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CO-DIGESTION OF SEWAGE SLUDGE
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Abstract: In the present study, the concept of integrated technological co-digestion system that ensures high
effectiveness of glycerine fraction and sewage sludge was developed. The addition of glycerol fraction to
sewage sludge influenced positively the degree of organic matter biodegradation and the quantity and quality
of biogas produced. Introducing sewage sludge after effective microwave disintegration into feedstock
allowed to further improve the effectiveness of the co-digestion process analysed. The co-digestion mixtures
performed in conditions ensuring high effectiveness and an appropriate digestion stability (hydraulic retention
time (HRT) = 20 days) allowed to increase the methane production by 18-23% and methane yield up to 10%
compared to the samples of glycerine and untreated sludge digested in optimal conditions (HRT = 22-24
days). However, it should also be taken into consideration that initial sludge pre-treatment allowed to decrease
the HRT value by at least 2 days.
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Introduction

The scarcity of fossil fuels, growing emissions of combustion-generated pollutants,
and their increasing costs, have made alternative fuel sources more attractive. Biodiesel
(fatty acid methyl esters) produced by the process of transesterification of vegetable oils
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or animal fats with methanol are potential substitutes for petroleum-based diesel fuels.
Compared to conventional diesel, biodiesel is biodegradable, renewable, non-toxic, and
has low pollutant emissions (especially SO,) [1]. However, biodiesel production
generates by-products; including oilcake resulting from the extraction of oil and
glycerol fraction generated at the stage of esterification of oil. During the processing of
1000 kg of rape, cake of about 650 kg and about 100 kg glycerol phase are obtained [2].
Oil cakes are mostly utilized as a component of animal feed. Whilst, the research is
carried out in the direction of their usage as feedstock in the process of pyrolysis, for
the bio-oil and bio-char generation. These substances can be used as substrates for
the production of enzymes, antibiotics, etc. [3]. The glycerol fraction, the second
by-product, can be assigned to one of three categories based on its purity. Raw glycerol
contains up to 63.3% of glycerol, up to 26.8% of water, and approximately 26.7% of
methanol. In addition, it contains organic substances (FAME) and potassium and
sodium salts. Glycerol of average purity (technical glycerol) contains approximately
80% of glycerol and much lower percentages of water and methanol. Glycerol of the
highest purity (> 99.8%) is received in glycerol distillation plants. In the largest
biodiesel production plants, methanol is evaporated from the glycerol fraction, and the
free fatty acids are purified away, producing technical glycerol of ~80% purity. If
technical glycerol is collected and purified up to 99.8%, this generates additional costs
connected with energy and materials. In principle, the demand for it is limited because
of a large surplus in the market. Thus, new possible uses of technical, ie non-purified
glycerol are highly desirable [4]. One of the most attractive ones is to use the liquid fuel
in various combustion plants. However, glycerol has quite a high auto-ignition
temperature (370°C) compared to other liquid fuels. Moreover, when glycerol is heated
above 280°C, toxic acrolein is produced [5, 6]. As glycerol is highly flammable and
combusts at a higher temperature, a high temperature should be maintained in glycerol
combustion processes. Other options include the production of fuel emulsions using raw
or technical glycerol. However, the use of this fuel in boilers is currently limited
because of its high sulphur content [5, 6]. Another possible applications of glycerol
include: pharmaceuticals, cosmetics and plastics production. For example, 1,3-pro-
panediol is produced microbiologically from glycerol. The latter product can substitute
toxic ethylene glycol used for polyesters production [7]. However, in order to obtain
high quality of glycerol, — depending on the presence of impurities therein, it is
necessary to highly pretreat raw glycerol fraction after biodiesel production, which is
not always economically justified. In practice, glycerol fraction similarly to rapeseed
cakes constitutes very frequently the component of animal feed. Considering its high
content of easily biodegradable ingredients (80—90%), anaerobic digestion of glycerol
for biogas production constitutes an interesting alternative. However, glycerol direct
utilization as the only substrate in the fermentation processes is very limited due to lack
of nitrogen, which is necessary to ensure the sufficient activity of microorganisms
involved in the biochemical processes. The problem can be solved by glycerol
co-digestion with other co-substrates, eg waste sewage sludge [8]. However, due to the
complex structure of waste activated sludge (WAS), it is difficult to achieve high
effectiveness of the sludge undergoing biodegradation in anaerobic conditions. The
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problem can be solved by the application of effective sludge pre-treatment, eg by
microwave irradiation, — which is considered now as very novel method. The sludge
contains a high proportion of water and thus easily absorbs microwave irradiation and
the mechanism of microwave irradiation includes “thermal” and so-called “non-thermal”
effects. The positive effects of sludge pre-treatment by means of microwave irradiation
have recently been widely reported in the literature [9—12]. However, the cases mainly
focus on the determination of optimal pre-treatment conditions and/or assessment of its
advantages over traditional thermal pre-treatment method. The research aimed at
subsequent anaerobic digestion of treated sludge together with other co-substrates is
very scarce. What is more, according to our knowledge, there is no reports on
enhancement of continuous co-digestion process (surplus activated sludge and non-
purified glycerol fraction), by the microwave irradiation. The aim of the study was to
develop the concept of integrated technological system that ensures high effectiveness
of waste glycerol (technical glycerol) and sludge anaerobic co-digestion. The present
study is focused on the assessment of microwave irradiation as the effective means of
enhancing the anaerobic digestion (AD) effectiveness of the analysed co-digestion
mixtures. The anaerobic digestion processes encompassed batch and continuous modes.
The purpose of the former process was to determine the optimal proportion of waste
glycerol, which can be added to the mesophilic digestion of sludge without significant
deterioration of the stability of the process. Whilst, the latter process (continuous
mode) allowed to determine the most appropriate parameters of the process, ie organic
loading of the bioreactor and hydraulic retention time (HRT) of the optimal co-digested
mixture.

