100 kJ/mol, based on the literature on lignin activation
energies in pretreatment [9, 15, 33, 40]. A regression
analysis gave the best fit with a R2 value of 0.95 for an
activation energy value of 96 kJ/mol. Figure 2a shows this
relationship. The y coordinate is the natural logarithm of the
ratio of the initial lignin content to that after pretreatment.
The obtained value is comparable to the values reported
in literature shown in Table 3. The activation energy value
obtained is very similar to the activation energy reported
for methanol and ethanol pulping, but is lower than for
autocatalyzed ethanol pulping. Since catalyst concentration
affects the activation energy, this difference is expected. It
should be noted that the value 96 is not the activation energy
but the model parameter. The comparison of the value to the
reported activation energy values shows the validity of the
model.

Figure 2a shows that it is possible to predict the lignin
content of the pretreated Norway spruce from the O-
factor value. It can be seen from the graph that similar
O-factor values were achieved with different temperatures

but resulted in similar delignification. Such a relationship
can be useful in industry when designing the operation
parameters. It provides flexibility in choosing the reaction
temperature and time. The investigation was then extended
to xylan, one of the main polysaccharides in hemicellulose.
A regression analysis strategy similar to the one used for
lignin was used. An activation energy range of 120 kJ/mol
to 150 kJ/mol was used based on the literature [12, 13, 26].
A good fit was not obtained for xylan, but the best fit was
at an activation energy of 142 kJ/mol with a R2 value of
0.81. Figure 2b shows this relationship. Even though a good
fit was not obtained over the entire O-factor range, it is
interesting to note the change in slope at an O-factor value
of approximately 2000. It can be seen to have two straight
lines with different slopes meeting at 2000. The concept
that there exist at least two kinds of xylan in biomass with
different reactivity to hydrolysis has been suggested by
other authors [17, 23, 26]. The differences in the structure
and properties of these xylans are not clear, as this is a
hypothesis formulated based on the observed change in
activation energy of xylan during pretreatment. It is worth
noting the last data point in Fig. 2b which indicates that
the xylan removal has reached a plateau around an O-factor
value of 6000. This was also observed in another study [24].
Mannan, a major hemicellulose-based monosugar, gave an
acceptable fit at an activation energy of 104 kJ/mol, shown
in Fig. 2c. An analysis of minor sugars such as galactose or
arabinose was not done since those sugars were not detected
in some of the experiments.
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Fig. 2 O-factor dependence of lignin, xylan, and mannan. a Plot of
lignin vs O-factor, where the O-factor was calculated using an EA

value of 96 kJ/mol. L0 and L represents the percentage of lignin in the
untreated biomass and the pretreated biomass respectively b Plot of
xylan vs O-factor, where the O-factor was calculated using an EA value

of 142 kJ/mol. X0 and X are the percentage of xylan in the untreated
and the pretreated biomass respectively. c Plot of mannan vs O-factor,
calculated using an EA value of 104 kJ/mol. M0 and M represents
the percentage of mannan in the untreated and the pretreated biomass
respectively

The graphs show a relationship between O-factor and the
composition of different species in biomass. Having said
that, a further investigation is required to analyze how well
the O-factor concept fits for organosolv pretreatment and

in what range the assumptions hold true. A method similar
to the one used by A.L. Macfarlane [25] was employed.
The biomass was treated with same liquor and same catalyst
concentration as before. The reaction temperature and the

Table 3 List of activation
energy for the bulk
delignification values from the
literature

Delignification method Bulk delignification EA(kJ/mol) Reference

Acid catalyzed acetic acid method 74.8 [40]

Methanol-water method 98.4 [15]

Ethanol pulping 98.5 [30]

Auto-catalyzed ethanol pulping 117.5 [21]

Kraft delignification 106 [33]
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Fig. 3 Holding time vs ln(L0/L) for three reaction temperatures, where
L0 is the percentage of lignin in the biomass after pretreatment for
15 min at the reaction temperature. a Plot of ln(L0/L) vs time at the

reaction temperature of 170 ◦C. b Plot of ln(L0/L) vs time at the reac-
tion temperature of 180 ◦C. c Plot of ln(L0/L) vs time at the reaction
temperature of 190 ◦C

Fig. 4 Weight % yield of furans vs the O-factor at an activation energy of 150 kJ/mol. a Plot of yield vs O-factor for furfural. b Plot of yield vs
O-factor for 5-HMF. Both the plots are obtained using a second-order polynomial regression
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Fig. 5 Comparison of the validation data to the experimental data.
The maximum % error between the validation data and the value
obtained from the straight line equation was 15%. Same color code for
temperatures was used as in Figs. 1, 2 and 4

