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Introduction

Municipal wastewater treatment plants (WWTPs) are facing an increasing number of contaminants of
emerging concern (CECs), such as pharmaceuticals, chemicals used in agriculture and industry and personal
care products, which represent a threat to human health. The release of CECs from WWTPs into the
environment has not yet been regulated, except for Switzerland. The use of advanced treatment
technologies may enhance the removal of CECs and thus minimize the spread of these contaminants into
the environment.

Adsorption is an effective treatment technology widely used to remove CECs from waters. Activated
carbons are common adsorbents that efficiently remove a broad spectrum of CECs; however, a circular
economy encourages using more sustainable and cost-effective materials (Fernandez-Sanroman et al.,
2020).

Cork, the outside bark of the cork oak tree (Quercus suber L.), 100% natural and sustainable, is mainly
used for wine stoppers production. A large amount of cork by-products (CBPs) are generated during cork
stoppers production, which are used to produce cork/rubber composites, agglomerates for wall and floor
coverings, and sustainable sorbents for oil spills clean up.

Additionally, electrochemical advanced oxidation processes have been gaining interest in recent years,
namely the three-dimensional (3D) processes. In this case, a third electrode in the form of particles is
introduced, which act both as microelectrodes and increase the specific surface area, decreasing the
distance of mass transfer and consequently improving the process's efficiency (Correia-sa et al., 2021)

In this context, this work aims to evaluate and compare the use of regranulated cork granules (RGC) and
a commercial activated carbon (SARATECH®) as particulate electrodes in the 3D electrochemical process for
the removal from water of highly consumed pharmaceuticals, trazodone (TZD) and sulfamethoxazole
(SMZ), as model CECs.

Materials and methods

SMZ and TZD individual stock solutions were prepared in 50% acetonitrile and 50% methanol and stored at
- 10 °C. For the electrochemical experiments, a Mixed Metal Oxide (MMO) electrode (titanium-coated with
RuO2-Ir02-Ti02, 100x20x2 mm) was used as the anode, and stainless steel (STS) (AISI-304, austenitic
grade, 100x20x2 mm) was used as the cathode. SMZ and TZD concentrations were measured in HPLC
equipment (Shimadzu Corporation, Kyoto, Japan).

RGC granules (1.0-2.0 mm) were used as third electrode, provided by Corticeira Amorim (Portugal). The
production of RGC granules includes the thermal treatment of raw cork granules with water vapor at 380
°C. Before usage, the RGC was dried overnight in an oven at 60 °C. The polymer-based spherical activated
carbon, SARATECH® reference 102282, was supplied by Bliicher (Germany).

The 2D electrochemical experiments were performed in an acrylic cell reactor (2x15x8 cm) with a
volume capacity of 240 mL. The electrodes were placed at 7.50 cm from each other. A volume of 150 mL of
an aqueous solution with 10 mg L of SMZ and TZD, 0.02 M NaCl (electrolyte) and with the initial pH
corrected to 7, was used in the batch experiments. An airflow of 3000 cm? air min™ ! was supplied to the
system. The current intensity was maintained constant at 0.1 A. In the 3D experiments, the same conditions
described for the 2D process were applied. In addition, 30 mg of the sorbents SARATECH® activated carbon



) 1# International Conference on Sustainable Chemical and Environmental Engineering
31Aug - 04 Sep 2022, Rethymno, Crete, Greece

or RGC was added between the electrodes. Aliquots of the solution contained in the reactor cell were taken
during the experiments (0-10 min) and filtered with a microfilter (PTFE 0.45 um) before being injected into
the HPLC. For both 2D and 3D processes, the experiments were performed in duplicate.

Results and discussion

Figure la shows a faster removal of TZD for the 3D electrochemical process in the presence of RGC
granules. However, after 4 minutes of reaction time, all the electrochemical processes tested were able to
achieve the complete removal of TZD (below the detection limit of the analytical method)
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Figure 1. (a) TZD and (b) SMZ removal as a function of time in 3D (Saratech and regranulated cork
granules) and 2D electrochemical processes.

For SMZ, the 2D and 3D electrochemical processes showed reaction rates at least ten times lower than
those observed for TZD. The 3D electrochemical process with RGC showed the highest removal rate,
3.0 and 2.8 times higher than 2D and 3D activated carbon processes, respectively, leading to its
complete removal (below the detection limit of the analytical method) after 10 min of reaction time.

The pH has a significant effect on the speciation of the pollutant species, which can directly
influence its removal. During the experiments, the pH showed a slight decrease from 7.0 to around
6.5. The TZD (pKa = 6.7; log KOW = 3.21) is a weak base with a neutral charge at pH 7.0. The SMZ
(pKal= 1.8 and pKa2 = 5.6; log KOW = 0.89) is an amphoteric molecule where its protonation occurs in
the amine group and ionization in the sulphonamide group. In the pH working range, the SMZ mainly
exists in the anionic form as SMZ and the TRZ neutral species. The RGC has a pH at the point of zero
charge (pHPZC) in the acid range, presenting its surface negatively charged, which can contribute to
the better affinity of RGC towards the neutral TRZ species than the anionic SMZ species, moreover, the
TRZ also presents a much higher hydrophobicity than SMX.

Conclusions

The 3D electrochemical process using RGC granules, a byproduct from the cork industry, as a third
electrode showed a good performance for the removal of the pharmaceuticals TZD and SMZ from
aqueous solutions. For TZD, the 2D and 3D electrochemical processes showed reaction rates at least
10 times higher than for SMZ, which is attributed to a better affinity of TRZ (pH working range) and
also to its higher hydrophobicity. The 3D electrochemical process using RGC particles presented higher
reaction rates than the 2D and 3D processes, with activated carbon, especially for SMZ, due to its
ability to establish chemical interactions.
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Introduction
Viticulture is one of the main productive activities in the Cuyo Region of the Argentine Republic. Grapes are
used for the production of wines, must and raisin. Around 2.6 million tons of this fruit are destined for the
production of wines and musts. In these processes, wastes are generated that is not properly used,
generating environmental problems. Among them is the grape stalk, which represents 6% of the total mass
of processed grapes. Currently, residual materials from industrial processes are considered raw materials to
generate value-added products that provide economic and environmental benefits to companies. Among
the processes that are applied for these transformations are the hydrothermal carbonization and
activation. Hydrochar is product obtained through hydrothermal carbonization, a process with advantages
over conventional pyrolysis (Wang et al., 2018). This involves heating the biomass, between 170 and 300°C,
in an oxygen-free environment, with the presence of subcritical water and autogenous pressure between 2-
10 MPa (Gimenez et al., 2020). It is used in a variety of applications such as contaminant remediation, fuel,
and precursors to highly porous materials, such as activated carbon, used in both energy and
decontamination applications

In this work, the results of the application of hydrothermal carbonization to grape stalks, subsequent
activation of hydrochar in order to obtain a highly porous material to be used as adsorbent in the removal
of methylene blue, a dye generally present effluents from the textile industry. In this way, value is added to
this abundant residue and contributes to the solution of environmental problems of the wine industry.

Materials and methods

Hydrothermal carbonization test was carried out in a Parr reactor, with a capacity of 1 L, heated by means
of an electric furnace with temperature controller. A ratio of 0.1 grams of residual biomass/ml of distilled
water was used, once the hydrocarbonization test temperature of 240 °C was reached, it was kept constant
for a period of 6 h. Then the reactor was cooled to room temperature and the resulting solid-liquid mixture
was filtered. Hydrochar obtained were dried at 95 °C for 24 h.

KOH Activation: Impregnation ratio, defined as activating agent mass with respect to mass of
carbonaceous material, was set at a value of 2. The sample of hydrochar was impregnated in a solution at
80% w/v KOH and placed in an oven at 100°C for 24 hours. Subsequently, impregnated material was
activated to 800°C for 1 h, in the absence of oxygen inside a muffle with controlled heating. The discharge
product was neutralized with a 0.1M HCl solution, washed with distilled water until reaching a pH between
6 and 7 and was dried in an oven. Activated carbons obtained were denominated as SKOH.

H2PO3 Activation: An impregnation ratio of 0.39 was used for activation the hydrochar with phosphoric
acid. Sample was impregnated with acid and kept in contact with this reagent at 110°C for 24 h until dry.
Then, a heat treatment at 500°C was carried out in the absence of oxygen for 1 h. Product obtained was
washed with distilled water until neutral and dried. The activated carbons were denominated as SHPO.

Material Characterization: Proximate analysis of raw biomass and hydrochar (moisture, ash, volatile
matter and fixed carbon) was performed by following ASTM standards. The surfaces morphological
characteristics were analyzed by scanning electron microscopy (SEM) in a JEOL JSM-6610LV (MEB)
equipment. Surface functional groups were determined by Fourier transform infrared (FTIR) spectroscopy,
using a Bruker Vertex 70 equipment. Textural properties of the materials were determined by adsorption—
desorption isotherms of nitrogen at 77 K in a Micromeritics, ASAP 2000 Model equipment.

Methylene blue (MB) kinetic adsorption assays were performed to obtain the minimum contact time.
Adsorbent samples of 30 mg were placed in sealed flasks with 30 mL of 300 mg L™ solution of MB. The
suspensions were stirred at 120 rpm in a thermostatic bath at 25 °C, varying the contact time for each flask.
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Results and discussion
Table 1 shows the proximate analysis of the grape stalk and the hydrochar obtained. The results indicate an
increase carbon fraction fixed in the hydrochar and the decrease of about 50% of the ash.

Table 1. Proximate Analysis (%)

Material Moisture Ash Volatile matter Fixed carbon
Stalk 20,2 12,5 53,5 13,9
Hydrochar 4.97 5,1 48.87 41.06

The changes in the morphology of the grape stalk due to the hydrothermal carbonization were
evaluated by SEM (figure 1). Images of the grape stalk show a cellular structure typical of lignocellulosic
materials. Substantial changes in the surface morphology of hydrochar are revealed in SEM images.
Numerous sphere-shaped microparticles can be observed on the surface of the hydrochar, these probably
have their origin in the decomposition of cellulose during hydrothermal carbonization. In the case of lignin,
due to its greater chemical stability, only partial degradation occurs and the original skeleton of the
particles is mainly preserved.

i‘!

e . . e y
Gt g s - h, 5
. o ’ : -
: — sepf R YT ‘(} 45,00
e )

Figure 1. SEM images of the grape stalk (a) and hydrochar (b and c).

FTIR spectra of grape stalk and hydrochar show that the shape and location of spectral peaks are
maintained when hydrothermal carbonization is applied, although the lower intensity for the hydrochar.
The presence of chemical groups on the surface confirms the typical characteristic of the hydrochar that
differentiates it from the chars obtained by conventional pyrolysis.

The determination of the BET surface area reveals an incipient development of porosity in the
hydrochar, 26 m?/g, in the case of activated carbons high values were obtained, 1630 m?%/g and 1880 m?/g
for the SKOH and SHPO samples, respectively.

In order to evaluate the adsorbent properties of the ACs obtained, kinetic tests were carried out, using
methylene blue as adsorbate. Once equilibrium is reached, the ACs remove more than 96% of the initial
dye concentration. In the present study, the most used kinetic models, pseudo first order and pseudo
second order models, were applied for the batch kinetic data in linear way. The results show for the SKOH
sample a better fit of the pseudo second order model to the experimental data, on the contrary, for the
SHPO activated carbon, the pseudo first order model presents a more appropriate fit.

Conclusions

This study demonstrated the viability of ACs prepared using KOH and HPO activated hydrochar produced
from grape stalk for MB dye from aqueous solution. This new route of AC from hydrochar may open a
window for waste treatment.
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Introduction

Nitrate is one of the major inorganic pollutants in groundwater systems, mostly derived from the exceeded
application of N- fertilizers which leach in aquifers after irrigations and rainfalls (Lu et al., 2019). High
concentration levels of NO3" -N (> 11.3 mg/L) can contribute to eutrophication and infants’ disease
methemoglobinemia, rendering their removal crucial (WHO and Regional, 2002). Palygorskite is a fibrous
clay mineral, widely used as adsorbent of cationic pollutants. After thermal treatment (T-Pal), its pore size
is getting larger, whereas more OH™ groups can be revealed, promoting the adsorption of voluminous
anions as well (Chiari et al., 2003). Great asset on T-Pal usage, is that after its N-saturation can be exploited
as ‘green’ fertilizer in cultivations (Lazaratou et al., 2021).

Materials and methods

For the adsorption experiments performed on fixed — bed reactors, Plexiglas tubes (columns) of laboratory
scale were used. The tubes were 40.0 cm in height and 4.0 cm internal diameter, with 450 ml operational
volume, equipped with four sampling valves at various heights. The column was filled with 287 g of T-Pal
sample at 1.4 — 2.34 mm grain size. For the removal of NO3" -N, real groundwater sample from Neo
Vouprasio (Achaia) was used with initial NO3-N concentration 25 mg/L. The effect of continuous flow rate
(15, 25, 35 and 50 ml/min) and column heigh were considered. Various samples were selected at various
time intervals till the saturation of T-Pal was achieved and the breakthrough curve could be formed. Each
sample was centrifuged at 5.500 rpm for 3 min and filtrated through Whatman filters (0.45 um) to remove
the finest suspended. The final concentration of each time interval was measured at UV-Vis
spectrophotometer at 200 nm using quartz cuvette (APHA, 1998). From the data obtained, the maximum
removal efficiency, adsorption capacity and liters of purified water were determined. Also, the data were
applied to Clark, Yoon- Nelson and Thomas kinetic models.

Results and discussion

For the purification of Neo Vouprasio groundwater, the effect of four different continuous flow rates (10
ml/min, 25 ml/min, 35 ml/min and 50 ml/min), on T-Pal removal efficiency was examined (Figure 1). With
the flow rate increase, the removal curve becomes steeper, since the rapid saturation of T-Pal is achieved,
especially for 50 ml/min flow rate where curve reached the breakthrough point from almost 45 min. The
flow rates of 25 ml/min and 35 ml/min presented a similar pattern, since for the T-Pal saturation 300 min
were demanded, whereas the removal rate was quite common after the 30 min. At the flow rate of 15
ml/min the breakthrough curve was completed in 500 min instead of 300 min, nevertheless, the nitrate
removal rate had no significant differences with 25 ml/min at the first 20 min that the effluent nitrate
concentration was below the permeable limit. Concerning the column height effect (or mass effect), it was
indicated that the more adsorbent mass there is, the more removal can be achieved, since for the same
flow rate (35 ml/l) 1.33 L instead of 0. 315 L of effluent groundwater are purified (Vw) from 287 gand 861 g
of T-Pal respectively (Table 1). From the application of kinetic models very high correlation coefficients (R?)
were obtained (R? >0.91), for all the examined flow rates. Moreover, Yoon-Nelson and Thomas models
found to better describe the procedure, due to the higher R2 value of 0.96072 instead of the 0.96068
obtained from the Clark model at 25 ml/min flow rate, and at the other examined flow rates as well. The
Yoon -Nelson model is associated with Langmuir isotherm which, was indicated the most appropriate for
NO3 - -N interactions with T-Pal at previous batch studies as well, verifying the monolayered nitrate
adsorption on T-Pal (Lazaratou et al., 2021).
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Table 1. Operational parameters for NO3 - -N adsorption on T-Pal and liters of purified water (Vw).

Q (mL /min) m (greal) Vw (L)
15 287 0.360
25 287 0.525
35 287 0.315
50 287 0.400
35 861 1,330
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Figure 1. Effect of 15, 25, 35 and 50 ml/min flow rates for 25 mg NO3 - -N /L removal.

Conclusions
Summarizing, moderate flow rates of 25-35 mi/min found to be efficient for NO3 - -N removal from

groundwater on T-Pal within 30 min, rendering this adsorption rapid, which could be a promising
alternative for pre- treatment of nitrate polluted groundwaters.
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Introduction

Vanadium is an element of the fifth group which occurs in +3, +4 and +5 oxidation states in aqueous media
and the +5 oxidation state is the most stable in oxic solution. Vanadium has been recognized as potentially
dangerous pollution in the same class as lead, mercury and arsenic. Maximum concentrations of this
element in drinking water must be within the range from about 0.2 to 100 pg/L with typical values ranging
between 1 to 6 pg/L.

Because of ease dissolution of vanadium at high temperatures, this metal is added to the steel to
improve resistance to cracking and abrasion as well as increasing the harness. Additionally, vanadium is
commonly used in many others industries including mining, oil refinery, pigments and automobile
industries. A wide application of vanadium compounds can produce huge amounts of wastes which are
discharged into the environmental waters. Especially toxic for humans health is vanadium in the +5
oxidation state which can cause damage to the respiratory, gastrointestinal and central nervous system as
well as increase the risk of lung cancer. Therefore, removal of vanadium(V) from industrial wastes is
significant importance for environmental protection.

In order to remove V(V) from aqueous solutions, various methods such as chemical precipitation, ion
exchange, membrane filtration, biosorption and adsorption were used. Adsorption proved to be the most
effective method because of its low cost, higher uptake capacity of vanadium(V) as well as faster and easier
recovery which makes the search for new sorbents of significant importance.

These needs are met by sorbents based on biochar. Biochar is the so-called charcoal produced by
heating biomass in an oxygen-restricted environment. The production of biochar takes place with the use
of broadly understood biomass, both primary biomass of bioenergy importance and waste biomass.
Biochar is characterized by the presence of functional groups, porous structure, thermal stability, high
specific surface area and high carbon content. The availability of biochar and the ease of modifying their
surface encourage the use of new, natural ingredients for this purpose. Hydroxyapatite is an example of a
modifier used in the research.

Synthetic hydroxyapatite (HAp) with the formula Cal10(P0O4)6(0OH)2 is considered a natural, non-toxic,
environmentally friendly material and the main inorganic component of bones and teeth. HAp plays a
unique role in the regeneration of damaged bone due to its bioactivity, which makes it used as an
orthopedic and dental implant. HAp has been extensively researched for biomedical applications in the
form of powders, composites and even coatings. The well-defined crystal structure of HAp, which gives it
the ability of ion exchange, low solubility in water, thermal stability, porosity and high adsorption affinity to
many pollutants, make it one of the most effective materials for removing cationic and anionic impurities
from polluted water.

Materials and methods

The research on the efficiency of sorption of vanadate(V) ions from aqueous media was carried out using
the static method in 100 mL conical flasks by adding 0.1 g of sorbent and shaking with 50 mL of the solution
at 180 rpm and 293 K. The first step in determining the process conditions was to examine the effect of pH
in the range from 2 to 6. In the next step, the effect of the phase contact time was determined from 1 to
240 minutes and the concentration of the initial solution from 10 to 100 mg/L was determined.

The scheme of obtaining hydroxyapatite modified biochar is presented below.
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Preparation of BC

Results and discussion
On the basis of preliminary studies, it was found

s that the highest ge values were obtained for pH 3.

T ¥ - Thus, this values was found for further research.
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capacity on the initial pH for the sorption of V(V) of 10, 25, 50 and 100 mg/L, respectively.
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rpom, 293 K).

Conclusions

The obtained satisfactory amounts of adsorbed vanadate(V) ions on the hydroxyapatite modified biochar
confirm that this sorbent can be used for water and wastewater treatment.
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Introduction

Water contamination caused by compounds of emerging concern, such as pharmaceuticals compounds,
serves as an obstacle for water reuse, which amplifies the water crisis in South Africa. Pharmaceuticals are
designed to interact with living systems by timelessly producing a pharmacological response at trace levels
making detection and monitoring difficult. Pharmaceutical compounds pose an important risk to the
environment because the compounds are unregulated and commonly found at ultra-trace levels in the
environment, making removal in wastewater treatment plants difficult (Wang & Wang, 2016).
Pharmaceuticals are stable and not easily degradable thus may exist in the environment for a longer period
leading to pseudo-persistence (Bu et al., 2016). These pollutants find their way into the environment
through various pathways including treated and untreated wastewater. There have been reports globally
that conventional wastewater treatment systems (WWTPs) are not successful in the complete removal of
these compounds during the treatment process, this further leads to contamination of surface water
(Madikizela et al., 2017). As a result, the search and development of low-cost materials for the removal of
pharmaceuticals in wastewater treatment have recently gained interest. This study aims to evaluate varying
biochar and activated carbon produced from different feedstock for use as an adsorbent in wastewater
treatment plants, with the aim to offer a solution for pharmaceutical removal. These carbon materials are
intended to be used in a demonstration decentralized wastewater treatment plant systems (DEWATS)
based in Durban Newlands-Mashu which receives effluents from 83 households.

Materials and methods

In this study, biochar was produced from three renewable feedstock namely eucalyptus, black wattle, and
horse manure through the process of pyrolysis. The biochar was further chemically activated and will be
used for the removal of pharmaceuticals from wastewater through the mechanism of adsorption. The
biomass was pyrolyzed to produce the biochar at varying temperatures of 350 °C and 700 °C. Each biochar
was studied in three different forms, pristine biochar (PB), modified by potassium hydroxide (AC-KOH) and
modified by phosphoric acid (AC- H3P0O4). Batch adsorption tests were carried out using tartrazine dye as a
proxy to determine the effect of initial concentration on the adsorption process. To understand the
physiochemical properties that are relevant for application as adsorbent material, the biochar and
activated carbon samples will be characterized by Brunauer-Emmet-Teller surface area analysis (BET),
Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), thermogravimetric analysis (TGA), point of zero charge (pHpzc) and Boehm titration.

Results and discussion

The biochar yield was dependent on the pyrolysis temperature and feedstock type. The biochar yield was
seen to decrease at 700 °C compared to 350 °C for all three feedstocks. Horse manure generated a lower
biochar yield compared to Black wattle and Eucalyptus. The high biochar yield can be linked to the higher
carbon content found in the wood material. The general trend indicates that material containing higher
lignin content generates a higher biochar yield. Chemical activation of carbon led to a great mass loss of
biochar for all the different feedstocks.
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For the effect of feedstock type and the pyrolysis temperature on the removal of tartrazine dye. Both
feedstock type and pyrolysis temperature indicated a strong influence on the adsorption efficiency. The
surface area and pore size increased proportionally with the pyrolysis temperature. Furthermore, an
increase in adsorption efficiency was witnessed with an increase in pyrolysis temperature irrespective of
the type of feedstock. The Activated carbon offered a higher adsorption efficiency compared to the biochar
in all three feedstocks. Activation can thus be utilized to generate biochar with improved physicochemical
and adsorption properties. The characterization test results supported this as biochar produced at higher
temperatures showed more distinct pores and a greater surface area. Chemical activation increased the
pore size and surface area of the biochar, leading to an increase of adsorption sites, which facilitates more
adsorption to occur.

Conclusions

The present study shows that biochar and activated carbon generated from a low-cost material, Black
wattle, horse manure, and Eucalyptus could result efficient in the removal of pharmaceuticals from
wastewater. The biochar properties are highly dependent on the feedstock type and pyrolysis temperature.
The highest % yield was observed at 350 °C for all feedstocks. Chemical activation and pyrolysis
temperature enhance the chemical and physical properties of biochar leading to better adsorption capacity
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Introduction

World population is projected to rise from 7.7 billion to 9.7 billion by 2050. Moreover, an estimated 2°C rise
in global temperature by the end of the century may led to the extinction of a third of all life on the planet.
In such context, there is more advocacy to shift from linear to circular economy by creating industrial
systems that are restorative by design ensuring sustainable development (Morseletto 2020) by restoring
natural habitats and conserving biodiversity. This will enable to build a resilient, low carbon and sustainable
economy.

Materials and methods

In this study online and offline resources (research paper, video, press article, web site, book, report,
factsheet) were examined in addition to the field visits to understand how circular economy model can
improve the effort of biodiversity conservation in the world. Case studies and success stories from West
Africa were used to highlight how the production system based on circularity works.

Results and discussion

The traditional economy system (linear) is characterized by produce, consume, throwaway while circular
economy is rather characterized by repair reuse and recycle. Circular economy is a model of economic,
social and environmental production and consumption that aims to build a sustainable society based on a
circular model (ICLEI Africa 2021). Based on three principles driven by design, the model enables economies
and societies in general to become more autonomous, sustainable and in tune with the issue of
environmental resources. The goal is to make the economy as circular as possible, by thinking to new
processes and solutions for the optimization of resources, decoupling reliance on finite resources (Ellen
Macarthur Foundation 2021). Therefore, it is an industrial economy that is restorative by intention, using
renewable energy, eliminating the use of toxic chemical and eradicating, or promoting reduction of waste.

Biodiversity refers to the diversity of life on earth at different levels that are genes, species, and
ecosystems. Mankind gets a lot of benefit from biodiversity. Indeed, they benefit from the consumptive
value (food/drink, fuel, medicine, batter crop varieties, industrial material) and the non-consumptive value
(recreation, education and research, traditional value) of the biodiversity. However, human population
growth and many human activities present real threats to biodiversity preservation. In his wake, habitat
modification / fragmentation, overexploitation of selected species, innovation by exotic species, pollution,
hunting, global warming and climate change and agriculture can be mentioned. To these anthropogenic
threat causes can be added the natural ones such as narrow geographical area, low population, low
breeding rate and natural disasters.

Among other advantages of the circular economy its role in the protection of environment and
biodiversity and that of tackling global warming and climate change can be mentioned. As of the
environment and biodiversity protection this system enable: several long-term positive externalities (usage
of farm waste to produce sustainable energy using biomass or the use of such remnants as fertilizer for
crops); reduce reliance on harmful chemicals; increase organic and healthy crops production; enable
production of cheap electricity; reduce soil degradation; sustain wildlife and their habitats; reduce
overconsumption; provide more natural environment for flora and fauna to thrive; create stable businesses
and jobs and increase living standards and quality of life. As sustainable model for protecting future
generations, circular economy tackles global warming and climate change.
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Findings showed that for circular economy integration into biodiversity conservation policies, it is
important to optimize the uses of biodiversity, matter and energy and limit consumption and wastage.
According to Ellen MacArthur Foundation (EMF), the key concepts about biodiversity associated with the
circular economy loop are biomimicry, ecosystem service valuation, bioeconomy and renewable energy.
Since nature has ability to efficiently use waste in a perfectly closed natural system (Phipps, 2019),
biomimicry consists in the practice of modelling human-made designs after ecological and biological
interactions observed in nature (Benyus, 1997). The ecosystem service valuation is defined through
economic and social benefits to humans (MEA, 2005). These services can be ranged from cultural,
regulating, supporting, to provisioning. In the EMF's representation of circular economy theory,
bioeconomy essentially represents the “biological nutrients” (EMF, 2015). As of the fourth key (renewable
energy) under the circular economy framework, energy should ideally be of a regenerative-renewable
nature (EMF, 2015). Renewable energy represents an opportunity for society to become less dependent on
fossil fuels and, in some cases, promote social and economic justices (Owusu and Asumadu-Sarkodie,
2016). Thus, for a perfect integration of the circular economy into biodiversity conservation policies, it will
be necessary to work on the three areas and seven pillars of the circular economy. The first area is
composed of four pillars which are: sustainable extraction/exploitation and purchasing, eco-design
(products and processes), industrial and territorial ecology and functional economy. The two pillars of the
second area which is consumer demand and behavior are responsible consumption (purchasing,
collaborative consumption, use) and extension of the period of use (reemploy, repair, reuse). The third area
is about waste management and concerns recycling of matter and organic.

Among others, practical actions to be taken to limit biodiversity loss in the frame of circular economy
include production systems amelioration, plastic collection, and recycling, raising awareness about
changing consumption behavior, water reuse and recycling and changing the way of thinking agriculture.
Regarding the latter, an ecofriendly production model called “Songhai model” developed in Benin and
spreading throughout Africa shows that the circular economy contributes to biodiversity preservation.
Indeed, Songhai implements ‘integrated and sustainable agriculture” with “Organic Generation” and “Total
Production Zero Waste”. The pillars of this model are bio-production, bioprocessing, bio-consumption, and
bioenergy. The waste management system at Songhai is called: Waste to wealth. In this system, livestock
by-products generated (litter and droppings) are transformed into compost for soil maintenance and food
production. The water used to clean the concrete and earthen ponds where fish are raised is recycled and
used to irrigate crops. Plant, animal, and fish production, residues are raw material for producing energy
(bioenergy) in the form of domestic biogas used for cooking, lighting, and heating without the risk of
polluting the environment or damaging eco-systems. Hence, at Songhai, environment and nature are key
allies treated with respect.

Conclusions

The circular economy can be a model that can help save the planet, however, it cannot be seen in isolation.
The circular model is far more complex than the linear approach and requires a global workforce that is
educated and able enough to use it and improve upon the current mechanisms of the model to make it as
efficient and environmentally friendly as possible. As always, the attraction of a single, simple and magical
answer is a mirage, possibly nefarious; the circular economy cannot do everything, see everything, foresee
everything. It can only be truly beneficial for all if those who promote it explicitly recognize its limits and
work with complementary approaches, thus allowing a holistic approach to the challenges of sustainability.
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Introduction

We realize today that the unsustainable way that our societies grow, consume, and waste natural
resources. While resources such as water, fossil fuel, and nutrients are becoming scarce, climate change is
progressing. Sustainable development implies the need to identify tools to properly manage our water
resources. However, the challenge is to understand the interconnections and synergies between technical
and non-technical/social/management and economic aspects. Circular economy appears today as an
alternative economic model that can guarantee the economic growth while minimizing — or ideally
eliminating — the climate change impacts. It dictates that new solutions are required to deal with waste; in
fact, waste is no longer considered as waste rather than as a valuable input to another process. This new
approach demands new solutions that will not generate an environmental impact themselves while solving
another issue.

In this context, Nature-based solutions (NBS) are widely recognized as important tools in climate action,
in addressing societal challenges, protecting, and restoring ecosystems and supporting biodiversity
conservation (Stefanakis et al., 2021). NBS represent an attractive toolbox for sustainable strategies that
can play a key role in the implementation of the European Green Deal. The use of NBS such as the green
technology of Constructed Wetlands (CW) is gaining increasing global attention and popularity. This
technology typically has few mechanical parts, limited maintenance needs, limited or even no need for
specialized staff, minimized use of non-renewable materials (concrete, steel etc.), design flexibility and
replicability, reduced greenhouse gas emissions, minimum energy consumption, and no harmful by-
products. Furthermore, the use of NBS for wastewater management enables the reuse of the treated
effluents, e.g., for irrigation of crops or recycling in an industrial process, closing this way the loop of water
and promoting circularity aspects and practices in the industry.

This paper presents two case studies that demonstrate the feasibility, scalability and opportunities
provided by CW technology for wastewater management and reuse of different wastewater sources:
municipal wastewater management in the Czech Republic and oily produced water management in Oman.

Case studies description

The first case study from the Czech Republic deals with a full-scale hybrid CW that is intermittently loaded
with high volumes of moderately-polluted mixed wastewater from a hotel, a restaurant and a brewery and
the sequential reuse of the treated effluent for the irrigation of various types of crops (Seres et al., 2021).
The system consists of 5 stages: (i) a septic tank, (ii) a horizontal CW (HF), (iii) a vertical CW (VF), (iv) a
combined CW consisting of an unsaturated vertically-flowed part and a saturated horizontally flowed part
(HVF) and (v) stabilization pond (SP). The calculated maximal treatment capacity of the system is 150
population equivalent with a maximal daily wastewater inflow of 16.5 m3/day. The system is in full
operation since early 2018. In the experimental irrigation field (49 m?), two sources of water were used,
i.e., fresh water from a well and treated wastewater from the CW, while the irrigated crops were tomatoes
(Solanum lycopersicum L.), potatoes (Solanum tuberosum), and lettuces (Lactuca sativa L.).

The second case study from Oman and has to do with the management of oily produced water from
oilfields. Produced water is the water produced during the exploration and production of oil and gas and
represents one of the largest industrial waste streams worldwide. One of the largest CW systems in the
world is found in Oman for the treatment of oily produced water (Stefanakis et al., 2018). The system
started its operation in end-2010 and after three expansion phases (Stefanakis, 2020), the treatment
capacity today
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reaches 175,000 m3/day. This treatment plant consists in 490 hectares of free-water surface CWs and 780
hectares of evaporation ponds (Stefanakis, 2020). Furthermore, a first large study was carried out in an
irrigation field of 22 hectares (Stefanakis et al., 2018), where various salt tolerant plants with market value
such as biofuels, cotton, forage grass, among others, were irrigated with the treated effluent (Echchelh et
al., 2021). To further close the materials cycle, a compost trial that was also carried out using the reed
biomass from the wetlands as main substrate. Following the same approach, another study investigates the
potential to use the reed biomass for biogas production, that will be used to cover the minimum energy
demand of the facility.

R -

L

Hmwm -

Figure 1. Left: the constructed wetland system in the Czech Republic. Right: the
constructed wetland system in Oman

Conclusions

Identifying sustainable management ways for wastewater effluents is a key factor towards expanding and
implementing the circular economy principles. New, green technologies are needed to enhance the
sustainable character of wastewater management, especially in the industrial sectors, but also new
initiatives to close the materials cycle and promote water reuse and recycling. Nature-based solutions such
as the green technology of Constructed Wetlands can provide these desired characteristics. The two case
studies presented here from different wastewater sources and different climatic conditions demonstrate
that the dual goals set of implementing sustainable technologies and circular practices is technically and
economically feasible at various scales. The use of Constructed Wetlands for wastewater allows the
recycling of the treated effluent in the industrial process reducing this way the freshwater consumption. It
also enables the reuse and exploitation in irrigation to produce valuable crops. These examples of
wastewater management indicate the potential to close the loop of water and promote circularity aspects
and practices in the wide water management sector.
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The meaningful concept of circular economy and tighter environmental legislation to phase out single-use
plastics have prompted the scientific community to transform the polymer industry toward bio-based and
recyclable materials. Lignin, the second largest natural polymer produced on Earth, epitomized the main
source of phenolic compounds for the conception of bio-derived materials. Strategies toward lignin
valorization flourished as lignin can be incorporated as fillers for composites, depolymerized into high-
valued added chemicals, or modified to produce lignin-based materials. Polybenzoxazines (PBZs) emerged
as a promising alternative to phenolic and epoxy resins thanks to their competitive features such as
superior mechanical properties and thermal stability?. The exceptional design versatility of their chemical
structure is at the root of the growth of research works related to their synthesis from lignin-
depolymerization chemicals. As unmodified lignin macromonomer meets few reactivity toward
benzoxazine chemistry, we have reported a promising green and eco-friendly approach to enhance the
reactivity of lignin3. A technical soda lignin was esterified in solvent-free condition with phloretic acid, a
naturally occurring compound extracted from the leaves of apple trees. This sustainable synthetic route
grants technical lignin with ester bonds and an increased number of phenolic reactive sites.

Therefore, this enriched platform of ortho-free
phenolic rings was employed for the design of a
series of lignin-based benzoxazines (LBZs)*. The
properties of the monocomponent bio-based resins

o
adll

can be easily tuned depending on the amine used to P
close the benzoxazine ring. Bio-based amines
synthons such as long-alkyl chain stearylamine
confers hydrophobicity to LBZs coatings (= 96 °),
while furfurylamine, derived from furfural,
furfurylamine provide LBZs resin with high-Tg (Tg=
197 °C) and high thermal stability (CR800= 45.8 %)
well adapted for fire-retardancy applications.
Ethanolamine grants recyclability to the cross-linked

i

-
lignin-vitrimers thanks to the internally catalyzed s X"~"oH -~

.- . . 4,5 .
transesterllflcat!on .dyr.lamlc exchanggs . This Eireicatariiancy ® Hydrophobic coatings
presentation will highlight the versatility of LBZs ¢ >
materials in terms of application (Figure 1). Recycling vitrimet

Figure 1 Multi-purpose applications of LBZs materials
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The New Green Deal in Europe sets the basis for energy decarbonisation in member countries and the
promotion of Renewable Sources to meet their energy needs. Member countries have committed to a total
of 338.3 GW Photovoltaic (PV) installations by 2030, almost triple than 2019, thus huge amounts of PV
waste are anticipated in the future.

The purpose of this study was to investigate silver leaching from monocrystalline and polycrystalline
silicon PV panel waste by hydrothermal treatment using mild HNOs solutions. The process parameters
were: solid to liquid ratio (S/L), HNOs normality (N), time (t) and temperature (T) of the hydrothermal
treatment. After preliminary tests, the HNOs; molarity was set in the range of 1-2 N, in an attempt to
minimize hazardous waste. In order to investigate the influence of these parameters on silver leaching, the
Response Surface Methodology (RSM) and the Box-Behnken design was used to plan the experiments. The
results revealed that the processing time was the most important factor, followed by HNO3s molarity and S/L
ratio, while the temperature of the process (100-140 °C) was not statistically significant. Silver leaching
from monocrystalline and polycrystalline PV waste exhibited similar behavior while XRF characterization
revealed that Ag concentration was higher in monocrystalline PV panel.
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Figure 1. Main Effects Plot for parameters under study on silver leaching from monocrystalline and
polycrystalline PV waste(a) and (b) Pareto Chart of Effects (a) monocrystalline and (b) polycrystalline PV

waste.
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Introduction

The following study focuses on the in-depth analysis of the state-of-the-art preprocessing techniques of the
Rear Earths Elements (REEs) magnets as well as the extraction of REEs incorporating different processes.
Several investigations have aimed at the extraction of REEs from permanent magnets due to the meager
world's recycling percentage (1%).

Materials and methods

Permanent magnets incorporate Critical Raw Materials, especially, rare-earth elements (REEs), such as
neodymium, iron, boron (Nd-Fe-B) and Samarium and Cobalt (SmCo). These types of magnets are used in
several emerging sectors, which are crucial to Europe's energy sustainability. Examples are electric vehicles
(EVs), wind turbines and a multitude of domestic applications.

Results and discussion

These technologies are being rapidly developed, resulting in a growing demand for magnets and REEs.
However, the primary production and supply of REEs are not capable of covering the world's demand for
these metals. Further, since mining primary sources are placed almost exclusively in China, which accounts
the nearly 98% of the world's REEs production and, at the same time, consumes 67% of produced REEs in
the internal market. Meanwhile, the European industry is totally dependent on imported REEs, as less than
1% is recycled at the European Level.

Therefore, the dominance of third countries in REEs production and the increase of their demand in
Europe creates a gap between the supply and demand of these metals, which can be decoupled by
recycling the End-Of-Life Materials.

However, an industrially sound technology presenting high recovery efficiency and at the same time
being techno-economically sustainable has not been developed yet.

In the following literature review the steps of the demagnetization and milling, in powder form, have
been reviewed considering that the literature data are limited because of the challenging properties of the
magnets, which complicate their handling. The flammability of the magnets under shredding/milling
creates a challenging balance between safety and economical sound processes.

Moreover, in the specific research, the extraction of REEs will be described in detail using either a direct
extraction method or a combination of methods based on the pyro- or hydrometallurgical processing. The
main methods are based on dry digestion, acid baking processes, high acid hydrometallurgical methods and
high temperature (pyrometallurgy) routes aiming at higher REE extractions compared to the existing
methods.

Conclusions

An insight into the recycling methods for recovering critical raw materials of REEs from permanent magnets
will be presented, offering a sustainable perspective of handling, storing and preprocessing the latter
materials. The need for decoupling from imports from the East will be described and validated.
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Introduction

The paper is focused on a techno-economic analysis for a plant that recycles spent hydrodesulfurization
(HDS) catalysts. HDS catalysts usually are made of MoS2, Ni, or Co sulfides supported by porous alumina.
During the heavy oil or diesel refining by HDS catalysts, a significant amount of transition metals are
deposited on the catalyst surface in addition to carbon and sulfur. Accumulation off such elements leads to
the deactivation of HDS catalysts. Although the organic deactivation can be recovered by burning off the
carbon and sulfur elements, deactivation through transition metal deposition is irreversible, leading the
catalyst to the end of its life. The recycling process is based on a double thermal pre-treatment stage,
followed by a series of hydrometallurgical steps that allows recovering Mo and V, as well as a Ni
concentrate that needs further refining for separation and recovery of the metals.

Some spent catalysts are wet, i.e., containing residual naphtha or other hydrocarbon fractions, in a 5-
13% concentration range. Others, instead, are dried and dusty, mostly containing coke and sulfur. Some are
based on active metals like Ni-Mo, others on Co-Mo.

Few industrial processes are currently available to recycle HDS catalysts, particularly the
pyrometallurgical and hydrometallurgical ones. This paper considered the hydrometallurgical approach,
including a double-stage thermal pre-treatment required to oxidize residual hydrocarbons, coke, and sulfur.
The plant is based on a process whose pre-treatment thermal stages were tested on a pilot scale by the
University of L'Aquila, whereas the hydrometallurgical section was studied at a laboratory scale in the last
years.

Materials and methods
The plant is divided into several sections, listed and described in the sub-paragraphs. Only dry Ni-Mo
catalysts containing vanadium from the oil fractions treated in refineries were used as the plant's
feedstock. The plant's capacity was set at 6000 tons/year in 7/24 continuous operation mode for a working
period of 300 days/year.

In this study, the thermal treatment is carried out in two sequential roasting stages: this choice allows to
have a pregnant cleaner solution, i.e., free of Na2S0O4, that results in a higher grade of the Mo and V salts
precipitated in the downstream stages.

The flue gas section heat & material balance (H&M) was carried out by Chemcad 7 (Chemstation) and
Microsoft Excel. The centralized flue gas plant treats the gas coming from rotary kiln 1 (catalyst oxidation),
rotary kiln 2 (roasting with soda ash), rotary kiln 3 (calcination of AMV), rotary kiln 4 (calcination of
molybdic acid), EAF 1 (melting of Ni/alumina solid residue) and EAF 2 (melting of powdered vanadium
pentoxide).

The material coming from the second kiln is composed of large flakes that need to be milled before
leaching as the extraction yield increases with the smaller particle size of the solid. Hence, a ball mill
reduces the particle size to < 2 mm. The hydrometallurgical section was simulated using the software
package SuperPro Designer 9.5 (Intelligen). The leaching phase is divided into three stages in series, where
three aliquots of catalysts are leached by the same hot water at 85°C for 2 h each after filtration; this
process arrangement is used to concentrate the metal to recover, i.e., Mo and V.

The pregnant solution is contaminated by arsenic and phosphorous salts, that has to be removed
because they reduce the quality off steel, where Mo and V are added for special alloys. This is why such
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impurities have to be removed; otherwise, it is rather difficult to sell Mo and V oxide of low quality. Thus,
ammonium vanadate and molybdic acid are recovered by selective precipitation.

In the 3rd rotary kiln, NH4VO3 is decomposed into V205 and NH3, and the 4th rotary kiln performs the
thermal decomposition of H2Mo044 into Mo0O3 and H20. Moreover, the 1st EAF melts the alumina/nickel
solid residue coming from the leaching stage, and the 2nd EAF melts the powdered vanadium pentoxide to
get V205 flakes.

Results and discussion

The plant is considered to be built in an Eastern European country (e.g., Poland, Croatia, Slovenia, Hungary,
Czech Republic, Slovakia), and the level of taxation is set at 25%. Total CAPEX and OPEX are determined by
the H&M balance of the entire plant, with the current prices for equipment, electric energy, natural gas,
personnel, chemicals, etc.

The recycling plant, with a capacity of 6000 tons/year of spent HDS catalysts, can produce 1272
tons/year of V205 98%wt, 239 tons/year of MoO3 57%wt (both commercial grade), and 227 tons/year of
Ni/V/Mo alloy with an approximate composition of 72/25/3%wt, respectively.

As far as the first two products are concerned (V205 98%min and MoO3 57%min)), a commercial-grade is
considered. Instead, for the other product (NiVMo alloy - 72/25/3%), a weighted price was chosen,
considering the percentage of V, Ni,, and Mo and the fact that such a material has to be refined further.

The CAPEX is around 51 M€, including the indirect costs like engineering, procurement and construction,
and supervision. The total OPEX is nearly 22.6 M€/y, including the annual loan payment of 7.59 M€/y with
an annually compounded interest rate of 3% (10 years as a return period). The project lifetime is foreseen
to be 20 years. The cost of the equipment, electrical energy, and natural gas is for the post-Covid19 period.
The main profitability indexes that do not consider the time value of money were calculated and are listed
in Table 1.

Table 1. Main economic parameters

ITEM

TOTAL INVESSTMENT 59.084.160 €
REVENUES 36.141.580 €/y
ANNUAL OPEERATING COST 22.527.063 €ly
GROSS PROFFIT 13.614.517 €ly
TAXES (25%) 3.403.629 €y
NET PROFIT 14.213.846 €ly
GROSS MARGGIN 37,7 %
RETURN ON INVESTMENT 24,1 %
PAYBACK TIMME 4,2 years

Conclusions

The techno-economic analysis showed that the recycling of spent HDS catalysts is a profitable activity to
invest in. In particular, the investment is highly profitable, with a plant capacity of at least 6000 tons/year of
catalyst feedstock. The net profit is greater than 14 M€/y with an ROI of 24.1% and a payback time of 4.2
years.
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Introduction
The fermentation of industrial off-gases and synthesis gas (syngas) produced by gasification of low-cost or
waste biomass represents an extremely versatile technology that is based on the use of a carbon rich gaseous
feedstock as substrate for microbial metabolism, for the synthesis of chemical building blocks and biofuels.
Besides the decarbonizing potential offered by the conversion of CO,-rich gas streams, syngas fermentation
has the advantage of enabling the recovery of the chemical energy stored in all parts of the biomass, and
thus the subsequent bioconversion of otherwise inaccessible fractions (Daniell et al., 2012).

Carboxydotrophic bacteria are able to use CO and CO,+H, as carbon and energy source for the production
of different short chain organic acids and alcohols. One of such bacteria is Butyribacterium methylotrophicum
(BBM), a carboxydotrophic acetogen that uses the Wood-Ljungdahl pathway (WLP) to produce acetic and
butyric acid from those gaseous substrates (Pacheco et al., 2021). Even though not as interesting as a product
as butyric acid, acetic acid is a very flexible compound that can be easily metabolized by bacteria and yeasts
to produce chain-elongated compounds with appropriate characteristics to be used as platform chemicals.
Clostridium tyrobutyricum (CTB) is a saccharolytic clostridia that is able to assimilate acetate and produce
high concentrations of butyric acid, but also ethanol and 2,3-butanediol. The combination of acetogenic and
carboxylic microorganisms in a flexible biocatalytic process has the potential to harness the carbon content
of waste gases to produce economically relevant molecules.

This study aimed at the implementation of a small-scale co-culture system of B. methylotrophicum and C.
tyrobutyricum to assess the potential of CO, CO, and acetate metabolization to C4-products, and the
upscaling of the process in a continuous two-stage bioreactor.

Materials and methods
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Figure 1. Schematic representation of (A) the small-scale co-culture system of B. methylotrophicum and C.
tyrobutyricum and (B) the continuous single-stage (black+red) and two-stage (black+blue) bioreactor set-up.
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The microbial strains used in this study were Butyribacterium methylotrophicum strain Marburg DSM 3468
(DSMZ, Germany) and Clostridium tyrobutyricum P9 (LNEG isolate). The strains were cultured anaerobically
in Syn1 medium (Pacheco et al., 2021) at 37 °C, as depicted in Figure 1.

Analytical procedures for biomass, gas and products were performed as described in Pacheco et al., 2021.

Results and discussion

The co-culture of BBM and CTB in serum flasks was able to successfully metabolize acetate, producing 20.7
and 2.2 times more butyrate when compared with the production obtained in single cultures of BBM and
CTB, respectively.

The results obtained from the continuous culture of BBM are depicted in Table 1. Cells grown at 0.02h*
were metabolically more active than the cells grown at 0.01 h™l. However, the later were able to metabolize
more acetate, producing similar amounts of both butyrate and 2,3-butanediol, while consuming less syngas.
A similar trend was already observed in Pacheco et al., 2021, where BBM was able to metabolize acetate.
When present in high concentration in the culture medium, acetate can be re-integrated into the WLP and
converted to butyrate or 2,3- butanediol.

Table 1. Experimental results obtained from the continuous culture of B. methylotrophicum in bioreactor.
I

Dilution rate
Parameter
0.01 ht 0.02 ht

Syngas consumed [NL/gcow/d] 0.56 1.22
CDW [g/L/d] 0.05+0.00 0.07+0.00
Y (acetate) [mmol/L/gcow/d] -25.83+£3.45 -19.32+0.03
Y (butyrate) [mmol/L/gcow/d] 0.48+0.05 0.81+0.03
Y (2,3-butanediol) [mmol/L/gcow/d] ‘ 3.66+1.64 3.91+0.31

¥ (acid or alcohol) [MMOI/L/gcow/d], specific production/consumption rate: concentration (mmol/L) produced/consumed per g cell dry weight (CDW) per day
NL, volume of syngas in L at standard conditions of temperature and pressure—temperature of 25 °C (293.15 K) and absolute pressure of 1.0 x 10° Pa

In the continuous two-stage culture, BBM was maintained at a dilution rate of 0.01 h! in bioreactor |
whereas CTB was grown at 0.08 hlin bioreactor Il. The biomass production rate in bioreactor Il was 5.04
gcow/L/d and three products were detected, butyrate, ethanol and 2,3-butanediol. Acetate was metabolized
by CTB at a specific rate of 1.96 mmol/L/gcow/d, 14 times lower than the rate determined with BBM at 0.01
h. The specific production rates of butyrate, ethanol and 2,3-butanediol were 6.74, 2.66 and 6.70
mmol/L/gcow/d, respectively. These production rates were significantly higher than those obtained with BBM
exclusively in bioreactor |. Upon further optimization, the developed sequential system might be a flexible
bio-based production system to upgrade C2-acids to C4-acids and alcohols.

Conclusions

This work showed that the production of C4-products from CO and CO, was increased by integrating the
culture of BBM and CTB in a continuous two-stage system. Additional optimization of the system includes
the possibility of recirculating the H, produced by CTB, to enrich the syngas fed to bioreactor I.
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Introduction

Membrane fouling, particularly biofouling, presents a great challenge in adopting anaerobic membrane
bioreactors (AnMBRs) for wastewater treatment. A promising direction for mitigating biofouling is by
applying an external charge on electroconductive membranes (ECMs). Reactive oxygen species (ROS)
production at the ECM surface is usually considered one of the main mechanisms attributed to its
antibacterial abilities. In particular, as carbon-based ECMs can only be used as cathodes to prevent anodic
oxidation, hydrogen peroxide (H202) is considered the main ROS involved in biofouling mitigation.
However, as electrochemical production of H202 requires dissolved oxygen, ROS concentration on cathode
ECMs under anaerobic conditions is low. This research investigated bacteria inactivation mechanisms and
biofouling mitigation in an anaerobic membrane bioreactor equipped with a carbon-based ECM membrane
(EC-AnMBR).

Materials and methods

To this end, an EC-AnMBR mimetic system with three electrodes was designed with an ECM as the cathode,
a platinum plate as a counter electrode, and an Ag/AgCl as a reference electrode. To decouple the reactions
on each electrode, the anode and cathode were separated by a cation exchange membrane. The bacteria
inactivation in the anode and cathode compartments was estimated under varying cathodic potentials (0-
2.5 V vs. Ag/AgCl). ROS formation and changes in the pH values in each compartment were monitored.
Specifically, the effect of pH on bacterial inactivation was evaluated by measuring changes in bacterial
concentration in solution with pH values similar to the ones recorded in each compartment under the
applied potentials experiments. Then, biofouling formation under the different applied potentials was
assessed by following the changes in the transmembrane pressure during 48 hours of filtration, and the
biofilm formed on the ECM after 48 hours was analyzed.

Results and discussion

Our results show that bacterial inactivation and biofouling mitigation in EC-AnMBR occurs mainly at a
cathodic potential of -2.5 V and are mainly a result of extreme local pH conditions developed by hydrogen
evolution at the cathode, while in the anode compartment, bacterial inactivation is a result of pH change
and ROS formation. In addition, CLSM images (Fig.1) show that very limited biofilm and EPS has
developed on the charged ECM (-2.5 V) in comparison to the control ECM with no applied potential.
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Figure 1. (a-c) 3D images of biofilm; and (d) biovolume of fouled CNT membranes at 0, -1.5, and -2.5V vs.
Ag/AgCl) cathodic potential (statistically significant as p<0.05")

Conclusions

This study demonstrated that ECMs have excellent anti-biofouling properties when used as cathodes in EC-
AnMBR systems. The antibiofouling activity was mainly shown at cathodic potentials of -2.5 V(vs. Ag/AgCl).
In addition, this work addresses the mechanisms involved in biofouling mitigation of externally charged
ECMs, which could be a promising approach, leading to applying anaerobic membranes bioreactors in
wastewater treatment.
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Introduction

Present-day environmental research is focused on mitigating the environmental damage caused by waste
gathering since statistical foresight indicates that more than 1.5 billion tons of organic waste will be
generated by agro-industrial activity (Tomds-Pejd et al., 2021). In this regard, agro-industrial byproducts
valorization as a feedstock for the bioproduction of high-value products has demonstrated to be a feasible
alternative to handle the waste environmental impact (Tomas-Pejo et al., 2021; Stylianou et al., 2021;
Deeba et al., 2022).

Oleaginous yeasts are promising cell factories for the industrial production of lipids and carotenoids,
which can be developed using agro-waste feedstock (Tomas-Pejo et al., 2021; Deeba et al., 2022). Since
oleaginous yeasts are aerobic microorganisms, studying the volumetric oxygen transfer coefficient (kLa)
could facilitate the scale-up and operation of bioreactors to grant the biocompounds’ industrial availability
(Stylianou et al., 2021). Therefore, evaluating the oxygen influence in bioprocess development is a key
factor for increasing production yields and establishing the power consumption rates. This study aims to
assess the scale-up strategy in the simultaneous production of lipids and carotenoids by oleaginous yeast
using renewable waste feedstock.

Materials and methods

The yeast Sporobolomyces roseus CFGU-S005 was used for the scale-up experiments to produce lipids and
carotenoids simultaneously. Fermentations were performed in a 7 L benchtop bioreactor (Applikon, The
Netherlands) using a working volume of 4.1 L at constant aeration (1.5 vvm). Three agitation speed levels
were evaluated (150, 250, and 350 rpm) to vary kla (16.16, 22.44, 32.16 h). An agro-industrial waste
hydrolysate was obtained by the crude enzymatic hydrolysis of pasta processing waste (Villegas-Méndez et
al., 2022). The hydrolysate was adjusted to 20 g/L of total sugar and supplemented with the following salts
(g/L): KH2PO4 (7.0), Na2HPO4 (2.5), MgS04 (1.5), CaCl2:2H20 (0.15), FeCl3-:6H20 (0.15), ZnS04-7H20
(0.02), MnS0O4-H20 (0.06). Initial pH was adjusted to 5 and was uncontrolled during the experiments at 25
°C for 120 h. In Fed-batch experiments, hydrolysate pulses of ~4 g/L of total sugars were added to the
bioprocess to evaluate the effect on the production yields. Carotenoids and lipids were assessed at the end
of the process (Villegas-Méndez et al., 2022).

Results and discussion

The kLa values provided a scale-up strategy to determine a correlation between metabolites production
(microbial oil and carotenoids) and oxygen supply in the bioprocess of the yeast S. roseus. Oxygen
availability in the fermentation affected the simultaneous production of metabolites, in which we found
that the increase in oxygen supply enhanced carotenoids but slightly decreased lipids synthesis.