Materials and methods

Feedstock of anaerobic digestion

Samples of surplus activated sludge (SAS) were taken from an Enhanced Biological
Nutrient Removal (EBNR) full-scale municipal sewage treatment plant in Silesia
region; Poland. The treatment plant was designed for nutrients removal. With the inten-
tion of phosphorous and nitrogen compounds removal, anaerobic, anoxic and aerobic
sectors have been distinguished. The plant was designed for a flow of 120 000 m3/day.
At present the amount of treated wastewater is about 90 000 m’ /day. Solid reten-
tion time (SRT) is about 14 days and concentration of mixed liquid suspended solid
(MLSS) 4320-4640 mg/dm3. Surplus activated sludge samples were collected im-
mediately after the compaction process (using a belt compactors) (Table 1). The
by-product after biodiesel production (technical glycerol) named so “glycerol fraction”
in this paper, was used as a co-substrate of anaerobic digestion. The glycerin was
obtained from a local biorafinery (Silesian province, Poland). The characteristics of
the glycerol fraction is shown in Table 1. Co-digestion trials were inoculated using
digested sludge; from the same plant which provided samples of surplus activated
sludge (Table 1).
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Table 1

Characteristics of co-substrates and inoculum used for anaerobic digestion

Ui | Vet | e | Dt | Qe
pH ] (06,2:‘)* (gé) (gé) ((5)5)
Total solids (TS) [g/dm’] (531.;‘6) (522.};9) (33 ;;3) 7(5)3
Volatile solids (VS) [g/dm’] (325.'71) (3;‘12) (109_'33) 7(%)
Soluble chemical oxygen demand [e/dm’] 0.27 6.10 1.64 .
(SCOD) (0.10) (0.45) (0.21)

Cos TS o5 | 0 | 0o | on
Total Kjeldahl nitrogen (TKN) [% TSS] (Sig;) (g;ig) ((3):(2);) (8:8})
NH,* [mg/dm’] (155.921 (11105) (1161500) (22554)
PO, [me/dm’] (134; (62955) <26400) .
Volatile fatty acids (VFA) [mg/ dm’] (5(3)) (12255) (82760) -
Alkalinity [mg CaCO/dm’] (1110641) l(ng (53%:‘65) B

* () — standard deviation, * surplus activated sludge without pretreatment, ° surplus activated sludge after
effective pre-treatment by microwave irradiation [13].

