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INTRODUCTION

ABSTRACT

Real textile industry wastewater was treated with the activated sludge process, and biodiesel
was produced from activated sludge which was used for the treatment of wastewater. The
sequential Batch Reactor was operated at the laboratory scale under ambient conditions
that were 250C. During the treatment, some of the sludge returned to the reactor while the
remaining part was harvested and stored at +4°C. To determine the optimum hydraulic
residence time in the treatment of textile industry wastewater with the activated sludge
process, different hydraulic retention times of 1,2,3,4, and 5 days were compared. In the study,
the SBR reactor was operated with and without UV to evaluate the effect of UV on treatment
efficiency. While the highest removal efficiency in real textile industry wastewater by activated
sludge at HRT-3 was 62% COD and 20% color with UV, the highest removal efficiency was
43% COD and 11% color used without UV. Bio-oil was extracted by Bling and Dyer extraction
method from harvested sludge. 82 ml biodiesel and 15 ml glycerine were obtained from 1 L
wet activated sludge by the transesterification method.

Cite this article as: Ates A E. Biodiesel production from biomass by treating textile industry
wastewater. Sigma ] Eng Nat Sci 2023;41(1):57-63.

Many dyes are toxic to microorganisms and may cause
direct destruction of aquatic life due to its high pollutant
contents such as nitrogen, phosphorus, many different met-
als [1]. Dyes, which used to impart color to materials, are
dissoluble at some stage of the standard operating proce-
dure in dye production. Some dyes have a synthetic origin,
and treatment of synthetic dyes in wastewater is a challenge
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for researchers because of their complex aromatic molecu-
lar structure. Dye production stages include in synthesiz-
ing of dyes in a reactor, filtering the synthesized dye and
mixing it with many other chemicals. Wastewater of the
textile industry using various dyes contains not only many
different dyes but also toxic and nonbiodegradable many
different additive compounds and their mixtures [2]. Many
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dyes, 50% of which are used in the textile industries, are
produced every year. Significant volumes of water are used
during the wet process in the textile industry [3,4]. The
dyeing method is one of the most important wet processes
in the textile industry and produces wastewater with high
chemical oxygen demand (COD). Moreover, textile indus-
try wastewater has a high color content [3]. The discharge
of dyes into water source decreases photosynthetic activity,
while the increases biological oxygen demand (BOD) and
COD levels and change the pH value. The dyes used in the
dyeing process are estimated to be existed in textile indus-
try wastewater by about 15% [5]. 70% of the dyes used in
textiles are azo dyes consisting of one or more azo bonds
(N==N—) connecting aromatic amines [4,6]. Since azo
dyes make it difficult to treat industrial wastewater contain-
ing dyes, treatment studies are carried out with advanced
oxidation methods [7-9].

Treatment system for textile wastewater, generally
consist of neutralization, settling tanks, activated carbon
adsorption, flocculation-coagulation (generally with iron
chloride), biological treatment (aerobic or anaerobic), and
oxidation of organics by with UV systems or hydrogen per-
oxide (H,0,) [2]. These methods’ main drawbacks are high
costs and large quantities of sludge generated. On the con-
trary, biological therapy is cheaper and eco-friendly [6,10].
If the wastewater of the textile industry is to be treated with
a process using light, it should be ensured that the light
affects the large area because dyes remaining in wastewater
absorb light with wavelengths in the visible region between
350-700 nm [11]. For this reason, in biological treatment
studies, UV is selected suitable for the system to increase
the treatment efficiency. The complex structure of chemi-
cals and the lack of ability of microorganisms to degrade
chemicals in textile wastewater treatment reduce the effi-
ciency of wastewater treatment with biological methods.

Biodiesel, as green and environmental-compatible bio-
mass energy, has become quite interesting in recent years.
In recent studies, biodiesel production is provided by lip-
ids obtained from waste cooking oil, non-edible seed or
biological sludge [12-14]. In recent studies, it has been
investigated whether the biomass obtained after biological
treatment is an energy source. The key subjects of sustain-
able society growth are actually energy and environmental
conservation. During the method of biological wastewa-
ter treatment, biological wastewater systems are used to
form microbial communities with varying structures and
volumes. The enriched particular microbial population is
ultimately precipitated to generate the surplus secondary
sludge, and the variation in the sludge microbial culture
would presumably impact the fat and oil removed [15].