Figure 1 shows the kinetic profiles regarding biomass growth, lipids, and carotenoid production in the
batch (Fig. 1a, b, and c) and fed-batch (Fig. 1d) modes. The highest production of lipids (3.42 g/L) was
attained using the kLa value of 22.44 h, while higher carotenoid accumulation of 2 mg/L resulted when
agitation speed was increased to 350 rpm (kLa 32.16 h). Furthermore, the fatty acid composition was
affected among evaluated aerations (Table 1). On the other hand, the fed-batch mode (Fig. 1d) enhanced
the simultaneous production of lipids and carotenoids using a kLa of 22.44 h™ up to 6.6 g/L and 3.4 mg/L,
respectively. Also, it can be emphasized that fatty acid composition was similar to that obtained in the
batch mode. The results obtained in this study agree that increasing kLa values in scale-up does not always
positively affects the metabolites’ production (Stylianou et al., 2021).
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Figure 1. Kinetic studies in the assessed bioreactor kLa values a) 16.16 h b) 22.44 h' ¢) 32.16 h™. d)Fed-
batch fermentation using agro-waste hydrolysate at 22.44 h', arrows represent sugar pulses ~4 g/L.
Biomass (B, circles), lipid production (L, triangles), carotenoid production mg/L (P, diamonds), total sugar
g/L (TS, squares ).

Table 1. Fatty acid obtained from bioreactors
Composition, %

Fatty acid

16.16 h't 22440t 32.16 h"t | 22.44 h'lFed-batch
MUFAs 57 65 29 64
PUFAs 2 11 34 14
SFAs 41 24 26 22

MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; SFA, saturated fatty acids.

Conclusions
This study showed the scale-up potential of the strain S. roseus in the further obtention of microbial oil and
carotenoids by bioprocess development by the valorization of agro-industrial byproducts as a carbon
source. The oxygen availability affected the yields of lipids and carotenoids as well as the fatty acid profile.
Also, the fed-batch mode operation 2-folded the lipid and carotenoid yield without affecting the fatty acid
composition.
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Introduction

Several biological methods for carbon dioxide sequestration and conversion are being studied today.
Microbial electrosynthesis (MES) technologies are emerging as a promising field in microbial
electrochemistry: bio-electro CO2 recycling can convert this greenhouse gas into multi-carbon molecules,
added value chemicals and biofuels.

One possible strategy involves bioconversion of CO2 into medium and short-chain fatty acids, acetic acid
being the most common product. Process technologies have been investigated to expand the portfolio of
potential products since chain elongation requires multiple-step processes.

Bioelectrochemical systems (BES) are biochemical systems characterized by a pair of electrodes working
concurrently with redox reactions, microbially catalyzed at one or both electrodes. Reaction can be
spontaneous, with the generation of an electron flow from anode to cathode, or induced by providing an
external current (or potential), to supply bacteria with the necessary reducing equivalents to promote non-
spontaneous bioconversion reactions.

Coupling BES technology with microalgae organisms is being explored, whereby integrated photo-
bioelectrochemical (IPB) reactors with microalgae inserted into the cathode of a microbial fuel cell can be
used for electricity generation and nutrient removal from wastewater.

Heterotrophic microalgae, such as Auxenochlorella protothecoides, can use acetate and other short
chain VFAs for growth in the presence of oxygen, and require no direct light exposure. They can therefore
function as oxygen scavengers in MESs and be subsequently exploited for their properties, since many
valuable products can be obtained from microalgae biorefinery. Liquid biofuels, e.g. biodiesel, bioethanol,
biobutanol and jet fuels, are the most likely outcomes of algal biorefining.

This paper summarizes the most recent advances in biorefinery conversion of CO2 to biooil and
illustrates results from an experimental study on the overall conversion process from CO2 to bio-oils via
MES-mediated VFA production, and their subsequent conversion into fuel through heterothrophic
microalgae biorefinery.

Materials and methods

MES reactors were assembled and operated with a suitable growth medium (synthetic wastewater) to
simulate microalgae renewal from an autotrophic cultivation unit in an integrated system; CO2 was
insufflated as the only carbon source, saturating the cathodic chamber where production of volatile fatty
acids (VFAs) and alcohols occurred. Methacrylate photobioreactors (1 L each) were built to grow
microalgae Chlorella vulgaris and Auxenochlorella protothecoides using VFAs (acetate) produced in
biocathodes as substrate.

Oil extraction from algae was then performed after mechanical cell disruption and phase separation
(pellet, residual water and n-hexane with dissolved lipids).

Results and discussion

Biocathodes operated under thermophilic conditions (50 °C) produced acetate from carbon dioxide at max
production rate 28 g/m?d, with maximum titre of 5250 mg/L), under mesophilic conditions (25 °C) VFA
production was lower.

After microalgae collection and concentration, oil extraction yielded an average of 20 + 2% w/w (algae
dry weight), in line with other literature results. Approximately 1.11 kg dry algae per kg acetate was
obtained, from which 0.207 kg of lipids were extracted and further processed for biodiesel production.by
transesterification process, with product properties complying with EU fuel specifications.
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Microalgae biomass vyield is strictly dependent on the cultivation technique and strain chosen, with
concentration values ranging from 0.1 to 8 g/L (dry weight). Autotrophic microalgae can capture CO2
directly to synthesize new biomass: 1 kg (dry) microalgae Chlorella vulgaris may capture 1.83 kg CO2 with
fixation rate of 0.73 to 2.22 g/L d but, less in open air raceway ponds, since part of the fed CO2 is lost to the
atmosphere. The combined process herein presented allowed almost 100% CO2 capture and conversion.
Additionally, heterotrophic cultures can generate biomass in larger cultivation volumes (ponds exceeding
100000 L have been reported), and are not strictly dependent on the presence of sunlight. Thus, the
heterotrophic process is less expensive than the autotrophic one in the long period, and allows the
possibility of using a waste stream (e.g. treated wastewater effluent) as organic carbon source instead of
the synthetic medium used in this study.

Conclusions

This study shows that MES-produced acetate can achieve bio-oil production from algae cultures. This proof-
of-concept study demonstrates direct reuse of acetate produced in biocathodes from CO2 as feed for
heterotrophic microalgae is possible, highlighting the feasibility of a microalgae electro-biorefinery.
Microalgal oil production was assessed, however other conversion possibilities could be explored. For
example, the solid residue from the extraction process could be pyrolyzed to biochar, a valuable recovery
material. Recovery of other valuable compounds such as proteins, pigments or other commodity chemicals
may be considered to improve the economics of the process and overcome microalgae separation and oil
extraction costs that represent relevant expenses components of this process.
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Carbon neutrality is gaining momentum as atmospheric CO2 levels rise, worsening climate change.
Sustainable CO2 management based on its capture and conversion has garnered significant interest due to
its role in resolving emission control and energy supply limitations. However, due to the challenges
associated with this approach, research efforts have been directed toward developing green materials that
can capture and convert CO2 into value-added products. The present review focuses on the progress in
fabricating green materials for CO2 management in terms of catalytic conversion (electrochemistry,
photochemistry, thermochemistry, and possible combinations), capture, direct utilization, and emerging
integrated conversion capture and conversion based on artificial intelligence. Specifically, insights spanning
multiple approaches to material research are presented, ranging from mechanistic pool reactions to
rational design and specific manipulation of key materials (green polymers) to industrial application. This
review concludes by discussing major challenges and future potential for utilizing advanced new materials
and technologies in sustainable CO2 management, emphasizing their stability and regeneration.
Researchers working in this potentially game-changing field may benefit from this work for developing
carbon dioxide capture and conversion materials.
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Increasing CO2 emissions from industry has disastrous consequences for the environment. Effective
utilization of CO2 as a carbon source can therefore address the environmental challenges and the energy
crisis caused by fossil fuel consumption. Electrochemical conversion of CO2 is a promising method that has
recently gained widespread popularity. Its high productivity, however, remains a major challenge. This work
involved a novel preparation of a suitable Mesoporous Si-CuO nanocomposite (NC) to reduce CO2 into
useful fuels effectively. Hydrothermal synthesis was used to synthesize the NC. Structure, morphology, and
elemental analysis of the synthesized NC were evaluated using XRD, Raman spectroscopy, SEM, and TEM.
ICP-OES analysis was performed to quantify Cu particles in the MS-Cu composite. The cyclic voltammetry
method has been used to study the electrochemical activity of NC for CO2 reduction. Additionally, the NMR
& GC-MS analyses were performed to identify the product. In terms of CO2 reduction, the NC performed
greatly better. In addition, the NC exhibits high structural stability and durability, demonstrating its
potential to reduce CO2 into fuels.
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Introduction

Flue gases, such as SOx, are a result of combustion of sulfur-containing fuels by industrial an energetic
sectors that generate air pollution and can be deposed in the environment. SONOVA is a process developed
for combustion gases treatment and their valorization as elemental sulfur. This process consists of a first
step where SOx is absorbed using a slightly alkaline solution, a biological step where absorbed SOx (as a
mixture of sulfate and sulfite) is anaerobically reduced to sulfide, using glycerol as electron donor, and an
aerobic sulfide oxidation step to obtain elemental sulfur (Mora et al., 2020).

Several challenges have been reported for the improvement of sulfate reduction process in anaerobic
reactors, mainly related to maintaining a long-term efficiency and avoiding process failure caused by the
inhibition of the biomass by Volatile Fatty Acids (VFAs) accumulation, sulfide toxicity, and oxygen presence
(Fernandez-Palacios et al., 2019). Moreover, reactor configuration can strongly affect mass transfer
resistance and long-term operation, reducing H2S production (Lens et al., 2003).

On the other hand, immobilization of biomass using polymers has been positioned as a promising
alternative for biomass performance improvement due the generation of a protecting matrix that allows a
decrease in starting up period and a fast adaptation to new conditions (Zhang et al., 2016).

In present study, a new approach for sulfate reducing efficiency improvement was analyzed using
immobilized sludge. For this purpose, the operation of two reactors under the same operating conditions
(hydraulic residence time, sulfate load, C/S and biomass volume) was assessed. Both reactors were
inoculated using PVA-sludge granules.

Materials and methods

Inoculum was obtained from an anaerobic UASB reactor from Aiglies de Manresa wastewater treatment
plant. Sulfate-reducing activity was enhanced through sealed flask culture using anoxic mineral medium
described by Mora et al. (2020). Granules were prepared using a PVA solution (13,6% w/w of PVA) that was
blended (1:1) with concentrated sludge (3,78 g VSS/L). Mixture was frozen at -152C and cut as 5 mm
granules. A column reactor (CR) and continuous stirred tank reactor (CSTR) of 500 mL were inoculated with
100 mL of artificial PVA-sludge granules and fed using mineral medium described by Mora et al. (2020).
Sulfate load was increased over time, keeping C/S ratio. Sulfate was measured using spectrophotometry
(HACH, Spain), VSS and chemical oxygen demand COD were analyzed using Standard methods. VFAs
concentration were obtained by HPLC with an ICSep ICE-CPREGEL 87H3 column and a wavelength detector
at 210 nm. H2S monitoring was performed using electrochemical sensor (SULF-NP, UNISENSE, Aarhus,
Denmark).

Results and discussion

CR and CSTR were operated at the same time and under the same conditions (Figure 1). Sulfate reduction is
almost complete from 0,2 until 3 kg/m3d. When sulfate load was set at 4 kg/m 3d, CR and CSTR decrease a
50% sulfate removal. However, CR regained a high removal efficiency in 7 days, in contrast with CSTR. This
difference can be explained by accumulation of H2S and VFAs that could have a toxic effect in biomass.
CSTR decreased mass transfer resistance (Lens et al., 2003) exposing granules to inhibitors. Values of COD
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removal, H2S, Total VFAs and outlet VSS concentration (accumulated) at different periods are presented in
Table 1. These results correspond to periods under a low sulfate load (day 20), a high sulfate load (day 75)
and at the end of experiment. COD removal efficiency (RE) in CR was similar were all the experimental
period. However, CSTR presented an unstable activity and low COD removal at high sulfate loads. H2S and
VFAs concentration in CR were higher than CSTR, demonstrating an enhanced sulfate reducing activity.
Moreover, CSTR presented a significant loss of biomass that can explain low performance. Mechanical
strength of PVA granules depends on immobilization method and concentration of PVA used. It is possible
to use higher PVA concentration for increasing the density of polymer matrix but that can be detrimental

for mass #ransfer capacity (EI-Naas et al., 2013). b
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Figure 1. Sulfate removal log-term performance in a) CR and b)CSTR.

Table 1. Values of COD removal, H2S, Total VFAs and Accumulated VSS concentration obtained for CR and CSTR.

CR CSTR
Day of experiment 20 75 101 20 75 101
%RE COD 66,16 60,13 64,33 79,22 43,61 56,96
H2S (mM) 0,094 0,8814 0,23 0,003 0,692 0,517
Total VFAs (mg/L) 0,028 1,083 0,742 0,061 0,862 0,429
Accumulated VSS (g/L) 0,009 0,022 0,023 0,015 0,072 0,0785

Conclusions
CR reactor filled with PVA-sludge granules presented a high stability at high sulfate load and in presence of

toxic compounds such as H2S and VFAs, compared to CSTR. Therefore CR could be an interesting option for
future studies.
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Introduction

The ambient air pollution is a major environmental concern in the urban areas of Greece. In the highly
urbanized cities of Greece such as Athens, Thessaloniki and Patra two types of air pollution have been
identified, the photochemical smog and particulate matter pollution (Valavanidis et al., 2015). Although
there has been good progress in the implementation of the ambient air quality legislation in Greece, the
high population density and the economic activities in the urban areas contribute to the high levels of air
pollution. The air pollution problems are often exacerbated by factors that favour the accumulation of air
pollutants over the cities, such as the urban landscape and the topography changes based on the
urbanization progress and the urban sprawl (e.g., build-up areas, bare land, lack of vegetation, narrow and
deep street canyons). Other factors such as adverse meteorological conditions, temperature inversions, low
wind speed, high ambient temperature and intense sunshine duration worsen the air quality and cause air
pollution episodes (Sindosi et al., 2019). Moreover, Saharan dust events are often associated with the high
levels of PM1g concentrations. On the other hand, vehicular traffic and residential heating are major sources
of PM. Emissions from the combustion of fossil fuel or wood burning, heat stoves and fireplaces produce
much of the PM,s ambient air pollution (Valavanidis et al., 2015).

During the lockdowns periods due to COVID-19 pandemic, the air quality in some places improved and
the ground-based and satellite observations showed a decline in the concentrations of air pollutants
emitted from the anthropogenic activities and the vehicular traffic (Varotsos et al., 2021; Zerefos et al.,,
2021).

The objective of this study is to assess and evaluate the PM,s and PM1o concentrations in selected Greek
urban cities during the lockdown periods. For this purpose, we use the data on PM,s and PMyg
concentrations from air quality monitoring stations in Athens (Aristotelous street, station name: ARI),
Thessaloniki (Agia Sofia, station name: AGS) and Patra (station name: PAIl).

Materials and methods

The data on PM,s and PM;j, concentrations were derived by the air quality monitoring stations of the
National Air Pollution Monitoring Network (NAPMN) which is operated by the Air Quality Department of
the Ministry of Environment. The air pollution data is available online in the Ministry’s official website
(www.ypen.gov.gr). The 24-hour PM,s and PMj concentrations data were collected from air quality
monitoring stations in Athens, Thessaloniki and Patra, from the 1% of January 2017 to the 31 of December
2020. We chose to include stations which have been installed at areas characterized as “Urban-traffic”
sites. The analysis of the PM,s and PM3o concentrations was performed in the computer software “R” by
using the package “openair”, which is an open-source tool for analyzing air pollution data (Carslaw and
Ropkins, 2012).

Results and discussion

In order to evaluate the effect of COVID-19 pandemic lockdowns on air quality, we split the PM,s and PMyq
concentrations data into two time periods, before and after January 2020. The monthly PM;s
concentrations before January 2020 indicate the mean monthly values over the period 2017-2019, while
the monthly PM, s concentrations after January 2020 consists of the measurements over the period from 1%
of January 2020 to 31% of December 2020. At ARI, AGS and PAIl air quality monitoring stations, both PM,s
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and PMjp mean monthly concentrations showed a significant decrease during the lockdown periods in 2020

attributed to the reduction of the anthropogenic activities and the human mobility restrictions (Figure 1).
AR 3w quuiity menitoring station AN 2t quatty ik
. owsm a0 W A e 22 B e dan 02 B AN dan N

WAW A . Un Yor Pl Tie I B e P MA \ . M Tar Vot
morts ——byay B— wesdnay
wman ang 05% corfderom interel o e ran ard 95% Confience el in M

AGS aiv quality manitecing station AGS alr quality manitaring station
B bekte Jer JU20 W o e 200 B setire Jan 2000 B Abe e 0N

aters b

£ w

mortt weewitay revey Sa——

Tt et 94 CrfORrEw intereal o e 10N 3088 5% R rCD Thory

PAN sir quality monitoring station PAIN sir guality mosttoring staticn

L weehibiy momh weekidyy

ian and 055 COMBNOS miarvil i s —t Motew wdervel 12 re

Figure 1. The average monthly PM,.s and PM3o concentrations (ug/m?3) in the air quality stations ARI, AGS
and PAIll before January 2020 (mean monthly values for the period 2017-2019) and after January 2020.

Conclusions

The purpose of this study was to investigate the air quality improvement during the lockdowns using PM3 s
and PMj, concentrations data from air quality monitoring stations in Athens, Thessaloniki and Patra. We
found that the average monthly PM,s and PM1o concentrations declined during the shutdown compared to
the long-term records of the airborne particulate pollution over the period 2017-2019.
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Introduction

Cumulative assessment is a tool for project developer to try and take into consideration not only its own
contribution to cumulative impacts, but also other projects and external factors that may place their
developments at risk.

Materials and methods

This study assessed the cumulative impacts of air emissions from 22 major powerplants in southeast of
Bangladesh planned to generate 21,550 MW of electricity. It also includes anticipated growth in small to
medium size industries, brick fields, highway traffic, inland water transport, transhippers, jetty, and vessel
transports used for transporting fuel resources for these power plants. A 50 km by 50 km airshed is
considered for air quality modeling.

Results and discussion

Cumulative analysis indicate that predicted maximum ground level concentrations (MGLCs) of NO2 and CO
are complying with both Bangladesh National Ambient Air Quality Standards (NAAQS) and World Bank Group
(WBG) Guidelines. Daily average MGLC of PM2.5 (62.45 pug/m?3) from all sources complies with NAAQS,
however, exceeds the WBG Guidelines. Annual PM2.5 concentration (15.45 pug/m?3) exceeds NAAQS and WBG
Guidelines. The PM10 concentration complies with the NAAQS for both 24-hr and annual averaging times.
Annual average concentration (23.12 pg/m3) exceeds WBG Guidelines. Daily average SO2 concentration
(102.49 pg/m3) complies with the NAAQS however exceeds the WBG guideline values. High concentrations of
PM2.5 and SO2 are due to the contribution of transboundary emission and secondary pollutants in the
atmosphere. This dispersion modeling outcome can be used by the policy makers for the pollution reduction
strategy.

Table 1 presents the output of cumulative impacts on the air quality for all existing, project and future
sources up to 2036. For NO2, maximum ground level concentrations were modeled for 1-hour and annual
averaging periods to compare with national standards (DOE 2005) and WBG Guidelines. For short-term
compliance modeling (i.e., 1-hour averaging period), percentiles are used to account for unusual/extreme
metrological conditions and avoid overestimation of predicted concentrations.

USEPA Tier-1 approach assumes 100% conversion of NOx emissions into NO2, this approach tends to
drastically overestimate results. In the Tier-2 (Ambient Ratio Method, ARM) approach, the predicted ground
level concentrations are multiplied by an ambient NO2/NOx ratio to get more realistic and accurate results.
The ARM uses an ambient equilibrium NO2/NOx ratio which is empirically derived based on regional
monitoring data (Hanrahan 1999).

When site specific data is unavailable, the EPA exposure assessment guidelines recommend using a
default ambient equilibrium NO2/NOx ratio of 0.75, based on a study by Chu and Meyer, 1991. According to
data from Narayanganj CAMS monitoring station of DOE (CEGIS 2015) an ambient equilibrium NO2/NOx ratio
of 0.65 was calculated. However, this ratio is dependent on many regional factors such as sunlight, climate
etc. and Narayanganj is about 200 km from the project site. Therefore, as per practice of modeling for worst-
case scenario, the 0.75 value is used in this study.

A Tier-3 approach was used to model the NO2 concentrations in this study (USEPA 1992). In a Tier-3
approach,along with using ambient equilibrium ratio, background ozone levels are also considered, to get
realistic results for fate of NO2 in the atmosphere. Once NOx enters the atmosphere, several potential
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chemical reactions that can occur, depending on the relative amounts of NO and NO2, the total NOx, the
ambient meteorological conditions, and other atmospheric trace gasses available for reaction. In most cases,
the fastest and most important reactions of NOx involve O3 (Karim and Ohno 2000, USEPA 2015) as per the

_)
following equation: NO + Os NO2 + O2

Table 1: Predicted Maximum Concentrations of Cumulative Case

Pollutant | Averaging Concentration (pug/m?3) Coordinates of Max
Time Point (UTM)
ECR 1997 (as WBG Guidelines | Max Value | East(m) North (m)

amended, 2005)
NO:2 1-hr N/A 200 168.95 393621 2381307
Annual 100 40 22.06 393621 2413807
Cco 1-hr 40,000 N/A 4,185.67 393621 2413807
8-hr 10,000 N/A 1,818.89 393621 2413807
PM2s 24-hr 65 75 (IT-1) 62.45 403616.2 2386482
Annual 15 15 (IT-3) 15.45 403616.2 2386482
PM1o 24-hr 150 150 (IT-1) 104.07 403616.2 2386482
Annual 50 30 (IT-3) 23.12 403616.2 2386482
SOz 24-hr 365 125 (IT-1) 102.49 396121 2396307
Annual 80 - 14.78 396121 2396307

Conclusions

Cumulative air quality assessment was made to assess the capacity of the airshed for all planned and
forceable future development in two major energy producing hubs of southeastern Bangladesh. The study
result is extremely useful for the policy makers to exercise an informed decision on the future development
in the area. The outcome can be applied for policy decisions to other parts of the country and the region. The
results of this cumulative assessment can be a useful tool to assess the future air quality and make policy
decisions for the current development. Once information is available about the state of air quality after the
implementation of the first round of projects in 2025 and the pressures on it, and the regional criteria have
been determined. It is then possible to quantify the emission reductions required from different sources
(both operating and planned for the years 2030 and 2036) to achieve the criteria or guideline value.
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Introduction

Diabetes mellitus has been considered a disease without any evident relationship to the quality of the
environment for a relatively long time. Nowadays, some authors suppose a significant role of selected
environmental factors in the etiopathogenesis of diabetes and its complications. The biological agents in the
form of selected viruses were the first environmental factors connected with the occurrence of diabetes
mellitus in the population (Necas, 2003). During the next time period, it was found that some air pollutants
could be responsible for the growing number of people with diabetes. According to Dales et al. (2012), air
pollution (carbon monoxide, ground ozone, sulphur dioxide, nitrogen oxides, PMi,, PM,s) appears to
increase the risk of acute complications of diabetes requiring hospitalisation. lkenna et al., 2014 mention
that long-term air pollution exposure (PMjg, nitrogen dioxide) is associated with type 2 diabetes. The
association can be observed at concentrations below air quality guidelines. Thiering and Heinrich (2014)
document that diabetic patients may be more vulnerable to ambient air pollution exposure effects. Balti et
al. (2014) mention a significant association between increased risk for type 2 diabetes and nitrogen dioxide
and PMz_s.

The basic aim of this study was an evaluation of the possible relationship (association) between the
abundance (frequency) of diabetes mellitus or its complications and atmospherical pollutants. Via this
paper, three fundamental questions mentioned lower should be answered:

1. Are there any air pollutants that impact the distribution and frequency of diabetes mellitus in the

population?

2. Is there any connection between atmospheric contamination and the rate of diabetic complications?

3. Is it possible to prevent diabetes mellitus and its complications by improving ambient air quality?

Materials and methods

Essential health data were obtained from the International Diabetes Federation and the Institute of Health
Information and Statistics database of the Czech Republic. Necessary environmental data were provided by
Czech Hydrometeorological Institute and European Environment Agency. Correlation analysis was applied
to assess the association between the frequency of diabetes 2 type and its complications and the level of
some atmospheric pollutants (particulate matter PMy,, particulate matter PM,s, nitrogen oxides, ground
ozone and benzo(a)pyrene). Correlation analysis was realized using the software OriginPro 2021.

Results and discussion

Based on this paper, it is possible to assume a significant association exists between the frequency of
diabetes mellitus or its complications and air pollution. Through the mediation of correlation analysis, a
significant association was found between the occurrence of type 2 diabetes and air concentration of PM35
(r=0.33; p=0.05) and ground ozone (r=0.49; p=0.01) in the European region and Turkey in 2010. The other
significant dependence was identified between mortality of diabetics and atmospheric concentration of
PMio (r=0.52; p=0.05), ground ozone (r=0.42; p=0.05) and benzo(a)pyrene (r=0.48; p=0.05) in 2010 in
European countries and Turkey. In 2019, the findings were similar — significant relationship between the
number of deaths and
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the following air pollutants — PMyo (r=0.38; p=0.01), ground ozone (r=0.42; p=0.05), and benzo(a)pyrene
(r=0.6; p=0.05) was detected.

In relationship to the occurrence of diabetes mellitus, the accessible resources mention particularly the
following spectrum of atmospheric pollutants —i. e., some fractions of suspended air particles (PMio, PM3s)
(Dales et al., 2012, WHO, 2021, Yang et al., 2020), ground ozone (Os) (Dales et al., 2012, Jerrett et al. 2017),
nitrogen oxides (NOy) (Dales et al., 2012, Liu et al., 2019), sulphur dioxide (SO,) (Dales et al., 2012), carbon
monoxide (CO) (Dales et al., 2012) and selected chemical compounds present on the surface structure of
particulate matter (polycyclic aromatic hydrocarbons, toxic compounds) (Srivastava et al., 2021). According
to the results of this paper and the studies carried out so far (Dales et al., 2012), it is possible to expect a
reduction in the prevalence of diabetic cases and the frequency of diabetes complications in the condition
of persistent improvement of air quality.

Table 1. Results of correlation analysis between parameters of type 2 diabetes and concentration of
atmospherical pollutants in the years 2010 and 2019 in the European region and Turkey

Atmospheric 2010 2019
pollutant abundance mortality abundance mortality

PM:s -

ground O3
NOx __ko- -

BaP
Explanations: PM1o — particulate matter with diameter lower than 10 um, PMz.5 — particulate matter with diameter lower than 2.5
um, O3z —ozone, BaP — benzo(a)pyrene, NOx — nitrogen oxides, red highlights — statistically significant correlation, blue highlights —
statistically insignificant correlation

Conclusions

Based on the results of this paper and other research works, diabetes mellitus can be considered a disease
with altogether significant participation of some air pollutants (PMio, PM3 5, ground ozone, benzo(a)pyrene)
in the etiopathogenesis. Atmospheric pollutants are primarily associated with type 2 diabetes and its
complications. In future studies, it will be necessary to verify and determine the role and the portion of
partial air pollutants in the etiopathogenesis of diabetes mellitus or diabetic complications.
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Introduction

Methane, the main component of natural gas, is one of the most important contributor to climate change
and plays a dominating role in how fast the climate warms. Climate policies heavily emphasize actions that
benefit the climate in the long-term such as decarbonization and reaching net-zero emissions (Ocko et al.,
2021). Methane contributes to at least 25% of today’s climate warming, and its concentration in the
atmosphere continues to rise rapidly, in large part from anthropogenic sources (GMA, 2021).

Gas transmission operators, worldwide, are carrying out intensive programs on the quantification of the
total methane emissions in their activities and are designing mitigation measures for methane emissions
reduction. This paper presents a literature survey on this topic. Also, characteristic case studies from gas
companies and from DESFA, the Hellenic gas transmission system operator, are discussed. Methane
emissions of each case study are quantified to serve as quick reference for similar applications.

Materials and methods

The Oil & Gas Methane Partnership 2.0 (OGMP, 2020) is a multi-stakeholder initiative launched by United
Nations Environment Programme and the Climate and Clean Air Coalition, as a voluntary initiative to help
companies reduce methane emissions in the oil and gas sector. Through participation in the OGMP
associated reporting, companies were provided with a credible mechanism to systematically and
responsibly address their methane emissions, and to demonstrate this systematic approach and its results
to stakeholders. DESFA has adhered to this partnership with 80 well known enterprises worldwide, of the
oil & gas business.

The methodologies for evaluating the methane emissions from the gas systems are based on statistic
approaches using specific ‘activity factors’ (the emitting equipment population) and ‘emission factors’ (the
frequency of emitting events). Lately direct measurements of methane emissions are used to increase
confidence of estimation. Methane emissions are divided in three macro categories (Marcogaz, 2019):

e Fugitive emissions

¢ Vented emissions (including pneumatic emissions)

e Emissions from incomplete combustion (unburnt)

The transmission segment of a natural gas system comprises the transmission pipeline networks, the
compressor stations and the metering and pressure-regulating stations. Among the available methane
emissions abatement technologies are: leak detection and repair surveys, convert gas pneumatic controls
to instrument air, reinjection of methane, lower gas line pressure before maintenance, replace continuous
gas vent, replace wet seals with dry seals in centrifugal compressors (Yusuf et al., 2012).

Results and discussion
Leak detection and repair (LDAR) refers to the process of locating and repairing fugitive leaks. LDAR encompasses
several techniques and equipment types (IR cameras, sniffers, etc.). According to Ravikumar et al. (2020) the total
methane emissions reduced by 44% after one LDAR survey at natural gas facilities, combining a reduction in
fugitive emissions of 22% and vented emissions by 47%. Furthermore, more than 90% of the leaks found in
the initial survey were not emitting in the re-survey, suggesting high repair effectiveness. However, fugitive
emissions reduced by only 22% because of new leaks that occurred between the surveys. This indicates a
need for frequent, effective, and low-cost LDAR surveys to target new leaks.

Replace continuous gas Vent with nitrogen. At large gas facilities emergency Vent lines are continuously
purged with gas to prevent air introduction to the pipes. Nitrogen can be used instead of gas for this

purging.
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Figure 1 depicts the Vent stack of DESFA’s Sidirokastro border metering station of a height 10 m, vent tip
length 2 m and width 0,2 m. This Vent stack has a design purge gas consumption 0,51 Nm3/h, which results
to methane emissions of 3200 kg/y, a released methane quantity that can be avoided with the replacement
of gas with nitrogen.

Replace gas with air at gas operated control Valves. The gas consumption of a 24” ANSI 600 pressure /
flow control valve, gas operated with spring opening piston actuator, is 1,3 m3/hr for the valve positioner at
7 barg supply. Also for the I/P converter the gas consumption is 0,16 m3/hr and for one complete stroke
(open to close) of this valve, the gas consumption is 0,038 m3. When a continuous operation of this valve is
considered, the maximum yearly methane emissions are estimated to 9200 kg/y, which can be avoided
using instrument air instead of gas for the valve operation. Indeed, some years ago, DESFA replaced such
gas operated valves at Sidirokastro border metering station with air operated valves (Figure 2) to reduce
methane emissions.

Replace Wet seals with Dry seals at compressors. Centrifugal compressors have seals along their shaft to
keep gas from escaping. Wet, or oil-lubricated, seals by design result in substantial methane leakages. Dry
seals operate mechanically without seal ring lubrication, which in its turn reduces gas leakage.

N e

w control valve

A b [, > M o4
Figure 1. Continuous Vent stack Figure 2. Air operated flo

Conclusions

Application of best practices may result in a significant reduction of methane emissions in a gas
transmission system. A literature survey on this topic along with a number of case studies are presenting in
this paper. Quantification of methane emissions reduction at the case studies offers a quick estimation for
similar cases at gas networks. This analysis aims to contribute in better understanding of methane
emissions sources and the adoption of methane emissions reduction measures at gas transmission systems.
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Introduction

Microalgae are unicellular photosynthetic organisms that use light and carbon dioxide, with higher
photosynthetic efficiency than plants, for the production of biomass. Some microalgae species can also grow
and multiply heterotrophically in the absence of light if an organic carbon source becomes available (Mata
et al.,, 2010). The main advantage of heterotrophic growth is higher biomass growth rates and biomass
production because, unlike autotrophic growth, heterotrophic growth is not limited by light transmission
through the growth medium. Another advantage of heterotrophic growth is the potential of achieving higher
lipid content and, as a result, higher lipid productivities can be obtained. A number of review papers focus
on the heterotrophic growth of several microalgal species and the trend is that heterotrophic growth
enhances both the biomass and lipid productivity (Bumbak et al., 2011; Perez-Garcia & Bashan, 2015). In the
heterotrophic growth, industrial by-products or waste streams containing dissolved organic carbon,
macronutrients and micronutrients can be used in terms of nutrient recovery, waste minimization and cyclic
economy. Anaerobic digestate (AD) is a rich source of macro and micronutrients while, crude glycerol has a
very high content in organic carbon. The aim of this work is to examine the effect of the initial concentration
of organic carbon from glycerol on the carbon uptake rate, the lipid and protein content and the fatty acid
distribution and basic FAME (Fatty Acid Methyl Ester) properties of the biomass and bio-oil of Chlorella
sorokiniana. Glycerol is used as the main source of organic carbon and AD is used to provide macro and
micronutrients.

Materials and methods

The cultivation of C. sorokiniana was carried out in glass orthogonal bioreactors of 42L capacity each that
were filled to 75% of their volume. Air was continuously provided to each bioreactor though a perforated
network of piping placed at the bottom of the bioreactor tank. The temperature of the cultures was kept at
28+0.5 oC and the pH was held constant at 7+0.3. The bioreactors, the glass tubing and the culture medium
were sterilized before use. The microalgae species C. sorokininana (SAG strain 211-31) was obtained from
Culture Collection of Algae from the University of Gottingen in Germany (EPSAG). Glycerol and AD were
obtained from local biodiesel and biogas plants. AD was filtered, centrifuged and sterilized before use. The
concentration of initial nitrogen was 110 mg/l in all five cultivations. The initial concentration of nitrogen was
held constant in all bioreactors and the initial carbon concentration was varied from 1.98 g/l to 17.50 g/I. A
cultivation without anaerobic digestate was carried out as a blank. The composition of the samples was
determined according to AOAC methods. For the determination of organic carbon, the method of Walkley—
Black was used. The total lipid content was determined with extraction using co-solvents of n-
hexane/isopropanol in the microalgal biomass in accordance with the method of Bian et al (2018). The
saponification number (SN) and the iodine value (IV) were calculated theoretically from the Fatty Acid (FA)
distribution (Azam et al. 2005). Similarly, the cetane number (CN) was evaluated from the theoretical
equations (Demirbas 1998).

Results and discussion
As the initial carbon concentration (Co) was increased the lipid content increased while the protein content
decreased.
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As the initial carbon concentration increased the protein content ranged from 36.6% to 19.1% while the
respective lipid content ranged from 20.8% to 39.7%. The biomass yield increased as the initial carbon
concentration increased and ranged from 1 gr/l to 3.5 gr/l. Fatty acids (FA) from C10: O to C24: 1 were
produced. The carbon uptake rate was affected by the initial carbon concentration and increased from 0.37
gr/(l-d) to 0.73 gr/(I-d). The cultivation without the use of AD gave a carbon uptake rate, for the same Co,
about 15% lower than the cultivation using AD and the same Co. However, the fatty acids that are found in
the highest percentage are C16: 0, C16: 1, C18: 0, C18: 1 and C18: 2. The ratio C18: 1/C18:2 ranges from about
2.5:1to 7.8: 1. In most vegetable oils and seed oils C18: 2 is higher than C18: 1 while in Chlorella sorokiniana
the opposite is observed. With respect to saturation, monosaturated FA were predominant in all treatments
constituting from about 48% to 56% of the total FA, while significant percentages of saturated FA were
produced ranging from about 29% to about 43%. With respect to the chain length medium chain FA (C16-
C18) predominated constituting from 72.9% to 92.1% of the total FA. The basic three FAME properties
namely, the iodine value (IV), the cetane number (CN) and the higher heating value (HHV) were estimated
from validated empirical equations and were found to be within acceptable limits. Also, , the saponification
number (SN) for the bio-oil was within acceptable values. Cetane numbers were equal to 56.8, 61.4, 58.0 and
56.3 for initial carbon concentrations equal to 1.98, 3.79, 7,29 and 17.50 gr/| respectively while, for the
cultivation where no anaerobic digestate was used with an initial carbon concentration equal to 7.24 gr/l the
cetane number is equal to 55.6. The HHV ranged from 39.9 MJ/Kg to 42.0 MJ/kg.

Conclusions

Glycerol is easily absorbed and utilized by Chlorella sorokiniana. The biomass yields as well as the lipid
content increased with increasing Co. However, the biomass productivities increased from 0.15 gr/(l-d) to
0.22 gr/(l-d) because longer cultivation times were needed as the Co increased. Lipid productivities increased
from 32.9 mg/(l-d) to 86.8 mg/(l-d). The distribution of FA was predominant in monounsaturated and
medium chain FA. The basic FAME properties were within acceptable limits. Cetane numbers were equal to
56.8, 61.4, 58.0 and 56.3 for Co values equal to 1.98, 3.79, 7,29 and 17.50 gr/| respectively while, for the
cultivation where no anaerobic digestate was used with an initial carbon concentration equal to 7.24 gr/l the
cetane number is equal to 55.6. The anaerobic digestate is a good source for the formulation of growth media
for cultivating microalgae heterotrophically and possibly autotrophically. It provides macro and
micronutrients and some carbon from undigested organic material thus, reducing the cost of the growth
media for microalgal cultivation and also contributes to the recycling of important nutrients such as
phosphorus and potassium. The bio-oil of Chlorella sorokiniana is appropriate for use in biodiesel production
however, lipid productivities need to improve for a commercial application for biodiesel production. The
remaining biomass can be utilized, for example, as a supplement to animal feed.
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Introduction

Microalgae can grow in different environments from fresh to seawater even in sewage. Many microalgae
species can grow under autotrophic, mixotrophic and heterotrophic conditions. The water type of the
medium also affects the microalgae growth and the content of lipids of the biomass (Tsavatopoulou et al.,
2019). Algal species differ in their adaptability to salinity and other stress conditions (Biliani and Manariotis,
2021). Marine algal strains that could grow in brackish water or seawater have clear advantages over
freshwater algae concerning water use, and could be a more economic feedstock alternative for algal-
based biodiesel production (Shih-Hsin Ho et al., 2014). Wastewater particularly in coastal areas may have
high electric conductivity due to seawater intrusion into the sewer network (Biliani and Manariotis, 2021).
Nutrient removal from seawater by marine algal strains is examined at different initial biomass
concentration.

Materials and methods

Algal biofilm was collected from the Patras shoreline near the new port and placed in a 1 L Erlenmeyer
flasks. The experiment was performed in two periods. In the beginning of each period the concentration of
phosphates was 5 mg P/L and the concentration of nitrates 10 mg NO3/L. The 1% cycle lasted from Day 0 to
22 and the 2" period from Day 23 to 55. At the end of the 1° period, algal biomass was removed. The
Erlenmeyer flasks were placed in an incubation room at a temperature of 15+2°C for 55 days with
continuous light (130 pmol/m?s) and stirring (10 rpm).

Total solids (TSS) were determined gravimetrically (APHA et al., 2012). Chl-a was measured in the
supernatant and the mixed liquor via a spectrophotometric method (APHA et al., 2012). Soluble total
phosphorus (STotal-P) was measured by the persulfate method and ascorbic colorimetric technique (APHA
et al., 2012). Nitrates concentration was determined by the sodium salicylate method (Fresenius et al.,
1988).

Results and discussion

Biomass was expressed as TSS concentration in the culture, and was increased during the operation period.
At the beginning of the 2" period (day 22) 500 mg/L of the biomass were removed. The biomass
concentration during the 1° period was increased in two steps, while in the 2" period its increase was
linear (Figure 1a). Although biomass concentration was the same in both periods, in the 2™ period chl-a
concentration was higher. Chl-a concentration followed a similar pattern as TSS concentration (Figure 1b),
and was 160 and 395 mg/m? at the end of the 1°t and 2" period, respectively.

Nitrates and phosphates concentration was 10 mg NO3/L and 5 mg P/L, respectively at the beginning of
each period. On Day 22 biomass was withdrawn and nutrients were spiked in to bottle in order to reach the
same concentration as in the beginning of the 1°* period.

The biomass withdrawal led to 2.3 times increase of the time required in order macroalgae to completely
consume nitrates Figure 1c. Nitrates consumption in both periods was faster than the phosphates. The
consumption of sTotal-P was 25% lower in the 2" period compared to the 1° period Figure 1d. Complete
consumption of both nutrients was achieved after 22 days in both periods.
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Figure 1. Concentration of a)TSS, b) chl-a, c) NO3 and d) sTotal-P in the liquid of macroalgae cultures.

Conclusions

Macroalgae can grow in different environments from freshwater to seawater and remove nutrients. Even
though 83% of the biomass was removed from the reactor, macroalgae responded very well into the new
operating conditions indicating their potential for the treatment of saline waters.
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Introduction

Microalgae are a promising source of biofuels and biochemical substances with high added value. Such
products are proteins, lipids, carbohydrates, pigments etc. (Dolganyuk et al., 2020). Microalgae and their bio-
products have a great potential in cosmetics, nutraceuticals, medicine, animal food, wastewater treatment
(Costa et al., 2019) and they could be also used for CO, sequestration, by consuming from fossil fuel powered
electric energy generation plants, combined with the parallel production of valuable products (Maghzian et
al., 2022).

Materials and methods

Two Stichococcus sp. microalgae strains (wild and mutant) were cultivated in lab and photo-bioreactor scale.
The mutant strain notes greater biomass and lower total chlorophyll productivity, compared to the wild
strain. Regarding lab scale experiments, cultures were cultivated in beaker vessels with 150 mL of Bold’s Basal
Medium, whereas in larger scale experiments, a flat-panel photo-bioreactor was used, with 15 L of growth
medium.

Different levels of salinity, CO,, nitrogen concentration, nitrogen starvation and illumination were
examined as growth parameters. In both scales, the strains were grown attached on sandblasted glasses,
placed at the bottom of the containers and the photo-bioreactor. After 21 days of cultivation, biomass, lipids,
proteins, carbohydrates and pigments production were measured.

Results and discussion

The strains of Stichococcus sp. were cultivated in atmosphere with CO; enriched air (5% v/v), producing
biomass up to 40.70 g m*% for the wild strain (Fig. 1A) and 45.71 g m*? for the mutant (Fig. 1B) under constant
light conditions and high nitrogen concentration. As for bio-products production, when nitrogen-rich
conditions were applied, there was an increase in the content of proteins, carbohydrates, lipids, total
chlorophyll and B-carotene, respectively up to 103% / 88%, 142% / 162%, 121% / 122 %, 500% / 487% and
408% / 220%, for the wild / mutant strain, respectively. The corresponding maximum contents respectively
were: 10.25gm?2/8.87gm™? 16.90gm2/1899gm?29.23gm?2/10.39gm>20.33gm?/0.29g m?and
0.083 gm™/0.082 g m for the wild / mutant strain. The maximum total bio-product content was 33.95 (Fig.
2A) and 34.98 g m™ (Fig. 2B) for the wild and mutant strain, respectively. Three-day nitrogen starvation prior
to biomass harvesting, resulted to increase in lipids production up to 63% / 71%, for the wild / mutant strain,
respectively (Fig. 2A, 2B). Wild strain was also cultivated in photo-bioreactor scale, noting 49.17 g m* of
biomass and 41.70 g m™ of total bio-products (Fig. 3A, 3B).
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Figure 1. Biomass production of Wild (A) and Mutant (B) Stichococcus sp. strain in lab scale.
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Figure 3. Biomass (A) and bio-products (B) production of Wild Stichococcus sp. strain in photo-bioreactor.

Conclusions

In conclusion, Stichococcus sp. strain was successfully cultured in both laboratory and pilot photo-
bioreactors. The results showed that the aforementioned microalgae strain can be used in 3™ generation
biorefinery to produce high value-added bio-products (i.e., proteins, carbohydrates, lipids, pigments), with
the simultaneous capturing of CO, from the atmospheric air or flue gas.
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Introduction

Platinum Group Metals (PGMs) are included in the list of Critical Raw Materials for the EU. The automotive
industry represents the principal consumer of PGMs. Catalytic converters contain PGMs in a considerably
higher concentration than the natural ores, thus they stand as the richest secondary source. The most
common car catalytic converters are the three-way catalysts (TWCs), honeycomb-type cordierite monoliths
with a highly porous a-alumina wash-coat on the inner surface (2Al203-2Si02:5MgO).

The technologies to recover PGMs require various chemical, physical or mechanical pre-treatment steps
that leach out the alumina support, altering PGMs into more soluble species. The main disadvantages of
this stage are the high temperatures and the consumption of hazardous gases and chemicals which cause
the production of pollutant wastes. Recently, the bioleaching treatments have been improved significantly,
but they commonly still need pyro-metallurgical pre-reduction steps to reach significant results (Yakoumis
et al., 2021). This study employs an environmentally friendly technique to separate the y-alumina layer
from a TWC, preventing the use of hazardous and polluting chemicals. Furthermore, we monitored A.
thiooxidans ability to grow despite the presence of spent TWC.

Materials and methods
Pure inocula of Acidithiobacillus thiooxidans DSM 11478 were prepared. Biologically produced sulfur
obtained from a desulfurization bioreactor (Gonzalez-Cortés et al., 2020) was used as energy source.

TWC was pulverized using a cryogenic ball mill (MM400, Retsch GMBH, Germany). Then its content in
Aluminium (Al) and PGMs was estimated. Aliquots of 5%, 30% and 60% w/v of milled TWC were added to (i)
centrifuged biogenic acid, (ii) H2SQOs, (iii) A. thiooxidans in its exponential phase and (iv) in its stationary phase.
The solutions were incubated in a rotary shaker (Comecta 2102, Selecta, Spain) at 180 rpm and 30 + 1°C. We
monitored the change in pH and bacterial proliferation at the different pulp densities of TWC for 14 days.

To evaluate the leaching and separation of the y-alumina layer, we measured the content of Al in the
liguid medium with the analytical test kit 114825 Aluminum Test Method: photometric 0.020 - 1.20 mg/I Al
Spectroquant® (Merck Millipore, Germany). A Quanta FIE 200 electron microscope (Philips) coupled to
qualitative Energy Disperse X-ray analyzer (EDX) was used to obtain scanning electron microscopy (SEM)
images and to identify the elemental composition of biological residues after treatment.

Results and discussion

The addition of TWC instantly increased the pH of the solutions in all four cases proportionally to the
concentration of TWC due to the reaction with the alumina phases and to the ion exchange characteristics of
silicates present in the TWC. The solutions with bacteria buffered the pH variation over time compared to
biogenic acid and H2S0a. This response is probably due to the metabolic activity of A. thiooxidans. Microbial
proliferation and acid production were most likely stimulated by sulfur residues generally present in a spent
TWC. The triggering effect of metals on microorganisms and EPSs production ability has been previously
addressed (Chu et al., 2021). Complementarily, Fig. 1A and 1B show how microbial growth rates increased in
proportion to the TWC pulp density. The microscope images document that on day 14, at approximately 2
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minutes from agitation, the free-living bacteria were completely attached to the TWC. The acid solution
with A. thiooxidans in its stationary phase and TWC at 5% w/v reached the highest Al extraction rate with a
57.1% of lixiviation (Fig. 1C). SEM images showed that, after treatment, microbial solution presented
seemingly biological globules-like particles (Fig. 1D). Elemental composition revealed both globules and
bacteria presented up to 24.8% of Al and 0.4% of Pt.
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Figure 1. (A) Growth of A. thiooxidans inoculated in exponential phase and (B) inoculated in stationary
phase, in presence of TWC; (C) leaching rate of Al from TWC; (D) SEM image of A. thiooxidans after TWC
treatment.

Conclusions

The synergic action of using biogenic acid in presence of living A. thiooxidans resulted in higher extraction
rates of metals compared to using chemical H25S04 or bacteria-free biogenic acid.
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Introduction
Wastewaters can be used as substrate for cyanobacteria cultivation, a sustainable feedstock to produce
biofuels and added value products. This creates the opportunity for the development of processes that can
offer tertiary wastewater treatment and CO2 equivalent mitigation, while the generated biomass can be
utilized in downstream valorization processes. The cultivation of cyanobacterium Synechococcus elongatus
PCC 7942 monocultures in wastewater substrates is considered appealing, since does not produce
cyanotoxins and can be used as a more sustainable feedstock alternative for the production of fuels, food
and chemicals (Samiotis et al., 2021; Samiotis et al., 2022a). Furthermore, Synechococcus elongatus PCC
7942 exposed to saline conditions enhances its intracellular sucrose synthesis leading to bioethanol
production, or/and metabolic biohydrogen production (Vayenos et al., 2020). However, cultivation of
cyanobacteria monocultures in wastewater substrate and determination of fundamental design and
operational characteristics is a challenge for full scale application (Samiotis et al., 2022b).

In this regard, this work (a) studies Synechococcus elongatus PCC 7942 cultivation in different
wastewater substrates properly disinfected via low-cost techniques and (b) presents critical operational
data and photobioreactor (PBR) volume calculation.

Materials and methods

Synechococcus elongatus PCC 7942 cultivation photobioreactors were setup using sterilized glass flasks
with sterile cotton caps for uninhibited air transfer inside the PBR and protection from airborne biological
contamination. For control setups, BG11 cultivation media was used as substrate, whereas for test setups
three types of biologically treated wastewater were used. Cultivation was made at continuous agitation
(200 rpm) and lighting (5 — 30 umol-photons m? s?), at set temperatures ranging from 16°C to 37°C. The
disinfection techniques of filtration and chemical disinfection using NaClO or H202 or hexavalent iron
(ferrates), which is considered a novel and environmentally friendly disinfectant, were evaluated
individually or as a synergetic couple. Synechococcus elongatus PCC 7942 growth rate calculated on the
basis of chlorophyll a concentration and converted to volatile suspended solids (VSS), while nutrients
removal via assimilation was calculated and expressed in terms of nitrogen or phosphorous biomass
content.

Results and discussion
The results showed that upon proper disinfection of the evaluated wastewater media, which were obtained
from the secondary biological treatment stage of a dairy industry and a snack industry, as well as from the
drainages of an open and a closed hydroponic system, Synechococcus elongatus PCC 7942 can efficiently
proliferate and remove nitrates and phosphates via assimilation (Figure 1). Proper disinfection is achieved
through filtration coupled with chemical disinfection, preferably using ferrates that have been generated
in-situ via a Fe%/Fe? electrochemical cell in alkaline solution. Temperature and salinity oppose thresholds for
Synechococcus elongatus PCC 7942 cultivation. Nevertheless, it is able to proliferate at a temperature range
of 16°C to 32°C and at salinities up to 450 mmolNaCl L.

The study revealed that salinity in particular, which in many wastewater streams may be as high as the
threshold value, positively correlates with nitrogen assimilation into Synechococcus elongatus PCC 7942
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biomass. Moreover, higher nutrient concentrations in cultivation media not only trigger luxury phosphorus
uptake, but also increase nitrogen assimilation into the cyanobacteria (Figure 2).
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Figure 1. Assessment of Synechococcus elongatus Figure 2. Effect of salinity and nutrient content on
PCC 7942 cultivation in wastewater media. nitrogen assimilation.

These findings have significant implications on dimensioning of a photobioreactor for the treatment of
high strength and relatively saline wastewater, whose treatment constitutes a challenge in common
biological wastewater treatment processes. Based on the proposed by this study photobioreactor

dimensioning equation (Eg. 1), which takes into account nitrate-nitrogen load (N_Denitr, kgNO3_N d_l),
specific nitrates utilization rate (SNUR, kgNO3-N kgVSS'l) and cell productivity (kgVSS Ll d'l), a

photobioreactor (Vesr, m3) volume can be of comparable volume to a common biological denitrification
bioreactor. The key element for reactor volume minimization is cell productivity enhancement via
bioreactor design and control of operational conditions.
N_Denitr

SNURxcell productivity Eq. 1

Moreover, the study revealed that a photoautotrophic-based process can offer the only
biotechnological answer to the challenge of treating nutrient-rich wastewater with low organic compounds
content, in which activated sludge process cannot be applied.

VPBR =

Conclusions

Therefore, a Synechococcus elongatus PCC 7942-based wastewater treatment process can be adapted as a
supplementary or an alternative treatment stage to the widely applied biological denitrification processes
towards the minimization of wastewater treatment plant’s ecological footprint and obtaining of added
value products or/and energy.
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Introduction

Grape pomace from Vitis Vinifera Asssyrtiko is an important waste product of the Greek wine industry, and
its disposal is a serious issue with negative environmental impacts [1]. Grape pomace is rich in bioactive
compounds, such as sugars and polyphenols and its utilization for alternative uses has been of considerable
interest [1]. It has been shown, for example, that it can be used as a carbon source in various
biotechnological processes. Here, we utilize two different bacteria; Pseudomonas sp. strain phDV1 and
Chlamydomonas reinhardii, to study their ability to biodegrade Vitis Vinifera Assyrtiko grape pomace in
order to produce environmentally friendly and commercially useful products.

Materials and methods

The main focus of this study is to optimize the reduction of the phenolic content of the grape pomace. For
this purpose, we evaluated Pseudomonas sp. strain phDV1 and Chlamydomonas reinhardetii, for their ability
to utilize polyphenols as their carbon source. The total phenolic content before and after cultivation, in
different time points under controlled experimental conditions is monitored using the Folin Ciocalteu
Assay. Pseudomonas sp. strain phDV1 and Chlamydomonas reinhardtii was cultivated in autoclaved grape
pomace extract for 4 days and 9 days respectively, whilst their growth was monitored in different time
points.

Results and discussion

In this work we show that both bacteria were able to biodegrade the polyphenols of Vitis Vinifera
“Assyrtiko” grape pomace very efficiently. Specifically, four days after the beginning of cultivation,
Pseudomonas sp decreased the total polyphenols at a rate of 91%, while Chlamydomonas reinhardtii
decreased it at a rate of 43% nine days after cultivation.

Conclusions

Both Pseudomonas sp. strain phDV1 and Chlamydomonas reinhardii appear to biodegrade polyphenols of
Vitis Vinifera Assyrtiko grape pomace, laying the basis for alternative uses of wine industry wastes, such as
fertilizers [2], food supplements [3] or feed [4].
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Introduction

Bioremediation is a low-cost, sustainable and technologically simpler clean-up method for ecosystems. The
abundance and the presence of microorganisms in different and even extreme environmental conditions,
render them a constant source of study and research, aiming at their recruitment for the biodegradation of
contaminants. Bioinformatics analysis can contribute to the identification of novel microorganisms, which
biodegrade contaminants, or of participating proteins and enzymes, and the elucidation of the complex
metabolic pathways involved in biodegradation. Our aim is to study enzymes capable of degrading pollutants,
which can be used for further scientific research on the biodegradation of industrial and agricultural waste
and with the potential to be used in bioremediation programs. Glyphosate, a widely used broad-spectrum
herbicide (e.g. active ingredient of Roundup™). It is a synthetic amino acid and analogue of glycine, which
inhibits aromatic amino acid biosynthesis in plants. We present our findings on the glyphosate-degrading
enzymes C-P lyase and Glyphosate Oxidoreductase (GOX).