Microwave sludge pre-treatment

The most appropriate technological conditions of sewage sludge pretreatment
(exposure time, sludge final temperature, microwave power) as factors ensuring an
efficient sludge lysis, has been established previously. The process of sewage sludge
disintegration by the microwave irradiation led to the effective destruction of flocks,
which was confirmed by an increase in the organic content (SCOD, soluble proteins),
mineral substances (NH,", PO,>) in the liquid sludge phase as well as an increase in
biogas production [13]. Based on our previous studies on microwave excessive sludge
disintegration (SASMD), the sludge pretreated exposed to the action of microwaves for
2.0 minutes and resulting in the sludge temperature of about 70°C, — was used in the
present study. There was no influence of microwave power applied in the range of
700-1200 W — on the effectiveness of the sludge pretreatment. The microwave power
of 1200 W was used in the present study, as it turned out to be the less energy
demanding [13, 14].
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Anaerobic digestion in batch and continuous mode

Anaerobic digestion (co-digestion) in mesophilic conditions (36 + 1)°C was
performed under batch and continuous conditions. The first of these processes was
conducted in order to determine the most favorable proportion of technical glycerol in
the co-digestion mixtures (glycerol + sewage sludge); providing a high efficiency and
stability of the anaerobic digestion. The content of waste glycerine in co-digestion
mixtures amounted to between 1-5% (by weight). During the continuous co-digestion
process, the influence of the hydraulic retention time (HRT) of the co-digestion (the
most favorable) mixture on the effectiveness and stability of the process was analysed.

The batch tests were performed in 1 dm® bottles (0.5 dm® of working volume). The
co-digestion mixtures were inoculated with fermented sludge. The proportion of
inoculum amounted to 50% of total working volume. Digestion mixtures were enriched
with nutrients [15]. Mixtures containing only nutrients and inoculum were used as
controls. Assays were performed at (36 + 1)°C for a period of 25 days. The amount of
methane produced was expressed per unit of initial organic matter — volatile solids (VS)
— in the feedstock. Methane produced by inocula (control samples) was subtracted from
the amount of methane produced in all tested assays. The digestion process in
semi-continuous conditions was conducted in two bioreactors with a working volume of
3 dm®. The bioreactors were operated at the following hydraulic retention times (HRT):
16, 18, 20, 22 and 24 days. The bioreactors were kept at a constant temperature of 36°C
and their content was mixed periodically — 5 min. in every 2-3 h. Bioreactors were
maintained for at least three HRTs before decreasing of HRT value. The kit for
measuring the amount of biogas generated included: calibrated cylinder filled with 5%
NaCl solution and expansion tanks. The first reservoir allow reading of the amount of
biogas produced. The volume of biogas produced was adjusted to standard temperature
(0°C) and pressure 1 - 10° Pa (1 atm) and expressed as daily methane production
[dm*/(dm® - day)] and methane yield [m’/kg of VS,ggedl-

Analytical methods

Total solids (TS), volatile solids (VS), ammonia (NH,"), total Kjeldahl nitrogen (TKN),
total organic carbon (TOC), phosphates (PO43’), total VFA and total alkalinity (TA) were
determined in triplicate according to the standard methods [16]. The methane content in
the biogas produced was determined using a gas analyzer Gas Data GFM 416.

Results and discussion

Anaerobic co-digestion in batch mode

The proper course of the fermentation process depends on a number of technological
parameters, while, main objectives of the anaerobic processes, in controlled conditions,
are focused on: intensification of organic matter mineralization and biogas production.
Co-digestion of sewage sludge together with other organic wastes is one of the option
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allowing to increase the efficiency of sludge anaerobic digestion [8]. The characteristics
of the co-digestion mixtures before and after digestion is presented in Table 2.