In this study, biodiesel production trials were car-
ried out from sludge obtained from the textile industry
wastewater treatment reactor. In the literature research, it
was seen that the effects of UV use on the COD and color
removal efficiency in the sequential batch reactor were

limited. The effect of UV decomposition of organic dye on
the treatment efficiency, when combined with the activated
sludge system, was investigated. In addition, biodiesel pro-
duction from activated sludge was obtained from domes-
tic wastewater treatment plants, and biodiesel production
from sludge obtained as a result of the treatment of textile
industry wastewater is not found in the literature.

Providing high treatment efficiency or increasing the
treatment by modifying the system can encourage water
reuse for the textile industry, which has intensive water use.
With the system used in the study, energy production with
wastewater treatment has advantages such as reduced cost
in the industry and the use of biodiesel reduces the forma-
tion of emissions that cause air pollution.

MATERIALS AND METHOD

Characteristic of The Raw Textile Industry Wastewater

Textile industry wastewater (TTW), which has high tur-
bidity, COD, and color, is a mixture of wastewaters from
processes such as mercerization, desizing, dyeing. Although
the real textile industry wastewater characterization was
similar to textile industry wastewater characterizations in
the literature, its COD and color values were high [16]. The
real textile industry wastewater (RTIW) characterization
used in the study was given in Table 1. For the determination
of wastewater characterization, pH, COD, color, conductiv-
ity and suspended solids determinations were made in the
laboratory, while the temperature value was used in the bal-
ance tank of the industry. When the wastewater was brought
to the laboratory, its temperature was between 18-23°C.

COD results were measured using the closed reflux
method, while color analysis was performed using the spec-
trophotometric method. COD and color removal efficien-
cies were calculated using following formula:

C"_C}doo
C

0

RE(%) =(

RE; removal efficiency (%)
C0; influent concentration (mg.L!)
C; effluent concentration (mg.L™)

Activated Sludge Process
The active sludge used in the study was obtained from
the Atakoy Advanced Biological Treatment Plant. Activated

Table 1. Characterization of the RTIW in the study

Parameter Avarage Parameter Avarage

Value Value
pH 8 Color (Pt-Co) 2900
COD (mgL') 6500 Conductivity (ms/cm) 20
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Figure 1. Activated sludge process.

sludge system was operated as Sequential Batch Reactor
(SBR). Designed for activated sludge system plexiglass col-
umn volume was 20 L as shown in Figure 1. Ventilation
was provided by 4 air pumps which capacity 400 L.h!' and
worked continuously. Since the color of the RTIW was
pitch black, adjacent lamps were placed around the reactor
to provide more light. The UV lamp used in the study was
a wavelength of 430 nm and 25 volts. In the pre-studies,
experiments were carried out without using UV and at dif-
ferent UV-light durations. In different light trials, 24 hours
of light, 16 hours of light - 8 hours of darkness, and 8 hours
oflight and 16 hours of darkness were conducted. The high-
est efficiency was obtained as a result of 8 hours of light-16
hours of dark, while the lowest efficiency was obtained as
a result of 24 hours of light operation. The lighting in the
system was set to 8 hours light and 16 hours dark. The pH
of raw wastewater was approximately 8 and the system was
fed without changing the pH in the reactor. Textile industry
wastewater flow rates were adjusted to have five different
hydraulic retention time (HRT) of 1,2, 3,4 and 5 days.

The samples taken from the reactor were kept at 25 °C
for 1 hour to settle. While the upper phase was used for
COD and color analysis, the obtained sludge was used in
the production of biodiesel. The temperature was continu-
ously monitored and kept between 18-22°C to prevent UV
lighting from changing the temperature of wastewater. By
using the cooling fan, both the lamp and the reactor heating
caused by the lamp were prevented.