Materials and methods

Literature-search for organisms and enzymes participating in glyphosate biodegradation.
Sequence collection using the database KEGG for C-P lyase and BLASTp searches for GOX.
Multiple alignments with MUSCLE.

Mapping of conserved residues on the 3D structure of the enzymes using PyMOL.
Computation of the 3D structure of GOX using I-TASSER and AlphaFold, comparison of results
with bibliography results based on Phyre2.
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Figure 1: The multiple alignment results of each part of the C-P lyase
complex (Image of C-P lyase: Seweryn et. al, 2015).
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o GOX
Only 5 annotated GOX proteins were found using the BLASTp search. The remaining hits were annotated as:

o FAD-dependent/binding oxidoreductases (same as GOX)
o D-amino acid dehydrogenases
o Glycine oxidases (GO)

Significant differences have been identified between the computed structures of GOX:

AlphaFold2

Alignment of Phyre2 and AlphaFold2 results

Figure 2: The computed structures of GOX using Homology Modeling (Phyre2, I-TASSER) and Al (AlphaFold2)
approaches.

Future steps include (i) molecular docking of glyphosate on the computed structures and (ii) search for novel
enzymes with a similar function based on the structure of the potential active site of GOX.
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A Ciboria sp. strain (Phylum Ascomycota) was isolated from Total petroleum hydrocarbon polluted soil
(8538 mg/kg) of an abandoned oil refinery in Italy. The strain was able to utilize diesel oil as a sole carbon
source for growth and was used in laboratory-scale experiments to evaluate the use of this fungal strain for
remediation. Mesocosms soil experiments were inoculated with the fungal strain at 1% or 7%, on a fresh
weight base ratio. After 90 days of incubation, the depletion of TPH contamination was of 78% with the 1%
inoculant, and 99% with the 7% inoculant. 16S rDNA and ITS metabarcoding of the bacterial and fungal
communities was performed in order to evaluate the potential synergism between fungi and bacteria in the
bioremediation process. The functional metagenomic prediction indicated Arthrobacter, Dietzia,
Brachybacerium, Brevibacterium, Gordonia, Leucobacter, Lysobacter and Agrobacterium sps. as generalist
actinobacterial saprophytes, active in the first 30 or 60 days. These species were correlated also to the
presence of a-specific extracellular enzymes as Dye -decolourizing peroxidase which primed the later
depletion of hydrocarbons by increasing their bioavailability. This first action allows the onset of
hydrocarbonoclastic specialist bacterial species, identified as Streptomyces, Nocardoides, Pseudonocardia,
Solirubrobacter, Parvibaculum, Rhodanobacter, Luteiomonas, Planomicrobium and Bacillus sps., involved in
the Total Petroleum Hydrocarbon depletion.
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Introduction

Respirometry is defined as a technique to estimate the microbial activity and specifically the metabolism
rate of microorganisms by oxygen uptake rate (OUR) (Hayet et al., 2016). Commonly OUR will be applied to
assess the activity of microorganisms in the mixed liquor. Significant insight into the activated sludge
oxidation processes are provided measuring OUR in a continuous basis.

Puig et al. (2005) implemented a control strategy to improve the removal of carbon and nitrogen in an
SBR system, using OUR and redox potential (ORP) to determine the end of the aerobic and anoxic phases,
respectively. The minimum value of OUR profile in most cases was considered as the end point of the
aerobic processes and the system entered the endogenous respiration conditions. Dries (2016) reported
the end of aerobic processes, by defining either the completion of nitrification or the oxidation of the
organic carbon, at the point where oxygen uptake rate was lesser than 15 mgO,/L.h, considering a small
difference between two consequent OUR values, lower than 1 mg O,/L.h. According to Martin de la Vega
and Moran (2018), OUR values between 6 and 12 mg O,/L.h indicates a residual amount of organic matter
and ammonia charge in the bioreactor, while values lower than 6 mg O,/L.h indicate their complete
consumption.

The present study examined the validity of Oxygen Uptake Rate (OUR) as an aeration control parameter
in an intermittent aeration process treating domestic wastewater (Suescun et al., 1998). A time-dependent
OUR profile could be used to detect the end point of the organic carbon and ammonia nitrogen oxidation in
order to adjust the aeration phase length to the influent characteristics (Hagman and Jansen, 2007).

The aim of this study was the real time monitoring of oxygen uptake rate and the evaluation of the OUR
profiles, in an intermittent operating activated sludge system, in order to develop an activated sludge
aeration strategy to maximize the organic carbon and ammonium nitrogen oxidation and reduce energy
consumption and operating costs (Leu et al., 2009).

Materials and methods

The pilot-unit, which comprised of a 40 L feeding tank, a 100 L main reactor and an 80 L external membrane
unit, was operated using intermittent aeration. The cycling feeding at the beginning of the anoxic phase
improved the simultaneous removal of nutrients (C, N and P). Ammonia nitrogen concentration into the
bioreactor was measured online using the ion selective electrode ISE VARION® Plus 700 IQ AmmoLyt® Plus,
and OUR calculated by measuring dissolved oxygen consumption using the optical sensor FDO® 700 1Q. The
association of the decrease in DO concentration over time is normally found to be linear and OUR was
determined by calculating the slope of the curve. The pilot unit including OUR respirometer and OUR
measurement cell scheme is illustrated in Figure 1.

DO mg/L

OUR measurement
cell I:I

Activated sludge

feed during
aeration phase
Q_—>
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Results and discussion

Intermitted aeration consists of aeration and non-aeration cycles. In order to calculate OUR, aerated
activated sludge was transferred from the biological reactor to the OUR cell. Heterotrophic and autotrophic
bacteria consume the dissolved oxygen of the mixed liquor during a limited period of time, ca 10 min and
the decrease in oxygen concentration was recorded. OUR values were calculated from the slope of the DO
curve formed during oxygen concentration decline. In the same aeration phase, due to the ammonia
nitrogen oxidation, the corresponding profile declines, until reaching the lowest value at the end of the
aeration period. OUR values and ammonia nitrogen concentration profiles correlates well, indicating the
effective application of OUR for activated sludge aeration process control (Fig.2). The small difference
between two consequent OUR values could be used to switch to the next operation phase.
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Figure 2. NH,*-N and OUR profiles during a typical aeration phase.

Conclusions

On-line OUR measurements appears to be a useful tool in wastewater treatment plants in order to control
the aeration phase, where organic carbon and ammonia nitrogen are oxidized. Indeed, it consists of low-
cost application, where the obtained data could be used for process control.
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Introduction

The food production industry is one of the main pillars of economic development for Lesvos island.
However, this also is correlated to the simultaneous production of a large amount of liquid biowaste such
as olive mill wastewater (OMWW), cheese whey wastewater and wine sludge. On a second level there are
thousands of tons of municipal sludge from the biological treatment of the island. This study presents the
applications of hydrothermal treatment in Lesvos and focuses on the production of hydrochar from high-
phenolic sources, i.e., olive mill wastewater and wine sludge. Subsequently, the produced phenolic
hydrochar is utilized in anaerobic digestion of cheese whey wastewater in order to study the effect on the
production of biogas and volatiles fatty acids (VFAs). The co-utilization strategies of various different food
waste sources support the concept of Circular Economy and provides alternative pathways in the field of
waste valorization.

Materials and methods

OMWW and wine sludge underwent hydrothermal carbonization in a 4570A Parr hydrothermal reactor for
a residence time of 2 hours, temperature of 250 °C and pressure of 55 bars. BMP tests were implemented
for anaerobic co-digestion (at 35 °C) of cheese whey wastewater/ sludge mixtures (1:2 ratio) with various
added hydrochar amounts i.e., 50 g, 100 g and 250 g respectively. This study implemented mas balances of
the hydrothermal carbonization of OMWW and wine sludge, measured the biomethane potential of the co-
digestion BMP tests and assessed the quality of the final digestate. In particular, the final digestate was
assessed for the content in VFAs by means of a GC - BID with a specialized column (MEGA-624). The biogas
quality was assessed with the same GC - BID with a Restec ShinCarbon ST Micropacked Column. Analysis
also included the TS/ VS content, COD and Total Phenolic Content (Folin — Ciocalteu method).

Results and discussion

The produced hydrochars had a significant heating value, i.e. 28.05 MJ/ kg for wine sludge and 26.55 MJ/ kg
for OMWW. BMP tests were used to produce biogas and the highest biogas production was measured for
the samples with 100 and 250 mg of wine sludge hydrochar. The addition of hydrochar from OMWW
performed also well but the addition of HC from 100 to 250 mg had a mitigating effect on biogas
production. Also in all cases, the addition of OMWW hydrochar reduced the methane content. The
produced ml biogas per g VS is presented in Fig. 1.
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Figure 1. Average biogas potential per g VS. HC: hydrochar, WS: wine sludge

The final Total Phenolic Content of the digestates from the BMP tests were increased with the addition
of hydrochar both from wine sludge and OMWW. The samples with no added hydrochar had an average
90.4 mg/ L, while with the addition of 100 ml of wine sludge hydrochar a maximum value of 1389 mg/ L.
But by far the most interesting outcome of this study is that the addition of hydrochar assisted the
production of medium-chain VFAs, i.e., isocaproic, caproic and heptanoic acid. The most straightforward
case is the production of isocaproic acid, where the ANOVA analysis deduced the null hypothesis with a p
value < 10 . The results are also supported by the reduced biogas (total production) and methane %
production in the samples with the highest content of VFAs.
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Circular Bioeconomy [Aegean_ BIOECONOMY]” (MIS 5045851) which is implemented under the Action
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European Union (European Regional Development Fund).
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Introduction
The use of biogas is essential to reduce greenhouse gas emissions (GHGs) and our current dependence on
fossil fuels. Biogas is mainly composed of CH4 (45-75%) and CO2 (20-50%). However, there are several
minor compounds like H2, 02, N2, NH3, H2S, volatile organic compounds (VOCs), siloxanes, etc. Despite
some of them are not significantly harmful, others such as hydrogen sulfide (H2S) are undesirable because
it causes corrosion and SO2 emissions. Biological desulfurization has been proven to be more cost-efficient
and environmentally friendly than physical-chemical techniques. Specially the anoxic process, which uses
nitrate or nitrite as electron acceptor instead of oxygen, has attracted the attention of researchers. Even
when the number of studies referring to this technology are significant, the impact of the biological
assimilation of methane in its final concentration in the treated biogas has not been widely addressed.
Moreover, the effect of 02 in the gas effluent is highly interesting. Despite its low concentration, the low
gas residence times (GRTs) applied in biogas desulfurization bioreactors make significant the total oxygen
supply. In order to consider this, air was mixed with methane to obtain an effluent similar to real biogas as
possible to feed the bioreactor.

Hence, in the present study, the impact of different nitrate sources and hydraulic retention times (HRTs)
on the methane oxidation activity and the microbial population is determined.

Materials and methods

Experiments were performed in a continuous stirred tank bioreactor (CSTBR) with a working volume of 0.8
L, magnetically stirred (150 rpm) and fed with a mixture of CH4, N2, H2S and air to a final concentration of
CH4=60%, H2S = 1,300 ppmv, 02 = 2% and balance to N2. The bioreactor was continuously fed with mineral
medium (Gonzalez-Cortes, 2021). The CSTBR was inoculated with biomass from a pilot-scale anoxic
bioscrubber (M1) fed with real biogas and nitrified landfill leachate (Gamisans et al, 2021). The bioreactor
was operated under a HRT of 10 and 1.5 days (D= 0.0042 and 0.0278 h) using NaNO3 as nitrate source
which led to the formation of two different microbial consortia; M2 and M3, respectively.

The microbial community shifts that occur under different HRTs and NO2" and NO3" sources were
determined by 16S metagenomics analysis.

The methane oxidation capacity of the biomass obtained under different conditions was determined
using serum bottles of 0.1 L. The bottle was filled with 20 mL of biomass from the bioreactor and diluted
with mineral medium without NaNO3, leaving the remaining bottle volume as headspace. The effect of
different electron acceptors (02, NO2  and NO3") was studied for 24h.

Results and discussion

The CSTBR was successfully operated to remove the H2S from biogas showing an average EC of 28.42 + 0.87
g S-H2S m3 h! (RE=91.9 + 2.8%) and 30.56 + 0.37 g S-H2S m™ h! (RE=98.8 + 1.2%) at the steady-state
conditions under HRTs of 1.5 and 10 days, respectively. Fig.1a shows the relative abundances at genus
levels of the three different microbial consortia studied in the present work. Bacteria capable of oxidizing
reduced sulfur compounds were found as predominant in all samples being the most abundant OTUs of the
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Thiomicrospira (11-25%) genus followed by Sulfurimonas (0-18%) genus. Furthermore, different bacteria
which have been reported to be capable of metabolize methane were found in the three samples. Among
these, the presence of Halomonas (0-17%), Martelella (2-8%) and Methylophaga (0-0.2%) genera were
remarkable and as well as the family Methylophilacea (0-0.1%). Finally, it is worth highlighting the presence
of bacteria in M1 which is frequently found in methanogenic consortia like OTUs belonging to the
Lentimicrobium genus which were identified with a relative abundance of 9.7%.

Methane variation obtained in the batch tests by the three microbial consortia is presented in Fig 1b. It can
be seen that methane concentration decreased in most tests highlighting the presence of CH4 degrading
bacteria in all the microbial consortia. While greater CH4 removals were found by M2 using NO2" and NO3"
(4.4 +0.2% [EC=50.1 +2.7 g CH4 m3h'] and 3.0 £ 0.2% [EC=34.0 + 2.24 g CH4 m3 h'!], respectively), 02 was
found to lead to higher CH4 removal in M3 (3.5 + 0.1% [EC=33.1 + 1.3 g CH4 m3 h']). An increase in CH4
(6.1+0.7%) was found using M1 under aerobic conditions where CH4 increased by 6.1 + 0.7%. This methane
generation can be explained by the existence of organic matter from the landfill leachate which served as a
potential substrate for biogas production.
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Figure 1. (a) Relative abundances at genus level of M1 (Initial conditions), M2 (HRT of 10 days) and M3 (HRT
of 1.5 days) samples (b) Variation of CH4 found in the headspace using different electron acceptor (oxygen
from air, nitrite and nitrate) and the different microbial consortia.

Conclusions
The present study demonstrated the scarce impact of the anoxic desulfurization process on the CH4
content of landfill biogas standing this technology as a reliable technique for biogas desulfurization.
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Introduction

Biogas is a renewable energy source produced from the anaerobic digestion of biodegradable organic matter.
The composition of biogas is mainly dependent on the origin of this organic matter. It mainly consists of a
mixture of methane and carbon dioxide. Biogas also has other harmful minor components such as hydrogen
sulfide (H,S) whose presence hinder its valorization for most purposes. The aerobic or anoxic desulfurization
process uses oxygen (O3) or nitrate/nitrite (NO3/NO>’) as electron acceptors, respectively, to oxidize H,S to
elemental sulfur and/or sulfate. Biotrickling filters (BTF) have been extensively investigated for H,S removal
from biogas, showing high sulfide elimination capacities (EC), cost-effectiveness, low maintenance
requirements and robustness (Almenglo et al., 2019; Lépez et al., 2016). Nevertheless, in BTFs for biogas
desulfurization, column clogging can arise due to the accumulation of sulfur and/or biomass on the packing
material, which in turn leads to flooding and system shutdown. A possible alternative to overcome these
shortcomings would be the use of suspended growth bioreactors. Gonzalez-Cortés et al. (2021) achieved high
H.S ECs using a continuous stirred tank bioreactor (CSTBR) in anoxic conditions. The BIOGASNET technology
proposes to integrate an anoxic bioscrubber with a nitrification reactor. In this work, the long-term operation
of a pilot scale anoxic bioscrubber fed with landfill biogas and nitrified effluent from a nitrification step is
shown, as well as the optimal operating conditions of the equipment.

Materials and methods
The BIOGASNET prototype was implemented in the Miramundo-Los Hardales landfill located in Cadiz (Spain).
The pilot plant consisted of an anoxic bioscrubber fed by nitrified effluent from the nitrification bioreactor
and biogas from the landfill wells. The desulfurization stage was performed in an anoxic bioscrubber which
consisted of 3 units: (i) a washing tower (working volume of 0.8 m?) for the H,S absorption from biogas to
the liquid phase, (ii) a stirred tank reactor for oxidizing HsS into sulfate and/or sulfur (maximum working
volume of 1 m3) and, (iii) a settler where the elemental sulfur is separated. Other components of the system
were a biogas blower, and a set of pumps for liquid recirculation, nitrate feeding, pH control and antifoam-
nutrients addition. A H,S and O, sensor was used to determine their concentration in the biogas stream.
The inoculum was obtained from the sewage treatment plant of Rota (Cadiz, Spain). The start-up of the
anoxic bioreactor was carried out with 100 L of inoculum, 1.6 kg of Na,COs, 2.1 kg of NaNOs, 0.8 of NH,CI,
3.75 of NPK 6-4-6 fertilizer (Ciemhus universal fertilizer, Infertosa S.A) and filled with tap water up to 761 L.
During this first stage, the bioreactor was fed using Na,S to an IL of 6 gS-H,S m™ h™L. After two weeks, the
IL was doubled to 12 gS-H,S m™ h™tin order to increase the biomass concentration. From week 13 onwards,
the bioreactor was fed with biogas which had an average initial concentration of H,S and O, of 146.1 + 54.2
ppmy and 1.77 £ 0.91%, respectively.

Results and discussion

Fig. 1a summarizes the biogas flow rate and IL applied to the system and its H,S RE since real biogas was
fed to the system (week 13). An average biogas flow rate of 43.0 + 12.2 m3 h™! has been treated during the
operation time resulting in a total of 274,801 m? of desulfurized biogas during the 38 weeks.

Weeks 13-15 correspond to the start-up of the prototype with landfill biogas. Initially, a biogas flow rate
of 11.6 m3 h™* was established, corresponding to an IL of 2.1 + 1.0 gS-H,S m= h™* and an RE of 98 + 1%. During
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these weeks, a total amount of 850 g N-NOs~ was treated by the system. In weeks 23-41, the biogas flow rate
was increased to 42.6 m> h™ achieving an IL of 11.4 + 4.7 gS-H,S m~3 h™! with an RE of 81 + 7%. From week 31
onwards, nitrate consumption dropped to 13 g N-NOs™. Finally, in weeks 47-61, a new blower was installed,
which allowed reach the pre-established biogas flow rate in the project (54.1 m?h™). Even so, the IL remained
at values of 11.3 + 3.7 gS-H,S m~ h™! due to the low H,S concentrations at the inlet during that season (127
+ 41 ppm,). An H,S RE of 77 + 11% was achieved, however, the consumption of nitrate dropped to 2 g N-NO5~
, probably by the oxygen content in the inlet biogas stream.

Aiming to improve the H,S mass transfer from the gas to the liquid phase, the recirculation flow rate was
increased (week 56). The mid-term effect of this change is shown in Fig. 1b. Here, a recirculation flow rate of
20.4 m? h™* was kept constant under a biogas flow rate of 55 m?® h™X. Under these conditions, an average
outlet H,S concentration of 3.0 + 1.2 ppm, (RE=97.1 + 1.1%; EC=9.6 + 0.5 gS-H,S m™ h™!) was found which
were the best results in terms of RE were obtained.

a) 18 b) 20 110
120 | HEEE Biogas flow rate fi H,S out
I RE L 16 seneses EC
— =< RE
B 16 1 t 100
100 A 14 ™ Ve TNl 4T e g T Ny =

14 A\, —nt

-]
o
L

s
RE (%)

8 - 80

IL (gS-H,Sm>h™)
H,S out (ppm,); EC (g S-H,S m*h")
|

Biogas flow rate (m” h™"); RE (%)
o
o

40 e &1

L4 4 r 70
20 2 4

- 2

0 T T T 60
0 0 0 2 4 8
Week 13-15  Week 16-22  Week 23-41 Week 47-61 "
Time (days)

Figure 1. (a) Summary of the main operating conditions during long-term operation, and (b) results
obtained during the study of the mid-term effect of increasing the recirculation flow rate.

Conclusions

The desulfurization of real biogas has been successfully carried out on a pilot-scale standing as a feasible
alternative to the current physical-chemical processes. Low H,S concentration and high O, concentration at
the inlet biogas stream caused a decrease in nitrate demand, leading to aerobic H,S oxidation, which rises as
the recirculation flow rate increases.
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Introduction

Anaerobic Digestion (AD) is widely used in the valorization of waste because of its ability to produce biogas,
which belongs to the biofuel category. However, mono -digestion has significant disadvantages, such as
instability of the digestion process, limited availability of a particular feedstock, presence of heavy metals
and low efficiency of biogas/methane production . Anaerobic co -digestion (AcoD) is the simultaneous AD
of two or more substrates and is a potentially promising option to overcome mono-digestion's
disadvantages and improve AD plants' economics through higher methane production. In particular, AcoD
can enhance biogas production by 25% to 400% compared to the mono-digestion of the same substrates.
Numerous studies have been focused on the co-digestion of sewage sludge (SS) with different types of
wastes and in this context, cheese whey (CW) has been proposed as a suitable co-substrate 2. Given the
above, this study aims to investigate the co-digestibility of SS and Acidic CW (ACW) by conducting AD batch
experiments. In this sense, the biomethane potential (BMP) of ACW, SS, waste activated sludge (WAS) and
mixtures was determined and compared with SS mono-digestion with three consecutive series of BMP
tests. In addition, biochar, a known conductive material produced from the pyrolysis process, was
supplemented in the bulk anaerobic liquid to evaluate its influence on the AD process 3.

Materials and methods

The experiments were carried out with a compact BMP unit consisting of a heated bath maintaining a
constant temperature at 35 + 1 ° C. The working volume of each bottle is 400 to 700 mL. The biogas
produced passes through a scrubber of NaOH 2M solution to separate CH4 from other gases. The volume of
CH4 is automatically measured and recorded in the BMP unit control panel. The substrate to inoculum ratio
(SIR) was 1:2 in the first and second series and 1:1 in the third series. The duration of each series was 30 d
and the tests were performed in duplicate, with inoculum-only reactors also selected in each series. The
methodology followed was in accordance with Angelidaki et al. 2009 %. SS, WAS and inoculum were
obtained from the Psyttalia Wastewater Treatment Plant (WWTP) and were blended before the
characterization. The ACW was obtained from a dairy industry in Patra, Greece. The biochar was supplied
by Novocarbo (Dorth, Germany).

Results and discussion

Table 1 summarizes the results of the three BMP series compared to the SS mono-digestion. The findings
from the first BMP series show that the inclusion of WAS in the SS digestion has a small, yet notably
positive effect (3%) on methane yield compared to SS mono-digestion. In the second BMP series, ACW as a
co-substrate to the SS showed a slight increase (1%) in methane yield at a ratio (SS-ACW) of 80:20.
However, the methane yield was 8% and 18% lower compared to SS mono-digestion with increased ACW
compared to SS with a ratio of SS: ACW at 60:40 and 50:50, respectively. After completion of the 30-day
digestion, alkalinity was not significantly reduced and pH was maintained in a desired range. Therefore, in
the third series of BMP tests, the SIR was changed to 1:1 and higher SS: ACW ratios were applied.
Furthermore, the reactor with SS: ACW at a 95:5 ratio was found to enhance the methane yield compared
to SS mono-digestion. Co-digestion experiments of SS and ACW in continuous flow anaerobic reactors in
another study revealed an increase in biogas production compared to SS mono-digestion, but a negative
effect was observed on the biogas composition >. The lower methane content in the biogas yield could
explain the reduced methane yield. In addition, the reactors with the same ratio of SS: ACW, which were
enriched with biochar (5 g/L), showed a positive effect on methane yield, which was 7% and 4% higher than
the SS mono-digestion and the non-
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amended with biochar reactors, respectively. Interestingly, the methane yield of the biochar enriched
reactors with a ratio of SS: ACW at 95:5 was higher than the SS: ACW at a 95:5 ratio. Although biochar has
been shown to improve the performance of AD in many ways °, further research is needed on the
associated mechanisms and the effect of conductive materials on AD.

Table 1. Methane yield of the three BMP series compared to SS mono-digestion

. Methane yield variation
BMP Tests mixtures used

NmL CHs g™ VSsus %
. . SS 80% - WAS 20% 354.6 3
First Series

) SS 100% 343.1 0
SIR 1:2 WAS 100% 110.8 -68
SS 80% - ACW 20% 388.2 1

Second Series SS 100% 383.9 0
SIR 1:2 SS 60% - ACW 40% 353.6 -8
SS 50% - ACW 50% 342.7 -18

SS 95% - ACW 5% Biochar (5 g/L) 381.5 7

Third Series SS 90% - ACW 10% Biochar (5 g/L) 373.7 5
SIR1:1 SS 95% - ACW 5% 366.8 3
SS 100% 355.2 0

Conclusions

In this study, the effect of co-substrates on the performance of AD was investigated, with a particular
interest in the co-digestion of SS and ACW and the determination of the most appropriate ratio of co-
substrates. In addition, biochar's effect on AD was also investigated, although not to a great extent, with
preliminary results showing that it has a favorable effect on AD's performance. In particular, methane yield
of SS and ACW was increased compared to SS mono -digestion when the ratio SS: ACW was 80:20 and
higher. Methane yield was further increased when the bulk anaerobic liquid was enriched with biochar.
Finally, increasing SIR to 1:1 did not affect the performance of the AD process and the methane yield of the
SS mono-digestion tests was relatively similar in terms of NmL CH4 g VSsub among the three BMP series.
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Dark fermentation (DF) is an efficient technology for hydrogen production by the valorization of various
organic wastes, exploited as reactor feedstock. In particular, the organic fraction of the municipal solid
waste is an easily gathered fermentation substrate, providing high yields in biogas and value-added organic
compounds, such as Volatile Fatty Acids. Dark fermentation, however, produces hydrogen at relatively low
yield: its potential can be improved by coupling DF reactor stages with different bioractor assets. In this
study a two stage DF-metanogenic reactor was conducted and monitored by optimizing the Hydraulic
Retention Time to maximize methane production, obtaining a corresponding increment of 51.7% . A focus
on functional inference based on NGS metabarcoding analysis and comparison of microbial communities
that populate each reactor stage will be discussed.
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Introduction

The Organic Fraction of Municipal Solid Waste (OFMSW) is considered a high potential feedstock for biogas
production via anaerobic digestion (AD) (Abudi et al., 2016). Open market wastes are a category of
municipal solid wastes of organic nature, devoid of pathogens usually present in manures and suitable for
producing a high-quality digestate besides biogas via AD technology. Valorising the wastes from open
markets, which are popular in Mediterranean countries, is the subject of the European co-funded project
“CEOMED”. Papirio et al. (2022) found the, despite the variable composition of the open market waste
mixture throughout the year, its main biochemical and physicochemical characteristics remained within a
narrow range of variation. The present study demonstrates a two-stage AD system developed to treat open
market wastes. The system consisted of a Leach Bed Reactor (LBR) coupled with an Upflow Anaerobic
Sludge Bed (UASB) reactor. The use of an LBR is an alternative option as a first stage for the hydrolysis of
high solid wastes due to its simple and economical construction. LBR operates at a high solid content (dry
AD) minimising the system's requirements for water. The leaching process in LBRs results in the extraction
of organic matter into the liquid (leachate) which can be fed in a conventional continuous stirred tank
reactor (CSTR) or a high-rate UASB reactor. Moreover, a bulking agent such as wood chips is necessary for
the LBRs to avoid clogging problems. The two-stage system has been operated for almost one year, treating
different open market waste mixtures, and its performance in terms of methane yield has been evaluated.

Materials and methods

Fruits and vegetables were purchased from local markets to simulate the waste mixtures of open municipal
markets in two Mediterranean countries, Jordan and Tunisia (Papirio et al 2022). The waste mixtures
corresponding to different seasons throughout the year are denoted as season 1 (for autumn/winter),
season 2 (for spring) and season 3 (for summer).

An LBR (glass column of 1.9 and 1.3 L total and operating volume, respectively) was connected with a
UASB reactor (2.35 and 2.1 5L of total and operating volume, respectively) and operated as a two-stage
bench-scale system (Figure 1). First, the waste mixture (33.75 g volatile solids; VS) was mixed with wood
chips at a ratio of 0.34 g Total Solids (TS) wood chips per gTS of the waste mixture and was loaded from the
top, while the digested waste was removed from the lower part of the LBR to keep the volume of the waste
bed in the LBR constant. This procedure occurred three times per week, setting the feeding rate at ca. 7 gVS

dL. The leachates of the LBR were collected in a stirred chamber (1L). The leachate was recirculated in the
LBR at a rate of 18 L d'l, aiming to facilitate the leaching process, and was fed to the UASBR at rates ranging
from 0.09 to 1.45 L L™t dt (corresponding to an HRT of 11 and 0.69 days respectively). The UASB reactor
was inoculated with 1 L of granules from a full-scale UASB reactor treating dairy wastes. The upflow velocity
was 3.5 m h't and was sustained through a recirculation imposed on the UASB reactor. Besides the UASB
recirculation, the effluent supernatant was added to the LBR.

The TS, VS and Chemical Oxygen Demand concentration were measured according to the Standard

Methods.The biogas composition was analysed using a GC (Shimadzu GC-2014), equipped with a thermal
conductivity detector (TCD).

Results and discussion
The operating parameters of the system were (a) the VS loading rate (organic loading rate; OLR) and (b) the
leachate feeding rate from the LBR to the UASB and the equivalent UASB supernatant recirculation from
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the UASB reactor to the LBR (or else, the hydraulic retention time; HRT). Initially, the system was
acclimatised to the waste mixtures, which were successively loaded. The OLR was first 5-7 g VS d-1 (0-92 d)
and then 9-12 g VS d™L. The HRT in the UASB reactor was set to 11 days (0-18days) and was further reduced
to 5.5 days and, finally, to 0.69 days.

llection hag

\U

Leachate recirculation

UASS recirculation

0 50 100 150 Time (d) 200 250 300 350

._ﬁ,_,: L3 7

Figure 1. Experimental set-up of LBR-UASB system  Figure 2. System’s methane yield. $1-S3 denote the waste
mixture fed to the system

The COD concentration of the leachate varied from 4 to 28 gL'l. It was influenced by each new loading,
which increased the leached organic matter and the supernatant recirculation of the UASB to the LRB,
which enhanced the methanogenic activity in the LBR. Since the UASB supernatant contained
microorganisms, there was a transfer of methanogens to the LBR as the feeding rate of the leachate to the
UASB and, equivalently, the recirculation rate of the UASB supernatant to the LBR was increased. This was
indicated by the decreased COD concentration of the leachate (4.7 g L-1) and the increased methane
production (0.48 NL d'l) when the feeding rate of the leachate was increased to 0.3 L L2g? (HRT of 5.5 d).

The total methane yield (MY) from the LBR and the UASB varied initially, but it stabilised between the
246" and 334" days. The maximum MY was 0.41 NL gVS™* when the system’s OLR was 8.31 gVs d™* (or
6.39 gVs LLBR'ld'l) and the LBR was loaded with the Season 1 mixture (on the 211th day of operation). The
MY recorded at the continuously operated two-stage system was close to the biochemical methane
potential (BMP) of the waste mixtures 402-429 NL gVS™* (Papirio et al., 2022).

Conclusions

The LBR-UASB reactor two-stage system for treating the solid waste mixtures of fruit and vegetable waste
from open markets was studied under various organic loading rates. It was found that the variation in
mixture wastes throughout the year did not influence the methane yield (0.34-0.38 NL gVS'l), which is very
close to the maximum levels recorded via BMP tests conducted on the same waste mixtures (402-429 NL
gVS'l). This means that the two-stage configuration is an efficient alternative to the conventional CSTR-
based systems requiring less volume and negligible addition of water.
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Introduction

The anaerobic digestion (AD) process has been extensively used for energy production through waste
management and valorization. The fact that AD is a complex four-step process, in which various
microorganisms are involved for several reactions accomplishment, leads to extensive study needs, aiming
at efficiency maximization. The inoculum is usually inhibited by several factors (toxic compounds or
environmental conditions), so for this reason the optimization of the operation parameters at lab scale
systems prior to scale up tests is considered as mandatory.

Two streams of the municipal solid wastes characterized by high organic content, are the food waste
and the hygiene products, focusing on the used nappies. In case of food waste there are carbohydrates,
proteins and lipids, while concerning the used nappies, the organic content is mainly carbohydrates,
followed by the biodegradable part of excreta and urine. Currently, for both waste streams no specific
waste management strategies and regulations are pursued. The aim of this study was the valorization of
two different mixtures of the aforementioned substrates, namely one consisted of fruits and vegetables
wastes (carbohydrates) as well as used nappies, and a second mixture comprised of various food waste
(carbohydrates, proteins and lipids) combined with used nappies. The test of such mixtures with
significantly different composition is able to lead to useful conclusions about the performance of the
reactors, their stability and the repeatability of the results in higher scale systems.

Materials and methods

Concerning the substrates, two mixtures were tested, namely the mixture 1 was consisted of
Fruits/Vegetables and used disposable nappies hydrolysate (4:6 w/w) (Tsigkou et al., 2020) while the more
complex mixture 2 was consisted of Bread, meat and fruits/vegetables and used disposable nappies
hydrolysate (1:9.7 w/w). The experimental configuration in lab and pilot scale studies comprised by an
acidogenic and a methanogenic reactor. The working volumes were 0.75L and 180L for the acidogenic
reactor as well as 4L and 1800L for the methanogenic reactor respectively, at mesophilic conditions. In all
systems the applied operational conditions were hydraulic retention time (HRT) of 2d and 20d respectively
in each reactor.

Results and discussion

Even if in both cases the mixtures were successfully valorised in lab scale reactors, significant difference
was presented in pilot scale operation for mixture 2, as described in Figure 1. More specifically, the mixture
1 reached the lab scale yields after 60d of operation (Tsigkou et al., 2021), while for mixture 2, the lab scale
yield met the pilot scale after 30d of operation and a constant decrease followed. This was attributed to the
fact that the lab and pilot scale mixtures 2 exhibited significantly different proteins/lipids ratio, leading to
inoculum inhibition and thus instability of the process.
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Figure 1. Biogas production of mixture 1 (a) and 2 (b) under lab and pilot scale operation.

Conclusions

The utilization of a more complex substrate in terms of organic compounds group could lead to variance of
the substrate composition and thus instability of the process. On the other hand, non-complex mixtures are
able to lead to repeatable results during the transition of the lab to the pilot scale.
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Introduction
Anaerobic digestion is considered an efficient technology for wastewater treatment and energy production.
Among anaerobic processes, Upflow anaerobic sludge blanket (UASB) reactor is one of the most widely used
and has been applied for many types of wastewater such as those contained high concentration of sulfate.
Granular sludge of UASB is the main factor for its successful operation performance. There is a large amount
of different kind of bacteria inside the granule that interact effectively for the conversion of substrate.
Moreover, it is reported that granules which degrade carbohydrates have a layered distribution and are
resistant to toxicity from hydrogen sulfide (Fang, 2000). However, wastewater with high content of sulfate
can inhibit methane production during anaerobic digestion since sulfate reducing bacteria (SRB) compete
methanogenic bacteria for organic carbon and produce sulfide from sulfate reduction which is toxic for
anaerobic bacteria (Jing et al., 2013). Hence, the COD/S0O4? ratio could affect the microbial community and
subsequently the performance of the reactor (Lu et al., 2018). Although many studies have been focused on
sulfate reduction, more research is needed regarding the methane production from sulfate—rich wastewater.
The aim of this study is to investigate the effect of sulfate presence in anaerobic digestion. For this reason,
a UASB reactor has been constructed and operated using hydrolyzed starch as feed together with the
addition of sulfate. The removal of TOC, iron, and sulfate, as well as the methane production under different
Organic Loading Rates (OLRs) was studied. Furthermore, the difference between the microbial communities
before and after the addition of sulfate was examined.

Materials and methods

A lab-scale UASB reactor, made of Plexiglas and with an effective working volume of 12 L was constructed
and continuously operated at 35 + 2°C for 165 days. The reactor was inoculated with 3 L anaerobic sludge
from a UASB of a potato processing industry in Athens. Starch hydrolyzed by Fenton reagents was used as
influent for the first 85 days of operation containing 46-69 mg N/L, 0.075 mg P/L, COD 1-1.4 g/L, Fe 4-8 mg/L,
while sulfate concentration was less than 6 mg/L. The HRT examined at different values: 35 h, 32 hand 16 h
with corresponding OLR values equal to 0.54, 0.66 and 2.00 g COD/Luass-day, respectively. On day 86, sulfate
was added to the influent in the form of sulfuric acid at various concentrations ranging from 190 to 373 mg/L
while COD was 1.5-3 g/L, TP 0.15 mg/L, TN 69-138 mg/L and Fe 8-10 mg/L. At this stage (i.e. 86-165 days),
the HRT was varied from 16 hto 11 h, 22 h and back to 16 h again, with respective OLR values equal to 2.00,
3.00, 3.78, and 5.20 g COD/Luyase-day, respectively. The COD/SO4* ratio was varying from 14.8 to 3.2.

During the whole period of the experiment COD, sulfate, Fe, VFAs and alkalinity, NHs*, TOC and TN in the
influent and effluent were measured. The amount of biogas produced per day was recorded on a PLC and
the percentage of CH4, CO, and H; in the total biogas was measured with a biogas analyzer.

On days 85 and 150, samples of the anaerobic sludge were collected from the bottom of the reactor and
the microbial communities were analyzed by 16S rRNA sequencing. The total DNA was extracted using
Nucleo-Spin @ Soil Kit (MACHEREY-NAGEL) according to the kit manual procedure. The purity of the isolated
DNA was quantified using nano-drop method and the extract was delivered to Novogene Bioinformatics
Technology Co., Ltd. (Beijing, China.) for amplicon pyrosequencing on the lllumina MiSeq platforms. V3-V4
region of the bacterial 16S rRNA genes were amplified by PCR using the primer pair 341F/806R.

Results and discussion
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At the first 85 days, TOC removal was ranging from 67.1% to 85.5%, and the percentage of methane in biogas
was varying from 45.7 to 64.0%. The highest methane production was 0.24 + 0.05 L CHs/Lyass-day when HRT
was 16 h and OLR 2 g COD/Luass- day. At this period, no sulfate was observed in the effluent.

After the addition of sulfuric acid to the influent, TOC removal efficiency was varying from 70.1% to 94.9%.
At HRT 16 h, the OLR, Fe and COD/ SO, ratio were equal to 2 g COD/ Luass-day, 8 mg/L and 3.5, respectively,
while the methane production was 0.267 + 0.05 L CHa/Luasg-day. At HRT 11 h, OLR was increased at 3 g COD/
Luase-day, Fe and COD/ SO, ratio stayed the same while the methane production increased at 0.496 + 0.002
L CHa4/Lyass-day. The methane production was further increased at 0.615 + 0.009 L CH4/Lyass-day when the
HRT, OLR, Fe and COD/ SO, ratio were equal to 22 h, 2.78 g COD/ Luase-day, 9 mg/L and 9-15, respectively.

During the last days of UASB operation, the HRT returned to 16 h, the OLR was increased at 5 g COD/ Luass-
day, Fe also increased at 10 mg/L and the COD/ SO4? ratio slightly decreased to 8.5. The methane production
under these conditions was found to be 0.807 + 0.002 L CH4/Lyass-day. Moreover, the percentage of methane
in total biogas was remained relative stable at around 71%, for the whole period. The correlation between
methane production and SO, in the effluent could be described by the following equation:

Y = 1.07 x X805 (R%*=0.942),

where Y is the methane production (L CHa/Luass-day) and X is the concentration of SO42 in the effluent (mg/L).

After 16S rRNA gene sequencing the relative abundance of dominant bacteria in the two samples was
investigated. At genus level, the predominant archaea before and after sulphate addition in the substrate,
were Methanosaeta with relative abudance 27.5% and 32.3%, respectively. This genus uses only acetate as
energy source for methane production. After the addition of sulphate, Methanosarcina, Methanospirillum
and Methanobacterium species were decreased from 0.5% to 0.0%, from 0.5% to 0.1% and from 3.3% to
2.3%, respectively. The competition between SRB and methanogenic bacteria that use hydrogen can explain
the increase of Methanosaeta abundance (Jin et al., 2020). For the bacteria community, Ruminococcus
predominates, accounting for 20.2%, while it was just 0.5% before the addition of sulphate. Desulfovibrio
which belongs to SRB, accounted for 9.9% while before sulfate addition was only 1.7%. Desulfovibrio species
utilize hydrogen as electron donors for sulfate reduction, however some of them have iron reduction abilities.
Furthermore, Syntrophomonas’ relative abundance was increased from 0.3 to 4%. This genus produces
acetate from fatty acids and associates with methanogenic bacteria and bacteria that utilize hydrogen. In
addition, Propionivibrio which produce propionate from sugars’ fermentation was decreased from 9.8% to
0.2%. The syntrophic relationship between iron reducing bacteria and methanogens by direct interspecies
electron transfer could explain the methane production enhancement (Jin et al., 2020).

Conclusions
The suitable presence of sulfate in the substrate during anaerobic digestion, promotes the acetoclastic
methanogenesis and improves UASB performance when Fe occurs in the system.
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Introduction

The main compounds that contribute to the odour presence in landfills are hydrogen sulfide, organic
sulfides, specific Volatile Organic Compounds (VOCs), and ammonia. Volatile organic compounds emitted in
a landfill are numerous. More than 100 VOCs have been identified in air samples from different landfill sites
[1]. Some of these compounds are odorous, while there is a number of VOCs that are considered hazardous
air pollutants. VOCs are generated from the aerobic and anaerobic processes of organic waste
biodegradation in landfills [2, 3]. The VOCs found in a landfill differ significantly depending on the position
of measurements [4, 5], the waste composition, the activities taking place in the landfill as well the age of
the landfill. A VOCs monitoring campaign (air sampling and analysis) was performed in a number of landfill
sites in Greece over 3 years. An evaluation of the VOCs concentrations measured is presented in this paper.

Materials and methods

VOCs monitoring was performed in 11 landfill sites in Greece during different periods of the year, over 2-3
years. VOC measurements were performed in the landfill gas, the gas migration monitoring wells, the active
working face and in the ambient air in the landfill.

Air sampling was performed using air sampling pumps and appropriate absorbent tubes (charcoal
sorbent tubes (SKC 226-01)). Analysis of target VOC compounds as well as VOC with the highest
concentration was performed using Gas Chromatography / Mass Spectrometry by EN ISO/IEC 17025
accredited laboratories. Sampling was performed according to EN 13649 in the pipes and EPA TO-2 /MDHS
96 in the monitoring wells and landfill area.

Results and discussion
VOCs found in the landfill gas show variation over time as well as between landfills and sampling site within
each landfill. The most frequently detected VOCs found in landfill gas collection pipes were toluene (0.09 —

25.50 mgm'3), xylenes (0.03 — 34.75 mgm '3), octane (0.11-2.74 mgm'a), ethylbenzene (1.01 — 10.84 mgm~
3), benzene (0.03 — 0.59 mgm'3), heptane (0.05 - 1.38 mgm'g), limonene (0.98 — 55.50 mgm"”) and decane
(0.65 — 67.83 mgm's). The compounds with the higher concentrations were butane (354.50 mgm '3), 1-
Methyl-4-(1-methylethyl) benzene (248.42 mgm'a), isopropyltoluene (243.57 mgm'a), cymene (158.14
mgm'3), decane (67.83 mgm'g) and limonene (55.50 mgm'g).

The concentrations of VOCs in the monitoring wells and in the ambient air of the landfill sites were quite
lower than the levels found in the landfill gas. The most frequently detected VOCs found in the ambient air
of the landfill sites measured in the active tipping areas where waste disposal is performed, were toluene
(0.003 - 7.476 mgm'3), xylenes (0.003 — 11.536 mgm'3), limonene (0.021 — 2.211 mgm'3), ethylbenzene

(0.004 — 3.386 mgm’ 3) and dichloromethane (0.011 — 2.226 mgm‘?’). The most frequently detected VOCs
found in monitoring wells of the landfill sites were toluene (0.022 — 0.107 mgm'3), xylenes (0.016 mgm'3)

and cymene (0.164 mgm'3).
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Conclusions
After a landfill gas sampling campaign, results show a significant variation in concentrations of VOCs and

odorous substances in MSW landfills of differing age and in different spots within each landfill.
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Introduction

MSW is a significant contributor of landfill gas (LFG), which is an important source of Green House Gases
(GHG).The current study aims to estimate the methane gas emission from landfills in the metropolitan cities
(IPCC) Default model, First order decay model and LandGEM.

Methods
Three models were used for calculation of CH4 emissions at the three landfills.

IPCC Default method CHuemissions Ggly= {IMSWtxMSWexMCF x DOC x DOC: xFx (16/12 - R) x(1 — OX)}

IPCC First Order Decay Model | Qcus= LoxR x (e—Kc- e—K)

USEPA model: landGEM Qana= Yi=1tonYj=0.1t01KLo [Mi/10] e ki

Where all the parameters have their usual meaning as per IPCC 2006 and LandGem.
Table 1. Landfill site details

MSW
Sno Landfill site City State Area (Hectares) Year of starting
T/day
1 Ghazipur Delhi Delhi 29.62 1984 2700
2 Bhalaswa Delhi Delhi 26.22 1994 4500
3 Okhla Delhi Delhi 22.89 1996 3600
4 Deonar Mumbai Maharashtra 12.19 1950 5500
5 Mavallipura Bangalore Karnataka 40.46 2007 4500
6 Kodungaiyur Chennai Tamil Nadu 104 1986 2600
7 Dhapa Kolkata West Bengal 35 1941 4500
8 Jawaharnagar Hyderabad Telangana 121 1950 5000
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Figure 1. Estimation of methane in cities by IPCC FOD method
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Figure 3. Few examples: City-wise distribution of methane emission by three models Delhi, Mumbai and
Bangalore.

IPCC FOD model showed higher emission percentage as compared to other two models as per the final
analysis done city-wise. Estimation using Default method showed that Mavallipura in Bangalore has the
highest emission rates of 7969 Gg. till 2035 and Delhi’s landfill sites showed least emissions with the value
1645 Gg. FOD model showed Mumbai landfill site contributing maximum i.e 10722 Gg over the years followed
by Mavallipura, Bangalore and Jawaharnagar site displayed least emission rate of 2123 Gg. Mavallipura
surpassed all the cities in emission rate after the year 2008 and increased drastically over the years.

Conclusions

The overall growth of the population, urbanization and economy of India has increased the amount of
municipal solid waste generated in the country. Large amount of LFG i.e methane is being emitted to the
atmosphere from all the Indian metro cities. Mavallipura in Bangalore and Deonar in Mumbai are highest
contributor whereas Hyderabad is the least contributor.As observed from the results, variation in the
estimated methane by different models is inevitable as input parameters are highly uncertain and pertains
large variability according to MSW composition, disposal conditions and sometimes unrealistic assumptions.
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Introduction

The reciprocation of municipal solid waste (MSW) generation with population increase has been witnessed
globally (World Bank, 2022) while being in severe disagreement with its sustainable management in most
of the developing countries due to multiple socio-economic constraints. Being economic motive and waste
ownership core elements of any MSW management system (MSWMS), targeting an educated and
responsible community pie assured with circularity capital could prospect generating ripple of two prongs
of beneficial ownership amongst the overall population of the developing countries. One of the two prongs
being circular economic prospect and the other, being succinct outcome of the former, in the form of ripple
of awareness amongst the communities driven by the economic assurance. Based on the UNESCO (United
Nations Educational, Scientific and Cultural Organization) global education for sustainable development in
the developing countries (UNESCO, 2020 & 2021), communities in urban educational institutes could be
preferable adapt the sustainability practices related to composting based MSWMS. Hence, targeting
community pie of the total population from higher and lower educational institutes could be preferable for
initiating sustainability education. As most of the educational institutes are in urban areas of the
developing countries, areas already succumbing to despair over space for MSW disposal at open dumps or
landfills, preferring urban educational institutes would be more workable. The current study is aimed at
assessing role of source-level composting of biodegradables in sustainable management of MSW in urban
educational institutes as a model for developing countries of the world.

Materials and methods

The current was based on data collected from 350 institutes (200 Higher Education Institutes (HEls) and
150 Elementary Schools (ES) of major cities of Punjab, Pakistan with main experimentation in Lahore, a
pioneer city with modern MSWMS. From the two prongs of beneficial ownership of MSW amongst the
overall population based on community pie of educational institutes, the circularity capital prospect of
source level composting based MSWMS was compared with centralized MSWMS to assess: i) reduction in
collection, handling, and transportation cost of MSW; ii) improvement in the calorific value of the
combustible fraction of MSW for waste-to-energy (WtE); iii) revenue generation potential of the
educational institutes for enhancing financial self-sufficiency; iv) reducing MSW burden on landfills as well
as on designated and non-designated open dumps; and reduction in GHGs emissions of MSW. The role of
composting based MSWMS model in sustainability education of the urban educational communities was
assessed based on online questionnaire with 7-point Likert scale. Benefits of the established composting
based MSWMS taken as independent variable: i) adaptation motivation level of respondents (dependent
variable) was assessed for practicing composting based MSWMS in HEls and ES; and ii) perceived
environmental responsibility of the residents in sororities and fraternities (dependent variable) was
assessed for spreading composting based MSWMS benefits in their hometowns based on scales given by
Lee and Kamen (2008). The data for circularity capital prospect was applied with descriptive statistics and
mean significance difference. The adaptation motivation and perceived environmental responsibility data
were tested for reliability by using Cronbach’s a followed by confirmatory factor analysis.

Results and discussion

The circularity capital prospect of composting based MSWMS is given in Figure 1 (A-D). The composting
based MSWS rendered significant reduction in collection, handling, and transportation cost of MSW (Figure
1A).
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Figure 1: A) reduction in collection, handling and transportation cost; B) improvement in calorific value of the
combustible fraction of MSW; C) comparison of revenue generated; D) reduction in GHGs emission from MSW
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Figure 2. Sustainability education effectiveness of the composting based MSWMS amongst communities in
HEIs and ES

The calorific value of the combustible fraction of MSW was significantly increased in composting based
MSWMS creating prospect of its improved demand for WtE (1B). The high transportation cost (US$11) of
MSW with >65 % biodegradables having > 80 moisture contents (cumulative 250 % moisture contents in
MSW) had always yielded negative benefit-to-cost ration contrary to the positive ratio achieved for
composting based MSWMS (1C). Compared to the disposal of MSW at designated and non-designated open
dumps, as well as, dumping in the landfill (a common practice under centralized MSWMS); there was
significant reduction in the GHGs burden of the MSW when it was subjected to composting based MSWS at
source level (1D). The aerobic decomposition of 250 % biodegradable of the MSW in composting based
MSWMS had averted emission of CH4 which was high unlikely in the case of open dumping and landfilling
(Kennedy et al., 2010). The adaptation willingness and perceived environmental responsibility for spreading
sustainability education based on composting-based MSWMS in the hometowns of the respondents from
urban HEIs and ES indicated reliability based on Cronbach’s a (Figure 2) with high convergent validity (>0.6)
and average (>0.5).

Conclusions

The current study concludes that composting based MSWMS has strong prospect of circular economy
based on multiple economic and environmental indicators observed in the selected HEIs and ES. The
positive economic prospect could promote sustainability education in population of the developing
countries from both ends i.e. through communities residing in the urban HEIs and ES owing for being at
basic and advanced educational levels respectively, and belonging to the diversified hometowns from all
corners of the country.
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Introduction

Nitrification is an aerobic process consisting of two steps. Firstly, ammonia-oxidizing bacteria (AOB) oxidize
ammonium to nitrite, and in a second step, Nitrite-oxidizing bacteria (NOB) oxidize this nitrite to nitrate.
Landfill leachate varies significantly depending on the type of waste and the season of the year, presenting
a high ammonium content, as well as a large number of toxic and non-biodegradable compounds (Show et
al., 2019). Although autotrophic nitrifying bacteria are known to have a high sensitivity to pH, dissolved
oxygen, temperature and other toxic compounds, landfill leachate can be used as an ammonium source.
Gonzalez-Cortés et al. (2021) found an experimental ammonium oxidation rate of 9.0 and 1.3 mg N-NHs * g

Tsst ht using biomass adapted to intermediate and mature-intermediate landfill leachate, respectively.
BIOGASNET technology integrated the nitrification of ammonium-rich effluents with anoxic biogas
desulfurization. In this study, the main bottlenecks and their solutions over a long-term operation in the
nitrification stage are shown.

Materials and methods

The BIOGASNET prototype was implemented in the Miramundo-Los Hardales landfill located in Cadiz (Spain).
The pilot plant consists of two main parts; (i) a nitrification bioreactor that was fed with landfill leachate and

(ii) an anoxic bioscrubber that was fed with the effluent of the nitrification bioreactor and the biogas from
the landfill wells. The nitrification was performed in a sequencing batch bioreactor (SBR) with a maximum
working volume of 1 m3, an air compressor, a storage tank of nitrified effluent, a pump for leachate
feeding, and two pumps for pH control and antifoam addition.

The inoculum was obtained from the sewage treatment plant (STP) of Rota (Cadiz, Spain). The start-up
of the nitrification bioreactor was carried out with 100 L of inoculum, 68 L of landfill leachate (ammonium
concentration of 1,779 mg N-NH4* L™2) and filled with tap water up to 536 L.

The prototype was operated for 61 weeks, and a total leachate volume of 8,929 L was fed. The leachate
employed had a conductivity of 53.6 + 6.1 mS cm™L, chemical oxygen demand (COD) of 32,209 + 10,242 mg

L1 and an ammonium concentration of 1,410 + 362 mg N-NH4" L1,

Results and discussion

For the first few weeks of system start-up, the conditions were pH 8.1, N-NH4* concentration above 200 mg
L and temperature of 20°C. This led to an accumulation of up to 508 mg N-NH4* Lt (Figure 1). To avoid
further ammonium accumulation, the pH was decreased to 7.5 and the N-NHs: * concentration was

maintained below 50 mg L™L. In the intervals between weeks 19-28 and 51-53 there was another
accumulation of ammonium, which was due to failures in the pH probe, causing pH values to reach 9.5.