Table 2
Characteristics of co-digestion mixtures before and after fermentation
Co-digested mixtures Before digestion After digestion
] PHI-1 | VS[%] | ON[] | pH[] | VS[%] | Rus[%]
SAS (100%) 7.2 ((Z)ﬁ) 7.73 7.1 ((1)32) ?1106)
GF (1%) + SAS (99%) 7.2 (3‘1‘2) 18.5 7.1 ((1)(7)2) (51060)
GF (2%) + SAS (98%) 7.1 (3}2) 26.5 7.2 ((1)?(5)) (51305)
GF (3%) + SAS (97%) 7.1 (g?g) 32.7 7.2 (31(9)) (51505)
GF (4%) + SAS (96%) 7.1 ((5):?% 377 6.2 éfﬁ) (517.‘13)
GF (5%) + SAS (95%) 7.0 ((6)‘1“1)) 41.7 6.1 (?)?;) (61032)

* () — standard deviation; SAS — surplus activated sludge, GF — glycerine fraction, Rys — organic matter
removal.

Firstly, the influence of waste glycerol as a co-substrate on the organic matter
removal was analysed. The digestion assay including the only sewage sludge exhibited
the organic matter removal of 42%. Gradual increase of waste glycerine in the
co-digested feedstock had a positive impact on the degree of organic matter removal.
The degrees of organic matter removal amounted to 50-60% (Table 2), which can be
attributed to the improvement of C/N ratio in the feedstock, — due to addition of
co-substrate of high C/N ratio (Table 1), which also finds confirmation in previous
reports [17, 18].

Secondly, the influence of glycerol addition as a co-substrate on the biogas
production, was analysed. The average content of methane in the biogas produced was
57% (56-59%) and 66% (64—67%) in case of assays containing only sewage sludge and
co-digestion mixtures, respectively (data not shown). Results presented as cumulative
methane production are presented in Fig. 1. Even a small addition of waste glycerol
(1%) to sewage sludge led to a significant increase of the total biogas production; ie
88%. A further increase in the proportion of glycerol in the feedstock undergoing
fermentation led to a further increase of the amount of methane generated. The highest
amount of methane produced (4.67 dm3) was recorded for the mixture containing 3% of
waste glycerol. The latter mixture allowed to receive more than a 4-fold increase of
methane production in relation to the sample containing the sludge exclusively. The
highest proportions of glycerol (4-5%) caused a significant decrease in methane
production (Fig. 1). Fountoulakis et al [19] found that the most favorable proportion of
glycerol in co-digestion mixtures, including primary and secondary sludge, amounted to
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Fig. 1. The effect of glycerol addition to sewage sludge on the value of cumulative methane production

1% (by volume). This share has led to an increase in daily biogas production by over
100%.

Besides, glycerine fraction form biodiesel production, industrial waste with a high
content of biodegradable components (eg wastes from meat processing or residues from
fat separators) turned out to be an appropriate sewage sludge co-substrates [8, 20].
Wastes from this industry pose a threat to the environment, and their disposal is
problematic for meat plants. According to research conducted by Lust and Luostarinen
[21], the addition of 12.5-25.0% (by volume) of wastes from the meat industry (content
and digestive systems, flotation sludge from wastewater treatment and fatty deposits)
increased the methane production by 20%. Another study conducted by the same group
of authors [22] revealed that the most preferred proportion of fatty wastes added to
sewage sludge — amounted to 10% by volume, which was equivalent to 46% VS of the
feedstock. In such conditions, more than 100% increase in daily and nearly 70% of the
biogas yield were recorded. The addition of stillage (15% by volume) to sewage sludge
also led to an 40% increase of biogas production.

Finally, the impact of feedstock enrichment on the anaerobic digestion stability was
taken into account. Volatile fatty acids (VFA) accumulation leads to a significant
decrease in pH value and thereby can inhibit the methanogenic phase of anaerobic
digestion [23]. In the case of sewage sludge fermentation and co-digestion mixtures
containing up to 3% of glycerol, there was no significant accumulation of VFA
observed and the pH value was at a level ensuring proper course of anaerobic digestion
(pH = 7.1-7.3) (Table 2 and 3). For mixtures including in its composition more than 3%
of glycerol, concentrations of VFAs (3545-4248 rng/dm3) and the ratio of VFA to
alkalinity (0.92-1.31) increased above the value indicating the instability of the
methanogenesis process (VFA > 2000 mg/dm3 ; VFA/Alkalinity > 0.3-0.4) (Table 3) [8,
24, 25]. This was probably strictly connected with a decrease of pH value (6.1-6.2)
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Table 3
Stability indicators of the batch co-digestion tests
Indicator
Co-digested mixtures
[%] VFA Alkalinity VFA/TA NH,"
[mg/dm’] [mgCaCO,/dm"] [] [mg/dm’]
SAS (100%) 429 (14) 4081 (24) 0.11 1420 (70)
GF (1%) + SAS (99%) 754 (14) 4610 (17) 0.16 1454 (85)
GF (2%) + SAS (98%) 909 (16) 4773 (67) 0.19 1398 (90)
GF (3%) + SAS (97%) 943 (10) 4825 (56) 0.20 1405 (85)
GF (4%) + SAS (96%) 3545 (110) 3853 (65) 0.92 1338 (90)
GF (5%) + SAS (95%) 4248 (220) 3233 (20) 1.31 1298 (82)