Extraction Method

Bling and Dyer extraction method, one of the wet
extraction methods, was used for activated sludge extrac-
tion [17]. The sludge harvested before the wastewater feed
was stored at +4°C. No treatment was done for the dewa-
tering of the stored sludge, only settling was applied and
the sludge was extracted with its own water. To increase the
large-scale production efficiency of biodiesel, pre-extrac-
tion experiments were performed. 50 ml of wet sludge was

Water

Residual

e Cloroform + Oil

Figure 2. Phase separation after extraction.

placed in the volumetric flask. 62.5 ml of chloroform and
125 ml of methanol were added to the sample and stirred
at 600 rpm for 10 min. Then, 62.5 ml of chloroform was
added again and mixed at 600 rpm and 10 min. 62.5 ml of
water was added cautiously to allow the phase separation
and waited until phase separation was realized. The den-
sity of the chloroform is 1.49 g/cm® and the density of the
chloroform oil mixture after extraction is 1.29 g/cm’. The
residue by the decomposition of the activated sludge with
solvent is in the middle phase and the water separates the
other residues to the upper water mixture phase, as shown
in Figure 2. The solvent-oil mixture was separated with a
separating funnel and the solvent was evaporated.

Transesterification

Transesterification reaction pre-experiments were car-
ried out with waste cooking oil because small scale oil
would be obtained from activated sludge. 10 ml of oil and
30% by volume of methanol and 1% by weight of NaOH
were added in the volumetric flask. The flask was closed
that not to be open due to the pressure during the reaction
as shown in Figure 3 and the sample was kept at 65°C for
1.5 hours. The produced biodiesel was washed 3 times with
distilled water to remove glycerin and methanol residues
and dried in 100°C oven for 1 hour.

RESULTS AND DISCUSSION

There was no pre-treatment for RTIW before feeding
to the activated sludge process. The upper phase of the
wastewater harvested from the SBR during daily waste-
water feeding was used for treatment efficiency. Biomass
exchange in wastewater at different HRT was investigated,
shown in Figure 4. During the 3 days of wastewater feeding,
there was an increase in the biomass of the activated sludge.
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Figure 3. Transesterification reaction.
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Figure 4. Biomass exchange.
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Figure 5. COD removal efficiency with UV.

However, after the 3rd day, the rate of biomass decreased to
approximately 400 mg.L".

Despite the increase in treatment efficiency in the first
weeks, COD treatment efficiency remained constant after
the sixth week, shown in Figure 5. The study was com-
pleted after 10 weeks because there was no significant
increase in treatment efficiency. Due to the high pollution
value of RTIW, it should be pre-treated by coagulation
or advanced oxidation before being given to biological
treatment.

In the study, studies were carried out with and without
UV for COD and color removal efficiency from RTIW with
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Figure 6. COD removal efficiency without UV.

SBR. Among both systems (UV and non-UV), the highest
treatment efficiency was achieved in HRT-3, and the COD
removal efficiency was 62% in the UV-SBR system and 41%
in the non-UV-SBR system, shown in Figure 5 and Figure 6.
Due to the high COD in the wastewater, the removal effi-
ciency of the textile industry wastewater was decreased with
the activated sludge method. Although the COD concen-
tration of the wastewater used in the study was 6500 mg.L"!
and the highest COD removal efficiency was obtained as
62%, in another study with a COD concentration of 3060
mg.L", the removal efficiency was 91% in HRT-3[18]. In
this study, the lowest removal efficiency was obtained with
the HRT-5 (with UV and non-UV). The establishment of a
pilot-scale treatment plant with a grid, pH balancing tank,
and oxidation ditch provided higher yields [18] compared
to the laboratory scale study. In the study, the use of UV in
the SBR system increased the COD removal efficiency by
approximately 20%. While the use of UV did not harm the
activated sludge, oxidation increased both color and COD
removal. In the treatment of textile industry wastewater
with activated sludge, the treatment efficiency increases
with the increase in working time (days, weeks, etc.). In the
study, the highest removal efficiency was obtained in the
ninth and tenth weeks.