As shown in Figure 1, the main final oxidation product was nitrate from weeks 13 to 19, 31 to 41 and 47-
61. The maximum leachate feeding was reached on week 40, with a total volume of 588 L. In this week,

maximum ammonium inlet load (161 g N-NH4" m™> d_l), nitrate concentration (534 mg N-NOs3~ L_l) and
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62. volumetric ammonium oxidation rate (161 mg N-NH4* m™3 d_l) were also reached. Under the best

operational conditions, a nitrate mass flow rate between 61-84 g N-NOs3~ d! (weeks 36 to 41) was obtained.
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Figure 1. Ammonium, nitrate and nitrite in the nitrification bioreactor

The initial conductivity found in the bioreactor was 7.4 mS cm 2 (salinity of 0.45%). As shown in Fig. 2,
over the first 17 weeks, the conductivity increased up to 41 mS cm™? (salinity of 2.46%). Zhang et al. (2017)

considered that conductivities near 47.8 mS cm ™t (salinity of 3%) fully inhibited the nitrification process. For
this reason, a 1:2 dilution of the leachate with tap water was used to reduce its salinity between 21.3-35.5
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Figure 2. \Volume of water and leachate added to the reactor, and reactor conductivity per week.

Conclusions
The salinity of the leachate affects the nitrification process which was minimized using a 1:2 dilution ratio with
tap water which in turn was determined as the optimum ratio. Maintaining an optimum pH was determinant to

obtaining a successful nitrification rate. The maximum nitrate production was 84 g N-NOs" dlunder the best
operational conditions.
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Introduction

Water pollution is a significant environmental issue that negatively affect both natural ecosystems and
human daily lives. Hazard pollutants might be escaped during various biological processes that cannot be
contained through traditional approaches. Advanced Oxidation Processes (AOPs) can be utilized in the
removal of toxic organic pollutants from wastewater, by separating them into water and carbon dioxide.
Among them, photocatalytic and adsorption methods are the most attractive ones, although studies
corroborated from literature both highlight the necessity using these processes in a financially sustainable
manner [1], [2]. These reactions occur through complicated and diverse pathways that are sensitive to
experimental parameters. As a result, the cost process might be negatively affected by a series of factors,
thus additional research identifying the critical attributes and analyzing their financial potential is crucial.
The article describes the total cost of ownership (TCO) model settings, equations and input data as well as
the result and discussions.

Materials and methods

There is an abundance of research works trying to implement an activity-based approach to determine and
calculate costs [3]-[5], which is a commonly accepted method [6] of getting a first draft of the Total cost of
ownership (TCO). The TCO methodology is an activity-based concept, attempting to analyze and evaluate all
the relevant process costs [5].

A thorough financial assessment requires for the calculation of indirect costs, considering they impose a
significant economic burden. Figure 1 depicts the typical steps of photocatalysis and adsorption cycles. For
photocatalysis, those include light absorption, charge separation, carbon dioxide adsorption, surface redox
reaction, and product desorption. For the adsorption cycle, those steps (and their costs) are the actual
adsorption, regeneration, desorption, acid wash and material recovery.

Charge separation Surface redox reaction

Light adsorption i co2 ads:prption Product desorption

a) 5 step Photocatalysis Process

Cost Cost Cost
of adsorption cycle : of desorption cycle ; per cycle of material recovery

tl Cost [v] 3 4

of regeneration cycle o
per cycle of acid wash

b)5 step Adsorption Process

Figure 1. The basic steps and costs of the photocatalysis and adsorption process
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Results and discussion

The TCO Cost Models for the Adsorption and Photacatalysis processes are described below:

The TCO model takes into account various parameters that have been factored into the result.
TCOAd/Photocatalysis = CR + CE + CL + CM+ CD+CA (1)

where

TCOSp is the total cost of ownership adsorption/photocatalysis process

CR - Raw Material Cost

CE - Energy Cost

CL - Labor Cost

CM - Maintenance Cost

CD - Depreciation of apparatus and equipment

CA - Accident Cost

Conclusions

The TCO methodology has been has been deemed as suitable for the assessment of the total cost of the
adsorption and photocatalysis processes, considering that this method takes into account multiple
parameters, incorporating a variety of known and unforeseen not easy to estimate costs in the decision-
making process. Such a detalied evaluation may be very beneficial during the decision making process. This
work contributed to the current knowledge on the total cost of adsorption and photocatalysis processes by
uncovering any knowledge gaps and highlighting the steps and data required to evaluate the total cost of
these processes.
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(General Secretariat for Research and Technology) through the research project “Research-Create-
Innovate”, with the topic “Development of an integration methodology for the treatment of micropollutants
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During the last decade a growing demand has prevailed for environmental protection and application of
sustainability principles in the coastal environment. The consequences of climate change and sea-level rise
on coastal systems include various biophysical and related socio-economic impacts. Humans should plan
and implement their economic activities in the coastal zone with care, balancing the need to improve their
living standards and to sustain a healthy coastal ecosystem. What started as Blue Growth, is now translated
into Sustainable Blue Economy, offering a pathway to addressing some of the multiple socioeconomic and
environmental challenges in the marine environment. Under this scheme, the integrated coastal zone
management is a precious tool that contributes to the confrontation of the problems that occur due to
climate change, providing at the same time a way to avoid any conflict might appear in land uses and
allotment of wealth and supplies. The concept of Sustainable Blue Economy can now be expressed through
the ecosystem services management framework, as their study transfuses a holistic approach of the
ecosystem. Aim of the present study is to form a protocol for Sustainable Blue Economy in the coastal zone,
that could be implemented for the definition of the current capacity and the boundaries of a coastal
ecosystem with the specific characteristics of industrial activity, cultural heritage and protected natural
environment. The protocol is based on a three-step analysis, while its name originates from the acronym
Indicators Ecosystem Services (IES), as its major components are the indicators and the ecosystem services.
Through this protocol, it's analyzed how and in what extend do the existing activities comply with the
Sustainable Blue Economy. Case study of this research is the Gulf of Elefsis, a special sea basin in the
eastern Mediterranean located in a short distance from Athens metropolitan area. The Gulf of Elefsis is
characterized by a developed coastal zone which includes intense industrial activity, the ancient historical
sights of Elefsis, the environmentally protected wetland of lake Koumoundourou, the town of Elefsis, a
trade port and growing shipbuilding activity. Through the IES protocol, a table of indicators for Sustainable
Blue Economy in a coastal zone with coexistence of industry, cultural heritage and natural environment is
developed, that can be used for the analysis of such coastal ecosystems.

Acknowledgments: The study was financially supported by the Research Centre of the University of
Piraeus, Greece.
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Introduction

The practice of sustainability assessment or environmental considerations earns favorable public relations
through the portrayal of green image of the industry, besides attaining a cost-saving and more efficient
operation. Also, there are increasing legislative pressure and public awareness to include environmental
considerations in product design and development. Hence, the incorporation of sustainability check in the
establishment of an aerobic upflow bioreactor system of fluidized bed process (AUBS-FBR) in this study was
conducted.

Materials and methods
Impact assessment is an important step in measuring the environmental impacts in LCA. GaBi comes with a
large number of standard impact assessment method. In this study, Tool for the Reduction of Chemical and
Other Environmental Impacts (TRACI) method was used for life cycle impact assessment using GaBi 6.0
software.

A calculation of energy use by each device and the entire AUBS-FBR was described to depict the quantity
of electricity use and the associated costs. Also, energy use and cost necessary for palm oil mill effluent
(POME) treatment using different processes or technologies were described and compared.

Results and discussion

The result of the impact assessment of this study is shown in Table 1 below. Energy consumption, materials
used for the construction of FBR, chemical consumption for the purpose of trace elements dosage, water
use in the bioreactor system, in addition to the POME treatment process were among the five evaluated
areas. As normalization and weighting of units in different impact categories was not done, a general
conclusion on the dominating environmental impact as a result of the operation of the oxygenic FBR
process was not made.

Table 1. Impact results of the aerobic fluidized bed biofilm reactor (FBR) (all values
expressed per 13.8 ml min average discharge flowrate of treated effluent)

Criterion Unit Potential Impact Value
Acidification (Air) kg SO:-Equiv. 1.20E-04
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Ecotoxicity CTUeco -9.83E-03
Eutrophication (Air) kg N-Equiv. 1.39E-02
Eutrophication (Water) kg N-Equiv. 5.63E-05
Global Warming (Air) kg CO2-Equiv. 2.64E-02
Human Health Particulate (Air) kg PM2.5-Equiv. 1.16E-05
Human Toxicity (Cancer) CTUn 1.53E-13
Human Toxicity (Non-cancer) CTUn -5.36E-13
Ozone Depletion (Air) kg CFC 11-Equiv. 2.86E-09
Resources (Fossil Fuels) MJ Surplus Energy 2.41E-02
Smog (Air) kg Os-Equiv. 1.10E-03

The costs associated with the above-mentioned energy use by the bioreactor system was calculated in
accordance with the rate specified by Tenaga Nasional Berhad (Malaysian multinational electricity
company). Information obtained through a questionnaire survey have identified that the palm oil
processing mills are charged under the Tariff D — Low Voltage Industrial Tariff. Based on the calculation, the
continuous operation of AUBS-FBR have induced an electricity cost of RM 565.69 per month. It was
observed that the highest energy use was caused by the thermostatic heater unit in the heated water bath.
It was installed to maintain the bioreactor within a working environment of 35 °C (actual measurements
within the reactor column were in the range of 31.2 to 33.9 °C) to simulate a tropical outdoor temperature.
The second highest energy use was contributed by the variable speed drive home booster pump to
recirculate the combined influent and recycle liquid stream upward into the FBR column through the bed of
biomass coated-carrier materials (BCCM).

Conclusions

Experimental data obtained from the bioreactor operation were used to accomplish the life cycle inventory
(LCI) analysis, and the following impact categories were highlighted in this study: climate change, ozone
depletion, freshwater ecotoxicity, freshwater eutrophication, fossil depletion, and metal depletion. Besides,
energy consumptions and cost implications of the AUBS-FBR were calculated and discussed. The system has
an energy consumption of 1,310.4 kWh per month, which results in an electricity cost of RM 565.69
monthly.

Acknowledgements: The authors would like to gratefully acknowledge Universiti Teknologi Malaysia (UTM)
and Ministry of Education for their financial support through the Research University Grant (GUP), cost
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Introduction

Priority pollutants generate environmental impacts, as well as engineering challenges for their removal from
water or wastewater. In consequence, there is an increased need to design more efficient materials for
water/wastewater purification technologies, but these efforts usually provide additional costs and
environmental impacts.

In this context, besides the structural and behavioural properties of nanomaterials, current practices in
material development and engineering must include environmental criteria related to the synthesis,
production, use and post-use phases of these novel materials. Life cycle assessment gained attention among
various instruments used to evaluate environmental impacts, and it has been recognized as a valuable tool
for the evaluation of engineered nano-materials due to the complex environmental profiles which can be
used in (eco)-design and product optimization.

The objective of this study is to evaluate the technical and environmental performances (by means of LCA)
of a series of synthesis strategies used to obtain nano-structured materials containing
polyethyleneimine(PEl)-coated silica particles (organic/inorganic nanocomposites) to be used in
environmental applications, i.e. Cd** ions removal from aqueous solutions. The life cycle assessment
considers the very early stages in the product development, and it has focused on the synthesis and initial
testing phases in order to develop an early environmental profile which further will enable the investigation
of several scenarios related to the eco-design of these materials.

Materials and methods

With respect to the materials synthesis, the sorbents synthesis process involves an innovative method which
consists of “one-pot” interpolyelectrolyte coacervate precipitation onto the inorganic Daisogel-type silica
core surface.

In this study, the coacervate is a combination of polyethyleneimine (PEI) and polyacrylic acid PAA or with
poly(sodium methacrylate) PMAA. The in-situ precipitation of the coacervate is followed by a chemical cross-
linking reaction (in presence of glutaraldehyde) and then by the polyanion extraction from the cross-linked
organic shell in strong basic medium. The composite microparticles have been cross-linked at two different
molar ratios between the aldehyde and amino groups which yielded two cross-linking degrees. Considering
the two polyanions and the two reticulation ratios used, 4 composite materials have been synthesized.

These nanocomposites were subjected to various characterization methods: thermogravimetric and EDAX
measurements were carried out to evaluate the organic content deposited onto the silica core. SEM images
have confirmed the spherical shape of all modified microparticles, and the role of the crosslinking reaction
in individualizing the material to unique spheres, after the clustering obtained during the one-pot synthesis.

These materials were then tested in single-element sorption experiments which targeted the removal of
Cd?* ions from aqueous solutions. The influence of different parameters was investigated. Initial Cd®*
concentration experiments have enabled the estimation of the maximum sorption capacity and regeneration
experiments were realized to investigate the reuse potential of these composites.

With respect to the life cycle assessment, the analysis has used a cradle-to-gate approach which includes
the following foreground processes: lab-scale operations and material inputs for the synthesis of
inorganic/organic composites, as well as testing processes for the removal of Cd** ions from synthetic
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solutions. The background system has included processes for chemicals and energy production. The
functional unit of the study was chosen as 1 mg Cd?* ions removed from aqueous solution to account for the
product utility. Life cycle impact assessment has included the classification and characterization steps
according to the ISO recommendations by using the ReCiPe 2016 method at midpoint for the characterization
of environmental impacts which contains 18 impact categories.

Results and discussion

Considering all aspects presented above, the environmental profiles using the LCA methodology were
calculated and have shown the contribution of different materials and processes to obtain the inorganic /
organic composites. For all syntheses routes, most of the environmental impacts are due to the support
particle mainly because it has the majority in the overall mass of the composite material.

A comparison which considers 1 mg Cu®* ions removed is presented in figure 1 for the 4 types of materials
which were tested in similar conditions. This shows that the best environmental performance (expressed as
the lowest impacts) is demonstrated by the IS/(PEI-PMAA) r=1 composite which is obtained with Poly(sodium
methacrylate and for greatest CHO:NH; ratio during the crosslinking process. By comparison, the more
composite obtained with polyacrylic acid (PAA) has yielded much higher environmental impacts for the same
GA to NH2 ratio.
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Figure 1. Environmental performance comparison for different nanocomposites used to remove 1 mg
Cd’* ions

Conclusions

In conclusion, the LCA analysis has enabled the identification the environmental hotspots that are associated
to syntheses processes of innovative materials with environmental applications. This demonstrates the utility
and necessity of this instrument to evaluate the potential environmental impacts from the earliest product
& technology development process. Based on these initial findings, several eco-design measures (related to
materials substitution and minimization) will be investigated. Furthermore, it is important to note that great
care is needed when developing and defining several crucial LCA elements to capture the product
functionality in a correct manner and to consider data availability and uncertainty when interpreting the
results.
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Introduction

One of the challenges of circular economy is to close the life cycle of most products. This means that new
technologies have to be developed and applied to waste streams in order to valorize them from a material
or energetic point of view. Wastes coming from bio-processes like animal rearing are becoming important
candidates for valorization because of the quantities and periodicity with which they are produced, but also
because of their characteristics. Chicken manure is one of these agricultural waste streams which pose
challenges for its proper management due to high generation rates and strict elimination rules, but at the
same time it provides good opportunities for valorization considering its high quantities of nutrients
(nitrogen, phosphorus and potassium) which makes it a very suitable material to obtain fertilizers from. In
most cases, current elimination for chicken manure is landfilling, but technologies like composting and
anaerobic digestion are promising in transforming this waste into a valuable fertilization product. The
biological degradation of chicken manure, be it anaerobic in the case of digestion, or aerobic as in the case
of composting, poses some serious engineering challenges and some additional environmental impacts. It is
important to evaluate these environmental impacts in order to understand if the new valorization
technologies do more (environmental) harm than good.

In this context, this paper aims at investigating the environmental impacts induced by two waste
treatment technologies: in vessel and windrow composting and anaerobic digestion. The analysis is focused
on a 80000 chicken farm which produces approximately 10,000 kg/day chicken manure. Environmental
impacts are determined by using life cycle assessment which is performed according to the ISO 14040
standard. This methodology considers the whole life cycle of a product, but in our case, the analysis only
focuses on the waste treatment phase and is intended to evaluate impacts in some 18 impact categories
which include climate change, land occupation, toxicity or resources intensity use, to name just a few.

Materials and methods

Our research methodology is based on chicken manure characterization data (composition, generation,
etc.) and lab-scale experiments in-vessel composting which were performed to determine an optimal
additional carbon source that would support and sustain the composting process from 4 variants of
substrate-filler materials (saw-dust, wheat-straw, charcoal and lignite). These initial data was then used to
model a scale-up for windrow composting and anaerobic digestion for which equipment was dimensioned
and operational parameters determined based on which process inputs and outputs were calculated. This
whole process data was then used to create a life cycle inventory which was submitted to the life cycle
evaluation. The functional unit of the study was chosen 10 t of chicken manure (which equates to the daily
waste production). The life cycle inventory was modeled in SimaPro by partially sourcing data from the
Ecolnvent 3.3. data base for some of the input/output entries in the inventory. The scope of the evaluation
and the inventory has included the infrastructure development (with a 25 years life span), process inputs
like electricity, diesel (for windrow turning and compost manipulation), additional reactives (water, filler
materials), as well as outputs (a small amount of leachate and air emissions like ammonia, etc.). Life cycle
impact assessment (LCIA) has included the classification and characterization steps according to 1SO
14040:2006 recommendations by using the ReCiPe 2016 method at midpoint for the characterization of
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Results and discussion

In figure 1 a comparison of environmental impacts of two chicken manure technology options is presented.
It may be observed that for most categories, the anaerobic digestion generates higher impacts than the
composting technology. Exceptions are the Terrestrial acidification (TA) category and the marine
eutrophication where the direct emissions of ammonia during the composting process generate much
higher emissions than the anaerobic digestion. Furthermore, water consumption is higher in the case of
composting, as is the land occupation, due to the much bigger space needed to perform the composting
process. On the other hand, the anaerobic digestion generates higher impacts in the air-related categories,
like climate change (CC), ozone depletion (OD), Ozone formation (OF-HH and OF-ECO), and the toxicity
related categories. These higher values are generally associated with the heat generation needed to
support de anaerobic digestion. In case of the toxicity-related categories, the much higher impact values
associated to the anaerobic digestion are due to treatment of the digestate sludge at the end of the
process.
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Figure 1. Environmental performance comparison of chicken manure valorization options

When comparing the different composting mixes, the wheat straw has generated the highest
environmental impacts, due to its lowest technical performance (and this in turn is due to its low bulk
density which translate to very big waste volumes, despite its cheapest economical costs), while the lignite
has had the best technical performance and the lowest environmental impacts.

Conclusions

This work has employed life cycle assessment to compare different technological options for the treatment
of chicken manure. Our analysis has compared 2 technologies (aerobic composting versus anaerobic
digestion) and 4 types of different waste mixes. Given the preliminary results, some advantages and
disadvantages of these technologies and options could be identified, but further investigations are required
to select the most suitable treatment option, because several other parameters need to be considered.
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Introduction

Solid waste increases and becomes more complex; therefore, current waste management based on
reusing, recycling and biological treatment must be updated [1]. The waste management system in Reunion
Island is based on landfill. However, the two non-hazardous waste storage facilities will reach saturation by
2022. To deal with this issue, five waste management scenarios based on the current regulations and
especially on the database from last waste characterization in Reunion Island have been developed. This
work aims at supporting planners’ decision, providing an overall view of waste management and comparing
the environmental profile of the proposed scenarios. In order to achieve the objectives, a life cycle
assessment (LCA) was used. A life cycle impact assessment (LCIA) is carried out using Simapro and
Ecoinvent database.

Materials and methods

According to the waste composition in Reunion, four different waste management scenarios were
produced in this survey. The first scenario is a business as usual (BAU) scenario, the others are scenarios
that are based on multi-sectoral approach based on different types of waste treatment such as recycling,
landfill, anaerobic digestion (AD), composting, gasification and incineration. Table 1. presents a summary of
the proposed scenarios. In scenario 2-a and 2-b, gasification is used for energy recovery. However,
incineration is used in scenario-3.

Table 1. Numerical representation of scenarios.

Type of recovery Scenario 1 [t] Scenario 2-a & 3 [t] Scenario 2-b [t]
Recycling 70 348 222 029 118 023
Energy recovery 0 50 397 192 359
AD 0 71767 0
Composting 109 828 115 440 87 206.6
Landfill 331574 52117 114 161.4

Results and discussion

Fig 1. presents the results of the GWP and Cumulative Energy Demand (CED). The results found are
consistent with those in the literature [1]-[3]. The results show that, scenario 1 and 2-b have a significant
impact on global warming. In scenario 2-b, gasification represents 80.1% of the impact. Moreover, the
scenario 3 where incineration is used as energy recovery process has the lowest impact on global warming.
Besides, by comparing scenarios 2-a and 2-b, we noticed that recycling are the better way for plastics
treatment. On the other hand, the results of CED indicate that scenario 1 consumes more energy than the
other scenarios and gasification consumes less energy than incineration. From the results of the ReCiPe
midpoint with characterization (Fig.2), it can be noted that gasification is associated with: Ozone Depletion,
Photochemical oxidant formation and Metal depletion. Landfill contributes significantly to: Marine
Eutrophication, Human Toxicity, Freshwater ecotoxicity, Marine ecotoxicity, Urban land occupation and
Natural land transformation. Incineration is associated with: Freshwater eutrophication, Terrestrial
ecotoxicity. Anaerobic digestion has a significant impact on the agricultural land occupation. Composting
and recycling have a significant impact on Terrestrial acidification and fossil depletion respectively.
Moreover, for the category "human toxicity, non-cancer", scenario 1 has a higher score.
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Figure 1. Results from IPCC GWP100a and Cumulative Energy Demand V1.08.
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Figure 2. a-d: impact categories from ReCiPe midpoint, e: human toxicity from USEtox.
FE: Freshwater Ecotoxicity FEU: Freshwater Eutrophication IR: lonizing Radiation MEC: Marine Eutrophication OD: Ozone Depletion
PMF: Particulate Matter Formation POF: Photochemical Oxidant Formation TA: Terrestrial Acidification TE: Terrestrial Ecotoxicity WD:
Water Depletion ME: Marine Ecotoxicity

Conclusions

Indeed, it can be said that scenario 2-a based on the new national regulation is the optimal scenario in
terms of emissions and preservation of human health. It is therefore important to adopt a multi-sector
approach where: Extension of sorting instructions, liquid food packaging, extension of the sorting
instructions for textiles, linen and shoes, furniture elements waste, wood and special household waste are
recycled, green wastes including wood are composted, organic wastes are digested anaerobically, refuse
from sorting are gasified and the remains of the collected wastes are landfilled. Finally, a good agreement
between the results presented here and the literature was observed.

Acknowledgements: This study is supported by Région Réunion and Fonds européen de développement
régional (FEDER).
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Introduction

In response to the need for global net-zero emissions, multinational trading companies have an even more
urgent need for carbon reduction in their supply chains. A dyeing-finishing textile manufacturing plant in
north Taiwan was gradually built an implementation blueprint for energy conservation and carbon
reduction through internal energy structure adjustment and monitoring since 2011. The purpose of this
case study was to evaluate the changes and performance of the carbon footprint, water footprint, and
environmental impact assessment of this plant before and after replacing the steam supply sources and the
water-energy nexus was addressed. R _ &Yy
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Figure 1. Boundary and scopes of this study.

Results and discussion

The evaluation results found that after adopting the new measures, the study cases' carbon emissions and
total fuel calorific value consumption rates decreased year by year, and the achievement of the annual
production remained above 96% on average.

The water scarcity footprint (WSF) declined from 376,767.4 m® to 302,510.2 m3 in the four consecutive
years, with an average reduction rate calculated as 10.4% per year. The decreasing trend of WSF is
consistent with annual water consumption, wastewater discharge, and water depletion index (WDI), as
shown in Figure 2. Figure 3 shows the relationship trends of raw material consumption, annual production
yield, monitored air pollutant emissions, carbon emission, and annual fuel cost. With the change in fuel
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types and supply methods year by year, fuel costs and carbon emission index had also fallen. Overall, it is a
very enlightening practical example for regional energy network planning in the future.

The water scarcity footprint (WSF) declined from 376,767.4 m® to 302,510.2 m® in the four consecutive
years, with an average reduction rate calculated as 10.4% per year. The decreasing trend of WSF is
consistent with annual water consumption, wastewater discharge, and water depletion index (WDI), as
shown in Figure 2. Figure 3 shows the relationship trends of raw material consumption, annual production
yield, monitored air pollutant emissions, carbon emission, and annual fuel cost. With the change in fuel
types and supply methods year by year, fuel costs and carbon emission index had also fallen. Overall, it is a
very enlightening practical example for regional energy network planning in the future.
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Conclusions

In this case study, the result said the carbon footprint, water footprint, and environmental impact results
have all improved: the annual carbon footprint can be reduced by 19% in the discharge rate, and the water
consumption footprint and water quality deterioration footprint can be reduced by 18% and 15%,
respectively. In addition, the chemical substances used in the process significantly impact the deterioration
of water quality, of which the pretreatment stage has the most significant impact. In evaluating energy
recovery and reuse, it was found that this measure has considerable advantages in reducing environmental
damage, annual fuel costs, and air pollution prevention. In this study, the water-energy nexus provides
strong evidence of the correlation between electricity consumption and related damage indicators.
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Introduction

High sulfur concentrations are a problem common to fossil fuels and derivatives (such as oil and coal), as well
as many new generation fuels and biofuels (such as pyrolysis oils, syngas, biogas or even biodiesel). If the
sulfur present in these fuels is released into the atmosphere it can result in SO,/SOx emissions, leading to
environmental damage, and health issues. Transportation fuels have sulfur limits that go below 5000 ppm in
ships, 3000 ppm in airplanes and 10 ppm in cars, and without treatment fuels can have several thousand
ppm of sulfur. As such, they must be submitted to desulfurization, typically through a thermochemical
process known as hydrodesulfurization, in which H; is combined with the fuel at high temperatures and
pressures, in the presence of metal catalysts. However, this process has significant environmental impacts.
Usually, it depends on hydrogen and heat/steam produced from natural gas, totalizing 4.17 kg natural gas
per 2.89 kg sulfur removed. It also involves high electricity and water consumption (approximately 2.9 kWh
and 86.9 kg, respectively, per 2.89 kg sulfur removed). Furthermore, these impacts are greater for lower
sulfur demands (Burgess & Brennan, 2001). Thus, there has been a search for alternative/complementary
processes, one of which is biodesulfurization (BDS). It consists of the use of microorganism that consume the
sulfur present in the fuels, at ambient temperature and pressure, without the need for metal catalysts. BDS
still presents several bottlenecks, common to many microbial processes, such as low conversion rates and
high production costs for the microbial biocatalyst. To surpass these limitations researchers have pursued
different strategies: minimization/optimization of culture medium and culture conditions; employment of
cheaper alternative nutrient sources; exploitation of added value products.

Gordonia alkanivorans strain 1B is a bacterium known for its biodesulfurization properties. It has
demonstrated several characteristics which make it interesting: it can perform BDS of different compounds,
several of which extremely recalcitrant for the thermochemical process; it has very low nutritional needs; it
can be cultivated on several alternative carbon sources; it has been shown to produce two different types of
added value products: carotenoids and biosurfactants (Alves et al., 2015; Silva et al., 2020, 2022). Therefore,
G. alkanivorans strain 1B is the ideal candidate for a biodesulfurization biorefinery, that simultaneously
removes sulfur from fuels and produces carotenoids and biosurfactants.

To correctly assess the overall environmental impact of the BDS biorefinery, it becomes fundamental to
perform a life cycle assessment (LCA). According to ISO 14040, LCA is a technique for the assessment of
environmental impacts of a product or process. It depends on the correct compilation of a process inventory,
accounting for all the relevant inputs and outputs of the production system; the evaluation of the
environmental impacts of each individual step of the process; the interpretation of the results within the goal
and scope of the study. Through LCA it becomes possible to assess a product’s impact throughout its life,
from the production process to its disposal, or from any two points in between.

The present work is an initial life cycle assessment study on a biodesulfurization biorefinery, in which the
process system will be defined, an inventory will be elaborated, and inputs and outputs will be accounted
for. The goal of this study is to evaluate the CO2q emissions resulting from a biodesulfurization biorefinery
using the bacterium G. alkanivorans strain 1B, to better understand its potential as a more sustainable
alternative to the current thermochemical processes.
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Materials and methods
Life cycle methodology: The present work follows the methodology defined by the I1SO 14040 (ISO 14040-
14044), composed of four major steps: (1) definition of goal, scope and boundaries; (2) elaboration of
inventory (Life Cycle Inventory, LCI); (3) assessment of impacts (Life Cycle Impact Assessment, LCIA); (4)
analysis. In the present study only the 15t and 2™ steps will be addressed.

Data source: The data was collected from bench scale assays, performed under the scope of the project
GreenFuel (PTDC/EAM-AMB/30975/2017).

Microorganism: The microorganism used in this work was the bacterium Gordonia alkanivorans strain 1B,
isolated in our lab from samples of hydrocarbon contaminated soils (Alves et al., 2005).

Results and discussion

The LCI of the BDS biorefinery process was performed, from the moment the sulfur rich fuel enters the
biorefinery, to its conversion to a low-sulfur fuel. This process encompasses three major steps: Production of
bacteria with biodesulfurization; Separation of the oil from the biocatalyst; Valorization of the spent
biocatalyst and spent culture medium, through carotenoid and biosurfactant extraction.

In the first step the major inputs considered were the sulfur rich fuel, the components of the medium
needed to cultivate the bacteria and the energy needed for sterilization and maintenance of the ideal growth
and biodesulfurization conditions (ex: temperature 30°C and constant agitation). In the second step, inputs
were mostly the energy needed for the separation process, namely through centrifugation. In the final step,
the inputs considered were the organic solvents needed to extract the added value products and the energy
spent in the extraction process and separation of the products of interest from the solvents.

In terms of outputs, 5 major outputs were identified: low-sulfur fuel, carotenoids, biosurfactants, biogenic
CO»-rich air and spent bacterial biomass. The CO; rich gas stream can be used as a carbon source to cultivate
autotrophic microalgae, which can then be combined with the spent bacterial biomass and be converted
through hydrothermal liquefaction into a biofuel.

Conclusions

The results obtained in this work will guide the development of future strategies to improve the sustainability
of the biodesulfurization biorefinery, helping to identify which steps should be eliminated/optimized.
Furthermore, the LCA resulting from this data, will help to determine if the integrated biodesulfurization
approach is superior/less pollutant, than the benchmark hydrodesulfurization contributing towards future
decision making.

Acknowledgements: This work was financed by national funds through FCT (Fundacao para a Ciéncia e a
Tecnologia) in the scope of the project GreenFuel (PTDC/EAM-AMB/30975/2017). Tiago P. Silva also
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Given the world's growing demand for energy from renewable sources and more ambitious climate targets,
biomass for energy is seen as a possible solution. There is increasing competition for wood, with a
preference for its use in products and materials with higher added value and a substitute for fossil
resources. The availability of energy wood is becoming limited and alternative sources of solid biofuels for
energy use are being sought. Industrial hemp is considered as an alternative because it is fast-growing and
low demanding in terms of cultivation. A way to optimise the solid biomass fuel value chain is to pelletise or
briquetting the feedstock. Pellets have advantages such as high energy density, homogeneous physical
properties, easy handling and efficient transport. During the study, two methodologies are used:
multicriteria analysis (MCA) and life cycle analysis (LCA) of hemp for energy applications. MCA is
implemented for 10 products from hemp. LCA was carried out and compared with the characteristics of
other fuels. The life cycle analysis showed that the use of hemp for energy is not sustainable, although the
current geopolitical situation and the increase in energy prices seem to suggest otherwise. Nonetheless, the
authors suggest that this apparent benefit of using hemp for energy will be short-lived and not beneficial in
the long term, as it is more environmentally damaging than other energy sources such as peat as a fossil
fuel or wood.

Introduction

According to the worldwide rising energy demand and the increased ambitious climate protection targets,

the use of biomass for combustion will gain even more critical than it already has. Since wood is getting

scarcer caused by the growing demand for material and energy use, alternative solid biofuels experience a

growing interest in energy utilization.

For hemp as energy resource is important that:

1. in terms of Cannabis energy use: the green crop yield from hemp is, in range of, 14 -15 t/ha (calculated
on the dry matter), of which 70-75% are hemp shives (by-products of hemp processing), which are
usually left in the field, constituting an organic fertilizer [1]. It means that around 10 - 11 t/ha of raw
material can be used for energy reasons;

2. cannabis biomass shows a substantial deviation in properties of energy resource: heat value, ash
content, ash softening temperature which depend on the harvest season [2]. It is observed that hemp
harvested in spring and winter has higher heat value - 19.1 MJ/kg than collected in autumn - 18.4 MJ/kg.
The hemp biomass tested was characterized by comparable technical and chemical characteristics with

the results of tests presented by other researchers assessing the usefulness of this plant for energy

purposes. Significantly, the content of volatiles at the level of 69% and relatively high, comparable to that
for wood, combustion heat with an average value of 18,089 MJ/kg and a low ash content at the level of

2.5%. Regarding the parameters assessed, these values were also among the best biomass species for

energy purposes [3,4], while the high content of volatile organic compounds indicated during research can

improve the energy conversion efficiency.

Materials and methods

Two methodologies were carried out to compare hemp resources and products produced:

e multicriteria analysis (MCA) of products from hemp were used by use of six criteria: resource availability;
technological; economical; environmental; climate change and circular economy aspects;

e life cycle analysis (LCA) of hemp for energy applications includes assessment of hemp combustion to

produce bioenergy, data collection an analysis. Life cycle impact assessment was conducted using
characterization factors by using IMPACT 2002+ methodology.
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Results and discussion
MCA results are presented in Fig.1.
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Figure 1. Before energy crisis (green graph on the left) and during energy crisis (blue graph on the right) LCA
is presented in Fig.2.
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Figure 2: Comparison of damage assessment for hemp, peat, wood pellet, and sweet sorghum biomass

Electricity production from wood biomass has a 100% contribution to ecosystem quality, whereas
human health, climate change, and resources have a 21%, 15%, and 16% damage contribution,
respectively. Overall, hemp combustion has a more significant damage impact than peat, wood pellets, and
sweet sorghum biomasses.

Conclusions

Pelletizing or briqueting of the raw material from biomass seems to be the best way to optimize the value
chain of solid biomass fuels. Pellets have advantages like high energy density, homogeneous physical
characteristics, easy handling, and efficient transportation. However, biomass use for energy production
has to be sorted and carefully selected. Hemp as energy resource application is short term solution (only
during economic crisis). Life cycle analysis showed that hemp combustion has a more significant damage
impact than other energy sources, for example, wood and other biomasses and even peat as fossil fuel.
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Introduction

The carbon and nitrogen cycle in soil and atmosphere is one of the most important research topic,
important for understanding nature and environmental changes. Due to the changing research methods,
there are few studies comparing soil changes over the decades. The results of the research presented
below, comparing the content of carbon and nitrogen in soils at an interval of nearly 30 years, should
therefore constitute a significant contribution to the understanding of the carbon and nitrogen cycle in
nature.

Materials and methods

The study was carried out on 15 permanent research plots located in the Krotoszyn Forest District, Poland,
in oak stands over 100 years old. The scope of the research included analyzes of soil samples, plant cover
description and the analysis of climatic data between 1993 and 2021. In order to ensure the comparability
of the results for the analysis of organic carbon and total-nitrogen content, the same methods were used in
2019-2021 as in 1993. Organic carbon was determined using the Tiurin method, total nitrogen using the
Kjeldahl method.

Results and discussion

Table 1. Changes of content of Corg (%) in the oak litter and upper soil horizons between 1993 and 2021

Content of Corg (%) in the oak litter Content of Corg (%) in upper soil horizon

No. | 1993.04| 2019.10| 2020.10( 2021.04| 1993.04| 2019.10| 2020.10( 2021.04
1 34.924 34.959 36.937 37.508 4.572 2.311 2.118 3.152
2 40.188 27.459 34.135 40.743 1.914 1.607 1.187 3.133
3 38.793 35.745 37.936 38.760 3.963 2.134 2.009 2.892
4 37.802 37.866 28.680 37.469 1.194 1.366 1.206 1.639
5 39.691 28.285] 34.761 37.127 4.438 2.483 2.770 4.540
6 41.847 34.845 38.856 38.325 8.033 2.879 2.824 4.102
7 38.107 31.205 30.975 39.047 7.885 1.348 1.557 1.808
8 41.297 36.546 35.171 40.052 4.449 1.342 1.118 1.326
9 16.757 32.373 27.413 42.338 6.731 3.347 4.974 8.106
10 40.865 29.745 38.880 39.181 2.855 3.086 4.110 12.586
11 34.907 34.775 35.253 35.147 2.811 2.118 2.326 4,951
12 38.470 30.118 37.609 38.971 4.577 2.623 2.722 3.996
13 37.627 30.639 30.426 37.915 1.709 3.020 4.500 4.949
14 37.330 30.168 32.154 35.420 4.169 2.231 2.352 2.943
15 40.331 29.631 30.655 29.170 3.594 2.496 2.083 2.716
Av| 37.2624 32.2906| 33.9894( 37.8115 4.1929 2.2927 2.5237 4.1893
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Table 2. Changes of content of Nt (%) in the oak litter and upper soil horizons between 1993 and 2021

Content of Ntotal (%) in the oak litter | Content of Ntotal (%) in upper soil horizon

No. | 1993.04| 2019.10| 2020.10| 2021.04| 1993.04( 2019.10| 2020.10| 2021.04
1 1.554 1.687| 1.442) 1.631] 0.196 0.126 0.096 0.126
2 1.666 1.547| 1.624 1.820 0.091 0.084 0.068 0.112
3 1.316 1.687 1.645 1.687 0.178 0.089 0.084 0.107
4 1.575 1.869 1.659 2.058 0.068 0.077 0.063 0.070
5 1.827 1.645 1.547, 1.939 0.149 0.166 0.215 0.273
6 2.072 1.981 1.666 1.715 0.399 0.207 0.275 0.200
7 1.568 1.35]] 1.512 1.827| 0.416 0.074 0.082 0.081
8 2.002 1.652 1.799 2.128 0.150 0.074 0.065 0.081
9 1.036 1.792 1.701] 1.729 0.609 0.257 0.306 0.541
10 1.946 1.603 1.757| 2.149 0.158 0.200 0.235 0.746
11 1512 1.988 1.813 2.065 0.266 0.191 0.189 0.352
12 1.918 1.855 2.016 1.771] 0.259 0.145 0.187 0.189
13 1.813 1.771]] 1.631] 2.254 0.089 0.194 0.259 0.238
14 1.694 1.736 1.687| 1.659 0.182 0.098 0.149 0.112
15 1.918 1.449 1.659 1.575 0.262 0.172 0.123 0.123
Av| 1.6945 1.7075 1.6772 1.8671] 0.2315 0.1436 0.1597 0.2234

Stronger total nitrogen fluctuations in the measurement periods are related to the soil moisture level -
higher in spring and lower in autumn. They may also depend on changing meteorological conditions in
individual years. Therefore, the meteorological factor was also taken into account in the research. The
season of the year also determines the carbon content in the forest litter - higher in spring, after carbon
accumulation due to leaf fall in autumn and their decomposition from spring to autumn, which leads to a
lower organic matter content in the litter in autumn.

Conclusions

The organic carbon content between 1993 and 2021 remained at a similar level for the same sampling
period. However, changes in the content of organic carbon between spring and autumn were shown. The
content of total nitrogen is more strongly variable, showing an increase between the years 1993-2021. The
increase in nitrogen content, with a relatively constant carbon content, increased the C / N ratio, which
should be interpreted as an improvement in the efficiency of carbon and nitrogen circulation in the tested
oak stands.
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Introduction

The beverage business consists of many individual parts; the central part is the consumers who expect
quality, development, on -time delivery, compliance, safety, value, satisfaction, and environmental
sustainability. According to the literature, the ways to meet these needs are multifactorial and multicritical.
However, continuous improvement of companies is a critical point, as innovation is one of the success
factors for productivity (Utterback & Abernathy, 1975). Lean production leads to eliminating waste and
manufacturing products with a production process practice that considers that spending resources for any
purpose other than creating value for the end customer is waste (Inmana & Green, 2018). So, LM (lean
Manufacturing) is a critical component of innovation with a pillar of continuous improvement as an
organizational innovation where value is added (Singh & Singh, 2009) (Verrier et al., 2014). The great
competition due to the variety of products on the market and its constantly changing requirements need
continuous improvements in the company's operations in applying the principles and tools of LM lean
manufacturing, which extend beyond direct profits to productivity. Process innovation can be defined as
using a new or significantly improved production or delivery method, including changes in techniques,
equipment, or software (OECD, 2005). LM is a philosophy of the practical output appropriated by all
members/departments and followed to manage the work. Toyota's production strategy has established all
the setbacks that currently make up Lean production, Just in Time, and Total Quality Management. New
technologies and organizational structures can help a company to evolve or survive. Lean production, six
sigma, and business process reengineering are tools that can obtain these principles. The beverage business
production team is trying to increase their mass production, but this contradicts the basic principles of Lean
Manufacturing. Mass production results in huge stocks, large receipts, batches of production, product
waiting and high costs, etc. By using tools and techniques in specific conditions and points of the
production process, companies can have better results and better organization with measurable sizes and
data. Table 1. shows the tools and methods that represent \ describe a production system (Veza et al.,
2011).

Table 1. Lean concept principles, tools, and methods (Veza, et al., 2011)

IPrincipIes, methods, and tools in building lean concept procedures

Pull/Kanban IT Flow continue PM
SMED Batch Reduction TaMm 7 waste
Layout Visual systems 58 5 why

Value Stream Mapping

Work teams, high motivated workers, customer orientation
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According to Lopes et al., there is a low application of LM practices in the food and beverage industry, while
most occur in the automotive sector (Lopes, Freitas, & Sousa, 2015). The systemic approach to improving
customer-centric processes is the key to business excellence. Building an efficient organization with an
emphasis on all parts of production can lead to cost reduction, delivery time, and quality improvement.
When it comes to profitability through excellence and LM, it is not a simple improvement of a process but a
waste reduction. As a result, time is reduced, so more products are produced with less fuel, which leads to
the financial benefit of the company and higher levels of customer satisfaction. However, it should be
noted that in addition to the successful practice of lean manufacturing, there are some risks. Such as
resistance to change, lack of time, installation of new computer systems for better organization and
financial burden. However, every company is different, so it cannot adopt the same practices. It depends on
the organizational characteristics, the right design for the implementation of simple production and its
maintenance (Sousa & Voss, 2008) (Lopes, Freitas, & Sousa, 2015). Lean principles are used by a few
companies in the food and beverage industry, with a success rate of 25% to 30% (Kezia, Kumar, & Sai,
2017). Thus, by reducing the supply chain or production cost, the quality is increased, or new or
significantly improved products are produced (OECD, 2005). The simple construction starts with optimizing
the processes and can highlight waste that may not have been observed. And by improving production
efficiency, improving product quality, decreasing production costs, reducing waste, adding value and
innovate the procedure. It is a new philosophy that leads production to a change at all stages of the
production process and that requires communication, coordination, and organization to achieve a larger
market share (Kezia et al., 2017).

Conclusions

Through the literature research, we could conclude that the successful change of processes through Lean
Manufacturing are two interrelated parts based on the definition of innovation. First, companies often
need to innovate and evolve to maintain their competitive position. They should not be left in the past, as
consumer needs change due to technology and competitors. For a winemaker, vineyard, or wine, the time
is significant. In this way emerges in a barrel. Therefore, as a comparison between Lean Manufacturing and
time, beverage businesses can save some time and have a better-quality wine by investing in this
innovation.
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Introduction

Biogas is the main product of the anaerobic digestion and presents an alternative to fossil fuels. Cheese
whey (CW) is a by-product from cheese production and presents one of those energy-rich products that
can improve biogas production. The yearly production of CW is more than 40.5 million tons globally.
According Eurostat in year 2020 56.493.720 tons of cheese whey was produced in the EU.

In this work the feasibility of using CW in anaerobic co-digestion of mixtures of wastewater sludge (WWS)
and cow manure (CM) by estimating the benefits or adverse effects on methane production is explored.
Further a simple kinetic model to simulate methane production for the mixtures of WWS, CW and CM was
created, calibrated, tested and validated. The model is simple, easily extensible and can be adapted and
used in research and industrial practice.

Materials and methods

The upgraded 5 L Automatic Methane Potential Test unit (AMPTS II; Bioprocess Control, Sweden) was used
for the semi-continuous experiment (Kolbl et al., 2014) of mixture of cheese whey from two different
batches of cheese production (CW1 — cheese whey 1 and CW2 — cheese whey 2), CM and WWS. Seven
different combinations of substrates (CW, CM, WWS) with different organic loadings and hydraulic
retention times were used. Measurements of physicochemical parameters such as pH, ammonia nitrogen,
COD, trace elements (XRF), VOA/TIC ratio) were performed. After 50 days of stable methane production,
we doubled the CW concentration (until day 65).

The simple kinetic model with five parameters: three kinetic equations (kf, ks, kint) and two yield
coefficients (YP/A, YP/B) was used. The model was implemented and solved in Mathematica (Wolfram). The
WhenEvent option was used in NDSolve function to take into account the periodic replacement of the
substrate.

Results and discussion

After the first 50 days of anaerobic digestion, 16821204 mL of methane (cumulative) was produced in
reactor | that received only WWS (Figure 1A). A daily supplement of 55 mL CW increased the cumulative
production by approximately 16000 mL (reactor IV). The additional daily supplement of 10 mL of cow
manure further increased production by 20000 mL (reactor VIII). Doubling the volume od added CW
increased the methane production in range from 33% to 53%. Most of the methane was produced in the
reactor VIl where the volumetric ratio of WWS:CW:CM was 70:55:10 (70:110:55 after 50 days).

Concentrations of SCVFA were decreasing up to day 50 in all reactors. After doubling CW daily addition, it
started to increase again. The pH in reactor where the CW was added was constantly decreasing. CW was
the
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main source of SCVFA and contributed to the increase in methane production. Reactors that had higher
alkalinity all received CM, which is evident that this is the main source of higher buffer capacity. Simple
kinetic model was able to simulate the daily methane production (Figure 1 B).

Reactors that received only WWS failed to operate, showing that the addition of CW and CM prevented the
failure of reactors. Strong positive linear correlation between selected microelements (Fe, Cu, Zn, Mn) was
find. These microelements started do decrease in the co-digestion anaerobic reactors. Forward projection
(Figure 1C) showed that concentration of these microelements would in long time period (after 100 to 270
days) be in deficiency.
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Figure 1. Cumulative methane production for eight set of reactors with different substrate mixture (A),
model simulation results compared to the experimental data of methane production for different reactors

(B) and forward projection of TE (Fe) washout of reactors (C).

Conclusions

Co-digestion of CW with WWS and CM is a promising alternative for the utilization of milk by-products for
waste minimization and energy recovery. Co-digestion of WWS, CW and CM was successful without any
signs of inhibition. Irregular feeding of reactors also did not influence on methane production or the
stability of the process. There is slight possibility of the inhibition of the process, because of constant
dilution of the digestive mixture with fresh liquid substrates. Decrease in concentration of important
microelements that are needed for normal functioning of methanogenic Archaea, could expose reactors to
the susceptibility in microelements deficiency. This can lead to the inhibition or failure of the process.
Model successfully simulates methane production of co-digestion complex mixtures. For each additional
COD source (substrate), the developed model requires only the definition of one additional parameter for
the fast biodegradable fraction (f).
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at NTUA in the frame of COST Action ES1302. This project has been co-financed by ARRS programme P2-
0180 and project J2-3056.
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Introduction

Climate change resulting from human activities is increasingly affecting the natural environment, weather
phenomena, and, consequently, society. In particular, the emission of greenhouse gases (GHG) is a
disadvantage (Boyce and He 2022). Agriculture is one of the main sources of two greenhouse gas emissions:
methane (a gas with a greenhouse effect 25 times greater than CO3) and nitrous oxide (N,O has a greenhouse
effect 298 times greater than CO;) (Pochwatka et al. 2020). Livestock farms that produce manure are
particularly strong sources of methane and nitrous oxide emissions. Poland is currently the largest producer
of manure in the EU (over 100 million Mg annually), and the emissions of CH4 alone from manure piles are
estimated at as much as 0.5 million Mg annually (Koztowski et al. 2019).

The emissions origination mechanism is related to the usual manure pile formation practices. This
fertilizer is dumped, but kneading operations are not commonly performed. Consequently, the oxygen in the
manure is used by the bacteria to decompose the organic matter initially, and as a result, heat is released.
This phenomenon raises the pile's temperature to even 40-60°C within several dozen hours. During this time,
conditions are created for the anaerobic decomposition of organic matter. When this breakdown occurs,
bacteria release energy in a chemical form — that is, methane (Mazurkiewicz 2022).

The study aims to show how the CH, and N>O emissions will decrease in a situation where, instead of
traditional manure storage for several months, it is used as a substrate for a biogas plant immediately after
itis removed from a dairy cow barn. The energetic and economic balance of a model farm with dairy farming
without a biogas plant and with a biogas plant using manure as a substrate was also made.

Materials and methods

The study compares two farm variants with livestock production: a variant with traditional manure storage
in piles and a variant with a biogas plant, which processes freshly produced manure. For the calculations in
variant |, research data was used to determine the average emission of CHs and N,O per 1 Mg of stored
manure to determine the amount of uncontrolled GHG emission on the farm. In variant Il, the results of
studies on the biogas efficiency of manure from dairy cows were used, and then the energetic and economic
effect of the manure utilization biogas plant was calculated. Then, the economic efficiency of both
technologies was compared, taking into account the GHG emission cost calculated according to the exchange
prices of CO,.. emission allowances.

Results and discussion

Variant Il (investment in a biogas plant that converts manure into energy) was found to be much more
economically effective than Variant | (traditional manure management). This difference is particularly
pronounced in the case of using or selling heat from cogeneration.

It has also been shown that if obligatory fees cover the agricultural sector for greenhouse gas emissions,
the investment in a biogas plant will be necessary to maintain a positive economic balance of farming
operations.

Conclusions
Investments in biogas plants at livestock farms may be necessary in the face of increasing criticism of the
livestock sector as a strong source of GHG emissions. It should also be emphasized that the electricity and
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heat generated in biogas plants (processing manure) have a very high environmental value as energy carriers
with negative emissions.
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Introduction

The poultry industry is one of the largest industries within the South African (SA) agricultural sector
(Basitere et al.,2017; Davids & Meyer, 2017). During bird slaughtering and processing operations, SA
poultry industries consume a substantial quantity of potable water in order to maintain the high
hygienic standards required for the production of poultry products (DARD, 2009). The treatment of the
large quantities of high-strength poultry slaughterhouse wastewater (PSW) generated has proven to
be a challenge for SA poultry industries due to the wastewaters’ high chemical oxygen demand (COD),
suspended solids, colloidal matter (i.e. fats, carbohydrates and proteins), nutrients (i.e. nitrogen and
phosphorous), and the prevalence of pathogenic organisms (Debik & Coskun, 2009). The treatment of
PSW prior to discharge is therefore crucial in order for poultry industries to achieve compliance with
municipal discharge standards and to avoid discharge penalties as per the “polluter pays” principle
implemented by local authorities. This study will statistically compare the performance of two multi-
integrated system train consisting of enzyme based pre-treatment, Expanded Granular bed reactor and
Downflow Expanded Granular bed reactor each coupled with Membrane bioreactor system to treat
poultry slaughterhouse wastewater.

Materials and methods

Poultry slaughterhouse wastewater was collected from a poultry slaughterhouse in the western
cape Province, South Africa. The raw PSW was analyzed for TSS, pH, turbidity, FOG, protein
concentration, COD, VFAs and toxicity prior to the addition of the PSW to the pretreatment tank.
The PSW was pretreated by mixing 20 ml Eco-Flush mixed into 20 liters of raw PSW. The mixture
was aerated for 24 hours. The Product of the pre-treatment was then split between the train
containing EGSB reactor and the DEGBR reactor each coupled membrane bioreactor (see Figure 1).
The system was then run continuously over a period of 120 days continuously.
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Figure 1: Multi integrated system treating poultry slaughterhouse wastewater

Results and discussion

This study aims to evaluate the efficiency of pre-treated up-flow versus down-flow reactor through a
performance review and statistical analysis of the EGSB and DEGBR. Furthermore, due to limitations
associated with reactor performance this study also evaluates the respective pretreatment- reactor-post-
treatment chains. Overall system removal for the reactors and their respective chains included a COD, TSS
and FOG removal of 53,9%, 68,4% and 66,9% for the EGSB reactor; 87%, 92,5 and 89,4% on the DEGBR;
97,8%, 99% and 96,9% for the Pretreatment-EGSB-MBR chain and lastly 99,1%, 99,8% and 99,4%
respectively on the Pretreatment-DEGBR-MBR. In addition, a statistical paired T-test was used to determine
whether the difference in performance of these reactors is genuine or could just have been chance. The
results showed a p-value less than 5% for COD, TSS and FOG removal which confirms the difference in
performance between the reactors.

Conclusions

Overall system removal for the DEGBR reactor train was better compared to the EGSB reactor train.
Furthermore, the validity of the results was quantified by t-stat vales of 10,9, 4,4 and 3,8 over a t-crit. of 2,1
for COD, TSS and FOG respectively across the reactors. On the systems chains, Pre-treatment-DEGBR-MBR
and Pre-treatment-EGSB-MBR, results validity was substantiated by t-stat vales of 8,9, 4,1 and 4,6 over a t-
crit. of 2,1 for COD, TSS and FOG respectively. With P-values at 7,8 x10, 4,1 x 10* and 1,6 x 107 for COD,
TSS and FOG on the reactors and 1,4 x 107, 8,6 x 10 and 2,7 x 10 on the system chains for COD, TSS and
FOG respectively. From this, it was concluded that the DEBGR and the PT-DEGBR-MBR chain outperformed
the EGSB and the PT-EGSB-MBR. Furthermore, from this study it was gathered that the addition of the Eco-
enzyme dosed pre-treatment and MBR units, the resultant effluent of the of both the PT-EGSB/DEGBR-MBR
meeting the set-limit of effluent discharge.
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Introduction

In modern societies, the disposal of ever more increasing biowaste is a serious threat [1].
Furthermore, the exploitation of soils that are unsuitable for cultivation (poor in nutrients
due to intensive cultivation or polluted with organometallic pollutants) is an ongoing
challenge [2]. One green and sustainable solution seems to be the disposal of biowaste, a
rich source of nutrients, which might be exploited to produce biofertilizers in these soils [3-
4]. The use of these organic amendments in agriculture is a common practice due to their
ability to increase crop productivity, enhance soil health and improve soil physicochemical
properties [5-6].

Methods

This study investigates the effects of organic soil amendments with: compost from plants;
chickens’ manure; sewage sludge; as well as a chemical fertilizer on basil (Ocimum basilicum
L.) growth and soil fertility, whilst the expected effects of the abiotic and biotic
environment, including effects of organic soil amendments, on plant growth were modelled
using a Richards growth model [7].

Results

The results showed that the best plant growth was achieved in the sludge-modified soils,
whilst the poorest plant growth was noted in the chemical fertilizer-modified soil (Fig. 1).
Moreover, the results of foliar diagnostics indexes showed that the plants of organic soil
amendments with chemical fertilizer have low values, at the level of malnutrition, in several
elements such as Phosphorus (P) and Copper (Cu) (Table 1).