* () — standard deviation; SAS — surplus activated sludge, GF — glycerine fraction; VFA/TA — total volatile
fatty acids to total alkalinity.

(Table 2). Although, ammonia released may counteract the decrease of pH values,
excessive amounts of ammonia-nitrogen may also inhibit the methanogenic bacteria,
and consequently lead to a decrease or even inhibit the production of biogas. The
concentration of ammonia nitrogen greater than 3 g/dm3 is generally considered as
threshold value; above which the activity of methanogens is negatively affected [1, 8].
However, the concentration of ammonia-nitrogen in all analysed co-digestion mixtures
did not exceed the above level (Table 3), thus the ammonia-nitrogen was not
responsible for the deterioration of process stability of mixtures including more than 3%
of glycerol. The stability indicators are presented in Table 3. Similar situation was
observed in other studies. Increasing the excessive co-substrate content influenced the
stability of the process in a negative way, eg stillage above 50% (by weight) resulted in
VFA accumulation (4560-10 200 mg CH3COOH/dm3). A similar situation was
observed after the addition of glycerol waste > 1% vol., which led to a high content of
organic matter in post-digestion liquors and decrease of pH values (pH~5) due to
accumulation of VFA [19].

Continuous anaerobic digestion of waste glycerine and sewage sludge

In this study, the mixture providing the highest effectiveness in batch co-digestion
tests (3% of glycerine fraction + 97% of sludge) and an appropriate stability of the
process was tested in continuous conditions. The sewage sludge was additionally treated
with microwave irradiation with the aim to enhance the effectiveness of the overall
co-digestion process; under the conditions determined during our previous studies
[13, 14].

For all analysed co-digestion mixtures of sewage sludge (untreated) and glycerine
fraction, reducing redox potential was obtained. These mixtures, with the exception of
the shortest of HRTs (16—-18 days), were characterized by the values of ORP in a range
between —370 mV to —446 mV. The ORP values (=155 mV to —170 mV) recorded for
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the HRT in range 16-18 days, were above values considered to be favorable for
methane fermentation process (—300 mV) (Table 4) [26]. Mixtures including pretreated
sludge instead of untreated sludge exhibited the ORP value between — 366 do — 435 mV
(Table 4); which is in the favorable range for anaerobic digestion. Similarly to the
results of ORP, the mixture containing untreated (microwaves) sludge exhibited some
disturbance of pH values when digested for the HRT in the range of 16-18 days. The
values indicated a significant decrease in pH value (pH 6.2—6.4), which was accompanied
by increased concentrations of VFAs (4053-5445 mg CH3COOH/dm3) (Table 4). For
all others retention times tested, pH values fluctuated between 7.1-7.6; ie the range
most commonly reported for the proper course of anaerobic digestion, eg [8, 27].

Table 4

Characteristics of digested mixtures (glycerol + untreated sludge/pretreated sludge)
related to different values of HRTs

Co-digestion mixture Co-digestion mixture
97% SAS + 3% GF 97% SASMD + 3% GF

HRT [day]
16 18 20 22 24 16 18 20 22 24

HL 6.2 64 | 13 74 | 75 7.1 7.3 75 7.6 7.6
p O.D* | 0.1) | 0.2) | 02) | 0.1) | ©.1) | 02) | 02) | ©.1) | (0.1)

-155 | —170 | —420 | 446 | —440 | -366 | —430 | 425 | -426 | -433

Parameter

ORP [mV] @y | 3y | @) | 30 | o | 30 | 0 | (15 | o) | @5
VS (% 258 | 227 | 204 | 197 | 195 | 222 | 190 | 18.0 | 184 | 187