time to reach the temperature were kept constant and only
the time at reaction temperature was varied between 15
and 90 min. Instead of taking the composition of untreated
biomass as the initial concentration, the concentration in
the biomass treated for 15 min was taken as the initial
concentration and all the others were compared to this. In
this manner there is the possibility to compare isothermal
reactions. So if the assumptions from Arrhenius equation
are applicable, a graph of ln(C0/C) vs time would result
in a straight line. This experiment was done at three
different temperatures, which are 170 ◦C, 180 ◦C, and
190 ◦C. The graphs for lignin are given in Fig. 3. There
are deviations from a straight line at the lower and upper
ends but the middle range values follow a straight line.
Now this would give us an idea about the range in which
the O-factor-lignin relationship is valid. It is worth noting
that all the experiments were conducted within this O-
factor-lignin relationship linearity range. Furthermore, the
deviation at low and high O-factors can be understood by
the concept of three stages of delignification: initial, bulk,
and residual delignification [22]. As per this concept, the
delignification takes place in three stages, a fast first stage
called initial delignification, a second slower delignification
stage called the bulk delignification, and finally the
slowest residual delignification. Most of the lignin removal
takes place in the bulk phase, and it can be assumed
that the bulk delignification was dominating during the
experiments.

The yield of furans, the main degradation products in
organosolv pretreatment, was plotted against the O-factor

since there are no detectable furans in the untreated biomass.
An activation energy of 150 kJ/mol was used to calculate
the O-factor, a value on the higher side of the range of
values reported in the literature [11, 12]. The kinetics
of formation of furans is greatly affected by the acid
concentration and since a fairly low acid concentration was
used in this study it is reasonable that the activation energy
value obtained is on the higher side. The furan formation
would be higher if the acid concentration was higher and
would be lower in case of an uncatalyzed reaction. The
plots for furfural and 5-HMF are given in Fig. 4. Both
the furans followed a single relationship with regard to O-
factor suggesting that the concept of O-factor is useful in
predicting the degradation product formation as well. This
furan/O-factor relationship can be utilized to optimize furan
formation such that this undesired byproduct can be put to
profitable use.

Since validation of the obtained model parameters
using an independent set of experiments is desirable in
any modeling work, the validity of this work was also
checked using an independent set of experiments. The
results are shown in Fig. 5. The validation data points
fit well with the experimental data used for the model.
The experimental values showed a decent correlation to
the theoretical values with a maximum error of 15%.
Considering the experimental errors and the slight variation
in wood composition, the authors believe that the error
margin is acceptable.

4 Conclusion

This study shows that the lignin content in Norway spruce
after organosolv pretreatment can be predicted from the O-
factor calculated with an activation energy of 96 kJ/mol.
Such a straightforward relationship was not possible for
xylan since there seems to be at least two kinds of xylan
present with different reaction parameters. Mannan can be
predicted using an activation energy of 104 kJ/mol. The
furans also followed a single relationship suggesting the
validity of the O-factor concept in predicting the formation
of degradation products. This study concludes that the O-
factor is a useful tool in organosolv pretreatment which
can be useful for predicting the product composition. Even
though the O-factor can be a useful tool in designing
the reaction, it should be noted that this is not a
general model. The O-factor depends on the catalyst
concentration, biomass type, and the solvent property. The
values will change if one or all of the above parameters are
changed.
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Appendix

Table 4 Compositional analysis of solid residue and effluent after the ethanol organosolv pretreatment at different temperatures

Component 150A 150B 150C 160A 160B 170A 170B 170C 180A 190A 195A

Solid residue

Glucan 39 38.67 41.83 42.77 35.7 38.93 37.8 27.54 35.74 17.79 30.72

Xylan 2.33 2.1 3.4 2.04 1.6 1.2 1.93 0.77 0.7 0.44 0.48

Arabinan 0.72 0.37 1.36 0.63 0.46 0.21 0.7 0.36 0.27 0.23 0.16

Galactan 0.12 0.12 1.02 0.11 0.08 0.06 0.23 0.4 0.09 0.4 ND

Mannan 5.3 4.95 8.28 3.69 2.93 1.05 2.88 ND 1.04 ND 0.72

Furfural 0.06 0.05 0.04 .076 0.05 0.05 0.26 0.12 0.03 0.07 0.02

5-HMF 0.65 0.64 0.34 0.68 0.57 0.65 0.28 0.19 0.59 0.12 0.48

Klason lignin 19.9 18.54 24.16 19.43 16.46 14.58 16.33 7.88 12.38 4.96 11.16

ASL 0.29 0.26 0.35 0.25 0.24 0.33 0.31 0.27 0.4 0.38 0.34

Effluent

Glucan 3.47 3.37 1.63 4.41 8.28 4.6 4.3 9.27 5.27 6.45 6.03

Xylan 1.44 1.73 1.8 1.57 1.13 1.65 2.02 3.76 1.68 0.49 1.17

Galactan 0.91 0.711 1.44 0.86 2.5 1.0 1.25 0.37 1.22 0.36 0.87

Mannan 4.72 5.0 3.76 5.85 8.26 4.81 5.72 8.76 4.93 3.27 4.36

Furfural 0.26 0.31 0.07 0.35 0.56 0.78 0.73 1.48 1.38 2.72 2.11

5-HMF 0.5 0.65 0.10 0.75 1.22 1.69 1.63 2.27 2.83 4.32 4.0

OEL 8 9.6 3.42 10.2 12.6 14.8 11.9 18.6 13.4 20 15
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