Conclusions
This work confirms that the organic soil amendments generally result in beneficial effects with regard
to plant growth and other soil properties. Our findings are significant for sustainable agriculture
regarding the sustainable use of organic wastes in problematic soils.
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Fig.1. Developmental effects on basil growth from different organic soil amendments by use of: (M) chemical fertilizer, (®) sewage sludge,
{ ) compost from plants and (W) chickens” manure. (Insert: Theoritical fit (solid line} using Richards growth model)

Table 1: Foliar diagnostic results

Foliar Diagnosis Indexes

Modified soil N (% w/w) P(% w/w) K (% w/w) Cu (mg/kg DW) Zn (mg/kg DW)
Chemical fertilizer 3.49+0.05 0.05 +0.05 4.20+0.02 <1 17.79 £ 0.02
Sewage Sludge 3.10£0.04 0.28+0.02 2.31+0.03 8.76 £0.03 45.22 £ 0.03
Compost 2.24 +£0.03 0.16 +0.01 5.25+0.04 8.65+0.01 66.88 + 0.02
Chickens’ manure 2.86 £ 0.05 0.17+0.03 3.25+0.07 6.72+0.02 39.54 + 0.05
Nutrient-Limited <1.40 <0.07 <0.40 < 5.00 <5.00
Plant Growth
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Introduction

The growth in the health awareness of the population has led to an increase in demand of healthy diet
worldwide (lgbal et al., 2021). Furthermore the growth in demand of natural ingredients is not only for
food but also for the cosmetic industry (Fonseca-Santos et al., 2015). Avocado oil production has been
growing to be used as culinary oil and as an essential oil. With this increased demand, industries have been
focusing on processes that will improve the yield and quantity of the oil extracted; however extraction
processes should not only focus on the quantity of the oil produced but also on the quality of the oil (Reddy
et al., 2012). The current oil production industries that produce oil in high quantities have solid-liquid based
processes using organic solvents. Therefore as part of the effort to help contribute to the aims and targets
of the sustainable development goals set out by the United Nations (UN); with SDG 9 which aims to make
industries sustainable, increased resource use efficiency greater and adoption of clean and environmentally
sound technologies and industrial processes. A continuation of the optimization study to extract oil from
dried avocado pulp was done with the aim of using ultrasound assisted extraction as one of the green
extraction techniques to replace the conventional solid-liquid solvent extraction techniques used in the
previous study and by current industries.

Materials and methods

Avocado fruits were sourced from local informal fruit and vegetable market in Limpopo. The avocado pulp
was grounded and dried in an oven at 70°C for 36 hours. Oil was extracted from the dried pulp with
Ultrasound technique for 10, 20 and 30 minutes using water as solvent at ambient temperature of 28°C;
with power of 750 Watts and intensity of 50% Amplitude. Another extraction was done using 30% aqueous
hexane for 10 minutes at ambient temperature of 28°C; with power of 750 Watts and intensity of 50%
Amplitude. The samples were centrifuged after ultrasound processing and the oil was separated from the
water and the pulp. For the agueous hexane extraction, the hexane was flushed with nitrogen.

Results and discussion

The technique managed to produce oil yields of 91.4 g/Kg, 101.2 g/Kg, and 102.6 g/Kg dry weight for water
extractions and 353.2 g/Kg dry weight for aqueous hexane respectively. The results of the ultrasound
technique were compared with the conventional techniques and both were critically discussed. The
conclusion of the discussion found that green technology showed superior advantages over conventional
techniques. The comparison was done with results of the study that analysed the effects of processing
time, solid to liquid ratios and amount of solvent used against the oil yield.
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The study found that comparing 10 minutes of aqueous hexane with ultrasound against 2, 4 and 6 hours
of conventional extraction; ultrasound still produced a yield higher than that of 2 hours and only 18% less
than the yield of 4 hours processing. The solid to liquid ratios compared at 4 hours of processing found that
the ratios of 1:1 and 1:3 had lower yields than that of ultrasound which was extracted using the same
amount of solvent as 1:1 ratio. The study of the amount of solvent used to the oil yield compared to the
ultrasound technique found that ultrasound used the same amount of hexane as the lowest solid to liquid
ratio but ultrasound produced an oil yield of over 30% more with 230 minutes (3 hours 50 minutes) less
processing time than the conventional technique.

The water extractions have shown that ultrasound technique has the potential to do oil extraction
without the use of non-polar organic solvents. Although the results are still showing a low yield but do
present an opportunity to explore optimizing the technique with different parameters like amplitude,
frequency and power of the ultrasound.

Conclusions

This study have proven the advantages of green technology being able to do extractions with use of very
low or no organic solvents, have low energy consumption like non-thermal techniques (e.g. Ultrasound)
and also requires less operation/extraction time. These advantages together with the results have proven
the potential to replace conventional extraction techniques with the sustainable green extraction
techniques like ultrasound assisted technique. The results of this study will be used to do a scale-up
conceptual design using Aspen plus simulation and further do a techno-economic analysis. The conceptual
design and economic analysis will help overcome the major challenge for the ultrasound technique, which
is the adoption of this green technology at an industrial scale.
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Introduction

The use of wood in construction is back on trend thanks to the growing demand for a sustainable
construction sector that has one of its bases in the use of renewable materials. According to the wood's
final use, it requires a variety of treatments to improve their properties, for which up to now, petroleum-
based compounds have been used. Nevertheless, in recent years, mainly due to the rising environmental
concerns of today's society, and the depletion of fossil fuels, research towards the substitution of these
compounds by other natural resources has been intensified.

Lignocellulosic biomass is considered one of the most promising feedstocks. This is not only due to its
chemical composition, but also because it is a renewable, accessible, affordable, and carbon-neutral raw
material. Apart from lignin, cellulose and hemicelluloses, wood also has other interesting non-structural
components, especially extractives. They are a mixture of different compound families, including
polyphenols, to which properties such as antioxidant and antimicrobial capacities are attributed. Due to the
complexity of the lignocellulosic structure, the extraction process must be carefully selected. One of the
most studied methods that provides good extraction yields is the conventional solid-liquid extraction
process. However, the main drawbacks of this technique is the use of volatile organic compounds (VOCs),
which have a great negative impact on the environment. However, the use of ethanol/water mixture as a
solvent provides a green solvent alternative solution, which can efficiently extract the valuable
polyphenols.

Therefore, in this work, the extraction of polyphenolic compounds from different wood residues
generated in the forest of the Basque Country, and their later application as wood protecting agents, has
been investigated.

Materials and methods

Wood samples were harvested by Basoekin Ltd. during the summer of 2020 in the forests of the Basque
Country. The selected tree wood species were Betula pubescens, var celtiberica (lberian white birch),
Quercus robur (common oak) and Robinia pseudoacacia (black locust). Wood samples were debarked and
grounded prior to their use. The chemical characterization of the samples confirmed that they are rich in
extractives: 4.49 wt.% lberian white birch (IWB), 4.49 wt.% Black locust (BL) and 6.32 wt.% Common oak
(CO) (Sillero et al. 2021).

Each of the materials was submitted to an extraction in a temperature-controlled orbital shaker
(Heidolph Unimax 1010 with Heidolph Incubator 1000), using EtOH/H,0 (50/50 (v/v)) as solvent, following
the methodology optimized by Sillero et al. (2018). After extraction, the solid and liquid fractions were
separated by filtration, and the supernatant was characterized. First, the extraction yield was measured
gravimetrically, and then, the extracts were analyzed for total phenolic content (TPC), antioxidant
capacities (DPPH, FRAP, ABTS) (Sillero et al. 2018) and antimicrobial capacity (Sillero et al. 2021), assessing
growth intensity using ISO 846 standard. Finally, 1.8 x 2 x 1 cm pine wood samples were impregnated with
the obtained extracts by maceration at room temperature during 1 week, previously the samples were
dried and autoclaved (Salem et al. 2016). Once prepared, the impregnated woods were tested against
Trametes versicolor following the methodology described by Salaberria et al. (2017).
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Results and discussion

The maceration of the woods using an EtOH/H,0 mixture as solvent resulted in a competitive method for
the extraction of polyphenols as shown in Table 1. The highest extraction yield was obtained for BL, but this
extraction was not very selective, since the TPC of this extract was the lowest, as well as its antioxidant
capacities. IWB extracts showed the highest TPC, as well as the highest antioxidant capacities. In general, a
direct correlation was observed between the TPC and the antioxidant capacities of the extracts, the higher
the TPC, the higher the antioxidant capacities (Kainama et al., 2020). Regarding the antifungal capacity
against the Trametes versicolor fungus, all the extracts had a Gl of 4. This suggests that the extracts can be
used for wood preservative applications.

Table 1. Results of the characterization of wood extracts and the test of impregnated woods against
Trametes versicolor

D Extraction | TPC(mg DPPH (mg | ABTS (mg | FRAP (mg | Average concentrations

yield (%) | GAE/gDM) | TE/gDM) TE/g DM) | TE/g DM) (cells/mL sample)
IWB 1.8+0.2 474 + 30 394+28 | 978+171 | 262 +20 8.05 x 10°
BL 45+0.3 142 +17 548 246 + 31 62+5 6.58 x 10°
co 3.3+0.2 302 +22 228 +14 642 + 37 213 +11 10.1x 10°

In order to confirm this, research was carried out on the improvement of the impregnated wood against
the Trametes versicolor fungus. For this purpose, the woods were first impregnated with the extracts,
obtaining yields of 0.11% for CO, and 0.22% for IWB and BL; then, they were tested against the fungus. As
shown in Table 1, all the extracts were able to reduce fungal growth on pine wood, but none of them were
able to prevent the growth. The best antimicrobial results were obtained for BL, which was able to reduce
fungal growth by up to 45% compared to the blank (12 x 10° cells/mL sample). These results are promising,
although further study is needed to achieve the desired fungal growth inhibition.

Conclusions

Extractions of bioactive compounds from three different woods were successfully carried out. These
extracts were proven to be rich in phenolic compounds as well as having good antioxidant and antifungal
properties. By testing impregnated wood against the fungus Trametes versicolor, it has been confirmed that
extracts obtained from forest residues can be directly used to improve the wood's properties.
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Introduction

Lesvos island has approximately 11 million olive trees and agricultural biowaste/ pruning have not been
properly managed so far. At the same time, sustainable management of municipal sludge is an unresolved
issue for several regions of Greece, including North Aegean. This study utilizes hydrothermal carbonization
for the conversion of municipal sludge into hydrochar and hydrothermal liquor by means of state-of-the-art
HT reactor. On the one hand, the liquid fraction is removed by means of solar distillation. For this purpose,
a solar still that is constructed and operating in the Energy Management Laboratory of the University of the
Aegean. On the other hand, the plan is the co-gasification of the produced hydrochar with biomass residues
from agricultural operations, especially olive tree pruning. A state-of-art biomass gasifier will be installed on
the island within the next year and this study has the scope of investigating the feasibility of this endeavor.

Materials and methods

Municipal sludge and waste activated sludge from the HYDROUSA site underwent hydrothermal
carbonization in a 4570A Parr hydrothermal reactor for a various residence times, temperatures and
evolved pressures. The mass balances of the products were implemented along with the TS/ VS content,
COD and Total Phenolic Content of the digestate (Folin — Ciocalteu method) of the liquid phase. HHV
analysis of the hydrochar was done in a Parr 6400 calorimeter. This study used the Multi-Box model for
modeling the gasification of biomass in a Joos gasifier and assessed co-gasification scenarios of hydrochar
and woody biomass, and the simulate composition is presented. Preliminary results are presented for the
utilization of a solar still for the evaporation of the hydrothermal liquor with a focus on the energy demand,
the evaporation time, and the recovery of phenols.

Results and discussion

SLUDGE 1. Hydrothermal carbonization
2, Solar Distiliation
3. Co- gasification (wood + HC)

dry hydrochar (HC)

distilled liquids

Figure 1. The integrated idea of combining hydrothermal carbonization, solar distillation and co-gasification
of hydrochar with wood chips
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Figure 1 presents the integrated idea of combining hydrothermal carbonization, solar distillation and co-
gasification of hydrochar with wood chips. The utilization of solar distillation overcomes the necessity for
energy-intensive drying processes that need to be applied for removing the water from the produced
hydrochars. The production of hydrochar ranged from 20.7% up to 34.4% of the total sludge input, while
the heating value of the produced hydrochars ranged from 19.27 to 23.87 MJ/ kg and are presented on
Figure 2.

30

25
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0
HC-1 HC-2 HC-3 HC-4 HC-5 HC-6

Figure 2. HHV analysis of various hydrochars (HC) from sludge sampled from Lesvos island

HHV (MJ/ kg)

The solar distillator has an integrated heated floor for optimizing the evaporation, and utilizes two pumps
that operate for 8 hours (pump 1) and 24 hours (pump 2). The total energy consumption is 1.23 kWh daily
and initial experiments show that approximately 200 kWh of electricity would be consumed for the
distillation of 1 m3 of HTC liquor. Finally the utilization of the Multi-Box model simulated the co-gasification
process and predicted the production of syngas with high molar contents of carbon monoxide (>19%) and
hydrogen (>17%). It should be stated that the percentage of added hydrochar may alter the final simulated
syngas content since thermodynamic modeling is influenced significantly for the initial composition of the
input.
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Introduction

Wine production is one important sector worldwide, 72 countries produce an estimated production of
more than 29 million tons of wine (Food and Agriculture Organization of the United Nations, 2018). A large
amount of waste including vine shoots, grape bagasse, grape stalks and wine less, are generated as a
consequence. Grape stalk is one of the main biowaste during agronomic practice. According to data from
the International Organization of wine, every 100 kg of processed grapes, 25% of grape stalks are
generated.

The increasing production of biowaste is becoming a major environmental issue. For sustainable
development, biowaste management must be taken from a circular economy perspective. Biowaste can be
converted into value-added products, reducing the cost of disposal and environmental burden while
generating additional revenues. Hydrothermal carbonization (HTC) is a useful green process to produce
carbon materials from biowastes, which require a subsequent activation step to develop porosity. Biomass-
derived activated carbons are a cheap carbonaceous material with high porosity and large surface area that
have attracted attention as electrode materials in supercapacitors. The supercapacitors are promising
energy storage devices due to their high-power density, large capacitance, good recyclability, high charge—
discharge efficiency and excellent recharging capability with good long stability. Some studies have
reported the incorporation of redox active molecules into the electrolyte as an alternative to improve the
energy stored in supercapacitors. Roldan et. al, demonstrated the efficiency of the incorporation of
hydroquinone into the aqueous electrolyte significantly increasing the capacitance of an activated carbon
used as supercapacitor electrode (Roldan et. al, 2011).

The aim of this work is to evaluate a wine biowaste-derived activated carbon as a supercapacitor
active material electrode and its performance with and without hydroquinone added as part of the
aqueous electrolyte.

Materials and methods
Grape stalks were provided by Bodegas Callia and were processed as received.

Pyrolysis and activation

Hydrothermal carbonization (HTC) was carried out in a 1-liter Parr reactor, heated by means of an
electric furnace with a temperature controller. Water and grape stalk maintained a solid: liquid ratio of 1:1,
it was kept at constant temperature (240°C) for 6 hours, working at the corresponding autogenous steam
pressure. Afterwards, the reactor was cooled to room temperature and the resulting solid-liquid mixture
was filtered. The solid obtained (hydrochar) was dried at 100 °C for 24 h. As an activating agent KOH was
employed according to optimization conditions (Giménez et. al, 2020).

Electrode material preparation and electrochemical characterization

The electrode was prepared from a pressured mix of 90 wt. % activated carbon, 5 wt. % of Teflon and 5
wt. of carbon black in the form of pellets of 12 mm in diameter with an approximate weight of 30 mg. The
electrochemical system was assembled at a Swagelok cell employing gold disks as current collectors and glassy
fibrous paper as separators. The electrochemical determinations were performed using a VPM (Biologic)
multichannel generator; every measurement was carried out to the system with (Hybrid supercapacitor) and
without (Symmetric supercapacitor) hydroquinone. Galvanostatic charges/discharges in two and three
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electrode configurations were performed at 0.2 A/g as current density, between a potential from 0V to 1V.
The term cycling behavior was evaluated after 250 cycles.
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Results and discussion

Using two and three electrode configurations in galvanostatic charges and discharges assays allowed us to
evaluate the influence of the hydroquinone as part of the electrolyte, showing what happens into every
electrode. As can be seen in Figure 1, the anode has a different behavior. As a symmetric supercapacitor,
the overall voltage is distributed uniformly in both electrodes, exhibiting the typical symmetric triangle. On
the other hand, the hybrid system, it means with hydroquinone into the electrolyte, conducted to different
behavior both in anode and cathode. First of all, the anode showed an almost constant potential,
characteristic of faradaic process, which must be attributed to the potential of the Q/HQ redox reaction
developed on the electrode surface. On the contrary, the cathode displayed a capacitor-type
charge/discharge shape, and as this electrode operated toward more negative potential values as
consequence of redox reaction in the other electrode, hydrogen evolution could occur in the cathode
(Roldan et. al, 2011). Table 1 shows the capacitance in each electrolyte system; hybrid supercapacitor has a
Cs ten times higher than symmetric one. After 250 cycles, the symmetric system had a decrease in the
initial capacitance much lower than the hybrid one, of 94% vs. 48%, respectively.

Table 1. Comparison of storage capacity of supercapacitors.

- Cs (F/g) symmetric Cs (F/g) hybryd
initial capacitance 165 1809
after 250 cycles 155 878
1,00 1,00
Cathode
Anode 075
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Figure 1. Galvanostatic cycle at 1V of Symmetric and hybrid supercapacitor at 0.2 A/g.

Conclusions

Using a redox active molecule led to changes in the energy storage mechanism of supercapacitor
electrodes, made of grape stalk activated carbon. The anode became a battery-type electrode due to redox
reactions on its surface and the cathode maintained the capacitor-type behavior. As a consequence of the
asymmetric redistribution of voltage, evolution of hydrogen also occurred. Moreover, the anode
capacitance increased 10 times with respect to the only symmetric supercapacitor. This work means a
contribution to the circular economy concept applied to a biowaste valorization and its use as a special
material for technological exploitation routes.
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Introduction

The energy potential of large watercourses is almost exhausted in several countries, for their further use
it is necessary to look for innovative / new methods that were not viable with standard concepts. From this
point of view, small hydroelectric power plants appear to be promising, which are power plants with an
installed capacity up of 100 kW.

A lot of knowledge was collected on a laboratory model and subsequently verified in practice.

The possibility of accumulating energy will bring more possibilities, especially in remote locations, for
subsequent distribution, increasing the reliability of electricity supply and thus increasing the share of RES in
the energy mix. Innovative solutions for the accumulation of electricity in the form of underground storage
facilities and new DC link technology will allow further expansion of potential locations.

A key area of concern for the use of small hydroelectric power plants in remote locations is also their
management so that the power plant is productive in the longest possible time of the year.

Materials and methods

Small hydropower plants on watercourses with highly variable flow require the use of elements that
eliminate the disadvantage of variable water flow through the power plant. As turbines with adjustable
blades make the solution considerably more expensive, the concepts of small hydropower plants with
variable turbine speeds and thus of an electricity generator are required. In this situation, it is necessary to
convert the variable frequency and voltage from the generator to constant voltage and mains frequency. The
standard element used for this conversion is a four-quadrant indirect voltage-type frequency converter,
which operates in the given application in the inverse mode, ie. the Generator side inverter operates as a
pulse rectifier and the Grid side inverter operates as a fixed grid frequency inverter. In this case, the quality
and parameters of the energy supplied to the grid are determined by the characteristics of the grid converter.
The amount of supply to the network is determined by the amount of energy at the DC input of the network
converter from the DC intermediate circuit. To stabilize this energy, or. To cover peak energy consumption
from the mains, a rechargeable battery can be connected to the DC intermediate circuit, which can
compensate for the differences between the amount of energy produced in the generator and the need for
energy consumption from the mains.
Results and discussion

The basic problem of connecting the DC intermediate circuit of the inverter to the battery is to find the
mutual compatibility of both of these systems. Depending on the type and material of the storage elements,
the battery has the parameters and characteristics that must be ensured during its operation. (No-load
voltage, maximum charging / discharging current, maximum discharge depth, internal resistance, charging
cycle time distribution, operating temperature, etc.) These conditions must be observed by the inverter.
There are basically two connection options and the corresponding ways to ensure these conditions for
battery operation:

a) Direct connection of the rechargeable battery to the DC link terminals
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In this case, the system of both inverters, both on the generator side and on the network side, must be
very precisely and dynamically controlled so that the entire system of a small hydroelectric power plant, ie.
the sum of its production, network consumption and energy supplied / consumed to / from accumulation
was zero at all times. The advantages of this solution are the simplicity of the inverter power scheme, smaller
losses associated with accumulation (only losses in the accumulator battery and losses in the main inverters)
and power limitation of the charging / discharging current of the storage unit limited only by sizing the
switching components of main inverters.

The disadvantages are: - the need for very precise and dynamically demanding control of both the
generator itself and its inverter, as well as equally precise and dynamically demanding control of the inverter
on the grid side,

- finding control algorithms that will be able to control a system with relatively small time constants of the
generator and network and a significant time constant of the charging processes of the storage unit,

- finding the compatibility of the working voltage range of the DC intermediate circuit from the point of
view of the functionality of the converters with the working range of the accumulator battery voltage (range
given by the max. charging voltage and its max. discharge voltage)

It is obvious that the focus of this method will be on the development of suitable control algorithms,
which, in addition to the above, ensure maximum efficiency of mechanical-electrical energy conversion in
the generator at different turbine speeds.

b) Connection of the accumulator battery to the DC intermediate circuit terminals via a suitable coupling
converter

The main advantage of this concept is the adaptation of the parameters from the DC intermediate circuit
to the requirements and characteristics of the accumulator battery by means of a coupling converter. The
DC link voltage can fluctuate within limits, there are no critical time requirements for its stability. The
operating conditions of the accumulator as well as the energy balance between the produced and consumed
energy must be ensured by the coupling converter of the accumulator battery and its control.

The disadvantage of the concept is:

- the need to use an additional two-quadrant DC converter, which must provide coupling over a wide
range of battery currents and the voltage difference between the DC link voltage and the battery,

- incurrence of losses in the coupling converter,

- limiting the battery charging / discharging currents by dimensioning the switching components of the
inverter,

- the need to link drive control algorithms with master drive control.

The focus of this method is the development of a suitable coupling converter and its control algorithms,
which will ensure suitable operating conditions of accumulators in various energy states of the system of a
small hydroelectric power plant with accumulation.

Within the research of structures of small hydropower plants with variable turbine speed and
accumulation, both structures were modeled in parts, then realized in the form of laboratory samples and
verified their properties in different operating conditions on a physical model of a small hydropower plant.

Conclusions
Within this paper will be indicate especial the
- Capacity, emission saving potential of hydropower, especially small hydropower in the energy
transition regions
- repeatability at different regions (bordering conditions)
- new machine design
- and specially the new topology (Accumulation, electricity production effectiveness, environmental
friendly design, new control and prediction methods)
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Project outline

Nowadays, energy consumption for wastewater treatment is an issue of concern. Novel processes for energy
neutral or even energy positive Wastewater Treatment Plants (WWTPs) are under examination (Gikas, 2017).
A novel integrated process for the management of biosolids along with energy production is currently under
installation at the WWTP of Rethymno, Crete, Greece (www.biosolids2energy.eu). The industrial-scale pilot
plant consists of a microsieve followed by a dryer and a gasification-internal combustion engine (ICE). The
aim of the project is to remove biosolids upstream of the aeration tank, so to reduce the energy requirements
for downstream treatment at the aeration tank. Also, the removed biosolids, following drying, are to be used
as feedstock to a downdraft gasification system, while the produced syngas is to be combusted in an ICE for
the production of thermal and electric energy. The project is coordinated by the “Design of Environmental
Processes Laboratory”, School of Chemical and Environmental Engineering, Technical University of Crete,
which has also designed the gasification-energy production system (Figure 1) of the abovementioned pilot
plant.

/M’) Briquetting machine
Biomass colfection sifo
Gasifier

Heat exchanger
Briquettes siorage sifo
Biomass filter
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Ash storage barre/
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Figure 1. 3D illustration of the gasification-energy production system (left)

Gasification-energy production system description

The main steps of the process are illustrated in Figure 2. In detail, the dried solids exiting the dryer will enter
the gasification system. Noted that the dried solids contain about 10-15% of moisture, which is beneficial for
the gasification process. As the downdraft gasifier requires the formation of a porous bed, so to progress the
gasification process, the dried biosolids will go through a briquetting machine and the briquetted biosolids
will drop directly into the gasifier.

The main process of gasification will take place in a downdraft gasifier, which consists of the following
zones: the drying zone, the pyrolysis zone, the combustion zone, the reduction zone, and the ash pit (for the
removal of the ash without affecting the process of the gasification) (Puig-Arnavat et al., 2010). The required
air for the gasification reactions will be injected into the system.
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Figure 2. Flow diagram of the gasification-energy production process.

The produced syngas will primarily consist of CO, H,, and CH,4, but also contaminants, such as: solid particles,
tar, sulfur, nitrogen, and chlorine. The treatment of the raw syngas for the removal of contaminants, before
entering the co-generation engine, will follow the “cold route” consisting of the following parts in sequence
(Woolcock and Brown, 2013): (i) cyclone for the removal of solid particles and tar, (ii) straight tube heat
exchanger for the cooling of syngas, (iii) granular biomass filter for the removal of solid particles and tar, (iv)
caustic or limestone scrubber for the removal of sulfur and chlorine, and (v) water scrubber for the removal
of sulfur, ammonia and tar. Following the gas treatment, a syngas analyzer and a flowmeter will be installed
to record the composition and flowrate of the treated syngas. In addition, a syngas distribution will be
installed between the cyclone and the heat exchanger to enable distribution of syngas to the following
directions: the combustion flare for the combustion of excess/unsuitable syngas, the dryer for direct
combustion, and the syngas cleaning-conditioning apparatus. All air inlets and gas outlets to and from the
gasifier, including the fuel supply section, cyclone, and combustion flare are equipped with a series of non-
return valves. Also, there are emergency deactivation measures, including the interruption of biosolids
supply to the gasifier, the interruption of gasifier air supply, and the direction of syngas to the combustion
flare, in case of malfunction. Primary sieved solids gasification-energy production system as well as the rest
pilot plant components are expected to have an overall positive environmental footprint, as the process will
enhance the performance of the WWTP, reducing simultaneously the production of municipal sludge.

Expected results

The thermodynamically required thermal energy to dry the biosolids is 20 kW, while the gasification-energy
production system is expected to supply the dryer with 34 kW, which is significantly higher. However, the
estimation of the real energy requirements of the dryer are expected to be at the same range as the thermal

energy supply.

Acknowledgements: This study is supported by the Green Fund and the LIFE project (EC): “New concept for
energy self-sustainable wastewater treatment process and biosolids management (LIFE B2E4sustainable-
WWTP)”, LIFE16 ENV/GR/000298.
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Introduction

Balos lagoon is a famous, high tourism-attracted beach and even though it is meant to be protected under
the Natura 2000 initiative, it is recently facing environmental degradation issues rooted mostly in these
high intense touristic activities (Skiniti et al., 2022). Therefore, aiming to identify the human pressure on
the area, the environmental monitoring of quality status as one parameter of addressing the region’s
carrying capacity was necessary, in order to achieve the creation of a strategy based on the region’s
sustainable development (Skiniti et al., 2022). The analysis was based on a sampling protocol in order to: a)
determine the indicators that identify the environmental status of the lagoon, and b) propose ways of
management that will contribute to its sustainable tourism development.

Materials and methods

A total of ten samplings were conducted (June, July, August, September, October 2021 and May, June, JuIy,
August, September 2022) in the Balos lagoon. In &
each sampling, two composite samples were
taken from the seawater, two from the
sediment and two from the sand. The sampling
was designed to be taken place in two cross-
sections (Figure 1) located in the lagoon area
where it is more touristy (between umbrellas
and bathers). A total of 60 samples were
analyzed in relation to hydrocarbons (TPH),
physicochemical parameters, heavy metals,
microbiological parameters, microplastics etc.
As a sampling unit for sand and sediment
samples, a 40 x 40 cm frame was used, = | A
deployed in each transect. This frame was Figure 1. Sampling design. Cross-sections (A and B)
inserted 5 cm into the substrate of each sampling used for sand, sediment and seawater sampling.

unit. A sample of approximately 500g is taken from this frame for all analyses except the microplastics
analysis. Specifically for microplastics, all sand/sediment of the frame is taken, placed in a metal container
with water, from where by floating, the lightest pieces are obtained. Then, with the help of sieves (2mm
and 53um), these pieces are separated. For seawater sampling, 1L of water is taken for all analyses except
microplastics analysis. Specifically for microplastics, 50L of seawater is passed through sieves (2mm and
53um), and the corresponding samples are taken. The laboratory analyses were conducted in the
"Hydrogeochemical Engineering and Remediation of Soils" laboratory of the Technical University of Crete.

Results and discussion
The results of the physicochemical characterization of the samples showed that the values are typical of
coastline.
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As for the results presented the density of plastic fragments and pellets calculated in different samplings, in
sand samples per sampling were found on average 19 n/m? and 15 n/m? of microplastics of >2mm and
>53um size, respectively, in sediment samples were found on average 5 n/m? and 9 n/m? of microplastics of
>2mm and >53um size, respectively, and in seawater samples 0.004 and 0.014 n/L of microplastics of
>2mm and >53um size, respectively. All of the above results were compatible with the literature. Samplings
in greek beaches of the Aegean island revealed microplastics (2—4 mm) densmes in the top 3 cm of the
subsurface ranging between 10 and 602 items/m? (Kaberi et al., 2013; 73 oy
Karkanorachaki et al., 2018).
The only indicator that it is important to take into consideration is the
existence of large amounts of tar balls or residues (sticky remnants of
oil) onto the sand, sediment and sea water (Figure 2). Marine tar
residues originate from natural and anthropogenic oil releases into the
ocean environment and are formed after liquid petroleum is -8 ; :
transformed by weathering, sedimentation, and other processes il m&\ %
(Warnock et al., 2015). Figure 2. Tar balls on the sand
of Balos beach.

Conclusions

The environmental monitoring of the quality of the Balos lagoon in Crete was conducted over a period of 2
tourist seasons, in order to determine the indicators that are important and need to be addressed with the
ultimate goal of sustainable development of the area. The only indicator that it is important to take into
consideration is the existence of large amounts of tar balls or residues onto the sand, sediment and
seawater. Further studies are required to identify the origin of the tar residues in the Balos lagoon in order
to find solutions to address it.

Acknowledgements: This publication was supported by the European Commission under the INTERREG V-A
Greece-Cyprus 2014-2020 programme, within the framework of the project CROSS-COASTAL-NET initiative,
Development of a Cross-Border Network for the Promotion of Sustainable Coastal Tourism ", Project MIS
code: 5050612. The sole responsibility for the content of this paper lies with the authors. The European
Commission is not responsible for any use that may be made of the information contained therein.
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Introduction

Antibiotics play a fundamental role in the treatment of bacterial infections. However, the number of
antibiotics able to stop a developing infection is becoming increasingly scarce due to the spread of the
phenomenon of antibiotic resistance among bacteria. While this phenomenon is traditionally associated
with public health/medical facilities, reports indicate that animal husbandry, aquaculture and urban
facilities are also associated with the spread of antibiotic resistance. Wastewater treatment plants
(WWTPs) are a particular threat through the discharge of antibiotic-resistant bacteria (ARBs), antibiotic
resistance genes (ARGs) and residual concentrations of antibiotics into downstream aquatic and terrestrial
environments. ESKAPEE bacteria (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, Enterobacter spp., and Escherichia coli) are
increasingly being linked to antibiotic resistance phenomena that threaten public health. The World Health
Organization (WHO) in 2017 published a list of antibiotic-resistant 'priority pathogens' that pose a serious
threat to human health - all bacteria belonging to the ESKAPEE group are on this list. The possession of
resistance genes by these bacteria results in the inability of essential antibiotics such as vancomycin,
methicillin, broad-spectrum beta-lactam antibiotics, carbapenems, fluoroquinolones, aminoglycosides to
work effectively.

Therefore, the aim of this study was a metagenomic quantitative analysis of the occurrence of ESKAPEE
group bacteria and antibiotic resistance genes associated with this group in municipal wastewater and river
water.

Materials and methods

Environmental samples were collected from WWTP located in the region of Warmia and Mazury in
Northern-East part of Poland (Europe). Mentioned treatment plant uses mechanical and biological
wastewater treatment systems. Additionally, WWTP receives wastewater from four hospitals, which
accounts for 2% of the total treated wastewater. Samples of untreated wastewater (UWW), treated
wastewater (TWW), as also river water collected upstream (URW) and downstream (DRW) from the
wastewater discharge point were collected to the study in June (2018), November (2018), and March
(2019). DNA of metagenome was extracted from wastewater and river water samples using the Power
Water kit (MoBio Laboratories Inc., CA, United States) following the manufacturer’s instructions. The
obtained environmental DNA from the collected samples was used for Illumina TruSeq deep sequencing
analysis. We focused on the results of species belonging to the ESKAPEE group, as well as the 400 antibiotic
resistance genes (specifying resistance to beta-lactams, fluoroquinolones and aminoglycosides) associated
with this group of microorganisms.

Results and discussion

Taxonomic analysis of the studied samples showed dominance at the species level of Acinetobacter
baumannii bacteria along with Escherichia coli. Numberger et al. (2019) indicated a more abundant
occurrence of bacteria from the family Moraxellaceae compared to the prevalence of bacteria from the
family Enterobacteriaceae in influent and effluent samples from the WWTP. The literature determining the
taxonomic structure of bacteria in wastewater showed the genus Acinetobacter as the most abundant. The
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obtained results allow us to conclude that the analyzed resistance genes were present in the highest
numbers in the untreated wastewater samples. The most abundant genes in these samples were blaGES
(2.36 ppm), blaOXA-58 (1.93 ppm), blaTEM (0.72 ppm), gnrB (0.25 ppm), and gnrS (1.08 ppm). The
literature describes the occurrence of these genes as very common in wastewater. Wang et al. (2020)
found that the blaTEM, blaOXA, and gnrS are commonly detected in European countries as well as in USA
or Canada in municipal wastewater. The application of a biological-mechanical wastewater treatment
system using activated sludge in WWTPs resulted in a reduction of the abundance of species analyzed
within the ESKAPEE group, on average by 81% (UWW vs. TWW). The literature described that the efficiency
of a WWTP treatment system can depend significantly on the type of wastewater inflow and the
fluctuations in the performance of the plant itself. The results of own research indicate that the WWTP
enabled more than a 90% reduction of the analyzed resistance genes. The obtained result of reduction of
ARGs in WWTP treated wastewater is supported by literature. A very important result of the study is the
demonstration of the river water contamination collected after the discharge of treated wastewater with A.
baumannii and E. coli bacteria and genes determining resistance to beta-lactam antibiotics (b/laVEB-1,
blalMP-1, blaGES, blaOXA-58, blaCTX-M, and blaTEM) and fluoroquinolones (gnrS). The literature presents
WWTPs as a potential source of both Escherichia coli (Osinska et al., 2017) and Acinetobacter baumannii
(Maravic¢ et al., 2016) in an natural environment such as river water. Moreover, Sabri et al. (2020) in their
work presented a similar phenomenon of river water contamination with resistance genes after the
discharge of treated wastewater. It should be noted that the inflow of analyzed WWTP in the present work
contains 2% of hospital wastewater, coming from 4 urban hospitals. It is determined that hospitals play a
serious role in the spread of ARBs and ARGs (Paulus et al., 2019).

Conclusions

Performed studies confirmed that WWTPs poses as an important role in dissemination of important ARGs
and ESKAPEE bacteria to the natural environment. In spite of obtaining a very high percentage of reduction
of the analyzed bacteria or ARGs, the results indicate the contamination of river water sampled
downstream of the treated wastewater discharge with bacteria of the species Acinetobacter baumannii and
Escherichia coli, which are important pathogens characterized by a rich resistome. Presence of ESKAPEE
bacteria with such features in the aquatic environment raises the issue of public health risk.
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Introduction

Most aquatic ecosystems are exposed simultaneously to several stressors with, most usually, synergistic
effect. Some stressors, such as water scarcity, pollution and contamination, can limit biodiversity and
economic activities in entire regions. Water scarcity especially in regions such as the Mediterranean basin
can amplify the effects of water pollution as warmer temperatures and reduced river flows will likely increase
the physiological burden of pollution on the aquatic biota. The effects of these stressors are very relevant for
the chemical and ecological status of water bodies as well as for ecosystem services’ sustainability. The
European Union water policy integrates in a balanced way the dimensions of sustainability focusing on the
water management as a framework against pollution, extreme events and climate change. Sustainable water
management, including of wastewater receptors, can further contribute to mitigation measures.

Herein, a Mediterranean case study located in Greece (Laspias river basin), frequently exhibits pollution
events. The objective of our paper is to pinpoint the most polluted areas and to assess the effects of
synergistic stressors to biota. Specifically, we evaluate its physicochemical characteristics engaged with its
ecological quality through monitoring benthic macroinvertebrates.

Materials and methods
Laspias River is located in Xanthi Prefecture, Thrace, Greece. The surface area of the basin is 212 km?, while
the river’s length is approximately 30 km consisting of Heavily Modified Water Bodies (HMWBs). It discharges
in a protected area of environmental importance (Ramsar Convention, Natura 2000 site, National Park). Geo-
morphologically, it is a mountainous-agricultural area. Both point and diffuse pollution sources are found in
the watershed. The major point sources are the wastewater treatment plant (WWTP) of the city, the
industrial area of Xanthi and several livestock units, while agricultural runoff is the main non-point source.
Samplings were conducted at dry and wet period (spring and autumn 2021) from seven sites within the
framework of the Eye4Water Project (www.eyed4water.com). Dissolved Oxygen (DO, mg/l), Water
Temperature (T, °C), Electrical Conductivity (EC, uS/cm), Salinity (SAL, ppt) and pH were measured in situ.
Concentrations of Biochemical and Chemical Oxygen Demand (BODs & COD, mg/l), Total Solids (dissolved
and suspended, TDS & TSS, mg/l), Total Kjeldahl Nitrogen (TKN, mg/l), Total Phosphorus (TP, mg/l) and
chlorophyll-a (Chl-a, ug/l) in water samples were analyzed according to standard methods (Baird et al. 2017).
Benthic macroinvertebrates were sampled using a D-shaped net according to the semi quantitative 3-min
kick/sweep method (Armitage and Hogger 1994) plus 1-min in the bank vegetation, when existed (Wright
2000). Specimens were identified mainly to family level and abundance of each taxon was noted. Finally, the
Hellenic Evaluation System 2 (HESY2) (Lazaridou et al. 2018) was used for estimating the ecological quality in
sites. A Principal Component Analysis (PCA) (Primer 6: Clarke and Gorley 2006) was applied to explore
environmental gradients and identify the explanatory variables.

Results and discussion

The monitoring routine was able to track the variety of pressures posed on the system and revealed the
burdened character of the river. In both periods, during 2021, the ecological assessment resulted in poor and
bad ecological quality (Figure 1a). Specifically, the physicochemical properties and common pollutant analysis
demonstrated values exceeding the legislation limits in many cases (91/271/EEC, 2006/44/EC, GG 356/B/26-
2-2009). Indicators describing the pollutant loads as the oxygen related ones (DO, BODs, COD), nutrient


mailto:ikagkalo@civil.duth.gr
http://www.eye4water.com/

1*" International Conference on Sustainable Chemical and Environmental Engineering
31 Aug — 04 Sep 2022, Rethymno, Crete, Greece

related ones (TKN, TP) and solids (TDS, TSS) revealed a hostile water system for aquatic life in about half the
sampling sites, especially those in the downstream part. To this compliment, the benthic macroinvertebrate
community, characterized by the dominance of tolerant to organic pollution taxa (i.e., Chironomidae,
Oligochaeta), the low biodiversity and the absence of sensitive taxa highlighted the synergistic effect on both
chemical and biological quality. Searching for a spatial pattern (Figure 1b), it seems like the river receives an
excess of loads from the landfill (L6) and gets worse after the inclusion of the WWTP effluents (L5). The
situation is aggravated following the industrial area and animal farms (L4A and 4B). Then, the ecological
quality seems to be ameliorated in site L3.5 after the inclusion of discharges from an adjacent basin and then
one weir (L2) retains water for flood control and acts as sink for pollutants, overflowing and oxygenating the
river water course up to the estuary (L1). In the PCA analysis, the samplings sites were arranged following
axis |, with BODs, TKN and TS being the most significant factors for the classification (72.2%) and axis Il with
TDS, TP and EC (10.9%), respectively (Figure 1b). There is no or little seasonal pattern with augmented flows
assisting the pollutants’ dilution effect.

=
fL) ) i
ol o0
s g \ T - a) b)
: 4 LAS_6_SPR
J
7 -
/ o
R = 05+
. f.,‘. A Beet T | o) \ LAS_4B_SPR
1 - X f ! L \
?\ L ‘vy f ” “' S \‘
r) 4 .,L 4 ! \;.-' ! .‘" *
“‘\v Las i-g.}:-u {

LAS_4B_AUT LAS_6_AUT
LAS 48 SPR
LA YLP LAS_1_SPR | as 1_AUT
LAS_2_AUT
LAS_5_SPR LAS_2_SPR
/

- LAS_35_SPR _
054, 1 } } } LAS‘73.57AUT ‘ }

2.0 15 1.0 05 0 05 1.0 15
PC1

o 25 Sk
—

Figure 1. a) Map of Laspias basin with ecological quality. b) PCA plot with physiochemical and nutrients
parameters from Laspias River during wet and dry period (sp: spring, au: autumn).

The overall picture of Laspias is characteristic of a mismanaged river receiving an excess of pollution loads,
and in several cases partially or fully untreated. Itis evident that the multiplicity effect of pollutants surpasses
the river self-purification ability and the sustainable water use should be more promoted, including advanced
nutrients’ treatment and remediation measures coupled with stricter enforcement framework and
awareness raising. These findings should be regarded as an alert for the sustainability of the entire area’s
production system (agricultural and industrial) and the national park’s prosperity.

Acknowledgements: Produced for Eye4Water project, MIS 5047246, Co-financed by Greece and the
European Union - European Regional-Development Fund
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Introduction

Wastewater from industrial operations is often polluted with heavy metals that can cause damage to aquatic
life and cause further health problems to human beings through accumulation in the food chain. Chromium
is one of the heavy metals of concern and its pollution sources include electroplating, tanning, paint and paint
industries. In aqueous solutions, chromium exists as either hexavalent chromium (Cr(VI)) or tri-valent
chromium (Cr(ll1)); Cr(VI) is about 100 times more toxic in comparison to Cr(lll). Prolonged exposure to Cr(VI)
can lead to several health issues such as dyspnea, abdominal pains, vomiting, gastrointestinal diseases and
even genetic mutations. Therefore, removal of hexavalent from wastewater is crucial before wastewater is
discharged into natural water bodies.

There are several technologies that can be used to remove heavy metals from wastewater namely
precipitation, ionic exchange, electrochemical reduction, membrane filtration and adsorption. Among these
adsorptions remains one of the most economical and widely used due to its simplicity in design and low
operational costs.

Different biomass based materials have been used for the adsorption of Cr(VI), coffee grounds, date pit,
potato peels, fruit peelings and leaves (Mutongo, Kuipa, and Kuipa 2014; Albadarin et al. 2013; Cherdchoo,
Nithettham, and Charoenpanich 2019; Chen et al. 2022). This study investigated the use of potato peels
which are widely available in many countries as a biosorbent for a low cost Cr(VI) removal technology.

Materials and methods

Potato peel waste collected from a local fish & chips shops was washed thoroughly in tap water and then
dried at room temperature. The dried potato peels were then milled into fine powder (to be referred as
potato peel powder (PPP) here forth, using a coffee grinder (Shardor CG63B, Shardor USA). PPP was stored
in sealed airtight bags until further use. In the chemical and thermal activation step the PPP was mixed with
potassium hydroxide, the chemical activation agent in different mass ratios of 1: 0.75, 1:1 and 1: 1. About
20 grams of the PPP/KOH mixtures were carefully weighed into 3 separate ceramic crucibles. A similar mass
of PPP (without KOH) was carefully weighed into the 4'" crucible. The Carbolite Muffle furnace was then
preheated to 500 °C. Once the desired temperature was achieved the crucibles were placed in the furnace.
The temperature was allowed to stabilize back to the desired temperature before a timer was for monitoring
the hold temperature was initiated. At the expiry of the hold temperature the crucibles were taken out to
cool to room temperature. The resultant biochars were then washed in distilled water to a neutral pH and
then dried in an oven at 105C before storing them in seal vials for future analysis and use. The following
nomenclature was use for naming the samples PPP_KOH_xx, where XX represents the percentage by mass
of potassium hydroxide used in the preparation of sample, for example sample with a mixing ratio of 1:1
would be PP_KOH_50 and that without KOH would be named as PP_KOH_0O.

In the evaluation of the adsorptive properties of the adsorbents, the samples were contacted with
synthetic aqueous solutions of hexavalent chromium of know concentration for a constant dosage and
contact time. The concentration of Cr(VI) remaining in solution at the end of contact time was determined
with UV-VIS spectrophotometry using method previously described by (Albadarin et al. 2013).

The percentage removal of the Cr(VI) was calculated using the equation:

Y =£=% 4100 (1)

0
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where C, and C.are the initial and final concentrations of the solution respectively, m is mass of the
adsorbent sample used and V is the volume of the solution.
The amount of the adsorbate loaded onto the sample was calculated from the equation:

ge =2V (2)

Results and discussion

The results from a preliminary study to compare the effect of chemical and thermal treatment of the potato
peel powder are shown in Figure 1. On comparing the raw potato peel (PPP) with thermally treated
adsorbent without addition of KOH (sample PPP_KOH-00) after a contact time of 300 minutes , results show
that the pristine material performed better than adsorption efficiency decrease from around 40 to 10 %.
Using potassium hydroxide as the chemical activation agent significantly improved the adsorption capacity,
for example removal efficiency increased from 10% (PPP_KOH-00) to ~ 45% for the PPP_KOH_43 sample.
Increasing the composition of KOH added to the formulation increase the adsorption efficiency.
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Figure 1. Comparison of the adsorption efficiencies of the different absorbent samples.

Conclusions

Potato peel powder was successful converted to a biochar which can be used as an adsorbent material. It
can be concluded that chemical and thermal modification of potato peel power improves the adsorption
capacity of the powder peel powder.
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This work incorporated technological values into Zn2Cr-layered double hydroxide (LDH), synthesized from
unused resources, for removal of pyrophosphate (PP) in electroplating wastewater. To adopt a resource
recovery for the remediation of the aquatic environment, the Zn2Cr-LDH was fabricated by co-precipitation
from concentrated metals of plating waste that remained as industrial by-products from metal finishing
processes. To examine its applicability for water treatment, batch experiments were conducted at optimum
M*2/M3*, pH, reaction time, and temperature. To understand the adsorption mechanisms of the PP by the
adsorbent, the Zn2Cr-LDH was characterized using Brunauer-Emmett-Teller (BET), X-ray diffraction (XRD),
Fourier-transform infrared spectroscopy (FT-IR), scanning electron microscopy/energy dispersive X-ray
spectroscopy (SEM/EDS), transmission electron microscopy (TEM), and X-ray photoelectron spectroscopy
(XPS) analyses before and after adsorption treatment. An almost complete PP removal was attained by the
Zn2Cr-LDH at optimized conditions: 50 mg/L of PP, 1 g/L of adsorbent, pH 6, and 6 h of reaction. lon
exchange controlled the PP removal by the adsorbent at acidic conditions. The PP removal well fitted a
pseudo-second-order kinetics and/or the Langmuir isotherm model with 79 mg/g of PP adsorption capacity.
The spent Zn2Cr-LDH was regenerated with NaOH with 86% of efficiency for the first cycle. The treated
effluents could comply with the discharge limit of <1 mg/L. Overall, the use of the Zn2Cr-LDH as a low-cost
adsorbent for wastewater treatment has contributed to national policy that promotes a zero-waste
approach for a circular economy (CE) through a resource recovery paradigm.
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Introduction

Wastewater from industrial operations is often polluted with heavy metals that can cause damage to aquatic
life and cause further health problems to human beings through accumulation in the food chain. Chromium
is one of the heavy metals of concern and its pollution sources include electroplating, tanning, paint and paint
industries. In aqueous solutions, chromium exists as either hexavalent chromium (Cr(VI)) or tri-valent
chromium (Cr(ll1)); Cr(VI) is about 100 times more toxic in comparison to Cr(lll). Prolonged exposure to Cr(VI)
can lead to several health issues such as dyspnea, abdominal pains, vomiting, gastrointestinal diseases and
even genetic mutations. Therefore, removal of hexavalent from wastewater is crucial before wastewater is
discharged into natural water bodies.

There are several technologies that can be used to remove heavy metals from wastewater namely
precipitation, ionic exchange, electrochemical reduction, membrane filtration and adsorption. Among these
adsorptions remains one of the most economical and widely used due to its simplicity in design and low
operational costs.

Different biomass based materials have been used for the adsorption of Cr(VI), coffee grounds, date pit,
potato peels, fruit peelings and leaves (Mutongo, Kuipa, and Kuipa 2014; Albadarin et al. 2013; Cherdchoo,
Nithettham, and Charoenpanich 2019; Chen et al. 2022). This study investigated the use of potato peels
which are widely available in many countries as a biosorbent for a low cost Cr(VI) removal technology.

Materials and methods

Potato peel waste collected from a local fish & chips shops was washed thoroughly in tap water and then
dried at room temperature. The dried potato peels were then milled into fine powder (to be referred as
potato peel powder (PPP) here forth, using a coffee grinder (Shardor CG63B, Shardor USA). PPP was stored
in sealed airtight bags until further use. In the chemical and thermal activation step the PPP was mixed with
potassium hydroxide, the chemical activation agent in different mass ratios of 1: 0.75, 1:1 and 1: 1. About
20 grams of the PPP/KOH mixtures were carefully weighed into 3 separate ceramic crucibles. A similar mass
of PPP (without KOH) was carefully weighed into the 4'" crucible. The Carbolite Muffle furnace was then
preheated to 500 °C. Once the desired temperature was achieved the crucibles were placed in the furnace.
The temperature was allowed to stabilize back to the desired temperature before a timer was for monitoring
the hold temperature was initiated. At the expiry of the hold temperature the crucibles were taken out to
cool to room temperature. The resultant biochars were then washed in distilled water to a neutral pH and
then dried in an oven at 105C before storing them in seal vials for future analysis and use. The following
nomenclature was use for naming the samples PPP_KOH_xx, where XX represents the percentage by mass
of potassium hydroxide used in the preparation of sample, for example sample with a mixing ratio of 1:1
would be PP_KOH_50 and that without KOH would be named as PP_KOH_0O.

In the evaluation of the adsorptive properties of the adsorbents, the samples were contacted with
synthetic aqueous solutions of hexavalent chromium of know concentration for a constant dosage and
contact time. The concentration of Cr(VI) remaining in solution at the end of contact time was determined
with UV-VIS spectrophotometry using method previously described by (Albadarin et al. 2013).

The percentage removal of the Cr(VI) was calculated using the equation:

Y =£=% 4100 (1)
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where C, and C.are the initial and final concentrations of the solution respectively, m is mass of the
adsorbent sample used and V is the volume of the solution.
The amount of the adsorbate loaded onto the sample was calculated from the equation:

ge =2V (2)

Results and discussion

The results from a preliminary study to compare the effect of chemical and thermal treatment of the potato
peel powder are shown in Figure 1. On comparing the raw potato peel (PPP) with thermally treated
adsorbent without addition of KOH (sample PPP_KOH-00) after a contact time of 300 minutes , results show
that the pristine material performed better than adsorption efficiency decrease from around 40 to 10 %.
Using potassium hydroxide as the chemical activation agent significantly improved the adsorption capacity,
for example removal efficiency increased from 10% (PPP_KOH-00) to ~ 45% for the PPP_KOH_43 sample.
Increasing the composition of KOH added to the formulation increase the adsorption efficiency.
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Figure 1. Comparison of the adsorption efficiencies of the different absorbent samples.

Conclusions

Potato peel powder was successful converted to a biochar which can be used as an adsorbent material. It
can be concluded that chemical and thermal modification of potato peel power improves the adsorption
capacity of the powder peel powder.
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Introduction

In recent years, with the fast development of industrialization and agriculture, the heavy metal cadmium
pollution has received extensive attention. Cadmium has the features of high migration rate, persistence and
easy accumulation, which can be migrated to the environment through run-off, irrigation, sediment
deposition, etc., and can also be transferred to the human body by the food chain (Luo et al.,2020). Several
technologies have been used to remove heavy metal ions from effluents, including chemical co-precipitation,
ion exchange, membrane filtration, coagulation, adsorption and others. Amongst them, the adsorption
technology is known as a high-efficiency method due to its effectiveness, simplicity, low cost, and
regenerable adsorption capacity.

The study focuses on removing heavy metals using aluminum phosphate. The heavy metal being targeted
is cadmium. This project assesses the potential of silicate bonded aluminophosphate composite material as
an absorbents for removal of cadmium from synthetic aqueous solutions. The removal capacity alongside the
effect of the presence of silicate and other conditions such as contact time and temperature were evaluated.

Materials and methods

20g of Aluminium nitrate and 3.611mls of phosphoric acid in a 1:1 mol ratio were weighed and added to
400 ml of distilled water. Ammonia was added dropwise to adjust the solution pH to between 7 and 7.5.
The resultant solution was left on the stirrer for 2 hours, excess moisture was filtered out and the adsorbent
was dried in the oven for 6 hours at 60°C.

A known mass of the adsorbent material was calcined at 300°C for 5 hours. The following nomenclature
was use for naming the samples SiAIPO(xx) where (xx) represents the percentage by mass of silicon used in
the preparation of sample. For example sample with a mixing ratio of 0:1 with no silicate present would be
AIPO4 and that with a ratio of (0.975:0.025) with 2.5% silicate would be named as SiAIPO(2.5).

The previous steps were repeated with the inclusion sodium silicate in different ratios to introduce the
presence of silicate in the adsorbent material. The ratios used were (0.05:0.95), (0.075:0.925) and
(0.10:0.90). For SiAIPO(2.5)(ratio 0.975:0.025), 0.16g sodium silicate, 19.31g of aluminum nitrate and
3.611ml of phosphoric acid were added to 400ml of distilled water.