(%] (13) | (L) | 05 | (L) | (. | (15 | 07 | (12) | 1.2) | 0.9
VFA [mgldn®] | 5345 | 4053 | 1225 | 1155 | 1090 | 2555 | 2256 | 1230 | 1180 | 1185

(256) | (285) | (65) | (55) | (59) | (166) | (60) | (52) | (52) | (55)

Alkalinity 5855 | 6235 | 6419 | 6554 | 6550 | 6255 | 6565 | 6690 | 6960 | 7015
[mg CaCOs/dm*] | (350) | (280) | (310) | (225) | (360) | (250) | (260) | (305) | (315) | (240)

* () — standard deviation, SAS — surplus activated sludge without pre-treatment, SASMD — SAS after
microwave disintegration, GF — glycerine fraction.

Organic matter removal

The most favorable conditions of anaerobic co-digestion (untreated sludge + glycerine
fraction) were established. The highest values of organic matter removal (65-66%)
were obtained for the HRT of 22-24 days, which corresponded with organic loading of
the bioreactor at the level of 2.4-2.6 kg VS/(m® - day). Figure 2 shows the effect of
feedstock retention time in the bioreactor on the degree of organic matter removal.
Mixtures containing the same amount of sludge, which was not subjected to the action
of microwaves and digested for less than 20 days, resulted in a significant decrease in
organic matter removal (56-60%). Under these conditions, a significant increase of the
dissolved organic compounds has been observed (COD = 3845-9345 mg 0,/dm*; data
not shown). Modification of co-digestion mixtures by introducing pre-treated sludge
caused only a slight increase of the organic matter removal, ie 67-69% (Fig. 2).
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Fig. 2. Impact of HRTs and pre-treatment of feedstock (sewage sludge as a co-substrate) on degree of
organic matter removal (SAS — surplus activated sludge without pre-treatment, SASMD — SAS after
microwave disintegration, GF — glycerine fraction)

However, it is worth noting that the pre-treatment disintegration of the sludge being a
part of co-digestion feedstock enabled to achieve these degrees of organic matter
removal (67%) for much shorter retention times, ie 18 days. The latter value
corresponds with the organic loading of the bioreactor at the level of 3.23 kg
VS/(m® - day).

Biogas production

Secondly, the impact of different values of HRTs on the biogas production was taken
into account. The amount of methane produced expressed as its daily methane
production and methane yield are presented in Fig. 3 and 4 respectively. The highest
values achieved during co-digestion of mixtures including untreated sludge amounting
to 2.24 m*/(m’ - day) (methane production) and 0.29 m’/kg VS (methane yield) were
recorded for the HRT of 22 days. Further increase in HRT values led to a decrease of
methane production indices. Decreasing the HRT value to 18-20 days also allowed to
generate lower methane volumes, ie 1.51-1.76 (m*/(m’ - day)) and 0.16-0.21 m*/kg VS.
Whilst, during the process conducted for the lowest HRT, ie 16 days; a clear inhibition
of the biogas (methane) production was noticed (0.96 m*/(m® - day); 0.09 m’/kg VS
(Fig. 3 and 4); and these values are in the range obtained during the fermentation of
sludge without the addition of a co-substrate reported previously [13]. This inhibition
was probably caused by the accumulation of VFA (> 5445 mg CH;COOH/dm®) and
higher organic matter loading of bioreactor’s chamber, ie 3.57 kg VS/(m® - day)
(Table 4).

Implementing the sludge pre-treated by microwaves influenced positively the
methane production process. The highest values of methane production were recorded
for the HRT of 18-22 days and amounted to about 2.60-2.70 m3/(m3 - day) (methane
production) and 0.28-0.33 m3/kg VS (methane yield) (Fig. 3 and 4). These values
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Fig. 3. Influence of hydraulic retention time of feedstock (glycerine fraction + untreated sludge; glycerine
fraction + pretreated sludge) on daily methane production (SAS — surplus activated sludge, SASMD —
SAS after microwave disintegration, GF — glycerine fraction)
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Fig. 4. Influence of hydraulic retention time of feedstock (glycerine fraction + untreated sludge; glycerine
fraction + pretreated sludge) on methane yields (SAS — surplus activated sludge, SASMD — SAS after
microwave disintegration, GF — glycerine fraction)

represent 52—-74% (HRT = 18-20 days) and 14-15% (HRT = 22 days) increase of
methane indices related to equivalent values obtained for mixture without pre-treated
sludge. It is also worth mentioning that sludge pre-treatment allowed to achieve a high
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methane production for shorter values of HRTs; compared to co-digestion mixtures
containing the sludge without previous treatment.