The textile industry wastewater used in the study had
intense color content. While the color removal efficiency in
1-5 weeks was quite low, it was increased in other weeks.
However, the highest color removal efficiency was 20%.
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Figure 7. Color removal efficiency with UV.

Table 2. COD and color values after treatment (at 10 weeks)
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Figure 8. Color removal efficiency without UV.

COD, mg.L*! (with UV) COD, mg.L! (without UV) Color, Pt-Co (with UV) Color, Pt-Co (without UV)
HRT-1 4225 4949 2697 2696
HRT-2 3705 4810 2494 2726
HRT-3 2665 3835 2320 2610
HRT-4 4550 5070 2696 2755
HRT-5 4745 5135 2698 2784

Table 3. Europe EN 14214 Biodiesel Quality Standards and Produced Biodiesel Quality [20]

Produced Biodiesel

Methods

Properties Europe EN 14214
Viscosity, 40° (mm?/sec) 3.5-5.0 4.2
Density(gr/cm?) 0.86-0.90 0.87
Flash Point (°C) 120 122
Methanol (%m/m) 0.20 max 0.19

Optical viscometer

Pycnometer

Closed-cup method

Headspace-Gas Chromatography-Flame

Tonization Detection

Color removal with activated sludge is achieved by bio-
degradation. In the study, the highest color removal effi-
ciency is 10% in the system without UV and 20% in the
system with UV. Color removal efficiency is at its highest
in the ninth and tenth weeks, similar to the COD removal
efficiency, shown in Figure 7 and Figure 8. The efficiency
in color removal studies from textile industry wastewater
with activated sludge is between 0-40%. To increase the
color removal efficiency, studies were carried out by add-
ing materials such as polyaluminium chloride (PAC), ben-
tonite, and active clay to the activated sludge system, and
the purification efficiency was increased to approximately
70-80% [19].

Biodiesel production was produced only from the
sludge obtained from the HRT-3 system. The solvent
extraction was carried out after the system balancing and
adapting of the sludge. 5 ml of biodiesel and 6 ml of glyc-
erin were obtained from a 50 ml wet sample in pre-trials

of biodiesel production. The optimum NaOH and metha-
nol were determined in trials for large scale sample. Finally,
after the optimizations of chemicals, 82 ml biodiesel and
15 ml glycerine were obtained from 1 L wet sludge. Quality
standards of biodiesel produced are compared to European
Standards as shown in Table 3.

In a different study on biodiesel production from acti-
vated sludge, different industrial wastewaters were used
and the effect of wastewater types on biodiesel production
was investigated. Lipid yield from sludge obtained dur-
ing biological treatment of restaurant wastewater is 40.33
mg/g sludge while the lipid ratio obtained from the munici-
pal wastewater sludge is 28 mg/g sludge [21]. In the study,
while lipid ratio was 70 mg/g activated sludge at HRT-5, the
highest lipid ratio was 80 mg/g activated sludge at HRT-3.
The high oil content of restaurant wastewater was affected
the active sludge and decreased the lipid content. In the
use of municipal wastewater, the lipid content of activated
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sludge has decreased due to the pharmaceuticals and toxic
substances in the wastewater. Because textile industry
wastewater contains domestic wastewater from the factory
as well as process water, the lipid ratio is higher than the
other wastewater. It was estimated that the continuous aera-
tion in the study and the presence of UV in the system has
a positive effect on the activated sludge by providing the
treatment of chemicals that may cause toxic effects on the
activated sludge.

CONCLUSION

In the study, biodiesel production was carried out from
activated sludge and benefit was provided both in terms
of treatment and energy. Real textile industry wastewater
was treated with activated sludge method. In the study,
the most suitable hydraulic retention time was deter-
mined as 3 days. In the SBR system, the COD removal
efficiency increased by approximately 20% with 8 hours
of light and 16 hours of dark with UV. However, the color
removal efficiency was the highest 20%. The use of UV
increased both COD and color removal efficiency. 82 ml
of biodiesel was produced from 1 liter of wet activated
sludge.
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