To evaluate the performance of the different adsorbent samples, 50 mg of the adsorbent material was
added to 20 ml, 100 ppm cadmium solutions and agitated on the shaker for a period of 6 hours. The
concentration of Cd remaining in solution at the end of adsorption study was determined by withdrawing
1ml from each vial sample was taken and added to 9ml of water to make up a dilution factor of 10. The
resultant samples were analysed by ICP (Inductively Coupled Plasma optical emission spectrometry) to give
the final concentration of cadmium ions. The cadmium concentration in solid phases was calculated from
the equation:

(c;,—-cv
e=——
m

Where Ci and Ce are the liquid-phase concentrations of cadmium initially and at equilibrium respectfully and
both measured in mg/L. Volume of solution (L) and m is the mass of dry adsorbent used for the experiment
in grams.
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Results and discussion

From Figure 1(a) the comparison of the effect of the presence of the silicate and the non-presence of the
silicate (AIPO) was compared to select the best adsorbent ratio. It was seen that adsorbent material
SiAIPO(7.5) had the highest percentage removal of cadmium ions. The trends observed here are similar to
other results reported in literature (Chen et al. 2019). The improvement in the removal capacity could be due
changes in the surface structure of adsorbent material when silicate in introduced. The variations of the Cd?*
removal efficiency with contact time for the SiAIPO(7.5) adsorbent material were shown in figure 1 (b). The
rate of removal of cadmium removal is higher at the beginning, this is largely due to the larger surface area
of the adsorbent being available at the beginning for the adsorption of cadmium.
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Figure 1. comparison of the different adsorbent materials. (a) kinetics of the cadmium loading
on SiAIPO(7.5) adsorbent sample(b). All experiments were done using cadmium solutions with
initial concentration of 100ppm and adsorbent dosage of 2.5g/L.

Conclusions

In this study, aluminophosphate adsorbent showed a high capacity in the removal of Cd** from aqueous
solutions, and the detailed study showed that the adsorption process followed the pseudo second order
kinetic model and Langmuir isotherm. The adsorbent which performed best of all ratios SiAIPO(7.5) had the
maximum removal capacity of 52.63 mg/g. Therefore, the mechanisms of Cd? removal by aluminophosphate
could possibly due to a combination of chemical precipitation, ion exchange and surface complexation with
oxygen functional groups. The new adsorbent developed in this work show great potential for heavy metal
removal. Future studies will focus on evaluating its performance in a continuous system.
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Introduction

Olive oil production is very common in Mediterranean area, with two main produced wastes; the wet solid
“olive husk” and the aqueous “olive mill wastewater (OMW)” (Tsagaraki et al. 2007). OMW is more
complex and harmful in comparison with other industrial wastes. The discoloration of such pollutant is
crucial for its safe disposal. Until now, different physicochemical and biological techniques (Kiril Mert et al.
2010, Fezzani and Ben Cheikh 2010) aiming to the polyphenols removal with subsequent color reduction
had been tested. Sorption is characterized as one of the most promising methods for the removal of
organic compounds, that maintains the low-cost of the procedure. A fibrous clay mineral, palygorskite, is
proposed in the present study as a discoloration media for the treatment of OMW. The already known
sorption properties of palygorskite, the abundant and non-toxic nature as well as the low-cost of the
material make it a promising sorbent for the discoloration of industrial wastes aiming in their safe disposal
to the environment.

Materials and methods

A raw palygorskite sample from Grevena/Western Macedonia, Greece produced by Geohellas S.A., was
used for the performance of batch kinetic experiments investigating the discoloration of OMW. A range of
diluted samples of OMW were prepared for the examination of the effect of initial concentration, and
different sorbent dosages of palygorskite were tested for its discoloration. The optimal palygorskite dosage
of 40 g/L was further used based on maintaining low cost due to the small amount of palygorskite in
combination with its effective action in such a quantity. The effect of pH, temperature, and contact time
were also examined. The experiments were carried out in triplicate, and the results are reported as color
removal efficiency (Nandi and Patel, 2017). True color was measured with a DR3900 spectrophotometer
(Hach®) with the Platinum-Cobalt Standard Method.

Results and discussion

Palygorskite was an efficient material for the discoloration of OMW, with higher than 58.9% color removal
percentages for all the tested concentrations (Fig. 1a). The higher effectiveness of palygorskite was for
initial concentration of 2010 mg/L Pt-Co where the removal rate reached 78.8%. In concentrations higher
than 2010 mg/L Pt-Co, the free space in the structure of palygorskite is fulfilled and hence palygorskite has
the tendency to desorb the molecules. The minimum tested dosage of palygorskite (10 g/L) acts effectively
in the discoloration of OMW with 44.3% removal (Fig. 1b). By doubling the dose (20 g/L) the efficiency
reached the 71.4%. After further increasing of the palygorskite, from 40 to 320 g/L, the color removal
efficiency ranged from 78.8% to 80.5%, respectively. At those dosage ranges, the effectiveness of
palygorskite is almost stable and the removal rates differ at the error limits. Taking into consideration both
the maintenance of low cost and the minimal waste of material, the usage of 40 g/L is proposed as the
optimum dosage for the discoloration of OMW.

The most effective discoloration was observed in extremely acidic conditions, pH=2, where the value
reached 78.8%. The more acidic the environment, the more effective the color removal (Fig. 2a). It is
observed that discoloration efficiency is inversely proportional to the temperature (Fig. 2b). At 16°C the
discoloration value reached the 68.8%, while at 63°C is only 39.6%. As the differences in the discoloration


mailto:gpanagopoulos@go.uop.gr

1# International Conference on Sustainable Chemical and Environmental Engineering
31Aug - 04 Sep 2022, Rethymno, Crete, Greece

efficiency between 16°C (68.8%) and 25°C (63.8%) are on the verge of error, room temperature is preferred
to maintain low cost as the changes of the temperature require high levels of energy. The discoloration
process of OMW by palygorskite was a rapid procedure with percentages higher than 75% for the first 2
min. The color removal continuously increased for the first 60 min (80.2% discoloration efficiency), while

after that, the rhythm of the reaction was reduced due to the fulfilment of the active sites of the mineral.
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Figure 1. a. Effect of initial concentration for discoloration of OMW by 40 g/L palygorskite and b. Effect
of palygorskite dosage for discoloration of 2,010 mg/L Pt-Co OMW at pH=2, room temperature and
equilibrium contact time 30 min.
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Figure 2. a. Effect of pH for discoloration of 2010 mg/L Pt-Co OMW by 40 g/L palygorskite at room
temperature, b. Effect of temperature for the discoloration of 1380 mg/L Pt-Co OMW by 40 g/L palygorskite
at pH=2 and equilibrium contact time 30 min, and c. Effect of contact time for discoloration of 2,010 mg/L
Pt-Co OMW by 40 g/l palygorskite at pH=2 and room temperature.

Conclusions

Palygorskite is proposed for the discoloration procedure of OMW using the cost-effective adsorption
process. The color removal reached 78.8% under 30 min of contact time, extremely acidic conditions of
pH=2, that can be easily achieved as the nature of OMW is also acidic, and room temperature which
requires no energy. The optimal palygorskite dosage was 40 g/L, which is quite affordable based on
palygorskite’s abundance. The mineral could be used as an ideal sorbent for the pre-treatment or the last
step of OMWs treatment.
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Introduction

Rare earth elements (REEs) are a valuable material resource for a wide range of high-tech applications.
They are distinguished by their optical, electronic, and metallurgical properties, which enable them to be
used in the production of a wide range of sophisticated devices such as computer memories, batteries,
smartphones as well as digital versatile discs [1]. Because of their importance, a variety of technologies for
recovery and separation have been developed, including ion exchange, solvent extraction, adsorption,
precipitation, and liquid membranes [2]. Unfortunately, the recovery and separation of REEs from waste
products is a difficult process due to their similar physicochemical characteristics. As a result, several
studies have focused on the development of sustainable and cost-effective methods for their recovery from
discarded electronic devices and various waste streams. Adsorption has emerged as an effective strategy
for improving separation efficiency for REEs among these separation methods. The adsorbents may
efficiently remove REEs from aqueous solutions by using sodium alginate, chitosan, zeolite, silica, and
cellulose as raw materials.

Sodium alginate is a well-known natural anionic polysaccharide extracting from brown algae. High
biocompatibility, biodegradability, and renewable are just a few of the sodium alginate advantages.
Furthermore, the alginate structure's abundance of carboxyl and hydroxyl groups made it useful for the
adsorption of heavy metals, dyes, pharmaceutical contaminants, radionuclides, and rare earth elements
from aqueous media. Sodium alginate, on the other hand, has a low mechanical strength, stability, and
heat resistance. As a result, physical or chemical modification is frequently used to improve its suitability
for metal adsorption. Surface grafting, cross-linking, and composite with other materials are the most
common modification methods used in sodium alginate-based adsorbents. Activated carbon, graphene
oxide, inorganic or carbonaceous materials, and different other polymers have been encapsulated inside
alginate-based hydrogels in order to improve their mechanical and thermal stability and efficiency for
environmental applications [3].

The overall purpose of this study was to characterize the lanthanum(lll) adsorption performance of
alginate-based adsorbents crosslinked by calcium chloride. Specific objectives were to determine
lanthanum(lll) uptake kinetics, adsorption capacities, and thermodynamic characteristics of rare earth
elements binding to modified adsorbents.

Materials and methods

In the study, sodium alginate from Carl Roth (Germany), cellulose phosphate from Serva (Germany),
Bayoxide E33 from Lanxess (Germany), Lewatit S1080 from Merck KGaA (Germany), and calcium chloride
from Chempur (Poland) were used. The composites in which sodium alginate was the matrix and cellulose
phosphate, Bayoxide E33 and Lewatit S1080 were used as additives were synthesized. The preparation
procedure of alginate-based composites was similar to that described in the paper [4].

All batch adsorption experiments were performed under speed shaking of 180 rpm. The effect of pH
solutions (pH from 1 to 7), interaction time (from 1 to 1440 minutes), temperature (from 293 to 333 K) and
initial metal concentration (from 25 to 500 mg/dm?®) on lanthanum(lll) removal was studied. The adsorption
was evaluated in terms of equilibrium (using Langmuir, Freundlich, Temkin, and Dubinin-Raduschkevich
isotherms) as well as pseudo-first order, pseudo-second order, Weber-Morris, Boyd, and Dumwald-Wagner
kinetic models. Thermodynamic parameters and desorption abilities of composites were also evaluated.
The synthetized composites were characterized by ATR/FT-IR spectroscopy and pHp;c measurements.
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Results and discussion

The drift method was used to determine the pHp;c of biosorbents. This parameter was evaluated for
prepared alginate-cellulose phosphate, alginate-bayoxide 33, and alginate-lewatit S1080 composites and
then the results were compared with raw alginate, cellulose phosphate, Bayoxide e33, and Lewatit $S1080.
Table 1 presents the obtained pHp, values.

Table 1. The appearance and pHpzc measurements of biosorbents.
Type of biosorbents Appearance Functional groups pHpzc

Calcium alginate Carboxyl, hydroxyl 6.14

Hydroxyl, carbonyl, ether,

Cellulose phosphate = 'Mg‘-s phosphate 5.10
Bayoxide E33 . a-Ferric oxide hydroxide 7.32
Lewatit $1080 h Sulfonic 1.98

Alginate-cellulose Carboxyl, hydroxyl 581

phosphate

. . : Carboxyl, hydroxyl,
Alginate-Bayoxide E33 . RN Lide FVdroxide 6.50

carbonyl, ether, phosphate

Alginate-Lewatit S1080 Carboxyl, hydroxyl, sulfonic 2.55

The sorption of lanthanum(lll) ions was dependent on the pH of the solution. Higher solution pH
values resulted in more metal ions adsorbed on alginate-based composites. Sorption was most effective for
pH =5, with a composite mass of 0.05 g, and at 333 K. The sorption equilibrium time varied and depended
on the initial La(lll) ions concentration used. According to the kinetic and equilibrium studies, the sorption
process followed the pseudo-second order kinetic model and the Langmuir isotherm model.

Conclusions
The study showed that the synthesized alginate-based composites have high adsorption capacity towards
La(lll) ions. Alginate with the Lewatit S1080 addition was characterized by the highest sorption capacity.

Acknowledgements: This study is supported by the National Science Centre in accordance with decision
No. 2019/35/N/ST8/01390.
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Introduction

The application of anaerobic treatment requires long hydraulic retention times (HRTs) for stable operation,
negatively affecting the economic feasibility of anaerobic digestion plants (Ahring et al., 2003). The main
reason for these long HRTs is the slow conversion of soluble organic acids to methane by syntrophic
microorganisms. Specifically, the indirect interspecies electron transfer (IIET) between methanogens and
fatty acid-oxidizers with the use of hydrogen or formate as electron carriers is the most important step for
the stability of the process (Baek et al., 2018). If the partial pressure of hydrogen increased the fatty acid
oxidation via IIET will not be thermodynamically feasible resulting in digester souring and failure.

Recent studies shown that the addition of electrically conductive materials (Gahlot et al., 2020) or the
application of external voltage (Sun et al., 2020) promote the direct interspecies electron transfer (DIET). In
that case, the multiple enzymatic steps for the production of electron carriers (hydrogen, formate etc) are
not required as the electrons from the degradation of organic matter could be directly captured and
utilized by methanogens (Baek et al., 2018). Despite the significant number of studies conducted mainly
during last 5 years on the enhancement of DIET in anaerobic digesters there are still many questions which
have not been clearly answered such as the effect of the application on real wastewater, the characteristics
of conductive materials, the effect of external voltage on the process and the identification of
microorganisms which are responsible for DIET.

In this context, the aim of this study was to examine for the first time the effect of magnetite or granular
activated carbon (GAG) addition, external voltage application and their combination on the anaerobic
digestion of real dairy wastewater.

Materials and methods
The experiment was conducted in 2-L anaerobic reactors which were operated under fed-batch mode at
mesophilic conditions (35 °C). In total, three repeated batch cycles were conducted during a period of
about 30 days. The inoculum used in the reactors was originated from a full-scale anaerobic digester
treating sewage sludge (Schifflange, Luxembourg) while dairy wastewater was provided by a local dairy
industry (LuxLait, Luxembourg). The inoculum to substrate ratio (based on VS) was 2.0. Six different
configurations were examined: a) typical anaerobic digestion (AD), b) GAG addition, c) Magnetite addition,
d) voltage application, e) GAG addition and voltage application and f) Magnetite addition and voltage
application. GAC and magnetite were added in the reactors at a concertation of 10 g/L and 12mM Fe,
respectively.

Biogas production and CH4 content was monitored daily. The methane production over time was fitted
using the modified Gompertz equation (Baek et al., 2015) to interpret the experimental results and directly
compare each parameter among the different treatments:

B(t) = Byexp [-erp {%(A —-t) + 1}]

where, B(t) is the accumulated methane production at time t, Bo is the maximum methane potential (ml/g
VSS/d), Rm is the maximum methane production rate (ml/gVSS/d), e is the Euler’s number (2.718) and A is
the lag phase (d).
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Results and discussion

The parameters estimated by modified Gompertz equation during the third batch cycle are presented in
Table 1. Results shown that the addition of GAC and the addition of GAC in combination with the external
voltage application increase the maximum methane production rate (Rm) at 11.9% and 13.7%, respectively,
in comparison with the typical anaerobic digestion of dairy wastewater. In contrast, the addition of
magnetite with or without the combination of external voltage had less positive effect (2-3%) on the
maximum methane production rate. The maximum methane potential (BO) was found slightly higher (2-
5%) in the digesters contained GAC or magnetite in comparison with the typical AD. The lag phase was
found quite low (<0.35) for all digesters indicating the acclimatization of microbial communities. It is
mentioned that the addition of GAC seems to reduce the time of lag phase at a percent around 30%.

Table 1. The parameters estimated by modified Gompertz model

Reactors Bo Rm A

(ml/g VS/d) (mi/g Vs/d) (d)
Typical AD 594.1 +30.9 1854+ 1.2 0.35+0.01
GAC 607.7+0.1 207.4+4.2 0.24 £ 0.03
Magnetite 618.8+2.4 188.9+1.6 0.35+0.01
GAC + Voltage 611.8+2.7 2109+15 0.25+0.01
Magnetite + V 623.4+5.2 190.7+1.0 0.31+0.01
Voltage 618.5+17.3 186.8 + 5.6 0.30+0.01

The findings of this study are in accordance with previous works found that the addition of conductive
materials could enhance the anaerobic digestion process. Specifically, there are several works examined
the addition of GAC in doses ranged from 1 to 50 g/L. Most of them reported an increase of methane
production yield and methane production rate ranged from 0 to 390%. In this work the increase of
methane production rate observed (11-14%) was in the lower limits of previous reported. This could be
related with the use of real wastewater as substrate. Xu et al. (2015) concluded that GAC can accelerate the
degradation of simple organic compounds, but it can utilize complex materials such as proteins and
carbohydrates. It is known that dairy wastewater contains significant amounts of proteins and
carbohydrates. He et al. (2021) reported that the addition of carbon materials in anaerobic digesters
treating waste activated sludge and grease led to an increase of methane production rate between 13-22%
similar with this study.

Conclusions
The addition of GAC in the anaerobic digesters treating dairy wastewater increases the methane production
rate. Furthermore, the application of external voltage in combination with GAC addition seems to improve
further the overall performance. In contrast, magnetite addition had less positive effect on the methane
production.
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Introduction

The lack of mineral fertilizers and their ever-increasing cost force farmers to look for other sources
of nutrients to ensure soil fertility that is more economically affordable and yet safe for humans and the
ecosystem. There is the possibility of using compost. Truly biodegradable plastics should not be visible
in compost since it is specified that these plastics should not be visible after 12 weeks in the composting
process, and 90% should be mineralised after six months (Amery et al., 2020). However, parts can still be
present in the compost as micro and nano plastics.

The increased biodegradation of fine-grained PET particles was demonstrated by Farzi et al. (2020).
The article deals with the identification of the proportion of chemical compounds that identify microplastics
and additives and their ability to release them into the agqueous environment depending on the size of
the compost particles and the choice of measures to limit their migration.

Materials and methods

Research on microplastics and additives released from them was carried out at the OZO Ostrava composting
plant. OZO Ostrava uses only municipal green waste from the maintenance of urban greenery and brown
bins containing biowaste from individual housing in Ostrava (Czech Republic) as feedstock. The composting
plant processes up to 15,000 tonnes of biowaste/year. Composts were collected during 2022. Microplastics
and additives were monitored both in the matured compost (after six months) and during the composting
process in the input material and after six weeks of maturation.

Microplastics were determined by pyrolysis chromatography with mass detection, which allows the
analysis of individual components forming plastics and their additives in the dry matter and in the aqueous
leachate. Analyses were carried out for individual granular grades of compost, which were prepared by sieve
analysis according to EN 15428 “Soil improvers and growing media — determination of particle size
distribution”. In addition, phytotoxicity tests were carried out to assess the effect of microplastics and their
additives on plant growth, and a germination index (Pane et al., 2015) for watercress and white mustard was
determined. In addition, leachable nutrient forms (N-NH,*, K*) were determined in the aqueous leachate
according to I1SO 14911:2019 and dissolved organic carbon (DOC) and nitrogen according to I1SO 20236:2018.

Results and discussion

Matured composts made from urban greenery contain microplastics (PET — polyethylene terephthalate,
PE — polyethylene, PP — polypropylene, and PS — polystyrene) in a concentration of 40—80 mg/kg and
additives in a concentration of 50 — 100 ug/kg. The input material for composting contains 500 — 800 mg/kg
of microplastics and 186 — 320 pug/mg of additives. The following plastics have been identified in the most
considerable quantities in matured compost: PET > PS > PE > PP.

PET relics are present in the highest amount in composts, which make up 50% of microplastics;
approximately 20% are PE and polystyrene PS. The highest concentration of microplastics was found in the
grain size class of 0.31 — 0.63 and 0.63 — 1.25 mm. The highest concentration of additives was found in class
0.31 -0.63 mm, which is also about 1.8 times higher than the concentration in the total sample. The highest
yield by weight of 20% was found in the grain size class 1.25 —2.50 mm and 19% in the class 2.50 =5 mm.
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A maximum of 15% of the total content of chemical compounds identified in the dry matter passes into the
aqueous leachate. Most PET compounds are released into the aqueous environment, the smallest amount
of compounds is leached from PE (0.5 —5%). The relationship between carbon content in compost and
microplastics has not been demonstrated. The mechanism of decomposition of biogenic organic matter and
microplastics is different.

The leaching analysis has not confirmed that the leaching ability of additives and microplastics is affected
by grain size. The leachability of additives ranges from 1 to 33%. Some additives have shown a statistically
significant dependence between the content in dry matter and the leachability (7,9-Di-tert-butyl-1-
oxaspiro(4,5)deca-6,9-diene-2,8-dione, butylated hydroxytoluene, n,n dibutyl formamide, and
for phthalates, only diisobutyl phthalate). The leaching of additives is affected by the leaching of soluble
organic carbon. A statistically significant dependence has been shown to confirm that higher leachability
of DOC reduces the leachability of additives. The presence of humic acids (the main component of DOC) limits
the leaching of additives.

A germination index of 68% was found for compost sampled in March 2022 with a total microplastics
content of 4,000 mg/kg, and for composts (May 2022) with a total microplastics content of 2,400 mg/kg, the
germination index for watercress was higher (87%), which characterises the better properties of the compost.

Conclusions

Repeated analyses have found that during the composting process, the highest accumulation of microplastics
occurs in the 0.63 —1.25 mm grain size class. No relationship between the extractability of additives and
the grain size has been demonstrated, but for some compounds, a statistically significant relationship
between the concentration in dry matter and the extractability has been demonstrated. For identified
phthalates (endocrine disruptors), this relationship has only been confirmed for diisobutyl phthalate.
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Introduction

Tirupati is one of the famous tourist places in India. So, safe drinking water is priority. Therefore, to handle
ground water contamination and to aware the people in the area of Tirupati, in present paper, research was
conducted with the goal to estimate water quality by using physico-chemical parameters and analysis of
pesticides with analytical technique (GC-MS) of ground water in and around Tirumala, Tirupati located at
Andhra Pradesh State of country India. For this estimation, ground water samples were collected from
different locations of Tirupati i.e., Sri Padmavati Mahila Visvavidyalayam (Women’s University),
Mallamgunta, LB nagar, Singalagunta, SV University, Perumallapalli, Settipalli, AK palli, Srikrishna nagar,
Gandhipuram, Pathalaganga, Cherllopalli areas and water quality parameters (alkalinity, pH, Total Hardness,
chloride, calcium, potassium, and silica) were tested. Based on the physico-chemical parameters obtained it
can be concluded that water was good like Tirumala patahlaganga were found be within the standard limits
set by WHO so it is pure water without any contaminants.RO water doesn’t contain any contaminants it is
free from dissolved solids, ions so it is pure and clean water. Ground water sample which is collected from
Tirupati area is less polluted than surface water sample so it is pure when compared with tap water. Hence,
drinking water pollution should be Controlled by the proper environment management plan. Ground and
surface water of this area should be treated to Make suitable for drinking and to maintain proper health
Conditions of people living in this area. Among all sample which is collected from ground water from the
fields of Settipalli area exceeded the standard limits set by WHO and BIS which suggests poor water quality.
The present study reported the contamination status of diclorvos, methyl parathion, parathion, malathion in
ground water of Tirupati in Settipalli, Andhra Pradesh, India. In agriculture, pesticides are frequently viewed
as a quick, simple, and low-cost option for controlling weeds and insect pests. The results obtained from the
present study shall be useful in future management of the Ground Water in Tirupati area.

Methods and results

Table 1. Experimental results for the physico-chemical parameters in study area with methods used.

S Parameter and
) Methods used for S1 S2 S3 S4 S5 S6
No .
Analysis
Colour (Visual
1 . colourless | colourless | colourless colourless colourless colourless
comparison)
2 odour odourless | odourless | odourless odourless odourless odourless
3 appearance clear clear clear clear clear clear
Conductivity
4 (Conductivity 744 199.9 614 485 325 648
meter)
g | Turbidity (Turbidity 21 16 17 2.2 2 1.9
meter)
6 pH (pH meter) 6.78 8.2 7.3 8.5 7.2 8.2
7 TDS 836 260 487 383 271 515
8 Dissolved oxygen 2.56 1.28 3.584 2.688 3.712 2.56
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9 Acidity (Titrimetric 60 130 110 40 90 100
method)
10 | Alkalinity 542 480 490 380 350 560
(Titrimetric method)
11 Temperature 28.7 28 29.6 31.6 28.6 28.9
(Thermometer)

Table 2. List of ions and time windows used for SIMEI-MS detection, retention times and regression results
for the analytes

Compound Starting m/z Retention Regression equation r Linear range
P time/min time (min) g 9 (mg/1)
Dichlorvos 4 109, 79, 185, 220 4.82 y=1x107x + 129629 0.9967 0.01-2.00
Methyl _
parathion 8 109, 263, 125 8.85 y=1x107x - 636386 0.9820 0.01-2.00
_ 125, 93, 173, _ _
Malathion 9 127,285 9.21 y=1x107x + 2863160 | 0.9928 0.01-2.00
Parathion 9.35 109,125, 155, 9.46 y=1x107x + 83557 0.9900 | 0.0055-1.10
139, 291
Conclusions

The water of Andhra Pradesh and Tirupati region are Studies for various physico-chemical properties. The
study Was carried out by collecting water ground water from this Region. Based on physicochemical analysis
of ground water samples gathered in several Tirupati location.

From the observations it can be concluded that the concentration of turbidity, conductivity, total acidity
content, Dissolved oxygen are within the limits but only sample which is collected at ground water in fields
exceed the standard limits set by WHO and BIS which suggests poor water quality in these water sample
(settipalli). The sample which is collected at Tirumala (patahlaganga) were found be within the standard limits
set by WHO so it is pure water without any contaminants. RO doesn’t contain any contaminants it is free
from dissolved solids ,ions so it is pure and clean water. Ground water sample which is collected from Tirupati
area is less polluted than surface water sample so it is pure when compared with tap water.

Hence, drinking water pollution should be controlled by the proper environment management plan.
Ground and surface water of this area should be treated to Make suitable for drinking and to maintain proper
health Conditions of people living in this area. The present study reports the contamination status of
diclorvos, methyl parathion, parathion, malathion in ground water in Tirupati sample (settipalli), Andhra
Pradesh, India. In agriculture, pesticides are frequently viewed as a quick, simple, and low-cost option for
controlling weeds and insect pests. Pesticide use, on the other hand, has a huge environmental cost.
Pesticides have infiltrated nearly every aspect of our ecosystem.

Acknowledgements: This study is supported by Sri Padmavati Mahila Visvavidyalayam, Tirupati, Andhra
Pradesh, India.
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Introduction

Some of the most common plastic wastes are composed of high density polyethylene (HDPE), low density
polyethylene (LDPE), polystyrene (PS), polyvinyl chloride (PVC), nylons and polypropylene (PP) (Dogan M.
2021). These residues are very stable and resistant to degradation due to the hydrophobic character of their
polymer chains and high molecular weight. They are therefore a major environmental pollution concern.

Among the main degradation mechanisms of plastics we can mention biodegradation, photodegradation,
thermal degradation and environmental erosion. Photodegradation with UV light is considered one of the
most important causes of ageing in plastics (Wang C. 2020) and, in this regard, the number of publications
dealing with this topic has increased significantly in recent years (Andrady A.L. 2022). However, despite the
large number of reported results, there is a lack of studies analyzing the influence of extended UV radiation
exposure times. In addition, most studies only analyze the degradation of one type of polymer, which
prevents comparative results on the influence of ageing conditions on polymers of different nature. In this
study, the effect of 7 months UV radiation aging on the chemical and morphological properties of the HDPE,
LDPE, PS, PVC, nylon and PP has been analyzed in detail.

Materials and methods
HDPE, LDPE, PS, PVC, nylon and PP were procured from Sigma-Adrich. Artificial photooxidation studies
were carried out with two UV-B lamps (UVB-150) with an irradiance of 0.6 mW/cm? from 0 to 7 months
(Figure 1). According to Rafieepour A. 2015, a correlation has been made between time of artificial UV
light irradiation with time of sun exposure. Polymers exposed to UV-B radiation were characterized by
Fourier Transform Infrared spectroscopy (FTIR), Raman spectroscopy, Differential Scanning Calorimetry
(DSC) and Scanning Electron Microscopy (SEM).

Artificial UV doses results were
( uvB O compared with sun UV light

@_LT@ @%‘9 @EB 0 we.. ...140 years

Figure 1. Photodegradation experiment setup.
Results and discussion
As an example, structural changes of HDPE were characterized by FTIR (Figure 2). The peaks around 2915
and 2848 cm™ show the stretching vibration of CH, (asymmetric and symmetric vibration respectively). The
band at 1462 cm™ represent the bending vibrations of CH, and the band at 713 cm™ corresponds to the
rocking vibrations of CH,. The modification of the spectra during photooxidation indicate that carboxylic acids
(1713 cm™?) are formed at 40 years, and the formation of double bonds (1640 cm™) and hydrogen-bonded
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alcohols and hydroperoxides (3420 cm™) are formed at 100 years. This is associated with a decrease in the
bands at 2915 and 2848 cm™. This is in accordance with the changes of surface morphology (SEM) where the
surface of treated HDPE presented rough texture from 40 years. However, there are no changes in Raman
spectra, suggesting that the structural changes are not affecting the bulk structure, only the surface. For
LDPE, PP, PVC and PS alterations also appear during UV irradiation in the region of 1600-1750 cm™ (-c=c-,
>c=0). In the case of nylon, it is the polymer that degrades earlier, and from the first moment, the
characteristic FTIR peaks of secondary and tertiary amines disappear.

RAMAN SEM FTIR
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g 6 months N/
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Figure 2. FTIR, RAMAN and SEM of HDPE with varying degradation time.
Conclusions

In this study, UV irradiation time of six types of conventional plastics (HDPE, LDPE, PP, PVC, PS and nylon)
was carried out over a period of 7 months. The infrared spectra and the SEM results showed the
characteristics of plastic degradation with time, such us fractures and pits. PP, HDPE and PVC are considered
to be more stable than LDPE, PS and nylon. These results will allow scientists to identify the degradation
period of plastics in the environment, therefore these results are of great interest and applicability in this
field.
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Introduction

In the midst of countless possibilities for exploring sustainable and highly efficient technologies for
environmental remediation, heterogenous photocatalysis is widely considered as one of the most promising
approaches. In particular, two-dimensional (2D) semiconductors, such as polymeric graphitic carbon nitride
(g-CsN4), with tunable optical and electronic properties and quasi-resistance-free lateral charge transfer
mechanisms, hold tremendous potential in photocatalysis. Additionally, constructing 2D/2D van der Waals
heterojunction by allies of 2D carbon nitride sheets and other 2D semiconductors like tungsten disulfide
(WS,) can further promote the separation of photogenerated charge carriers, with significantly improved
visible photon absorption.

Materials and methods
Melamine (99%) (CsHsNg), thiourea (CH4N>S), sodium tungstate (Na,WOQ,), tetracycline (TC), isopropanol,
sodium azide, potassium iodide were procured from Sigma Aldrich. All the chemicals were of analytical
grade and used without further purification. Distilled water (DI) was used throughout the experiments.
g-CsN4 and g-C3N4/WS; composites were synthesized via a one-step calcination method. In brief, 10 g
of melamine was exposed to a high temperature of 550°C for 4 h in a muffle furnace with a temperature
ramp of 5°C/min. The obtained material (pale-yellow color) was cooled naturally and ground into a powder
with the help of an agate mortar and pestle. To prepare the composite sample, different masses of Na,WO,
were first mixed with 5g CH4N,S and 60 mL distilled water and then sonicated for 30 min to prepare a
uniformly-dissolved solution. The mixed solution was then dried at 105°C until complete evaporation of
water. Thereafter, each precursor was uniformly ground and calcined in a muffle furnace at 550°C for 2 h
at a heating rate of 15°C/min and cooled to room temperature. The cooled samples were uniformly ground
and washed several times with deionized water to remove sodium ions. By keeping the concentration of
g-C3N4 constant and altering the concentration of Na,WOQ, in the reaction medium, four different types of
g-C3N4/WS,; were developed, labelled as ‘g-CsN4/WS,-1’ (0.05), ‘g-C3Na/WS»-2’ (0.1 g), ‘g-C3Na/WS,-3’ (0.5
g), ‘g-CsNa/WS,-4’ (0.7 g), and ‘g-C3N4/WS,-5’ (1 g), respectively, depending on the mass of Na,WO, used
during synthesis

Results and discussion

1.Instrumental characterization

The SEM image of the as-synthesized composite materials showed stacking layers of g-CsN4 upon which WS,
was loaded, as shown in Fig.1a. XRD peaks were observed at 26 of 13.3° and 27.3° for gCsN4 and at 33.4° and
59° for WS,, respectively (Fig.1b). FTIR fingerprints showed peaks from 1200 cm™*to 1600 cm™, which can be
attributed to the stretching vibration modes of C-N and C=N heterocycles of g-C3N4 and another sharp peak
at 660 cm representing W-S stretching vibration (Fig.1c). Raman spectra of the samples showed multiple
peaksat473 cm™, 581 cm™, 701 cm™, 981 cm™?, 1105 cm™,1233 cm™, 1492 cm'?, 1613 cm*of g-CsN4 and peaks
only at 370 cm™ and 410 cm™ for WS;(Fig.1d).
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Figure 1. (a) SEM image (b) XRD patterns (c) FTIR spectra and (d) Raman spectra of g-C3N4/WS; composite
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2.Photocatalytic performance

The photocatalytic activity of the hybrid material was determined by analyzing the degradation of model
pollutants like tetracycline (TC). The photodegradation efficiency under visible light of the as-synthesized
nanocomposites with respect to pure g-CsN4 and WS; is shown in Fig.2a. After 30 minutes of adsorption-
desorption equilibrium in dark, the pure g-CsN4 and WS, reported photodegradation efficiency of 63% and
65%, respectively, when the TC solution was exposed to visible light. Meanwhile, the g-C3N./WS;-5
nanocomposite attained the highest photodegradation efficiency of 90.15% after 2 h of irradiation amongst
all the tested sample.

3.Reactive oxygen species (ROS) Analysis

Various scavenger additives were used to evaluate the degradation mechanism in order to identify the
radicals that were involved in the degradation process (Fig.2b). Potassium iodide, scavenger for holes (h*),
reduced the photodegradation efficiency to 50% while isopropyl! alcohol, scavenger for hydroxy radical (OH')
suppressed the photodegradation efficiency to 65%. In addition, sodium azide reduced the degradation
efficiency to 68% which also indicated the involvement of singlet oxygen radical (‘Oy) in the degradation
process.

18

0 3 8 30 120 150 180 210 240
Time (min) Time (min)

Figure 2. (a) Photocatalytic degradation of tetracycline, and (b) photocatalytic degradation of tetracycline in
the presence and absence of various ROS scavenger additives by the as-synthesized g-CsN4/WS, composites

4.Toxicity of the oxidation end products

The potential toxicity of the oxidation by-products formed during the TC photodegradation process was
determined using the resazurin assay. The untreated TC solution with a concentration of 10 mg L™ showed
obvious toxicity toward E. coli, as the blue color of resazurin remained unchanged. However, resazurin
underwent florigenic change from blue to pink after photocatalytic treatment, suggesting that the TC
photocatalysis by-products and derivatives did not exert considerable toxicity. The effective reduction in
toxicity implies that g-C3N4/WS; may be a viable photocatalyst for treatment of TC contaminated waters.

Conclusion

In summary, a series of g-CsN4/WS, nanocomposite were prepared by a facile one-step calcination method
for the removal of tetracycline. The highest photodegradation efficiency recorded was 90.15% by g-
CsN4/WS;-5 under visible light irradiation. The ROS species analysis indicated that the creation of holes and
hydroxy radical significantly influenced the degradation rates. Besides, the ecotoxicity evaluation depicted
that the end products from the photodegradation of TC were non-toxic.
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Introduction

In recent years, traces of different organic compounds have been increasingly detected in surface and
groundwater. These compounds are called micropollutants and include various categories such as
pharmaceutical compounds, personal care products, and endocrine disruptors. Conventional treatment
methods have proved inadequate to minimize them, and many researchers have turned their attention to
new advanced wastewater treatment methods [1].

Among new technologies, advanced oxidation processes (AOPs) are prevalent. AOPs are physicochemical
technologies based on creating very active oxidizing species - radicals for decomposing organic compounds.
Several of these processes, such as the Fenton reaction, produce these active species by activating well-
known oxidants such as hydrogen peroxide or persulfates. However, since a) the hydrogen peroxide exists
in liquid form and ii) has a relatively low lifespan, the flexibility of the peroxide-based process is limited, and
it becomes difficult to use the abovementioned processes in applications such as decentralized systems [1].
Therefore, this work proposes an approach to overcome the above problems by studying the in situ
production of hydrogen peroxide using electrochemistry and relatively inexpensive carbon-based materials
in the absence of precision metals and their combination with mature technologies such as Fenton reaction
or ultraviolet radiation for the destruction of emerging contaminants.

Materials and methods

Unless otherwise specified, all reagents were obtained from Sigma-Aldrich and were used as received.
Carbon cloth (CC) from Fuel Cell Earth (Wobum, MA, USA), carbon black (CB) from Cabot Corporation
(Vulcan XC72, Billerica, MA, USA) and Nafion N117 from lon Power Inc (New Castle, DE 19720, USA).

The electrochemical reactor was a dual-chamber cell (H type) made from PYREX with a working volume up
to 120 ml for each compartment. The two compartments were separated with aN ion-transfer membrane,
(silica frit ROBU VitraPOR Quartz filter disc, Por. SGQ5, diameter 25 mm, thickness 2 mm, amorphous
porous silica). Current-voltage measurements were performed with an Autolab potentiostat PGSTAT128N
(Utrecht, The Netherlands). A graphite plate (9 cm?) served as the anode and a carbon black/carbon cloth
electrode as the cathode

Construction of the CB/CC air electrode: The CB/CC electrode was made of carbon cloth, cut in pieces which
provided a functional area of 9 cm?, and covered on one side with a layer of mesoporous carbon. For this
purpose, we prepared the following paste based on carbon black: 0.3 g of carbon black was mixed with 8 ml
of distilled water by vigorous mixing in a mixer until it became a viscous paste. This paste was mixed with
0.1 ml polytetrafluorethylene (Teflon 60% wt. dispersion in water) and then applied to the carbon cloth.
This has been achieved by first spreading the paste with a spatula, preheating for a few minutes at 80 °C
and finally heating also for a few minutes in an oven at 340 °C. Then the above procedure was repeated
once more. In this way, a hydrophobic gas diffusion layer was developed on the carbon cloth [3].

Hydrogen peroxide concentration was measured using the potassium titanium oxalate titration as
described in a previous study [3], and Sulfamethoxazole was measured using Waters Alliance HPLC
equipped with a Photodiode Array detector at 270 nm using a Kinetex column (C18 100A, 150 mm x 3 mm,
2.6 um particle size) purchased from Phenomenex.
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Results and discussion

In a preliminary set of experiments, the electrosynthesis of hydrogen peroxide over a carbon black/carbon
cloth electrode in a dual-chamber reactor operated in batch mode was investigated using almost neutral
conditions (pH 6) and 0.1 M of sodium sulfate as the electrolyte, and the results are depicted in Figure 1.

O gt

Time, men

Figure 1. Production of hydrogen peroxide using Carbon Black/Carbon Cloth cathode, 0.1 M
Na2504, pH 6 and 2 V.

As shown, the system produced more than 140 mg/L of hydrogen peroxide in less than 150 minutes, while
the rate of hydrogen peroxide formation decreased after 120 min. According to preliminary experiments,
100 mg/L of hydrogen peroxide in combination with a )5 mg/L Fe?* or 8 Watt UV-C lamp could degrade 500
ug/L of the antibiotic sulfamethoxazole in less than 60 minutes; however, further optimization is needed in
this direction. In future work, the system will operate in continuous mode to examine it's stability, where a
part of the produced hydrogen peroxide will be used for the removal of different classes of micropollutants
and pathogens (disinfection)

Conclusions

The electro-production of hydrogen peroxide using cheap and abundant carbon-based material is an
interesting option to allow the application of advanced oxidation processes in decentralized facilities.
According to the preliminary results, the proposed system can generate peroxide in concentration relevant
to the degradation of micropollutants using mature processes like Fenton reaction or UVC/H202. However,
additional research is needed to study both the efficiency and stability of the system under continuous flow
and a wide range of operating parameters
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Introduction

Contaminants of Emerging Concern (CECs) have raised scientific awareness worldwide in recent decades,
because they can have toxic effects on ecosystems and human health. Many chemical products used in
daily life contain CECs. These include pharmaceuticals and personal care products, plasticizers, food
additives, etc. One of the main sources of their release into the aquatic environment is wastewater, as
conventional techniques are unable to mitigate them. Therefore, advanced treatment processes have come
to the fore, including adsorption on activated carbon [1] or biochar [2], photocatalysis and Fenton
processes [3] and persulfate activation by transition metals [4]. Among transition metals, nano zero valent
iron (nZVI) is promising as it not only has the ability to act as a catalyst for radicals’ generation, but also has
reducing and adsorptive capabilities. In addition, the small particle size contributes to its high reactivity.
The objective of the present study is to evaluate the performance of a nZVI column system with respect to
the removal of diclofenac (DCF) and bisphenol-A (BPA).

Materials and methods

The fabrication of the nanocomposite material (R-nFe) is based on the method developed by Toli et al.,
2018 [5]. The main idea is the adsorption of trivalent iron into the resin due to electrostatic attraction and
the subsequent reduction of iron to the elemental state by the action of polyphenols derived from green
tea extract. Column experiments were conducted to investigate various operating parameters such as
contact time, initial pollutant concentration, initial pH of the wastewater matrix, synergistic effect of an
oxidative reagent, namely sodium persulfate (PS) and the effect of concentration of PS. In the first period of
operation, the columns were connected in series to test the effects of four different contact times (2.2, 4.4,
6.6 and 8.8 min) and initial concentration (1 and 5 pg/L). In the second period of operation, where the
columns were working in parallel, the effect of the initial pH set at the acidic value of 3.5 and the effect of
adding PS at two different concentrations (1 and 5 mM respectively) were studied. The wastewater matrix
was tertiary effluent with a flowrate of 26 L/d, while the flowrate of the sodium persulfate solution was 1.2
L/d.

Results and discussion

The results showed that the initial concentration of the target compounds plays an important role in the
removal efficiency of DCF, as the increase from 1 to 5 pg/L contributed to lower removal rates and the
earlier occurrence of breakthrough. In contrast, this was not the case for BPA, as the removal efficiency
increased with the higher concentration, showing that saturation of the active sites has not yet been
reached.

The contact time appeared to have a small positive effect on the removal efficiency of the target
compounds and even at the highest contact time tested of 8.8 min, the longevity of the treatment process
could not be established as breakthrough occurred after 3 days for DCF and 8 days for BPA (results not
shown). Adjusting the pH of the influent wastewater matrix to the acidic value of 3.5, showed improved
behavior of the system (Fig. 1), as the Fenton mechanism could take place due to the availability of H* and
enhanced iron corrosion. However, this modification was also limited to a few days of operation and the
addition of an oxidative reagent seemed necessary. Sodium persulfate together with nZVI can generate
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sulfate radicals which have a high redox potential (Eo=2.5-3.1 V) and can oxidize the recalcitrant compounds
tested. In addition, both PS concentrations tested, 1 and 5 mM respectively, showed high removal rates of
the target compounds (Fig. 1), leading to the conclusion that 1 mM might be the optimal concentration
from a technical point of view. The application of 1 mM PS at a contact time of 2.2 min, ensured the
successful long-term performance of the system, which achieved removal efficiencies of 61-93% for BPA
and 70-95% for DCF during 30 d of continuous operation, showing that this combined technology could be
a promising solution for the elimination of CECs from wastewater.

Diclofenac, CT= 2.2 min Bisphenol-A, CT= 2.2 min
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Figure 1: The effect of pH adjustment to the acidic value of 3.5 and the effect of PS concentration on the
removal efficiency of Diclofenac (a) and Bisphenol-A (b).

Conclusions

The synergistic effect of R-nFe with sodium persulfate under acidic conditions could be a promising post-
treatment for the elimination of CECs from wastewater. Not only the safe discharge into the aquatic
environment, but also the safe reuse of the reclaimed water according to the principles of circular economy
is an important issue that should be addressed.
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Introduction

The presence of antitumoral drugs is dominant in municipal and hospital
wastewaters with a major impact on the natural environment. CPT-11
(Irinotecan, Fig 1) is a chemotherapeutic agent which can be used for various §
cancer types and has been extensively studied in the last years (Gianni et al., Q :
2019). Therefore, 45-63% is excreted as a parent drug by the human body,

concluding to wastewater and further the groundwater (Slatter et al., 2000). l" e -
On the other hand, halloysite is a clay mineral that has been extensively tested % 4
for its sorption properties due to its nanotubular morphology, the

combination of negative outer (octahedral, O) surface and positive inner

(tetrahedral, T) surface charge of its crystals, its high specific surface area and > * |

the low cost (Gianni et al., 2019). In the present study, the adsorption energy QM&
and interactions among the halloysite and all forms of CPT-11 (neutral, anionic ~ *+ ©

and cationic) (Di Nunzio et al., 2018) were investigated by the ab initio Density Figure 1. (a) Cationic,

Functional Theory (DFT) method for the potential use of this mineral as a (b)Neutral and (c)
sorption medium for drug removal from wastewaters. Anionic form of CPT-11

Materials and methods

Halloysite model was created as 3a x 2b x 1c of the elementary cell published by Mehmel (1935). To keep
the neutral charge of the whole system, the substitutions were done if necessary (Si‘”/AI3+ for the negative
surface of halloysite and APY/Ti* for the positive one). Six initial models were created (Fig 2): 1. Negative T
sheet interacted with the cationic form of the drug, 2. Neutral O sheet of halloysite interacted with the
aromatic ring of the neutral drug molecule, 3. Neutral O interacted with the carboxylate group of the
neutral drug molecule, 4. Neutral T interacted with the aromatic ring of the neutral drug molecule, 5.
Neutral T interacted with the carboxylate group of the neutral drug molecule, and 6. Positive O interacted
with the anionic form of the drug. It must be highlighted that these periodic models represent ‘a planar
structure of halloysite’ or a curved structure with infinite radius.

The study of models was performed using the ab initio DFT method involving dispersion corrections
using D3 scheme (Grimme et al., 2010) implemented in the VASP program (Kresse&Hafner, 1993) first time.
The computational cells were fully optimized.

The adsorption energy (AEads) of the models was calculated according to the reaction scheme:
AEads = ETotal - (EHal+Wat+ Elrin)

where Eroiqi-total energy of the system, Enawac-total energy of halloysite and water molecules

excluding irinotecan molecule and E-in-total energy of irinotecan molecule.

Results and discussion
Table 1. Total and adsorption (AE .z5) energies of the optimized models [ki/mol].
Model 1 2 3 4 5 6
Total energy -188381 -188145 -188181 -188183 -188279 -189675
-573 -54 -85 -37 -138 -320
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The energetically preferred system (6) includes the anionic form of CPT-11 interacting with the O surface of
the halloysite (-189675 kJ/mol). The anionic form of the drug exists only in strong alkaline pH
environments. The total energy of the cationic CPT-11 (1) interacting with the outer T surface of halloysite
is also low (-188381 kJ/mol), and this system is due to mutual electrostatic interactions more stable than
systems containing the neutral form of the drug (2-5). When the drug is in the neutral form, it preferably
interacts through its carboxylate group with the octahedral surface of the halloysite (-188279 kl/mol).

Based on the adsorption energy (Table 1), the most stable system is when the drug is in the cationic
form (1/-573 kJ/mol), which is the most common form in neutral and acidic conditions. The high stability is
caused by the presence of C-H--Ob H-bonds (Ob - basal oxygen) that are stronger than every other type,
and they directly interact with the T surface of the halloysite. Moreover, the presence of very strong “non-
direct” hydrogen bonds, which support the anchoring of drugs on the halloysite surface, is crucial for the
stability of the system. Model 6 also has high adsorption energy (-320 kJ/mol) due to electrostatic
interactions, weak C-H---Oo bonds (Oo - oxygen of O sheet), strong “non-direct” H-bonds and strong Oo-
H---:Oi bonds (Oi-oxygen of irinotecan) which probably enhance the interactions in the system. In the case of
a neutral drug, weaker interactions exist in the systems. However, this is not a problem as in nature, drug
tends to convert into ion depending on the conditions of the surrounding environment. Although, when a
neutral drug interacts with halloysite, the carboxylate group of CPT-11 is the one that interacts with the
mineral and is preferable with the octahedral surface of halloysite.

L L ’ 3 " 5 6

1 ) ]“ 2 < { X 4 T ".-_( K
e 6 . e 0 X x

. J )V $ ¥ (Y Y

’ A / " ( .

\/ — f}‘/ <X 7~ 3 y

A s Y S Z)
P A P o P e EA T NS L. /

Horohote. TR0R00. alisiellol IO, “SONIYY SR
Figure 2. Optimized models.
Conclusions

The analysis of the calculated results revealed that halloysite mineral is suitable sorbent for treatment of
wastewater polluted by CPT-11. Based on the values of adsorption energies, all potential forms of the CPT-
11 drug (anionic, cationic and neutral) produce stable systems with halloysite. The cationic drug is the most
stable, thus the halloysite can be an ideal sorbent for acidic and neutral waste waters.
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Introduction

Many of the new generation fuels, although more sustainable, share some of the problems inherent to fossil
fuels. Depending on the biomass/material that originated them, they can present different contaminants
that can lead to environmental problems. Sulfur is one of the most common and problematic contaminants
in fuels. It is released into the atmosphere in the form of SO, leading to the formation of acid rains, which
cause drastic environmental and infrastructural problems, as well as several types of health issues. High sulfur
concentrations in fuels also result in a loss of efficiency of motors and energy generation systems, mostly due
to corrosion and catalyst poisoning.

The current thermochemical desulfurization process, hydrodesulfurization (HDS), is energy demanding,
pollutant and has low efficiency against more complex organosulfur molecules. This led researchers to look
for new alternatives. Biodesulfurization (BDS), is, as the name implies, the biological removal of sulfur from
fuels using microorganisms as living biocatalysts. If correctly employed this process could be more efficient
and less pollutant, since microorganisms directly target the sulfur atoms, even those present in complex
molecular structures, such as dibenzothiophene (DBT). Moreover, microbial activity occurs at much lower
temperatures and pressures, without the need for metal catalysts, resulting in a lower energy demand.

While BDS is a promising technology, it is still at a low development stage, mostly due to some bottlenecks,
which have been hindering its large-scale application. Similarly, to other biotechnological processes, it
presents lower reaction rates, when compared to HDS, since it depends on the use of living organisms as
catalysts. Furthermore, it must be performed under conditions that allow the microorganisms to maintain
biological activity, limiting the range of applications. These conditions vary greatly depending on the
microorganism selected, and their optimization can significantly increase the biodesulfurization activity of a
biocatalyst.

Traditionally, most optimization work has been performed under conditions ideal for bacterial growth,
without taking into consideration the conditions that the biocatalysts will be subjected to when in contact
with actual fuels in a refinery environment. To better understand microbial behavior and increase BDS
activity, it becomes fundamental to study how these microorganisms respond in biphasic systems, if high
hydrocarbon ratios and lower water availability are tolerable, and how to compensate for any metabolic
activity loss.

Gordonia alkanivorans strain 1B is a bacterium that has demonstrated great potential to be used in a BDS
biorefinery. Not only can it remove sulfur from complex compounds, but it seems to increase its efficiency
with more complex molecules, such as DBT and its derivatives (Silva et al., 2020). Furthermore, it can
simultaneously produce high added value products (carotenoids and surfactants) and can be cultivated with
agro-industrial residues as nutrient sources. To this date, most works published with this strain were
performed in aqueous medium. This work focusses on the optimization of biodesulfurization conditions in a
biphasic system with n-heptane as a model fuel. Using the Doehlert distribution for two factors (Xi: n-
heptane:water ratio and X.: initial cell concentration) an experimental design was performed and evaluated
in terms of biodesulfurization activity.

Materials and methods
Microorganism and culture medium: This work was performed using the bacterium Gordonia alkanivorans
strain 1B, cultivated in a SFMM medium with fructose (Alves et al., 2005; Pacheco et al., 2019).
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Experimental design methodology: Following a Doehlert uniform shell design, an experimental
distribution for two factors was used to produce response surfaces (Doehlert, 1970). Seven conditions were
tested in duplicate, varying the ratio of n-heptane: water (X;) between 0.1 and 0.9 and initial cell
concentration (X;) between 5 and 20 g/L (dry cell weight). Response was evaluated in terms of 2-HBP
produced (the result of DBT biodesulfurization) in uM and results were collected at 3 and 6 h. The model
used to express this response was a second-order polynomial model: Yi = Bo + BiX1 + B2X2 + B12X12 + B1iX12 +
B22X22 where Y;, is the response from experiment i, B are parameters of the polynomial model and X is the
experimental factor level (coded units).

Biodesulfurization assays: Cells were collected and centrifuged to obtain a concentrated cell suspension,
which was then diluted in the supernatant to obtain different concentrations. n-Heptane was used as a model
fuel with a concentration of 1.13 mM of DBT. Cells and n-heptane were placed in 30 mL screw cap tubes, at
different ratios and the tubes were placed in an incubator at 30°C and 150 rpm.

Analytical methods: Cell concentration was evaluated through dry cell weight and 2-HBP concentration
was determined through HPLC.

Results and discussion
G. alkanivorans strain 1B was able to desulfurize regardless of the ratio of n-heptane it was subjected to,
indicating a significant resistance to solvents, which is fundamental for this bioprocess.

In terms of biodesulfurization activity, results demonstrate that both factors tested had a significant
influence, but only for n-heptane: water ratios below 50% (0.5), with higher ratios the influence of these
factors was greatly reduced. For ratios between 0.1 and 0.5, n-heptane: water ratio was the most influential
factor, regardless of cellular concentration. This factor showed a clear negative influence, since any increase
resulted in a loss of desulfurization activity. Conversely, within the same interval, any increase in cell
concentration had a positive influence on the response, resulting in a biodesulfurization increase. Time was
also shown to have a positive influence on most results, since desulfurization increased from 3 h to 6 h, with
the exception of the 10% (0.1) ratio where the 1.13 mM of DBT were completely desulfurized in first 3 h. This
indicates that, with an aqueous phase of at least 50%, it is possible to compensate for an increment in the
fuel ratio by increasing cell concentration, and that this effect is greater for lower fuel ratios. According to
this experimental design the best conditions for biodesulfurization are 10 % fuel (0.1 ratio) with 20 g/L
biocatalyst and 3 h of biodesulfurization.