Stability indicators of co-digestion

Finally, the influence of sludge microwave pretreatment on the stability of anaerobic
digestion was taken into consideration. It was established that mixtures of glycerine and
both types of sludge (untreated/pretreated) exhibited stable conditions for the HRT of
> 18 days (VFA = 1090-1230 mg CH;COOH/dm®; VFA/Alkalinity = 0.16-0.19)
(Table 4). These values of stability indices are in the range ensuring the stable course of
the digestion processes [24, 25]. In case of lower HRTs values, a significant
accumulation of VFA (2255-5445 mg CH3COOH/dm3) and increased the ratio of
VFA/Alkalinity (0.41-0.93) were recorded. This is especially evident for the mixtures
including glycerin fraction and sludge without pretreatment (Table 4).

Conclusions

The addition of glycerine fraction to sewage sludge turned out to be an effective way
of increasing the mesophilic digestion of sewage sludge. Introducing sewage sludge
after effective microwave disintegration into feedstock allowed to further improve the
effectiveness of the co-digestion process analysed. The most favorable value of the
biomass retention time (HRT) amounted 20 days; which allowed to achieve about
18-23% higher value of methane production and up to 10% higher methane yield
compared to the values recorded in the conditions of the most appropriate digestion of
glycerine and sludge without pre-treatment (HRT 22-24 days).
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KOFERMENTACJA MIESZANINY OSADOW SCIEKOWYCH I FRAKCJI GLICERYNOWEJ
WSPOMAGANA PROMIENIOWANIEM MIKROFALOWYM

" Instytut Ochrony i Inzynierii Srodowiska
Wydziat Inzynierii Materiatdéw, Budownictwa i Srodowiska
Akademia Techniczno-Humanistyczna w Bielsku-Biatej, Bielsko-Biata, Polska

? Instytut Inzynierii Wody i Sciekow, Wydziat Inzynierii Srodowiska i Energetyki
Politechnika Slaska, Gliwice, Polska

Abstrakt: Celem prowadzonych badan bylo opracowanie koncepcji zintegrowanego uktadu technologiczne-
g0, ktdry zapewnitby wysoka efektywnos¢ kofermentacji produktéw ubocznych pochodzacych z wytwarzania
biodiesla i osadow sciekowych. Dodatek frakcji glicerynowej do osadow $ciekowych wptynat korzystnie na
stopien biodegradacji materii organicznej oraz na ilos¢ i jako$¢ wydzielanego biogazu. Zastosowanie jako
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wsadu bioreaktora osadow $ciekowych po dezintegracji mikrofalowej pozwolito na dalsza poprawe efektyw-
nosci analizowanego procesu kofermentacji. W odniesieniu do najkorzystniejszych warunkéw fermentacji
mieszaniny osadéw $ciekowych nie poddawanych dziataniu promieniowania mikrofalowego oraz frakcji gli-
cerynowej (HRT = 22-24 dni) mieszanina kofermentacyjna zawierajaca w swym sktadzie osady po dezinte-
gracji mikrofalowej (HRT = 20 dni) wygeneerowata 18-23% oraz do 10% wigcej metanu w przeliczneiu od-
powiednio na dobowa oraz jednostkowa produkcj¢ metanu. Ponadto, zastosowanie wstgpnej obrobki
mikrofalowej pozwolito na skrocenie czasu zatrzymania mieszaniny kofermentacyjnej w komorze bioreaktora
0 co najmniej 2 dni.

Stowa kluczowe: kofermentacja, frakcja glicerynowa, biodiesel, osady $ciekowe, promieniowanie mikro-
falowe