Conclusions

This work demonstrates that by increasing cell concentration it is possible to use greater fuel:water ratios
maintaining high desulfurization activities, thus reducing reaction times and increasing process efficiency.
Further optimization work is still needed, however, this gives important clues for the development of a large
scale biodesulfurization process.
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Introduction

Polyurethanes (PUs) are one of the most relevant synthetic materials nowadays. PUs are formed by the
polyaddition reaction between isocyanates and polyols which are usually petroleum-derived. However, the
use of renewable resources, such as lignin are gaining relevance to produce polyols for PU. Lignin can be
considered the most abundant renewable phenolic polymer on earth and due to its phenalic nature and its
renewable raw material status, it has become an ideal resource for obtaining high-added-value chemicals,
such as polyols (Hernandez-Ramos et al., 2021). But despite its big potential lignin is treated as a waste and
is employed as fuel in paper mills where it is produced. Despite this low value application, lignin can be
directly used in small quantities without any modification in the polymer industry, however, mainly due to
its low reactivity resulting from the steric hindrance of many of its hydroxyl groups, lignin is often modified
to make these hydroxyl groups more accessible. Among others, liquefaction employing polyhydric alcohols
such as, polyethylene glycol (PEG) and glycerol (Gly) as solvents, is one of the most studied methods to
synthesise lignin based bio-polyols (Xue et al., 2015). In this process, technical grade glycerol is used, which
can be obtained from both, the petroleum industry and the biodiesel industry. Nevertheless, glycerol from
the biodiesel industry requires to be purified and this process is not economically viable since the cost of
the process (50.85 $/kg) is higher than the value of the final product (1-15 $/kg) (Kumar et al., 2021).
Therefore, in this work, Eucalyptus globulus and Pinus radiata organosolv lignins were liquefied employing
PEG and crude glycerol from used vegetable oil employing microwave irradiation technology. The reaction
conditions to obtain polyols for rigid and elastic PUs were optimised in a previous work

Materials and methods

Eucalyptus globulus and Pinus radiata organosolv lignins (EOL and POL respectively) were obtained
following the procedure described in our previous work (Hernandez-Ramos et al., 2021). EOL showed a
molecular weight (Mw) and polydispersity index (Pl) of 2837 g/mol and 3.196, while POL’s Mw was 2924
g/mol and its PI 3.209.

The vegetable oil employed to obtain the crude glycerol was supplied by the restaurant of the Faculty of
Engineering of Gipuzkoa in Eibar. The crude glycerol was obtained through a transesterification reaction
employing methanol in a molar ratio of 6:1 (methanol:oil). KOH (1 %wt of oil) was employed as catalyst.
The reaction was conducted at 602C with constant stirring for 120 min under reflux. After that, the crude
glycerol was separated from the biodiesel. The lignin liquefaction reaction was carried out employing a
CEM Microwave Discover System Model, the solid liquid ratio was 1:6 and the reaction time was 5 min with
sulphuric acid as catalyst. The optimised reaction conditions are summarised in Table 1.

Table 1. Liquefaction reaction conditions
Rigid bio-polyol | Elastic bio-polyol
EOPR | POPR | EOPE POPE
Cat (% wt.) 0 0 5 3.86
T (2C) 161 159 180 160
PEG/Gly 3/1 3/1 7.75/1 | 7.34/1
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Bio-polyols were characterised to determine the molecular weight distribution employing gel
permeation chromatography (GPC)- The hydroxyl number (IOH) (mg KOH/g) and the acidic number (An)
(mg KOH/g) were obtained using the ASTM D4274 and ASTM D974 standards, respectively. The
functionality (f) of bio-polyols and yield were also determined.

Results and discussion
A summary of the results obtained from the characterisation of the bio-polyols is shown in Table 2.

Table 2. M and Mw (g/mol), PI, 1o and An (mg KOH/g) and functionality

Sample M Mw Pl lon An f
EOPR 442 +34 | 1742 +275 | 4.250.55 55414 1.91 £ 0.06 4.16 £ 0.10
EOPE 941+30 | 8818+127 | 9.38+0.16 228 + 36 20.94+2.75 | 3.51+0.68
POPR 453 + 24 1431 +362 | 3.14£0.63 38318 4,21 +0.90 3.14+0.16
POPE 780+20 | 5530+131 |7.10+0.31 173+ 16 25.09+2.59 | 2.08+0.27

Depending on the final application of bio-polyols, the Mw, lon and the f should be between certain values.
Thus, bio-polyols for rigid PU must have a Mw between 300-1000 (g/mol), an IOH between 200-1000 (mg
KOH/g) and a f between 3-8. While for elastic PU these values are between 300-1000 (g/mol), 28-160 (mg
KOH/g) and 2-3 respectively. Considering the above, the bio-polyols EOPE and POPE showed an appropriate
Mw and f to be used in the manufacture of elastic PUs, however, the IOH was slightly beyond the desired
values. On the other hand, the IOH and the f of EOPR and POPR bio-polyols were suitable to be used in the
synthesis of rigid PUs, even though the Mw was somewhat higher than the desired values. It can also be
observed that the catalyst had a significant relevance since the higher the catalyst concentration the higher
the An and the lower the IOH (Lee et al., 2000). The higher Mw can be explained since in presence of an
acid catalyst the repolymerisation reactions are favoured. The yield was also influenced by the catalyst due
to the repolymerisation reactions, which increased the solid residue and therefore reduced the yield.
Accordingly, EOPR and POPR showed yields above 90% while EOPE and POPE had yields between 70-80%.

Conclusions

Crude glycerol from vegetable oil were successfully employed together with PEG to produce bio-polyols
through the liquefaction of organosolv lignins from Eucalyptus globulus and Pinus radiata. Although the IOH
values of EOPE and POPE and the Mw of EOPR and POPR were slightly above that the desired values, the
bio-polyols resulted suitable in the synthesis of PUs.
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Introduction

Greece has several islands that are not interconnected to the mainland energy grid and rely on local power
plants with diesel generators. Conventional renewable energy systems (RES) are also defined as VRE,
(variable energy systems), and are characterized by significant fluctuations on their performance, due to
their dependence on the regional climate. The national grid operator (HEDNO) has recorded 29 Nllis in
Greece, and all of them have moderate RES penetration into their energy mix. The addition of storage and
thermal valorization solutions can increase the RES penetration in small islands. However, bigger islands
require integrated solutions and constant energy supply that can supplement the baseload and support
energy intensive operations like industrial applications. In this framework, this study applied a model by
Dimou and Vakalis (2021) that utilizes the energy produced by RES, considers RES excess scenarios and
assesses the H2 production for the case of Lesvos island. Lesvos is a unique case since an LNG power plant
has been licensed to operate on the island. In this framework, the model found the operating times and
hydrogen power generation capabilities of different Fuel Cells, while the co-combustion of NG with H2 was
assessed by means of the Wobbe Index.

Materials and methods

The RES and conventional energy generation for all Nlls have been collected by using the official published
data of HEDNO. The first analysis involved the determination how many of the islands have RES, so that
green hydrogen can be produced. The annual production considered only the VRE production, i.e., by
photovoltaic and wind parks. The utilized model (Dimou and Vakalis, 2021) calculated the number of
electrolyzers (Norsk HPE 30 & Teledyne EC-500) that can be installed on each island, the annual hydrogen
mass production, and the operational times of seven different fuel cell models (including ZTEK, Ballard,
Toshiba, and UTC Power). In addition, the amount of excess stored H2 was calculated for each scenario. The
Monte Carlo method was used for the sensitivity analysis of the model and in order to incorporate the
fluctuation of energy production from RES. Regarding the combination of NG and H2, the Wobbe index
equation was used (Equation 1) and how its value varies if the two fuels are combined, with the percentage
of each receiving values from 0 — 100% cumulatively.

Equation 1. Wobbe index equation for calculating x of LNG and H;

HHV CHy % CH, HHV H- % H,
{Weotar =

T, 100 [, 100

An additional analysis includes the use of the software RETScreen for Lesvos island, where the co-
combustion of H2, NG and biomass are considered for the reduction of the CO2 footprint. Hydrogen fuel
(ZTEK— SOFC modules) is used as the base load, natural gas (Mitsubishi Heavy Industries — MF111A) as the
intermediate load and biomass (GE — JMS 320 GS-B.L) for the peak load. The latter type of fuel was
proposed since Lesvos has a significant amount of biomass available for exploitation.

Results and discussion
Some of the main analysis results are represented in the following diagrams. Figure 1 shows the RES
production, the number of electrolyzers and H2 production for each large NII.
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Figure 1. Number of electrolytic cells and H:z production for each large NI

Figure 2 shows the co-combustion of H2, NG and biomass for Lesvos island. The chosen operating
strategy is a full power capacity output in which the base load power system reaches a capacity of 2,9%, the
intermediate load power system 92,6% and the peak load power system 7,8%. The modeling by RETScreen
showed that approximately 1 MW of power could be produced by hydrogen fuel cells, while the co-
combustion of hydrogen and natural gas is an achievable possibility with a Wobbe index that ranged within
48 — 53 MJ per cubic meter.
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Figure 2. Co-combustion of Hz, NG and biomass for Lesvos island

Conclusions

Bigger islands can support green H2 production, while for smaller islands the practice is unsustainable. For
these islands the model showed that there is a possibility of utilizing a certain amount of H2. The results
from H2 production in Lesvos are optimistic, as they can support the local community in peak conditions
and everyday life. The combined use of H2 with NG show that it may be possible, which could lead to the
gradual decoupling of the islands from conventional fuels and the greater penetration of RES into the
energy mix.
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Introduction

Groundwater is an important water resources for human, agricultural, and industrial activities. However,
groundwater contamination is continuously increasing in the world because of many kinds of contaminants.
The preservation of groundwater from the contamination is our essential task and the accurate assessment
of groundwater contamination vulnerability is required in advance of acting plan.

Materials and methods

Original DRASTIC method (ODM) developed by Aller et al. (1987) has been widely used for the assessment
of groundwater vulnerability in the world. By the way, weights of seven factors of ODM are determined by
the subjective decision of Aller et al. and the weights are not matched with the conditions of contaminated
sites. Thus, many methods are developed for more effective assessment. In this research, Machine Learning
Methods of Support Vector Machine (SVR) (Drucker et al., 1997) and Ensemble Random Forest (RFR)
(Breiman, 2001) are used for the assessment of groundwater in Miryang City of Korea. The validation of
two methods was carried out by the statistical criteria (MAE, RMSE, p), graphical comparisons, ROC/AUC
and spatial distribution maps.

Results and discussion

Table 1. Statistical results of two machine learning methods

Model Training Phase Testing Phase
RMSE MAE ROC/AUC RMSE MAE ROC/AUC
SVR 28.61 14.09 0.82 0.86 25.33 13.71  0.87 0.89
RFR 9.99 5.81 0.97 0.98 12.66 9.92 0.96 0.97
™ Training dataset Testing dataset
(@) =rEnadicihg 250 (b) —Predicted
200 —Calculated 200+ —Calculated|]
s 150 s 150
<100 < 00}
50 50
0 o A A A A "
0 10 20 30 40 50 60 70 0 5 10 15 20 25 30
Sample number Sample number




4

é’) 1# International Conference on Sustainable Chemical and Environmental Engineering
31Aug - 04 Sep 2022, Rethymno, Crete, Greece

Training dataset Testing dataset
250 250 v v L
(c) —Predicted (d) —Predicted
200 —Calculated 200 —Calculated|]
s 150 s 150
< 100 < 100
50 50
0 3 — —a —a — = o " " "
0 10 20 30 40 50 60 70 0 5 10 15 20 25 30
Sample number Sample number

Figure 1. Predicted and calculated AVIs of SVR (a, b) and RFR (c, d) in training and testing phases.
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Figure 2. (a) Concentration map of nitrate, (b) Vulnerability map of SVR, (c) Vulnerability map of RFR

Conclusions

Statistical and ROC/AUC values (Table 1) and graphical expressions (Fig. 1) showed the better performance
of RFR technique. Spatial distribution maps (Fig. 2) using the predicted AVIs also represented that RFR
produced the more superior result than SVR (Fig. 2b). The map of RFR (Fig. 2c) was very similar to the
original nitrate concentration map (Fig. 2a). Therefore, it was understood that RFR method carried out the
better performance in the evaluation of groundwater contamination vulnerability in Miryang City, Korea.
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Introduction

The use of optical remote sensing in bathymetry is notorious nowadays. The need to map locations that
pose a risk to the ship's crew or those that are very shallow makes it impossible for a traditional
bathymetric survey to be carried out with echo sounders and large vessels. However, the periodic
calculation of reservoirs' bathymetries can show the evolution of geomorphological features and help
manage water supply reservoirs.

Furthermore, the use of acoustic systems is time-consuming, expensive, and requires a great deal of
experience from the operator. However, with the technological evolution, several orbital systems can
provide centimetric accuracy at a lower cost than echo sounders in a different scenario.

Services such as controlling the sedimentation level of the reservoir, and checking the water quality, among
other activities that directly assist in the characteristics of the reservoir, can be monitored using orbital
images without the need to carry out bathymetric surveys. In addition, environmental impacts in the study
area, which may interfere with the availability of water directed to the population's supply, can be studied
and even mitigated with satellite monitoring.

In this context, this work aimed to evaluate the potential of CBERS 4A images in determining the
bathymetry of reservoirs using the Machine Learning (ML) algorithm called Gradient Boosting Machine
(GBM). A reservoir belonging to the Sdo Francisco River Integration Program (PISF) was used as the study
area, which aims to provide water supply for the population living in the northeastern arid areas.

Materials and methods

To carry out this research, the ML GBM algorithm was used in CBERS 4A images, specifically the WPM
sensor (spatial resolution of 8 meters), in the Muquém reservoir, located in the state of Ceara.

The Muquém reservoir is located in the municipality of Carius, in the state of Ceara. It has a drainage area

of approximately 298 km? and a volume of 47.64 hm 3. Regarding the main water demands of the reservoir
in question, it has the highest demand for irrigation activities, followed by animal watering, rural, and urban
supply, respectively.

To improve the training and consequently the data prediction, the NDTI (Normalized Difference Turbidity
Index) and NDW!I (Normalized Difference Water Index) were considered in the algorithm. Notably, 70% of
the bathymetric points were used for training and 30% for testing, the algorithm was configured to
perform 50 repetitions, and there was no trend in the data.

In this sense, the data from satellite-derived bathymetry were later compared with those collected
traditionally, using the echo sounder. The RMSE (Root Mean Square Error) and MAE (Mean Absolut Error)
estimators were used to quantify the vertical uncertainty of the estimated data. In addition, the volume
generated by the two surfaces created with data from traditional bathymetry and that derived from the
satellite was also compared after creating a digital model with the simple kriging interpolator.

Results and discussion

After training the data in the GBM algorithm, the bathymetry prediction was performed with the radiance
pixel values of the CBERS 4A image, together with the NDWI and NDTI values for each point randomly
selected for the test set. Thus, after 50 repetitions, it was possible to obtain an average vertical uncertainty
of 0.47 meters for the RMSE and 0.34 meters for the MAE. In addition, after interpolating the estimated
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depth and the reference bathymetry (collected with an echo sounder), it was possible to obtain the
following Digital Depth Models, as shown in Figure 1.

Reference Bathymetry

- -_.\ ’ Depth (m])

- | BPRERSE!

I 191- 226
I 2 46- 285

Figure 1. Digital Depth Models for SDB and Reference Bathymetry.

From these models, the volume calculation was performed, which showed a difference of 4% between the
Satellite-Derived Bathymetry (SDB) and the reference. Thus, a high coercivity of the predicted data was
evidenced, demonstrating reliability in using the methodology in question for the study of reservoirs. Thus,
allowing the application of this method in environmental studies, the management of reservoirs, and the
identification of sedimentation levels of water bodies, among others. It can also collaborate in reducing
time and cost since the CBERS 4A images are available for free when compared to the traditional method of
depth collection, using acoustic sensors.

Conclusions

The study showed the potential of CBERS 4A images in conjunction with the GBM algorithm in estimating
reservoirs' bathymetry, especially in collaboration with the region's preliminary environmental studies and
water supply. The methodology will greatly facilitate the study of the water capacity of all the Sao Francisco
River Integration Program reservoirs and the systematic analysis of the level of silting they are suffering.
Furthermore, this way allows the identification of the impacts of anthropization in the reservoirs, not only
on the PISF but also on other water bodies with similar characteristics.
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Introduction

Enhanced biological phosphorus removal (EBPR) is the state-of-the-art technology in wastewater treatment
plants. In the EBPR process, phosphorus (P) is removed as polyphosphate (poly-P). The P-accumulating
organisms (PAOs) and thus the formation of poly-P respond strongly to oxic-anoxic conditions and P
availability (Deinema et al., 1980). Despite several years of intensive research into PAOs and EBPR, the
mechanism of synthesis and degradation of poly-P remain poorly known.

Materials and methods

This research investigated the mechanisms of poly-P cycling at different scales, from enzyme-substrate
reaction to pure bacterial cell culture and to field study in a wastewater treatment plant. It included
measurements of P speciation [orthophosphate (PO4) and poly-P], enzyme activity, microbial gene
expression, and phosphate oxygen isotopes ( 20P).

Results and discussion

Enzyme reaction results show that both acidic phosphatase and alkaline phosphatase enzymes are capable
of catalyzing poly-P degradation, with contrasting efficiency of > 70% and < 18%, respectively. Isotope
fractionation factors during enzymatic degradation of poly-P varied from +1.6%. to +4.4%., a positive
fractionation factor, which is uncommon and hence distinct from the degradation of many other organic P
compounds. Results from pure culture experiments with Escherichia coli JM103 and Pseudomonas putida
KT2440 suggest that poly-P synthesis and degradation are strongly associated with the cell growth stage:
poly-P is synthesized during exponential growth, causing an apparent isotope fractionation (~+5%e.) in the
residual PO4 in E. coli incubation (Bai et al., 2020). Degradation of poly-P in the late stationary phase,
however, leads to lighter 0P values. Poly-P cycling in treatment plants responded strongly to variations in
dissolved oxygen concentrations: under oxic condition high amount of poly-P suggest poly-P synthesis,
while the lighter 0P values suggest rapid microbial P cycling potential via organic matter degradation.
Under the anoxic condition, degradation of poly-P was accompanied by continued assimilation of PO4, as
suggested by a decrease in concentration and heavier 0P values.
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Figure 1. a) Isotope excursion in the aeration basin of a wastewater treatment facility. The vertical red dashed line
represents the switching of anoxic condition (by stopping aeration) and the purple light color zone represents the
calculated equilibrium values. b) Schematics of polyphosphate hydrolysis and accompanying fractionation factor.
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Conclusions

The findings of this research are intriguing and indicate a potential alternative mechanism of poly-P cycling in the
wastewater treatment plants that some microorganisms may continue to take up POa under the anoxic
condition even though degradation of poly-P and release of PO4 are otherwise common processes under this
condition. Nonetheless, specific isotope values, fractionation factors, and P dynamics during poly-P synthesis and
degradation could serve as useful proxies to interpret poly-P dynamics in the environment.

Acknowledgements: This study is supported by the National Science Foundation (NSF 1709724).
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Introduction

Conventional waste-water treatment (WWT) has large carbon footprint and mostly Remove only simple
organics in 2° biological treatments.! The pain of persistent organics in water in compounded by complex
organics from pharmaceutical industries, personal care products, petrochemical industry process waters,
and textile industries which are not removed through the conventional WWT methods. The complex
dissolved organics pose as serious environmental pollutants. There is a need for advanced 3° technologies
but current methods are expensive despite hundreds of advanced oxidation research groups globally trying
to develop treatment technological processes that are both more innovative, cost effective, more efficient,
off-grid and less maintenance.?

Materials and methods

Titania was prepared using a simple hydrothermal method of synthesis to produce electrophotocatalytic
nanomaterials constructed into “dandelion-like structures called radially aligned nanorutile (RANR)
nanoparticles.® The catalyst materials were tested at laboratory scale to decompose methyl orange dye in a
simulated solar electro photochemical reactor. The set up was scaled up and prototyped for an industrial
scale application. An engineering process plant was assembled incorporation a bio digester for gray and
black waste water treatment.

Results and discussion

Titania was successfully prepared as nano rutile nanorods (RANR) from titanium tetrachloride using a
simple hydrothermal method. The nano photocatalyst material efficiently degraded methyl orange dye
material dissolved in water as a control organic waste. The degradation efficiency ranged from 80 — 98 %
over a 2 h time period in a parametric set up with 50 ppm organics over 50 mg catalyst materials.

* More powerful than other oxidation techniques
* Reusable and cost-effective
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Figure 1. Reaction interface of the catalyst and organic molecules during photo degradation process.

The catalyst material was successfully fitted on a fixed bed in a solar photocatalyst reactor in an
engineering assembly of a solar waste water treatment plant comprising a bio digester and the novel
reactor for the treatment of black and gray water for safe environmental disposal and potable purposes.
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Conclusions

- The Catalytic Ozone Reduction, Regenerative Activated Carbon and UV light are processes that perform
the same task

- Use of multi-components that replicate same performance task is costly, complicated and unnecessary.

- The unique nano-photocatalyst is a very powerful technique than a combination of COR, RAC and a
simple UV light technique.

- COR and RAC are competing technologies to the IYHTS nano-photocatalysis treatment process that is
both more innovative, cost effective, more efficient, off-grid and less maintenance.

Acknowledgements: This study is supported by the South African National Research Fund (NRF) and
Durban University of technology.
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Introduction

Thermal drying is an important unit operation in faecal sludge treatment. It drastically reduces the mass
and volume of the waste by removing its moisture and pathogen content. However, this process requires a
high energy input due to the high latent heat of vaporization of pure water (2 260 kJ/kg), which can lead to
high running costs due to high electricity or fuel consumption. To decrease the costs of the drying process,
it is therefore imperative to find a low-cost or free source of energy, such as solar energy. Several solar
thermal technologies have been developed for sewage sludge, such as greenhouse solar-type driers
(Shanahan et al., 2010), solar roof dryers (Wang et al., 2019) and cabinet solar dyer (Ameri et al., 2018) but
almost no information has been found in literature for faecal sludge apart some isolated cases (Muspratt et
al., 2014; Seck et al., 2015).

The aim of this work is to develop solar thermal drying technologies that harness the solar thermal energy
in an efficient way and that are designed as a function of the sludge characteristics. Two different types of
technologies were selected for their development, i.e. greenhouse-type solar drier and screw conveyor
solar drier. The prototypes were built at pilot-scale to be able to process several kg of faecal sludge per day.
After construction, the technologies were tested to measure their performance, find the optimum
operating conditions, and identify improvement points. Based on these results, a technical-economic
analysis will be performed for the upscaling and implementation of the technologies in faecal sludge
treatment facilities.

Materials and methods

The greenhouse prototype consists in a solar dryer where faecal sludge will be placed in a bed and dried
using solar thermal energy. The prototype offers an enclosed space where the solar thermal energy can be
collected through greenhouse effect and the presence of an absorber wall. It includes a ventilation system
and sludge rake system to boost the drying process. The sludge bed will stand on a suspended grid, which
will let the sludge to dry also from the bottom.

In the screw conveyor solar drier prototype, the sludge will be dried during its passage through a
transparent tube exposed to solar radiation (drying chamber). During this process, the sludge will absorb
the solar thermal energy and use it as latent heat for moisture evaporation. An air stream will circulate
inside the drying chamber to enhance the drying process. The air stream will be dehumidified and heated
before introduction in the drying chamber. Reflectors will be placed next to the drying chamber to increase
the amount of solar radiation received by the sludge.

The first experiments in the solar thermal drying technologies were carried out to test the individual
components of the prototype and the integrated system without feedstock. Thereafter, the solar driers
were tested using water (greenhouse), wet soil (screw conveyor) and synthetic faecal sludge (screw
conveyor) as feedstock. The parameters measured during the tests were the temperature and relative
humidity at different positions in the system, the ambient conditions (including temperature, relative
humidity and solar irradiance) and the moisture content of the sample during the run. The tests were
performed from 9 AM to 2 PM during the months of April and May in Durban, South Africa (corresponding
to the autumn).
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Results and discussion

During the tests in the greenhouse solar drier, it was observed that temperatures inside the enclosure were
higher with respect to the ambient conditions (+10-15°C), leading to lower relative humidities. If the fans
were turned on, the temperature in the greenhouse decreased of a few degrees, leading to a lower
performance. This result suggests that the increase of ventilation leads to lower temperature rise inside the
greenhouse. An evaporation rate was measured in the order of 2.5 kg/h/m? when conducting the tests with
water.

The testing results from the screw conveyor prototype are promising, with the functionality tests showing
that the systems functioned well together, leading to an important temperature increase (up to 45-50°C)
and relative humidity decrease (below 30%) before the drying chamber. The drying tests with wetted soil
resulted in a good performance with most of moisture being removed from the soil after less than 30
minutes of operation. The testing with synthetic sludge showed also positive results, with moisture removal
in the region of 20% to 50% in 2 hours. The performance of the dryer was improved greatly by ensuring
that the reflectors were in the optimal position. The most optimal conditions were obtained when the
ventilation was operated at low air flowrate, as the maximum temperatures achieved in the system were
higher (after the solar air heater), leading to a higher moisture removal from the synthetic sludge. It was
also found that the sludge was extremely difficult to work with because of its high stickiness.

After the testing phase for both prototypes, improvements have been identified for the next round of
iteration.

Conclusions

The testing results for the greenhouse solar-drier and screw conveyor were positive. From the first results,
the greenhouse would be able to dry 0.1 m? faecal sludge (bed of 1 m? surface area and 100 mm of
thickness) from an initial moisture content of 80% (typical value for the sludge from local pit latrines) to
20% in approximately 36 h (equivalent to 5 days considering 7 hours of full sunlight per day). The screw
conveyer achieves to the same result in a few hours, but the sludge stickiness is a critical problem that must
be resolved to achieve sustainable long operation times.

Acknowledgements: The authors would like to acknowledge the funders from this project (Water Research
Commission through the K5/2852 project and the Royal Academy of Engineering through TSP2021_100224
Grant), as well as the eThekwini municipality and the administrative and technical staff from the WASH
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Biological treatment requires high energy consumption in municipal wastewater treatment plants
(WWTPs). The objective is to minimize energy consumption, while achieving the wastewater quality
standards, on a real scale, in the existing WWTP of Larisa, Central Greece. An energy management
system according to I1SO 50001 standards will be implemented. Key indicators will be defined and
energy optimisation will be continuously updated.

We focus basically on the control of the secondary treatment process and then on sludge
management. Energy savings of about 25% have been recorded in WWTPs due to interventions in
aeration equipment, automation system and even in the P&I diagram.

The secondary treatment plant in Larisa includes two lines with diffuse aeration and two with
surface aeration systems. For process control, inverters and on-line measuring instruments (DO
meters, N-NHz meters, NOs meter, MLSS meter) have been installed. The inverters regulate the
operation of each blower or pump according to the response of the appropriate instrument. Thus,
aeration control is applied to the diffused aeration system in order to maintain dissolved oxygen
(DO) at specific levels according to NHa4 values. Secondly, the NOs meter in the anoxic tanks controls
the internal recirculation ratio. Also, the MLSS meter in the secondary clarifiers controls the
pumping rate of the excess sludge. At least 3 months of data are presented. These processes help to
meet the respective requirements for the biochemical processes performed in the biological reactor
and avoid overconsumption of energy.

Energy consumption is recorded before and after the process control with energy loggers at each
electrical panel. Energy consumption data from the PPC were also available. This quantified the
energy savings in the WWTP due to changes in operation and verified the theoretical values.

At the same time, the energy data of the WWTP operation are compared with the response of

the Hydromantis GPS-X model. GPS-X simulates the operation of the entire plant to provide the
energy consumption, carbon footprint and effluent quality from each unit.
Several scenarios are presented in this study. In the first scenario, the operating processes were
simulated without process control. The model responded correctly compared to the measured
values. The DO-NH: control scenario, simulated the control of aeration in diffused aeration systems.
In this case the energy consumed in the aeration tanks could be reduced by 40-50%. The DO-NH4
and NOs control scenario showed less energy savings when aeration control was performed in
combination with the control of the recirculation pumps. Process control in the surface aerators is
also simulated in the GPS-X model. A reduction in energy consumption (about 50% in the aeration
unit) is obtained when a suitable control system with DO aeration control is installed in the surface
aerators.

The proposed interventions in the Larisa WWTP contribute to a substantial reduction (about 20%)
in total energy consumption, with relative savings in operating costs. Further recommendations are
made and the operational parameters in the other processing steps are examined in terms of energy
consumption and optimization according to the requirements of ISO 50001.
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Introduction

Numerous Wastewater Treatment Plants (WWTPs) operate at flow-rates or loads above to their designed
capacity, leading to insufficient wastewater treatment. Primary Filtration (PF) systems are emerging
technologies in wastewater treatment, providing substantial benefits to overloaded WWTPs. PFs are
currently under installation at the activated sludge WWTPs of Kyperounda, Limassol (Cyprus) and Marpissa,
Paros (Greece), with average hydraulic capacities of 1,800 and 2,500m3/d, respectively. Following the
installation and operation of PFs, both WWTPs will be able to receive increased loadings, at reduced energy
and operational costs.

Innovation
The innovation of the present study lies in the removal of suspended solids upstream of the aeration tank,
using a combination of microsieves, sandfilters and lamellar settling tanks (Figure 1).

Grit removal- Aeration tank Secondary clarifier
degreasing
Influent 7 — ] Effluent
el S 2
Bar screen = Disinfection

air

Activated sludge

Miscosieve

Biosolids Q
for composting

Figure 1. Flow diagram of the pilot system.

Sand filter

Microsieves are novel devices for separating solids from raw wastewater via a sieving process (Koliopoulos
& Gikas, 2013). Microsieves have a higher suspended solids removal efficiency (between 50-80%), compared
to primary clarifiers (Rusten & Odegaard, 2006). Microsieves consume less than 5% of the area required for
primary clarification, and may be constructed and operated at significantly lower at capital and operating
costs (Odirile et al., 2021). Suspended solids are initially filtered by gravity on a rotating filter belt, and then
they are dewater by an integrated screw press. Due to the pattern of suspended solids removal from raw
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wastewater, by microsieves, the texture of the solids in the produced sludge (called Primary Sieved Solids
(PSS)) remains almost intact (Sarathy et al.,2015). PPS typically have solids concentrations between 40 to
45%, which is twice that of that of conventionally dewatered sludge, and folling compostion may be used as
soil amendment. Due to high solids content, PSS are more successive to thermal processing, compared to
anaerobic digestion, for exploiting their energy content (Gikas, 2014). On the other hand, the Continuous
Backwash Upflow Media Filter (CBUMF) is a continuous sand filtration process, with a self-cleaning system
of the sand bed. The key advantages of the CBUMF include compact installation, uninterrupted operation
and continuous concentrate removal (Feldthusen,2004).

Expected results

Based on preliminary estimations, the microsieve will remove between 40-60% of the Total Suspended Solids
(TSS) and 25-40% of the incoming BODs (depending on the wastewater characteristics and the type of
microsieve). Following microsieving, the wastewater will go through the CBUMFs. The combined treatment
is expected to reduce TSS and BODs by 90 and 60% respectively. As a result, the total electricity consumption
at the aeration tank of the existing WWTP is expected to be reduced by 30-35%. Due to the reduced loading,
the plant capacity is expected to increase by about 40%, thus allowing for the expansion of the sewerage
network of the region, without the need for additional works in the WWTP. Concurrently, the project will
improve the environment, as the quality of effluent will improve, while it will release high quality effluent,
which following appropriate treatment may be reused for irrigation.

Conclusions

Installation of a microsieve followed by CBUMF in existing WWTPs will increase the loading capacity of the
WWTPs, without the need for conventional expansion of the plant. The WWTP, following the installation of
the microsieve- CBUMF system will operate at reduced energy expense, while it will produce high quality
effluent. PSS contain 40 to 45% solids, which after composting may be used as soil amendment, or may be
used as feed stock for energy production.

Acknowledgements: This study is co-financed by the European Regional Development Fund (ERDF) and
national resources of Greece and Cyprus, through the of the Cooperation Program INTERREG V-A Greece -
Cyprus 2014-2020: “Upgrade of WWTPs for the management of increased demands and the reduction of the
operational cost" (ANELIXI).
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Introduction

The paper revisits the Porter-Wagner dilemma about the association between environmental management
(EM) and firm performance (FP). The discussion pertains to the environment as a strategic competitive factor
where enterprises invest in the environment to reap long-term economic benefits (P r, 1996; Porter and
Linde, 1995) or the environment as a luxury good that better-performing firms only adopt (Boons and
Wagner, 2009; Wegner and Bloom, 2011; Wegner, 2015).

The context of informal Micro, Small and Medium Enterprises (MSMEs) provides an interesting case
since they are away from regulatory scrutiny or corporate/social obligations. The paper contributes to this
emerging debate by analyzing the relationship between firm performance (FP) and waste management
practices (WMPs) adopted by the informal firms. In contemporary times, where high priority is assigned to
environmental concerns by governments and various business firms, this study analyses the factors that may
influence the adoption of WMPs among the Indian informal firms and the resultant impact on their
performance.

Materials and methods
We present the analysis of a survey covering unincorporated Non-agricultural Enterprises conducted by the
National Sample Survey Office (NSSO) under the Government of India (GOI) — namely —NSS 73rd round - July
2015 - June 2016.

We model WMPs adoption as a function of rank effects, organizational structure and other environmental
effects. The simple model specification is as follows;

Where, WIMP; = type of WMP (categorical variable) adopted by the it" firm

For addressing the second part of the study, to address the issue of the heterogeneous impact of WMPs
on labor productivity we use quantile regression model. The linear regression estimates the conditional mean
function but does not explains how the entire distribution of labor productivity changes in response to
different WMPs. However, as we understand that there is significant heterogeneity within the informal
enterprises, therefore it might be more prudent to define the relationship at different points on the
conditional distribution of the outcome variable. Thus, instead of using linear regression, employing quantile
regression (Koenker Bassett, 1978) can help us to reveal the potential heterogeneous impact of WMPs
on labor productivity.

Qv,1x,(D) = 0y (D) + 0. (DWMP + A(DZ; + ¢ (D)Fixed_effects; + pu; — — — (3)

Where Q = denotes conditional quantile indicating it is a random variable
7= quantile 25%, 50t and 75
Y; = Ln(Labor Productivity) for the it" firm

WMP; = waste management practice adopted by the it firm
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Z = control variables
X = explanatory variables

Assumption: 7 conditional quantile is given as the linear function of the explanatory variables

For robustness check, we addressed the endogeneity issues, as there is an immediate concern regarding
the direction of the relationship between WMPs and productivity. Assuming adoption of cleaner WMPs as a
treatment/event, in the absence of any experimental data, using a counterfactual framework via propensity
score matching (PSM) technique, we randomize the ex-post facto data, thus helping us adjust the selection
bias and decomposition of average productivity effects of cleaner WMPs. The counterfactual analytical
framework permits the estimation of potential outcomes in treated and untreated groups. Our PSM model
controls majorly for observable firm-level characteristics, except for the involved human capital, due to the
lack of explicit information in the dataset.

Results and discussion

We found that bigger, urban located, and female-owned firms adopt cleaner WMPs that positively impact
their performance. Furthermore, the positive impact of WMPs was higher in the case of more productive
firms in the quantile, indicating the relevance of the Porter-Wagner dilemma. The direction of causality was
further validated using the propensity score matching technique by decomposing the average treatment
effect (ATE) into average treatment effect on the treated (ATT) and average treatment effect on the
untreated (ATU).

Conclusions

Waste management is directly connected with three SDGs (Sustainable Development Goals); SDG-11
(Sustainable cities and communities), SDG-12 (Responsible consumption and production), and SDG-13
(Climate Action). By understanding the waste management behavior of the informal firms, policies can be
better formulated and targeted for optimum results. The positive impact of cleaner waste management on
firm performance can induce policymakers to formulate policies that favor the adoption of WMPs that are
not just environmentally friendly but also economically rewarding for the firm. From the results, we infer
that policies that enhance financial inclusion, prioritize women-headed businesses,

Since the informal firms are hard to regulate but have a huge economic significance, a policy of
inducement is best suited to minimize the regulation costs for the government and reduce regulative
oversight that will allow the informal firms to voluntarily adopt cleaner WMPs and operate in a more
responsible manner.

Acknowledgements: This study is not supported nor funded by any organization.
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Introduction

Civil aviation is defined as all aviation activities carried out for non-military purposes, such as private,
sporting, or commercial. This sector has proliferated since the late 1940s globally (Addepalli et al., 2018).
However, this rapid growth causes environmental degradation and brings sustainable aviation practices
into the national green transition agendas ( Planés et al, 2021). This paper examines the concept of
sustainability in civil aviation by (i) describing the historical background of international civil aviation (in the
world and in Turkey) ii) reviewing the literature on sustainability in civil aviation (emphasis on international
aviation organizations designing sustainable aviation policies, i.e. ICAQ) iii) elaborating the case of Air
France-KLM as a best practice example (Air France-KLM, 2022). This paper evaluates the relevant
breakthroughs of the global civil aviation industry, the goals of international authorities, and Turkey's
approach to providing suggestions for harmonizing the Turkish civil aviation industry with the globe. In the
literature, it is seen that solutions to sustainability problems are mostly sought by referring to technological
developments. This study states that; integrative approaches by the sectoral and policy actors need to be
produced to achieve effective results in sustainable aviation. For this purpose, we made a comprehensive
literature review and content analysis of the relevant documents and reports to have a snapshot of
sustainable aviation practices by analyzing the related international and national policy documents for
sustainable aviation such as BM ICAO CORSIA and EU Green Deal (EC, 2022). Then, Air France KLM Example
is elaborated to derive the lessons learned for improving the sustainable aviation practices in Turkey.

Materials and methods

We made a comprehensive literature review and content analysis of the secondary sources of policies,
regulations, and reports. The aim is to examine the application areas of the sustainable aviation concept,
the targets and policies envisaged by the international civil aviation authorities through literature review
and desk research on related documents.

Results and discussion

The sector in Turkey is particularly successful in following the latest technologies and is enthusiastic about
catching international trends. This success is mostly realized under the leadership of the private sector in
order to increase their international competitiveness. The shortcomings focus on national legislation,
incentives, and obligations, lack of resources, and environmental awareness. Sustainability policies in the
sector are formed as a result of the effects of international obligations, competition, and related parties
(stakeholders). The sector has a multi-actor structure and cooperation between actors is present and
necessary. However, cooperation on sustainability issues needs to be increased.

Conclusions

It has been determined that the studies in the literature on sustainable aviation mostly progress on
greenhouse gas emissions and noise pollution and offer solutions through developments such as fuel
savings or new generation aircraft technology. However, these developments and suggestions cannot serve
the targeted and needed sustainability purpose alone. This study draws attention to the inadequacy of
reducing the approach to sustainable aviation to sectoral developments, that realistic and tangible
solutions to the issue are only possible with a network chain which requires policymakers, institutions and
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organizations in the sector, civil actors and even non-sector actors to act together with a comprehensive
and integrated approach.

Acknowledgements: This study is derived from an N. Umran Temel’s unpublished MSc. Thesis entitled
“Evaluation of Turkey's Civil Aviation Policy within the Scope of the Global Sustainable Aviation” From
Graduate School of Social Sciences, Marmara University/ Turkey.
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Introduction

One of the objectives of the EU Bioeconomy Strategy is to produce "more with less", a concept that
includes the development of sustainable and knowledge-based fisheries and aquaculture [1]. Global
aquaculture production reached 80.1 million tonnes in 2017, making it the fastest-growing animal food
industry globally [2]. In 2017, fisheries and aquaculture production in the EU Member States reached 6.0
million tonnes of live weight, representing 3.5% of world production [6]. In the EU 81.2% of production was
from wild fisheries and 18.9% from aquaculture [2]. EU aquaculture sector accounted for around 1.4% of
world production in 2017 with Spain, France and Italy as the leading aquaculture countries in the EU in
terms of volume, and France, Greece and Spain in terms of value [2]. Over the last decade, the value of EU
aquaculture production has increased, but the volume has declined due to environmental concerns, thus
leading to an increase in cultivation of high-value species such as salmon, seabass and seabream [2].

Biodiplomacy in the context of the bioeconomy is the dialogue between stakeholders to promote the use
of bioresources under internationally and nationally agreed on principles to contribute to environmental
sustainability and climate neutrality [3]. Industry, organisations or any actor involved in such a dialogue
must be both an expert in the bioeconomy and possess a range of other qualities to be able to find
sustainable pathways and shape the strategy and form of communication to maximise the outcome.

The roots of biodiplomacy lie in the concept of biopolitics, which is part of the "Bios Theory" formulated
by A. Vlavianos-Arvanitis and developed in the late 1980s [4]. Bios, which translates from Greek as "life",
and the proposed theory is rooted in the belief that human beings should be able to interact harmoniously
with the environment and all living beings [4]. Bioeconomy is also part of the "Bios Theory" and is seen as
one of the possible salvations for the increasing number of people globally [5].

Almost 30 years later, the concept of biodiplomacy is starting to regain its relevance [6, 3] as a
communication strategy to raise international public awareness of circular economy principles and more
sustainable use of bioresources [6]. However, the concept of biodiplomacy has still been little explored and
discussed in the literature.

The study aimed to select aquaculture or fisheries products with the highest development potential to
identify the most sustainable ones through a multi-criteria analysis. Based on the results, to develop a
biodiplomacy communication approach that would serve as an educational and awareness-raising material
on sustainability and change in current practices in fisheries and aquaculture sectors.

Materials and methods

A mixed-methods approach was used. The research was divided into two phases. The first part consisted of
literature analysis on global and EU trends in fisheries and aquaculture. Summarises and analyses the
current situation in the fisheries and aquaculture sector, looking at sector averages. Assess the
sustainability performance of different fisheries and aquaculture products. To carry out a multi-criteria
analysis of 6 different products, 3 of fish origin and 3 of algae origin, using TOPSIS and AHP methods to
determine the most sustainable of them.

The second stage involved an analysis of the literature on biopolitics and biodiplomacy, the development
of a successful communication strategy on environmental issues and public awareness methods. Later, a
guantitative sociological method — a questionnaire survey- was conducted to determine the public's
communication habits and attitudes towards educational materials on climate change and sustainability.


mailto:krista.laktuka@rtu.lv

0 4

{@} 1# International Conference on Sustainable Chemical and Environmental Engineering
31Aug - 04 Sep 2022, Rethymno, Crete, Greece

Results and discussion
Multi-criteria analysis results:
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Figure 1. TOPSIS and AHP evaluation results of algae and fish products

An electronic survey form was created in Google Forms format and distributed on Facebook to reach as
many respondents as possible. One hundred forty respondents of different ages, ranging from 18 to 55
years, completed the survey. The survey results show that infographics are the most appropriate format for
communication. Such visual material is easy to distribute on social networks, which are the most popular
source of information according to the survey results.

Conclusions

According to the results obtained by TOPSIS and AHP, canned fish is the most sustainable of the selected
aquaculture products. The results show that respondents have a strong preference for visual educational
materials. Acknowledgements: This project has received funding from the European Union’s Horizon 2020
research and innovation programme under Grant Agreement No. 862699
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Introduction

The increasing amount of waste and the disposal process has become one of the important international
problems encountered today (UNEP 2015). Worldwide rapid population growth, change in consumption
habits, urbanization and economic development are the main reasons for the increase of the waste amount
(Nair et al. 2021). This brings about the inadequacy of current waste management policies, while revealing
the need for a sustainable and integrated waste management policy. In developed countries such as
Germany, USA and Japan, significant success has been achieved by introducing new policies with the
introduction of various laws and regulations regarding waste management policies (Potdar et al. 2016).
However, in developing countries such as Turkey, the importance of this issue was realized later and this
caused the steps taken to lag behind. For Turkey, the search for sustainable policies regarding waste
management ended with the recent policy implementation of the "Zero Waste Project" realized under the
responsibility of Turkish Ministry of Environment and Urbanization. In this concept, Zero Waste Regulation
was published on 12.07.2019 in Turkey and the recycling approach became mandatory for local
administrations, public institutions and organizations, industrial facilities, and etc. (MoEU 2019). With Zero
Waste Management (ZWM), it is not only aimed to recycle waste, it is also aimed to eliminate or minimize
the amount of waste produced by changing our consumption habits. The first step of ZWM starts with
separating the wastes of individuals in their own internal environment (such as home, office). For this, it is
necessary to increase the awareness of individuals by increasing the practices on a local scale and to reach
the global dimension of waste recycling. Municipalities have important duties in separate waste collection
(SWC) in Turkey. Studies on SWC are increasingly included in the literature as it is a current topic. However,
there are limited studies on the social aspect of zero waste management. In this context, Zeytinburnu
Municipality in Istanbul, Turkey which conducting a project on collecting segregated waste more efficiently
was selected as a pilot study. Its separated waste collection application was analyzed by its social aspect to
reveal out the knowledge, attitude, behavior, expectation and tendency of the residents.

Materials and methods

In order to evaluate the social impact of separate waste collection in Municipalities, Zeytinburnu
Municipality was chosen as the pilot scale in the study since a project is carried out in the Municipality. In
the project, the recyclable wastes are collected by waste collection vehicle that comes to certain
neighborhoods on certain days and to fixed points. The residents receive a certain amount of payment that
can be used for market shopping for the recyclable waste they bring. A survey was conducted with the
residents who participate in the project in 15-30 December 2021. The number of residents who separate
their waste (participate in the project) were approximately 10,000. Considering the 5% margin of error and
95% confidence interval, the sample was determined as 370 participants (RAOSOFT 2021). The questions
evaluated within the scope of the study were asked to the participants on a 3-point Likert. The questions
asked were aimed at evaluating the knowledge, attitude, behavior, expectation and tendency of the
participants.
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Introduction
The continuous pursuit of sustainable and environmentally friendly materials indicates today nanocellulose
(NC) as a very promising candidate for diverse applications, e.g. plastic composites, food packaging, wood
additives, biomedical applications, 3D printing (Kingshuk et al., 2021). This derives from the excellent
properties of NC, such as reduced size and high specific surface area, high tensile strength, crystallinity and
transparency. Moreover, additional characteristics of NC like abundance, renewability and biocompatibility
fully comply with the contemporary needs for “green” materials and applications (Trache et al., 2020).
Nonetheless, significant techno-economic constraints, e.g. large energy demands and production costs,
presently hinder the wider application of NC. In this sense, the scope of the present study -in the framework
of the HIPERION research project- is to intensify already existing value chains and develop innovative routes
for NC-based products. Existing technologies are optimized to minimize their environmental impact, and new
sustainable processes are adopted to produce NC in a cost-effective manner. NC products are also evaluated
for their effectiveness as fillers in plastic composites, and as additives in packaging and wood products.

Production technologies

Different types of NC are produced: microfibrillated (MFC), nanofibrillated (CNF) and nanocrystalline (NCC)
cellulose, as well as bacterial nanocellulose (BNC). Four different plants, cultivated in dedicated crops, are
used as biomass sources: Phalaris aquatica L. (harding grass), Cynara cardunculus (cardoon), Panicum
virgatum (switchgrass) and Cannabis sativa (hemp). The experimental design consists of 3&4 different levels
of irrigation and 3&4 levels of fertilization (N-P-K) (according to the cultivation) and is applied to compare
the different crops and identify the most appropriate lignocellulosic source for NC production.

Biomass samples from the above 4 crops (upon harvesting, drying and milling), as well as additional
residues and wastes, are converted to NC by three major pathways (and their variants) (Figure 1):

(i) A thermo-chemical technology for NCC production (Figure 2), based on the sequential treatment of
biomass in alkali, bleaching and hydrolysis process steps. This technology is optimized to minimize the
number and duration of steps, as well as decrease their severity (in terms of temperatures, presence of
chemicals, etc.). An additional goal is to combine the hydrolysis step with a milder ball milling step.

(ii) An innovative, though simple and cost-efficient, 2-step thermo-mechanical technology for CNF
production that includes hot water pretreatment of biomass and novel mechanical disintegration of derived
pulp using a Masuko grinder or ball milling treatment. CNF will be produced from alternatively sources of
biomass, such as wood chips or board/paper packaging residues. The objective is to identify the optimum
pretreatment conditions and a single material to be used as an additive in “brown” packaging and food
packaging products, as well as in adhesives for wood products.

(iii) A bio-chemical technology based on the hydrolysis of cellulose and hemicellulose contained in
biomass, the production of a sugar-rich hydrolysate used as a C-source for microbial production of bacterial
cellulose by K. sucrofermentans, and finally hydrolysis for BNC production (Figure 2). The saccharification
step has been optimized using own-produced enzymes via solid-state fermentation (SSF) of A. awamori.
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Figure 1. Nanocellulose production value chains: variants of processes and products.

Applications of nanocellulose
The produced nanocellulose samples are exploited for the development:

(a) “Brown” paper packaging products: preparation of pulps for corrugating medium, linerboard and
mixtures, with and without CNF and commercial papermaking additives. Characterization tests are applied
to compare the mechanical strength of pulp sheets with the addition of different NC contents (TAPPI).

(b) Plastic food packaging products: developed by film casting, using water soluble polyvinyl alcohol (PVA)
and/or biodegradable chitosan as polymeric matrices. The structures of both matrices and fillers are studied
at molecular (Raman and FTIR) and macroscopic (SEM, DSC and XRD) scales. Following the relevant EU
regulations, the composites are tested in accredited migration cells (UV-Vis and SERS).

(c) Adhesives/binders for wood products: the potential of NC to strengthen commercial synthetic resins is
evaluated in urea-formaldehyde (UF) and melamine-UF (MUF) resins. The physicochemical, thermal and
molecular properties of the resins are measured. Particleboard (PB) and fiberboard (MDF) are prepared and
their physico-mechanical properties are evaluated, according to EU standards.

(d) Surface coatings for wood products: NC is tested as a coating for wood products, as the means to
control formaldehyde release from their surface. Two types of wood panels are prepared, i.e., particleboard
(PB) and fiberboard (MDF). Formaldehyde release from the boards is examined according to EU standards.

— s i

Figure 2. SEM images of rod-shaped NCC (a) and (b), and fiber-shaped BNC (c) and (d).

Conclusions

As research on nanocellulose (NC) is accelerating fast, the proposed here technologies will lead to sustainable
scalable processes and “green” products with controlled characteristics. Based on the multi-functionality of
the different NC types, intensified or newly developed value chains with ease of applicability, and significant
positive economic and environmental impact will be developed, demonstrated and evaluated.
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Introduction

Recently nanotechnology has attracted the strong interest of the scientific community due to its
applications in various fields including materials science, medicine, environmental protection, pharmacy
and agriculture. However nanoparticles due to their small size may enter the human bloodstream
through the skin or epithelial and endothelial barriers and reach internal organs. Experiments have
shown the toxicity of nanoparticles for the human body may cause thrombosis by enhancing platelet
aggregation. Unfortunately, humans can be exposed to nanoparticles through drinking water obtained
from underground aquifers. Nanoparticles may enter underground aquifers through inappropriate
disposal of nanomaterials or through wastewater coming industrial sources which are not properly
treated.

An important process when considering the nanoparticle migration, is aggregation. Colliding particles
may attach to each other and form cluster of particles with different physicochemical characteristics.
However the common particle transport models often overlook this and instead may employ
conventional colloid filtration theory (CFT), surface blocking, depth-dependent retention approaches or
use simplifying, empirical reaction rates to model particle attachment. Methods which may not always
capture the physicochemical mechanisms that that nanoparticles experience during their migration.

In the present study the developed model of Katzourakis and Chrysikopoulos, 2021 that describes
the transport of aggregating nanoparticles in a water saturated, homogeneous 1D-aquifer, was used to
investigate the effects of initial particle number concentration on the nanoparticle migration. Due to the
nature the Smoluchowski population balance equation (PBE) used to model the aggregation process, it is
evident that the particle collisions increase rapidly as the initial injected number of particles increases
NO. Therefore it is expected that the effects of aggregation to be more pronounced as the NO increases.
To validate this expectation two model simulations were performed with two different NO being injected
instantaneously upstream an 1d-aquifer. The breakthrough normalized concentration curves seen in
Figure 1.

Mathematical Modelling
The nanoparticle aggregation process is assumed can be represented by the Smoluchowski population
balance equation (PBE):

A, =—=5 bunng-n. b.n 1

where n; [npk/L3] is the number of particle concentration of cluster k.
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Results and discussions
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Figure 1: Breakthrough concentration curves for two cases of initial number particle injection, along with
the normalized average particle diameter. Aquifer size Lx=0.6 m. Injection location Lx0=0.1 m. Finally KC.
Model neglects aggregation.

Conclusions

1) Increased initial particle injection (see Figure b,d) produces increased aggregate diameter (see
Figure 1d) and pronounces further the overall aggregation process.

2) The formation of aggregate clusters Figure 1c,d changes the average attachment of particles onto
the solid matrix, producing higher breakthrough curves.
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Introduction

Cellulose nanofiber (CNF) has a high diameter ratio and has been produced in nanometer sizes. Therefore,
CNF has been used in various ways, which can improve the material's extreme, tearing, waterproof, and
wear-resistant effects. Therefore, in recent years, they are mostly used for tensile strength (Jiao et al.,
2016). They find out that after adding 0.05%~0.4% CNF to the cement, the compressive and bending
resistance of the cement get higher. The results showed that the more CNF was added, the longer the
cement set time, which is precisely because of its heat release and set time. Influenced by the reason, the
molecular arrangement and combination in the cement are more stable, resulting in an increase in its
compressive and flexural resistance. The addition of 0.15% CNF improves the compressive and flexural
resistance of the cement after it has completely solidified in the ground for 28 days. Due to environmental
protection, humans are committed to reducing plastic and actively looking for alternatives. Adding CNFs
can improve the hydrophobicity and resistance of paper, so the demand for CNFs will not be
underestimated in the future.

At present, industry has used the method of acid treatment to produce the CNFs, but the method will
cause secondary pollution due to its spent acid. Since the deep eutectic solvent (DES) has the effect of
softening lignin(Chen & Wan, 2018), it is hoped that the deep eutectic solvent can be used as a
pretreatment so that the biomass material can be easily broken by a ultrasonic crusher in a physical way,
thereby producing CNFs. In this experiment, rice straw was used as biomass material, and 1 g was taken to
the beaker and heated with the DES in different concentrations (5—10%) and different heating times (0.5—4
hours). After the step, add water to the biomass material to observe the sonic fragmentation for 0.5 to 4
hours, and use the result occurrence method to analyze the optimal reaction conditions.

Materials and methods

(1) Prepare the DES with glycerin and methyl carbonate.

(2) Mix glycerin and methyl carbonate together with a mole ratio 4:1 in the beaker.

(3) Heat the beaker with the oil bath to 80°C for an hour.

(4) Put 1 gram of rice straw in a 200 ml beaker and add 5 ml; 7.5 ml; and 10 ml of DES with 95 ml; 92.5 ml;
90 ml di water together.

(5) Heat the liquid to 80°C for 30 minutes, 135 minutes, and 240 minutes.

(6) After heating, recycle the DES. Allow the sample to pass through the filter with a different aperture filter
paper. Size range from 7 um to 5 um to 1 um.

(7) Use DI water to wash the biomass three to four times.

(8) Put the biomass into a 200 ml beaker with 100 ml of water and set it in the ultrasonic crusher (750
watts;

20 kHz) for 30 minutes; 135 minutes (rest 15 minutes per 30 minutes); 240 minutes (rest 15 minutes per 30
minutes).

(9) Let the sample over the filter with the filter paper whose aperture is 1 um.

(10) Using the pipe to take out 1 mL of liquid from the sample. Put it into the particle analyzer.

(11) Let the remaining liquid be frozen by the freeze drier.

(12) Weigh the powder and calculate the yield.

(13) Using the Response Surface methodology for calculating the best experimental conditions.
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Results and discussion

Through the analysis of the particle size analyzer, it can be seen that there was a significant difference
between the biomass materials pre-treated with DES and without DES after passing through the ultrasonic
crusher. Without DES pretreatment, it was difficult to produce a particle size that was smaller than 1 um
despite using ultrasonic disintegration. However, the biomass material which was pre-treated with DES can
easily be destroyed to a particle size smaller than 1 um and arrive at 200 nm in length. Figure 1 showed the
result of biomass material that has not been pre-treated by DES and just used the ultrasonic crusher for an
hour. Conversely, figure 2 showed the biomass material which was pre-treated by DES for 30 minutes
before using the ultrasonic crusher for an hour.

Compare the Fig. 1 and Fig. 2, the biomass material in Fig. 2 obviously cannot see the original fibers. In
comparison, the fibers in Fig. 1 were clearly visible. Otherwise, the results of the particle size analyzer. The
biomass material was pretreated and crushed by ultrasonic broadcast, and its average particle size
distribution was 408 nm. The same ultrasonic fragmentation time, without pretreatment, figure showed
that the particle size distribution was 2,404 nm.

Size Distribution by Intensity
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Figure 2. Biomass pretreated with 5% DES 1hr and using ultrasonic crusher for 1hr

Conclusions

The results prove that DES does make fibers more easily broken after pretreatment. This was similar to the
literature Zhu Chen and Caixia Wan wrote. (Chen & Wan, 2018). They used DES and microwave at the same
time and found out that the method can let significant amounts of lignin and xylan dissolve in the
pretreatment liquor, which means DES can make lignin easier to destroy.
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Introduction

Valorization of nanocellulosic material is an extensive subject. This abundant biopolymer offers an
attractive set of properties such as renewability, biocompatibility, and tunable surface chemistry.
Therefore, it allows its use as a sustainable platform for the development of green functional materials.
Nowadays, various surface modifications have been reported allowing a wide range of applications [1].

Among these modifications, esterification aims to introduce ester groups by using acylating agent that reacts
with the hydroxyl groups present on the surface of cellulose nanofibers. Several reagents have been employed
over years to esterified CNF hydroxyl groups such as acid anhydrides [2], carboxylic acid [3] or more recently acyl
chlorides [4]. However, it is well known that the esterification of CNF usually involves long and complicated
procedures, which hinders green production and thereby limits its scope of application.

In this communication, we describe a sustainable chemical pathway developed for the esterification of
cellulose nanofibers using para-aminobenzoic acid (PABA), an aromatic carboxylic acid biologically
produced from glucose. The reaction was performed under microwave energy (MW) leading to a rapid,
efficient, and instantaneous heating process. Fourier transform infrared confirmed the grafting of aromatic
amines on the CNF surface by the appearance of new peak associated to the ester group. Thermal analysis
demonstrated a significant increase of the char yield.

Materials and methods

Local producer (Papelera Guipuzcoana de Zicufiaga) kindly provided cellulose pulp extracted from
Eucalyptus. All other chemicals were purchased from Sigma-Aldrich and used without further purification.
The cellulose fibers were subjected to a homogenization process to obtain CNFs. For this purpose, a fiber
suspension (10 wt.% in water) was prepared and then defibrillated using a GEA Niro Soavi equipment.
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Figure 1. Methodology of the extraction and esterification of CNFs.
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The extracted CNFs were then esterified in the presence of toluene and catalytic amount of sulfuric acid
(H2S04). The ratio of 4-amino-benzoic acid (para-amino-benzoic acid, PABA) to fiber was set to 2:1 (w/w
ratio). The mixture was heated at 80 °C for 15 minutes at 300 W microwave power. Unreacted PABA was
removed by washing the product with ethanol and filtered under Buchner. Finally, the product was dried at
50 °C for 48 hours and then analyzed. Fourier transform infrared spectra of native and esterified samples
were acquired on a PerkinElmer Spectrum. TGA thermograms were recorded on a TGA/SDTA 851 Mettler
Toledo (10 °C.min* under N2).

Results and discussion \
The effects of grafting PABA on CNFs were examined
by FTIR spectroscopy and presented in Figure 1. The
native nanofibers shown band at 3340 cm-1 assigned
to the O-H vibration resulted from the hydrogen
bonds in cellulose I. This peak has completely
disappeared after the MW esterification, leading to
the emergence of the stretching band at 1695 cm’t .
associated to ester connected to the aromatic group. 4000 3000 2600
The presence of this band indicates the successful Wavenumber (cm?)
formation of acetyl groups resulting from the
esterification of hydroxyl groups. Figure 2. FTIR spectrum of native (red) and
esterified CNFs (green).

| -

Transmittance

1000

In addition to the structural analysis, the thermal properties of the esterified CNFs were investigated by
TGA analysis. A slight loss of thermal stability is observed in Table 1. The onset of thermal degradation is
256 °C lower (Td= 205 °C) for the esterified nanofibers. However, the later also shows a better char yield
(from 10.6 % to 37.5 %) associated to the formation of the aromatic ester.

Table 1. Thermal proprieties of CNF: cellulose nanofibers and CNF-E: esterified cellulose nanofibers.

Sample H20 content (%) Tonset (°C) Tmax,1 (°C) Tmax,2 (°C) Char (%)
CNF 3.5 256 n.a. 336 10.6
CNF-E 1.8 205 223 309 21.7
Conclusions

A sustainable esterification of cellulose nanofibers was successfully developed under microwave irrdiation
(MW) with para-aminobenzoic acid (PABA) as naturally occurring aromatic acid. Esterified CNF exhibited
aromatic ester groups and demonstrates a higher char yield.
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In the present study, heterogeneous Fenton-like process was applied for the treatment of indigo carmine
dye. The copper ferrites nanoparticles synthesized by co-precipitation method were applied during Fenton-
like process. The NPs were characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), scanning electron microscopy (SEM) and energy dispersive X-ray (EDX). The response surface
methodology based on Box—Behnken design was applied to evaluate and optimize the interactive effects of
three operating variables including copper nanoferrite dosage, initial concentrations of indigo carmine and
H,0, concentration on the indigo carmine degradation rate in Fenton-like process. A significant quadratic
model (p-value= 0.0003, R? = 0.98) was derived using analysis of variance (ANOVA). The desirability function
was applied to determine the best process parameters and predict the responses. The predicted
degradation rate under the optimum conditions as determined by the proposed model was 99.58%.
Confirmatory tests were carried out and the degradation rate of 98.20 % was observed under the optimum
conditions, which agreed well with the model prediction. The recyclability of copper ferrite was also
investigated after five successive runs, in which the catalyst remains stable after five times recovery and
reuse. Based on the experimental results, possible mechanism for the degradation of indigo carmine was
proposed. Hence, magnetic copper ferrite can be used as effective catalysts for the destructive removal
pollutants in wastewater.
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Introduction

Photovoltaic systems (cells) convert sunlight directly into electricity through the photovoltaic effect. The
following three processes determine the conversion of solar energy: () light harvesting and exciton
diffusion, (II) charge separation, and (lIl) carrier transport (Hasobe, 2010). The absorption of light and the
subsequent transfer of an electron through an excited state are important processes for the final energy
conversion (Hasobe, 2013). The design of any solar cell requires a light-absorbing material to absorb
photons and generate free electrons by the photovoltaic effect (Mao, et al., 2021). The third generation is a
step beyond the single-junction cells that include not only multijunction cells but also polymer and organic
and dye-sensitised solar cells (DSSCs) (Dragonetti and Colombo, 2021). As such elements, photosensitizing
dyes (mainly of a porphyrin structure), which have absorption in both the ultraviolet and visible regions of
the spectrum, have now begun to be widely used.

As photosensitizers, porphyrins are widely used in biophotonics, in particular, for photodynamic therapy
of tumors, as well as in phototherapy of microorganisms and viruses. In solar batteries, one of the most
important processes is the most efficient capture/absorption of solar energy in a wide range of the light
spectrum and the efficient transfer process (the first nodal element of the solar battery) for further
conversion into electricity. The first and most important nodal element of a solar battery is a
nanocomposite consisting of porphyrins/metalloporphyrins (an effective element for absorbing solar
energy) and graphene (a binding element and effectively transferring energy without loss to the next nodal
element, the semiconductor part of the battery) (Mao, et al., 2021). The aim of the study is to develop and
obtain a new structure of the key and most important element of the third generation solar battery,
consisting of a nanocomposite based on new nanostructures of graphene and porphyrins with a high solar
energy conversion efficiency. Porphyrins as photosensitizers can convert solar energy according to the first
of three processes, namely - (1) light harvesting and exciton diffusion. A simple synthesis pathway, a high
molar extinction coefficient, and a lower fabrication cost compared to other photosensitizers give to
porphyrin sensitizers a big advantage (Armel, et al., 2011). Graphene, which has a high conductivity and
unique electronic properties, can convert solar energy by the second of three processes - (ll) charge
separation. These two substances, porphyrin and graphene, forming a nanocomposite, turned out to be
extremely promising and effective in terms of converting solar energy into electrical energy without loss of
light energy (Mao, et al., 2021; Ge, et al., 2015).

Materials and methods

1. Porphyrins. As a component of nanocomposites will be used meso-substituted cationic 3- and 4-
pyridylporphyrins and metalloporphyrins with various peripheral functional groups (butyl-, hydroxyethyl-,
allyl-, and metallyl-) synthesized in Armenia and in UK in accordance with the procedures of (Tovmasyan, et
al., 2008). The initial preparations (powders) of porphyrins and metalloporphyrins and other
photosensitizers (Al-phthalocyanine) are dissolved in an appropriate organic solvent (dimethyl formamide,
dimethyl sulfoxide or acetonitrile), as well as to control distilled water at a concentration of 103 M one
hour before the experiment. All solutions are stored at room temperature or at 6-8°C in the dark.

2. Graphene. Graphene is obtained manually (homemade) or mechanically (for mass production) by
rubbing graphite on dielectric, semiconducting and other substrates at atmospheric pressure conditions, as
well as the requirements to both the substrates and material being rubbed (layered bulk powder, highly
ordered pyrolytic graphite (HOPG)) (Shmavonyan, et al., 2017).
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Results and discussion

In order to obtain nanocomposites, we investigated firstly a number of cationic and anionic porphyrins to
study the phenomenon of photobleaching, since this phenomenon can lead to a decrease in the efficiency
of collecting sunlight by the porphyrin molecule, as well as eventually to damage to the solar battery. The
study were carried out in aqueous solutions with cationic porphyrins both metal-free and containing a
central Zn atom, as well as with an anionic photosensitizer Al-phthalocyanine in a wide range of
concentrations from 10° to 10* M for 1 to 24 hours in bright sunlight (about 70 mW/cm?). The results
showed a significant dependence of photobleaching of all cationic porphyrins on the concentration of the
preparation in solution, while Al-phthalocyanine in the whole concentration range from 10°® to 10* M was
subject to photobleaching within 24 hours less significantly. The study of photobleaching of porphyrins
(both cationic and anionic) in bright sunlight, immobilized and dried on a glass substrate, gave much more
optimistic results: photobleaching for cationic porphyrins also depended on the concentration of the
applied preparation, but photobleaching occurred to a much lesser extent (up to 15 % within 24 hours)
than in solutions; for anionic porphyrin, photobleaching was even less significant, up to 5%. This result can
be explained by the fact that reactive oxygen species (ROS) (and, in particular, singlet oxygen) are formed in
solutions, leading to the photodegradation of photosensitizers (porphyrins), while in the dry immobilized
state, this phenomenon is apparently insignificant (formation of the ROS in air is insignificantly due to the
low presence of water vapor in the air in dry weather).

To achieve a homogeneous (equable) incorporation (interaction) of porphyrin molecules with graphene,
we studied the solubility of the studied photosensitizers in various organic solvents, for which the solubility
of graphene was previously studied: acetonitrile, dimethyl formamide, and dimethyl sulfoxide. All studied
compounds of photosensitizers showed good solubility in these solvents in a wide range of concentrations.
Severally, we also studied the production of new graphene nanostructures in the same organic solvents by
the previously developed substrates rubbing method (Shmavonyan, et al., 2017).

Conclusions
To obtain stable and long-lasting components of solar cells, it is necessary to strictly study the stability
(photobleaching) of the applied photosensitizers.
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Introduction

Chemical control via the use of synthetic fungicides remains the most cost-efficient disease management
strategy so far ensuring food sustainability and safety. This valuable asset of the plant protection arsenal is
seriously threatened by high environmental footprints, toxic effects to non-target organisms, increasing costs
on RnD and registration and the loss of fungicide effectiveness due to resistance development. The risk of
environmental pollution and especially contamination of the aquifer by misuse of pesticides, have forced the
EU to implement strict regulations resulting in the withdrawal of a great number of older fungicide active
ingredients and a restrain in the development of new ones. This fact has rendered fungicide resistance
management even more difficult highlighting the necessity for alternative disease management agents for
controlling resistant pathogens in a more environmentally safe way.

Nanotechnology has the potential to be an important part of modern agriculture by providing novel
means for improving crop production and protection in the form of nano-fertilizers, nano-pesticides or nano-
carriers for biologically important active ingredients. Metal nanoparticles (MNPs) possess unique physico-
chemical properties enabling them to control a number of plant pathogens both sensitive and fungicide-
resistant. Lower than their ionic counterparts’ doses required for anti-microbial action and their potential to
be synthesized by green methods (utilizing plants or microorganisms) render MNPs eco-friendly alternatives
to synthetic fungicides. Under this light, this study aimed to: (a) evaluate the effectiveness of silver, copper,
and zinc oxide NPs against sensitive and fungicide resistant Alternaria alternata, Botrytis cinerea and Monilia
fructicola isolates, (b) investigate the potential of metal-NPs to be used in mixtures with fungicides against
fungal phenotypes both in vitro and in vivo, and (c) provide insights on the mechanisms underlying the
fungitoxic mode of action and synergy profiles of MINPs with fungicides.

Materials and methods
Nanoparticles, fungicides and their mixture suspensions were characterized by measuring zeta potential
and hydrodynamic diameter using a Zetasizer (Nano ZS90, Malvern Instruments, Southborough, MA).

Fungal isolates were screened in vitro for resistance to commercial fungicides by fungitoxicity tests
utilizing the poison agar assay. Resistance mutations of respective phenotypes were identified at a molecular
level by target gene amplification and sequencing.

The potential of metal NPs to control sensitive and fungicide-resistant fungal isolates alone or in
combination with fungicides, was evaluated by fungitoxicity tests both in vitro and in vivo. Fungitoxicity was
expressed as percent relative inhibition of isolates grown on PDA amended with appropriate concentrations
of the antifungal active ingredients.

Results and discussion

Metal NPs could effectively inhibit mycelial growth in a dose-dependent way in both sensitive and fungicide
resistant isolates. The fungitoxic effect of NPs against the pathogens was significantly enhanced when
combined with a number of fungicides boscalid, thiophanate-methyl and fluazinam compared to the
individual treatments in most phenotype cases both in vitro and in vivo (Fig.1a).

Indications for possible mechanisms explaining the fungitoxic effect of metal NPs were found to
include metal-ion release, nanoparticle interference on cellular ion homeostasis mechanisms and a potential
“capping” effect contributing to an enhanced NP membrane penetration. A possible role of ATP-dependent
ion efflux mechanism and ROS production in the mode of action of metal NPs was also identified (Fig. 1b,c).
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Figure 1. (a) Synergistic activity of ZnO-NPs in combination with boscalid against representative

sensitive or highly boscalid-resistant Alternaria alternata isolates ; (b) Mean size distribution of boscalid

(10 ug/mL), ZnO-NPs (300 ug/mL) particles and their mixture measured by Dynamic Light Scattering;

(c)Potential fungitoxicity mechanisms of metal NPs.

Conclusions
Silver, copper and zinc oxide NPs exhibit a great potential and can be effectively used against plant pathogens
both alone or in combination with conventional fungicides, providing tools for combating fungicide-
resistance and reducing the environmental footprint of synthetic fungicides.
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Introduction

Hexavalent chromium is known to be very toxic to humans and animals due to its ability to diffuse freely
across cell membranes and its high oxidation potential (Mona et al., 2011). The common methods used for
the chromium removal from wastewater include precipitation, ion exchange, membrane filtration, reverse
osmosis and adsorption. Precipitation process is usually favoured, but the major drawback is sludge
formation. Biosorption however, is an innovative method that uses biomaterials which are either
inexpensive or highly available, for instance; olive oil industry waste (Malkoc et al., 2006). This study uses the
biomaterial starch-based as an adsorbent material for the removal of Cr(VI) ions. In this project the new
adsorbent material starch/cerium oxide nanocomposite was produced as low-cost absorbents for complete
removal of chromium (hexavalent/trivalent) from synthetic aqueous solutions. The effect of pH, temperature
and dosage were evaluated.

Materials and methods

A dispersed solution of starch was prepared by mixing 3.0g of starch in 100ml of deionised water. 3.0 grams
of citric acid (the crosslinking agent) and 1.5g of the sodium hypophosphite monohydrate catalyst
(NaH2PO,-H;0) was dissolved in the starch solution for cross-linking (M. Naushad et al.2016). The resulting
starch suspension was continuously stirred at 60°C for 2 hours, then left to cool to room temperature.

To prepare the hydrous cerium oxide, 0.02 moles of sodium hydroxide powder was dissolved in 100 mL of
ethanol (absolute) to prepare 0.2 M sodium hydroxide/ethanol solution. 0.005 moles of Ce(NOs);-6H,0
powder was dissolved in 100 mL of ethanol (absolute) to prepare 0.05 M Ce(NOs)s/ethanol solution. The
sodium hydroxide/ethanol solution was then added into the Ce(NOs)s/ethanol solution at ambient
temperature under vigorous stirring.

After the two solutions were mixed, the colour of the precipitates was white in just 20 minutes after
continuous stirring. Precipitate was collected by centrifugation, rinsed with deionised water and ethanol
(absolute) three to four times and then dried in an oven at 60°C for 12 hours to obtain Starch/CeO,
adsorbent. Finally, the dried product was crushed using a mortar and pestle into fine particles of uniform size
and shape( Ronghui Li et al.2012). The Cr(VI) concentration in solid phases was calculated from the equation:

_(Ci_cc}l""
__T

Qe

where Ciand C. are the liquid-phase concentrations of chromium initially and at equilibrium respectfully
and both measured in mg/L. Volume of solution (L) and m is the mass of dry adsorbent used for the
experiment in grams. A colour reagent was synthesized using methods reported by (Albadarin et al. 2013) by
adding 0.25g of 1,5-diphenylcarbohydrazide to 50mL methanol, 14mL sulfuric acid and 500mL deionised
water. To determine Cr(VI) concentration after treatment using the nanocomposites 6mL of the solution was
added to 2mL of the colour reagent for each sample.

Results and discussion

pH studies were carried out and it was confirmed that low pH values favour adsorption onto the starch/Ce0,
nanocomposites (Albadarin et al. 2013). The highest removal was achieved at pH 2 and the removal
decreased as the pH was increased. The general interpretation of the influence of pH on Cr (VI) metal
adsorption is based
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on the functional group as well as the ionic composition that is present in the nanocomposite adsorbent. The
high percentage removal at low pH is related to the composition of the Cr and the starch nanocomposite
surface. In acidic conditions the dominant species of Cr present is Cr0/% ( M.S. Alfa-Sika et al.2010). To
determine the adsorption capacity of the material different isotherms were fitted to the data. The Langmuir
isotherm provide the best fit to the data.
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Figure 1. pH Test: The effect of solution pH on Removal % with initial concentration of 100ppm and
adsorbent dosage of 2.5g/1.(a) Isotherm models comparison for Cr(VI) removal from solution by CeO2 starch
nanocomposite adsorbent with constant pH 2 and adsorbent dosage of 2.5g/L (b).

Conclusions

In conclusion, there was a successful synthesis of starch/Ce02 nanocomposites via the sol-gel method and its
use for the removal of Cr(VI). The optimum pH for this study was pH 2 . The detailed adsorption study shows
that increasing the dosage, decreasing the initial Cr(VI) concentrations, increasing the contact time and
temperature resulted in better removal percentages. The detailed adsorption study also showed that starch
cerium oxide nanocomposite material had Cd removal capacity (48.54 mg/g) which is competitively high
when compared to other adsorbent materials reported in literature. The new adsorbent developed in this
work show great potential for removal of hexavalent chromium. Future studies will focus on evaluating its
performance in a continuous system.
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Introduction

Increasing the application of polyvinyl alcohol (PVA) films for food packaging and other applications, it is
vital to enhance its mechanical and antibacterial properties. PVA added with silver nanoparticles (AgNP)
enhances the antimicrobial property. The green synthesis of silver nanoparticles from their metal precursor
can be done by adopting an apt reducing and capping agent. Nutmeg seed shell is an agricultural waste
which has a high content of these reducing agents and capping agents in terms of flavonoids, myristicin,
polyphenols and tannins.

Materials and methods

Preparation of nutmeg seed shell aqueous extract
The aqueous extract from the nutmeg seed shell is prepared by adding 10 g, 105 um size nutmeg seed shell
powder into 100 mL deionized water and boiled for 1 hour and then centrifuged to separate the
supernatant at 5000 rpm for 5 min.

Preparation of polymer films
In-situ preparation of polymer film is carried out by adding 5 mL of nutmeg seed shell aqueous extract to
95 mL of 1mM silver nitrate solution then, 10 g of PVA is added and continuously stirred at 1000 rpm at
90°C for One hour. The solution is poured into a Petri dish and dried for 6 hours in a hot air oven to prepare
films.
The polymer films were cast with 1 mM, 2 mM, 3 mM, 4 mM, and 5 mM concentrations of silver nitrate
solution and control as only PVA for further analysis.

Antimicrobial property
The antibacterial property of films is determined by inhibition zone analysis. Escherichia coli and Bacillus
subtilis were used as model bacteria to evaluate the antibacterial properties of the PVA-AgNP films
prepared in this study, and the standardized agar disk diffusion plate test method was used. The nutrient
broth is poured into each sterilized petri dish and microbes are uniformly spread onto it. Plates were
incubated for 24 h at 37°C immediately after placing the test specimens with 5 mm circular diameter PVA-
AgNP films on the agar. The bacterial growth was then checked (Maruti Kesava Kumar et al. 2015).

XRD analysis and mechanical analysis
Crystalline nature and components in the polymer composite are analyzed by X-ray diffraction analysis at a
20 range of 10 0 - 80 0 with monochromatic Cu Ky radiation (y = 0.1540598 nm). Tensile tests of the films
were performed using an electromechanical universal testing machine according to the ISO 527-3-2018
standard method (ISO 527-2, Plastic) to determine the mechanical properties.

Results and discussion

Antimicrobial property analysis with gram-positive and gram-negative bacteria shows that with respect to
PVA films PVA-AgNP polymer composite shows better antimicrobial character and it is evident from the
inhibition zone analysis (Table: 1). The inhibition of cell growth of microorganisms is due to the distortion of
cytoplasm by silver nanoparticles (Yahia et al. 2022). The distortion of microbe can be attained by two
mechanisms: it will attach to the proteins that contain sulphur and result in the cell malfunctioning. The
other mechanism is attachment or penetration through the cell wall, resulting in cell degradation (Haider
and Kang 2015).
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Table 1. Inhibition zone diameter for silver nanoparticles embedded film against bacterial strains
Inhibition zone (mm)

Microbes 1 mM silver Nutmeg seed PVA PVA-AgNP
nitrate shell extract
E coli rosetta 6 6 0 10
Bacillus subtilis 0 6 0 11
160 -
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Figure 1. XRD analysis for polymer sheet with and without Ag NP
As can be seen from figure 1, the AgNPs were well crystallized and showed sharp peaks at 28 angles of
37.5°, 45°, 63.8° and 76°. These were assigned to the (111), (022), (220) and (131) planes of the Ag and
confirm that the AgNP crystals were successfully prepared(Aravind et al. 2021). the tensile strength of the
CNC-PVA-AgNP nanocomposite films increased from 42.4 MPa to 81 MPa for 10% PVA and 10 % PVA with 5
mM silver nitrate solution and 5 mL extract.

Conclusions

PVA films are mostly used as food packaging material which is having less antimicrobial potential. In this
study agricultural waste: nutmeg seed shell-based nanoparticle infusion into PVA films in a one-step
process is implemented successfully with better antimicrobial properties to both gram-positive and gram-
negative bacteria along with better tensile strength property. The work done shows that agricultural waste
as nutmeg Seed shell and its extract can act as reducing and capping agent to support the formation of
silver nanoparticles and helps to improve the properties of packaging material with higher mechanical
properties and antimicrobial property.
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Introduction

Project funding in clean energy need to be increased considerably in the coming
years to support growth under climate change conditions. Significant public investments have been recently
made worldwide leading to an expansion of the green energy production and of the associated supporting
structures such as wind turbines, ground or roof mounted photovoltaics, storage systems of biomass or of
wood pellets. At present limited guidelines on the design of such structures are available and therefore
standards for the design of normal buildings are frequently applied. However, the design of clean energy
structures significantly differs from common structural design due to: a) lower design lifetime (20-25 years)
which in many cases is defined; b) failure is usually not associated with the loss of human life; c) resistance
uncertainties need attention due to new materials involved; d) extreme actions such a wind are dominating
structural reliability as associated with a large scatter. To provide economically, environmentally, and socially
sustainable design solutions risk informed decision criteria have to be provided and embedded in related
standards. The scope of this contribution is to discuss such criteria based on experience from other industrial
domains e.g. the chemical or the transportation industry and to illustrate their implementation in case
studies.

Methodology

The basics of risk assessment are presented first, see for a discussion Trbojevic (2005), Diamantidis (2017).
The risk combined with a hazard is a combination of the probability of occurrence of this hazard and the
consequences in case that it occurs. The simplest function relating the two constituents of risk R is therefore
used by multiplying the probability of failure (of the structure) pr by the consequences of failure Cr and
represents the expected value E of the failure consequences:

R= PrFX CF= E[CF]

The failure probability is calculated based on data and computation techniques. Three major types of
potential consequences are considered: a) direct and indirect economic losses reflecting the resilience of the
wider system, b) environmental impacts due to pollution, c) human consequences. The consequences can be
monetized by assigning values to the various types of losses. By applying a cost-benefit approach, risk
acceptability criteria have been implemented in industrial domains and related projects by evaluating the
costs and benefits of each possible investment into safety.

The most important parameter obtained from such analyses affecting sustainability in construction is the
optimum target level of reliability based on probabilistic optimization (Rackwitz, 2000) considering
sustainability parameters including construction costs and failure consequences.

Results and conclusions
It is shown that the derived reliability levels may be lower for energy related infrastructures due to lower
consequences of failure in case of limited human losses.
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Two case studies are considered:

a) Ground mounted photovoltaic constructions subjected to dead and wind load, s. Fig. 1.
b) Storage rooms for wood pellets (Fig. 2) subjected to blow overpressure and static silo pressure.

In both cases it is shown that the optimum target reliability level to be used in design is lower than the one
used for normal constructions and that sustainability in construction of energy related structures and
infrastructures can be effectively achieved by saving material costs.

Figure 2. Storage construction for wood pellets (sbz-online.de).
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Introduction
After the petroleum crises experienced in recent years, thermal energy storage (TES) by using heat transfer
media such as phase change materials has become an increasingly important research area (Peng et al.,
2021). Latent heat thermal energy storage (LHTES) is the most interesting method in TES technologies
recently. Phase change materials (PCMs) used in LHTES have a compound annual growth rate (CAGR) which
is 16 % (http 1, 2021). PCMs are special materials that can store a high amount of heat as energy during
phase change at constant temperature and are classified as organics, inorganics, and eutectic (Abdelrazeq,
2016). Paraffins, as PCMs among organic materials, are the substances that have shown the most interest
by researchers (Acar, 2014; George et al., 2020). Paraffins provide high energy storage density relative to
their low mass and exhibit favorable melting and solidification with negligible supercooling, are very
chemically stable, and do not react with most chemicals. However, since the phase changes of paraffin
waxes are between solid and liquid phases, they cannot be used directly in applications. Paraffin waxes can
be mixed with polymers to prevent the PCM's tendency to leak after melting and loss of the liquid phase.
Low density polyethylene (LDPE) is considered as a suitable polymer to be mixed with paraffin waxes due to
its significant share in plastic waste in the global plastic demand (17.4%), its structural and chemical
compatibility with wax and prevention of wax leakage (Sobolciak et al., 2015; Abdelrazeq et al., 2016; http
2, 2021). Unfortunately, as a result of the use of LDPE, the amount of waste also increases (Stan et al.,
2019).

In this study, it was aimed to obtain paraffin wax by pyrolysis of LDPE packaging wastes and to use it as
a PCM. (Jeswani et al., 2020).

Materials and methods

In the first stage, the decomposition temperature of LDPE packaging waste was determined by
thermogravimetric analysis (TGA). According to the results obtained from the literature review, the
pyrolysis process was carried out according to the temperature and heating rates at which the expected
maximum wax product yield would be obtained. LDPE wastes were pyrolyzed at 450°C and a heating rate of
10°C/min. Elemental analysis, TGA, and differential scanning calorimetry analysis (DSC) of the liquid product
(PE-Wax) were performed. Additionally, for the comparison, these analyzes were performed for waste LDPE
and commercial wax too.

In the second stage, composite PCMs were produced by mixing PE-Wax and waste LDPEs at 10, 20, 30,
40, and 50% PE-Wax ratios by twin screw extrusion process. The extrusion has a screw diameter of 16 mm,
and an initial temperature of 130 °C, the other 7 zones are 140 °C, and screw speed 35 rpm. In addition to
this, mixing processes were performed using commercial paraffin wax. Elemental contents of composite
PCM samples were determined by elemental analysis, decomposition temperatures and weight loss
percentages were determined by TGA, and melting temperatures were determined by DSC analysis. For the
comparison, DSC analysis was performed for commercial wax composites too.

Results and discussion
Elemental analysis results are given in Table 1. According to these results, the carbon content of the
product obtained by the pyrolysis of waste LDPE decreases compared to waste LDPE. On the other hand,
elemental content of pyrolysis wax was found to be very close to commercial wax.
Table 1. Elemental analysis results
% C H (o) N
Waste LDPE 87.9 10.5| 1.1 0.5
PE-Wax 55.6/ 9.2 | 344| 0.8
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Commercial wax | 57.6/ 9.4/ 32.3| 0.7
Waste LDPE + 829/ 10.3| 6.1| 0.7
%50 PE-Wax

TGA-DTA and DSC analysis results are shown in Figure 1(a-b).

(a) (b)
Figure 1. a) TGA-DTA curve of PCM produced with 50% PE-Wax + waste LDPE, b) DSC curve
of PCMs produced with 50% PE-Wax + waste LDPE.
Conclusions
In this study, wax was produced from waste LDPE as an alternative to paraffin wax (produced from crude
oil), which is a low-cost thermal energy storage material in a certain temperature range with good thermal
stability and suitable latent heat and used as PCM.
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Introduction
The aim of this work is the study of the differentiation of responses among newer materials compared to the
same but older materials that have been used and exposed for a longer period of time.

The old town of Xanthi is located at the north-eastern edge of Greece in the homonymous prefecture and
the Region of Eastern Macedonia and Thrace. After the catastrophic earthquake of 1829 with which the city
of Xanthi was levelled, the new period of its reconstruction began with particular prosperity due to the
tobacco trade from 1870-1910. Reconstruction and economic prosperity stopped in 1912 with the start of
the Balkan Wars. To this day, the traditional character of the old town of Xanthi has been preserved and is a
protected settlement. The streets of the old city have always had as a paving material the dark grey granite
blocks that are placed with a special technique and due to their great durability are kept for many years in
very good condition.

Materials and methods

The difference in climatic conditions between the city and its periphery is greatly influenced by the response
of sunlight that falls and is trapped in the ground, in the coating materials and in the various general
constructions (Chrysomallidou N., Theodosiou Th., Tsikaloudaki K., 2002). This response also depends on
other factors concerning the paving materials of public areas. The comparison is made between different
points in the urban fabric of the old town of Xanthi, which are paved with grey granite cobblestones. These
areas are important road intersections, squares but also parking lots. These points have been reconstructed
in different periods of time, which we know from an archive of the Municipality of Xanthi with projects carried
out from 1992 until today. During the day the selected areas are exposed to the sun as well as they are in the
shadow caused by vegetation or buildings, due to the course of the sun.

An effort has been made to demonstrate whether newer or older coating materials behave better in the
comfort conditions of their users and especially the thermal sensation. For this purpose, the temperature
was recorded at the height of a person, above specific areas that are covered with grey granite blocks, during
the warm period of the year. The comparison was made between the means of the temperature
measurements recorded at each point. The measurements were made hours of the day when the sun most
influences the response of the materials and specifically at 12.00pm, 15.00pm and 18.00pm.

Results and discussion

A comparison was made between points that were reconstructed in the same year and specifically in 1998,
such as points 4 and 14. In addition, the comparison was made between points that were reconstructed in
close years, such as points 4 and 10 with respective reconstructions years of 1998 and 1995 (Figure 1). It was
made at the same time of the day as well as the measurements were made when the two points that
compared were both exposed to the sun or in the shadow. This choice was necessary so the worst case of
sun exposure not to affect the outcome. During this comparison it was found that the two points compared
to each other were very close to the temperatures measured. They have a difference less than 1,0°C at points
4 and 14 at the same time. This can be justified due to the riparian location of the point 14 in comparison
with the point 4 located in the heart of the settlement with the narrow streets and a larger number of
buildings.
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In the comparison between points that were reconstructed at long intervals between each other and
specifically before 1992 and 2003 and points 3 and 8, the measurements were made for the same time of
the day. That time was chosen when both of the points were exposed to the sun or in the shadow, so that
the worst case of sun exposure not to affect the result once again (Figure 1). During this comparison it was
found that the two points compared to each other had a deviation in the temperatures measured. There was
a difference of more than 1,0°C at points 3 and 8 at the same time. Both points are located in the old town
of Xanthi in similar morphologically areas or even if they are affected by other conditions. The highest
temperatures were measured in the older granite cobblestone coatings.

e

Figure 1. Measurement points and years of cobblestone reconstruction.

Conclusions

The comparison was made between points that were reconstructed in the same year or in nearest years as
well as the comparison between points that were reconstructed in distant years. Also was made for the same
time of the day, that s, 12.00pm, 15.00pm and 18.00pm. The measurements were made when the two points
that compared were both exposed to the sun or in the shadow.

The results of the comparison were found that the two points which compared with the nearest years of
reconstruction, were very close to the temperatures measured, with a difference less than 1,0°C. The
comparison between points that were reconstructed in distant years had a deviation in the temperatures
measured, with a difference of more than 1,0°C. The same conclusions were found in the comparison of other
points with similar conditions.

As we have seen, the highest temperatures were measured in the older granite cobblestone coatings. This
leads us to the conclusion, that the newer grey granite blocks respond better in terms of comfort conditions
to users of the outdoor public areas where they have been coated. The temperature difference between the
newer and the older granite blocks is more than 1,0°C.
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Introduction

The purpose of this study is to examine the water produced in Kedrona Edessa as well as to find the best
techno-economic method of treatment to be characterized as suitable for drinking. The study was carried
out with the aim of producing 50 m3 / d of water. The technical study presents the laboratory analyzes that
were performed and the treatment methods that were piloted and finally the method that was selected and
used was selected. In the present study, the laboratory measurements of the produced water are presented,
which highlight its high content of turbidity, mud and iron and the optimal way of its treatment is proposed.

Materials and methods

The flocculation method was studied in order to reduce the turbidity and parameters that are outside the
law. This method combines the use of various chemical additives and engineering to remove contaminants
in the form of sediment. The use of flocculants such as iron chloride, aluminum sulfate, iron sulfate in
combination with organic polymers such as polyelectrolytes has been considered. Although these methods
seem to have very good results, they have led to high cost and maintenance unit design and have therefore
been rejected.

After a thorough study of such industrial applications, use of appropriate computer tools and after
laboratory verification, the use of turbidity filters (pyrolusite sand filters) in combination with iron removal
filters is able to process and successfully produce drinking water at the lowest possible cost. maintenance,
operation as well as initial investment.

Results and discussion
The system water regeneration cycle is activated when a predetermined volume of water passes through the
filter. 10% sodium hypochlorite solution is used as a means of regenerating manganese black oxide. The
regeneration function requires an initial reverse wash to remove residual substances such as iron hydroxides,
manganese or other suspended solids. The filtration bed is then drained and then refilled with water (at room
temperature) with a predetermined dose of sodium hypochlorite. The filtration bed is left flooded for a
predetermined time. After this operation, the reverse wash of the filter is completed.

Prior to restarting the filter in normal operation, a thorough rinsing is performed to eliminate possible
sodium hypochlorite residues and to rearrange the filtration bed.

Conclusions

The proposed solution was selected as the most optimal for reasons of low cost of purchase and installation
as well as low cost of use due to lack of consumables. In addition, the installation of a fully automated
operating device with telemetry elements that will be analyzed in the next article make the solution of these
filters a value for money option.
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Introduction

The provision of potable water is arguably one of the most important municipal services any government can
provide for its residents. It is widely known that achieving a well-functioning and sustainable water treatment
facility is capital intensive. Consequently, providing this all-important municipal service to its teeming
residents has continued to elude many low-income economies including Nigeria in sub-Saharan Africa. This
has left residents with little or no option other than self-help with a huge financial burden.

In Nigeria, local groundwater sources in some crude oil-bearing coastal communities are characterized
by high contents of heavy metals due to oil pollution. This makes the domestic use of such groundwater
highly objectionable. Therefore, developing a simple, low-cost, and easy-to-maintain groundwater treatment
facility would be beneficial to residents in coastal communities in low-income economies struggling with high
contents of heavy metals in local groundwater sources.

Materials and methods

In this study, we constructed a simple, easy-to-maintain hybrid wetland with locally available materials and
used it to remove Fe** and Mn?* from groundwater collected from Yenagoa, a coastal city in Bayelsa State in
the Niger Delta region of Nigeria (5.317°N, 6.467°E). To do this, three plastic containers (cells) of volume
70.22cm? were connected in series with decreasing elevation, packed with gravel and coarse aggregates in
turn up to one-third of the depth, and planted with water hyacinth to enhance Fe** and Mn?* removal (Figure
1). The system flow rate was 43.20 L/day with a retention time of 1.63 days. The concentrations of Fe** and
Mn?* in the groundwater before and during treatment, as well as pH and colour, were determined
periodically for 12 days using standard analytical protocols.
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Figure 1. (a) The experimental set-up and (b) Sectional diagram of the cell without the plants.
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Results and discussion

Results obtained after treatment on day 12 showed that both Fe3* and Mn?* were reduced to less than their
respective WHO (2008) permissible limits with cell-3 outperforming cell-1 and cell-2 as expected (Table 1).
Moreover, the pH across the cells dropped to within WHO's permissible range from an initial 8.94.

Table 1. Selected properties of the groundwater before and after treatment in the hybrid constructed wetland

Property Before 12 days after treatment WHO (2008)
treatment Cell-1 Cell-2 Cell-3 Permissible Limit
Fe3* (mg/L) 1.094 0.012 0.008 0.003 0.3
Mn?* (mg/L) 1.043 0.004 0.003 0.001 0.2
pH 8.94 6.8 7.15 7.25 6.5-8.5

Similarly, the colour of the groundwater changed from an initial reddish-brown before treatment to
colourless after 12 days of treatment (Figure 2).

o .

Cell 1 Cell 2 | Cell 3 |
(b)
Figure 2. Colour change of the water samples on (a) day 1 and (b) day 12 of treatment in the hybrid
constructed wetland.

Conclusions

From the results obtained in this study, there is the promise that the simple, low-cost, and easy-to-maintain
hybrid constructed wetland could improve the quality of groundwater for domestic use, especially for
washing purposes. If adopted, the treatment method would increase profitability in groundwater treatment
and reduce the financial burden on coastal dwellers in low-income economies.
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Introduction

Drinking water (DW) safety imposes high concern for public health. Despite all the strategies used to
guarantee DW chemical and microbiological safe, biofilm development in drinking water distribution
systems is unavoidable, being a huge problem for DW companies. DW is also affected by the presence of
emerging contaminants (ECs), which are molecules present in most of the products of routine and
indispensable use. Therefore, it is expected an increase in environmental contamination by ECs to worrying
levels (Gomes et al., 2019). Parabens are ECs often detected in DW worldwide and represent remarkable
concerns for human health (Gomes et al.,, 2019). Since microorganisms can adapt to environmental
changes, their exposure to parabens may constitute a problem for the microbiological quality and safety of
DW. The scientific community is focusing on the direct consequences from the intake of ECs for DW
consumers, disregarding the effects on the DW intrinsic microbiome (Gomes et al., 2020). Despite that,
there is some evidence that the presence of ECs on DW microorganisms promotes alteration on biofilm
formation and on the production of virulence factors, promoting antimicrobial resistance spread (Gomes et
al., 2018; Gomes et al., 2019; Gomes et al., 2019). This work focus on understanding the consequences
from the exposure to parabens (methylparaben (MP), butylparaben (BP) and propylparaben (PP)) on
biofilms formed by Stenotrophomonas maltophilia isolated from DW, helping to anticipate potential
microbiological-related public health concerns.

Materials and methods

Biofilm formation and exposure to parabens

Stenotrophomonas maltophilia, isolated from DW, was grown overnight at 25 °C and under agitation
(160 rpm) in R2A broth medium. Biofilms were formed in the presence and absence (control) of parabens
(MP, BP, and PP) under the maximum concentration reported in DW (150 ng/L) (Gomes et al., 2020).
Biofilms were developed on polypropylene (PPL) coupons (1 cm x 1 cm) in 48-wells microtiter plates.
Colonized coupons were exposed to parabens for 7 days and for 26 days, according to Arruda et al. (2022)
and Gomes et al. (2018), respectively. Biofilms only exposed to STW (prepared as described by Gomes et al.
(2019) or to acetone at 0.005% (v/v) were used as negative control and solvent control, respectively.

Assessment of Biofilm Cellular Density and culturability
The culturability of exposed and unexposed biofilm cells was quantified in terms of CFU/cm?, by plating the
biofilm suspensions as well as appropriate serial dilutions in R2A agar. The plates were incubated at 25 °C
for 24h for cell count. The cellular density of biofilms was quantified through 4’,6-diamidino-2-phenylindole
(DAPI) staining and epifluorescence microscopy.

Results and discussion

The concentrations of the selected parabens found in the environment (=150 ng/L) are 1 million times
lower than minimum inhibitory concentration (200-400 mg/L). Therefore, antimicrobial activity is not
expectable, for the concentration tested.

For 7-days old S. maltophilia biofilms exposed to parabens in PPL it was noticeable that PP, BP and MIX
caused a slight decrease of log CFU/cm? in relation to the control (Figure 1). Note that MIX is a triple
formulation composed by MP, PP and BP at the same concentration (150 ng/L). On the other hand, MP
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exposed-S. maltophilia biofilms have increased the number of CFU in comparison to the unexposed biofilms
(STW). Specifically, an increase of 121% on the numbers of CFU was observed in MP-exposed biofilms in
comparison to the unexposed counterparts (P < 0.05). Moreover, MP also increased the proliferation of
cultivable cells from S. maltophilia biofilms when exposed for 26 days (Figure 1), however, at a lower
extent. This situation can be explained by the fact that these cells may have the ability to adapt over time,
being less susceptible to the presence of ECs. To complement this study, the production of virulence factors
was also studied. The gelatinase activity was more pronounced in MP-exposed S. maltophilia biofilms (for 7
days) than in the unexposed counterparts. In fact, an increase of 73% was detected on the gelatinase
activity halo of bacteria exposed to MP for 7 days. Furthermore, the number of total cells in biofilms seems
not to be affected by the exposure to parabens, for both exposure times tested (P > 0.05).

& & 8

&

K

&
¢ &

& " 26 days of exposure

Figure 1. Log CFU/cm? of S. maltophilia biofilms after growing for 7 days (on the left) and 26 days (on the
right) in the presence of the selected ECs (MP, PP, BP, MIX). *- samples were statistically different from
unexposed bacterial biofilms (control) (Tukey’s test, P < 0.05).

Conclusions

The exposure of parabens even in residual concentrations affects the biofilm cells and may potentiate the
production of virulence factors namely gelatinase production. MP enhances the formation of biofilms in
drinking water. However, PP, BP and MIX seem to slightly decrease the culturability of S. maltophilia biofilm
cells.
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Introduction

The vast majority of world cargo handling takes place by sea with suitable ships (Li, Xu and Shi, 2015).
International shipping is considered a significant source of pollution derived from uncontrolled disposal
of seawater, which is used as ballast (Wan et al., 2021). Ballast water is a great amount of seawater stored
in ballast tanks and is essential to certify ship buoyance and maneuverability. During de-ballasting,
thousands of cubic meters of seawater containing invasive species can be disposed to a totally different
environment (Kim, Lee and Seo, 2022). To reduce the global spread of these invasive aquatic species,
international regulations has already set environmental limits in the number of organisms in ballast water
discharged by ships according to Table 1 (IMO Marine Environment Protection Committee (MEPC), 2008).
Ozonation has been widely used to treat the discharged ballast water, however this method is limited by
the rapid consumption of ozone. Micro and nanobubbles (MNBs) have been attracted scientific interest
due to the high residence time and the utilization of this technology is expected to enhance the ozone
half-time and the residual concentration.

Table 1. Acceptable limit of indicator microbes according to D2 standard

Indicator Microbes Size of microorganisms
Escherichia coli (E. coli) <250 cfu per 100 mL >50 pm <10 viable organisms per m3
Intestinal Enterococci <100 cfu per 100 mL 210 pm and <50 pm <10 viable organisms per mL

Toxicogenic Vibrio cholerae <1 cfu per 100 mL

Materials and methods

The ozonation experiments were conducted in batch mode. Tap water containing ozone with and
without the presence of MNBs was used to conduct the disinfection experiments. A desired bacterial
concentration (CFU/mL) was added to OMNB tap water and sample were collected at predetermined
time intervals (1, 5 and 10 min) in sterile tubes for ozone determination and cell viability.
Results and discussion

The experimental design was divided into two phases. The first phase was designed to determine

the influence of salinity and ozone dose on the ozone reaction, without the addition of bacterial
inoculum. The second experimental phase includes the ozone disinfection of Escherichia coli in three
different concentrations. In Figure 1, it can be seen that in two different ozone concentrations the trend
in ozone consumption is similar. In high salinities, the ozone reaction with seawater is rapid. The residual
concentration reached around 20% in the first minute of reaction.
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Figure 1. Ozone reaction with seawater in different salinities (left) at 0.8 ppm and (right) 1.6 ppm ozone
concentration
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In three different bacterial concentration, the presence of MNBs enhanced the ozone consumption and
the disinfection capacity was greater in seawater with salinity 1.5 PSU.
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Figure 2. Ozone consumption and bacterial concentrations with and without the presence of MNBs

Conclusions

The salinity of water has a strong impact on the residual concentration of ozone. When salinity is
increased, ozone reacts rapidly with the bromide and chloride ions The use of Nanobubbles technology
exhibited greater disinfection performance.
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Introduction

Chlorination is the most widely used method for the disinfection of drinking water (DW) (Ellis, 1991).
However, the production of toxic disinfection by-products and the occurrence of biofilms in chlorinated
drinking water distribution systems (DWDS) have been frequently reported (Andersson et al., 2019; Liu et
al.,, 2016). Biofilms are responsible for several undesirable effects on water quality and constitute a
reservoir of pathogenic microorganisms (Simdes and Simdes, 2013).

Given the health concerns of the side reactions of chlorine compounds and the increase of microbial
tolerance to conventional chlorination, new alternatives for DW disinfection are required. Therefore, the
main purpose of this study was to evaluate the antibiofilm efficacy of pentapotassium
bis(peroxymonosulphate) bis(sulphate) (OXONE) compared to the common free chlorine disinfection.

Materials and methods
The effects of OXONE and free chlorine from calcium hypochlorite were evaluated against 48 h-old
Stenotrophomonas maltophilia biofilms. S. maltophilia was previously isolated from a DWDS in Braga
(Portugal) and was selected as model microorganism given its importance as emerging pathogen. Polyvinyl
chloride (PVC) and stainless steel (SS) coupons (1 x 1 cm) were used as substrata for biofilm formation and
were selected as representative pipe material from DW networks. The antibiofilm activity was analyzed in
terms of biofilm culturability (log (CFU/cm?)) immediately after a 30 min exposure to the disinfectants at 10
x minimum bactericidal concentration (MBC) and biofilm regrowth for 24 h after chemical exposure. The
MBC of OXONE and free chlorine against S. maltophilia (344 and 0.8 mg/L, respectively) were already
determined in a previous work (Oliveira et al., 2022).

Additionally, the changes in the viscoelastic properties of biofilms resulting from the 30 min exposure to
the disinfectants were evaluated by rheometry. Colony biofilms of S. maltophilia were subjected to
oscillatory tests performed using a parallel plate rheometer.

Results and discussion

The 30 min exposure to OXONE allowed a reduction in the biofilm culturability up to 7 log, resulting in CFU
levels significantly lower than the biofilms unexposed to disinfectants (P < 0.05). The biofilms exposed to
OXONE showed CFU numbers of 0.0 + 0.0 and 3.6 + 0.7 log (CFU/cm?) on SS and PVC, respectively, in
contrast to unexposed biofilms with 7.2 + 0.3 and 7.2 + 0.1 log (CFU/cm?) on SS and PVC, respectively.

The reposition of nutrients after disinfectant exposure allowed biofilm regrowth, even in biofilms that
had been exposed to OXONE or free chlorine. However, the biofilms previously exposed to OXONE showed
CFU levels significantly lower than the biofilms unexposed to disinfectants (P < 0.05). After 24 h of biofilm
regrowth, the biofilms previously exposed to OXONE presented CFU numbers of 2.6 + 2.3 and 6.1 + 0.5 log
(CFU/cm?) on SS and PVC, respectively. In contrast, the unexposed biofilms showed CFU numbers of 7.8 +
0.3 and 7.9 + 0.3 log (CFU/cm?) on SS and PVC, respectively.
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In both tests, the antibiofilm activity of OXONE was significantly better than the activity of free chlorine
against biofilms formed on SS (P < 0.05). The CFU numbers on SS coupons immediately after free chlorine
exposure and after 24 h of biofilm regrowth were 4.3 +0.9 and 6.7 £ 0.5 log (CFU/cm?), respectively.

The rheometry analysis demonstrated that independently of the disinfectant treatment the S. maltophilia
biofilms behaved as viscoelastic solid material, with a higher elastic shear modulus (G’) than viscous shear
modulus (G”). Nonetheless, biofilms exposed to OXONE had complex shear modulus (G*) significantly lower
than the values of unexposed biofilms and biofilms treated with free chlorine (P < 0.05) (Table 1). Therefore, the
30 min exposure to OXONE reduced the stiffness of the biofilm, weakening its cohesiveness.

Table 1. Complex shear modulus (G*) of colony S. maltophilia biofilms after
30 min exposure to OXONE and free chlorine at 10 x MBC.

Treatment Complex shear modulus
(G*, kPa)
Control 140 + 29
Free chlorine 104 + 70
OXONE 69121

Conclusions

This study demonstrated that OXONE presented significant action against S. maltophilia biofilms. In biofilms
formed on SS, OXONE had better efficiency in reducing biofilm culturability and limiting biofilm regrowth
than free chlorine. The antibiofilm activity of OXONE was related to changes in the viscoelastic properties of
the biofilms, reducing their cohesiveness and promoting the disinfection of bacteria. This study reinforces
OXONE as promising alternative to free chlorine for DW biofilms disinfection and highlights the importance
of understanding biofilm rheology to improve biofilm control strategies.
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Energy and water are two of the most important components required to ensure prosperity and
sustainable development to societies. This paper aims to critically review the status of renewable energy
desalination for Greek islandic communities, deployed in two axes. Under the first one it reviews the state
of the art in terms of technological solutions in desalination systems, their energy needs, how renewable
energy may be employed. Finally, the cost of renewable energy desalination is investigated. The second
axis focuses on Greek islands per se, where the current situation is investigated, potential solutions for
meeting the water needs are evaluated all leading to the proposal of a methodology towards designing an
appropriate and applicable approach in addressing the water needs. Lastly, a discussion takes place on how
such options might further be deployed, particularly regarding the impacts they may produce for the life
hood and the future prosperity of the pertinent communities, and at the same time supporting the energy
transition towards the EU Green Deal goals.

Major results and conclusions regard

Water and energy security will be top political priorities for Greece in the nearest future, following EU
policy. Detailed reviews of utilized solutions for the provision of fresh water may shed light on the
advantages and disadvantages of the various technologies deployed on the islands and reveal alternative
management options (i.e., appropriate operation and practices) for a more efficient production. The
ongoing research in improving the desalination technologies powered by renewables aims at improving
operational efficiencies and the overall cost reduction. Nevertheless, interregional, and international
cooperation will be required, as the challenge of providing fresh water in a sustainable manner may be too
great for any country, region, and development funding body to address on its own. Water supply, in the
nearest future, in the islands of central and south-eastern Aegean Sea is expected to use desalination
combined with solar and/ or wind energy, instead of fossil fuels, in full alignment with the EU Green Deal.
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Introduction

Biorefinery has been defined by the International Energy Agency as the sustainable processing of biomass
into a spectrum of marketable products and energy (IEA, 2019). Lignocellulosic materials represent one of
the most promising sources of renewable raw material under the bioeconomy, giving useful biobased
chemicals and fuels, due to their low economic value and high availability (Coz et al., 2016). Lignocellulosic
biomass has a complex structure consisting of three major fractions: cellulose (35%-50% dry weight),
hemicelluloses (15%—35%), and lignin (10%—25%) (Huang et al., 2008); and all of them can be used in different
applications. Depending on the final product, the conversion of lignocellulosic materials requires the
separation or not of the material into its components. In addition, different processes as physico-chemical
and biological methods can be used to produce the final products and to purify them.

Due to the different alternatives, scales, products and so on, different tools for making decisions about
the best options need to be studied. In this sense, Multi-Criteria Analysis (MCA) tools can be a good option
in order to take into account not only the technical and economic aspects but also the environmental and
social issues. MCA is a decision-making tool applied to a wide range of environmental management problem:s,
including renewable energy planning and management (Vassoney et al., 2017). In addition, these tools can
be used in all steps of the process in biorefinery applications. In this work, MCA has been used in different
cases within the biorefinery concept.

Materials and methods

The MCA analysis has been performed using the DEFINITE 3.1 software which includes a weighted summation
MCA algorithm to obtain the results. The weighted summation can be used to address problems that involve
a finite and discrete set of alternatives that must be evaluated based on conflicting objectives (Beinat and
Nijkamp, 2007).

The process to be followed to carry out weighted summation is further detailed: (1) alternatives definition
that will be compared against each other; (2) selection and definition of criteria identifying the most relevant
indicators for the decision; (3) assessment of scores for each alternative by assigning values to each indicator
for all the alternatives; (4) standardisation of the scores to make the criteria comparable with each other; (5)
weighting of criteria to assign priorities to them; and (6) ranking of the alternatives. Finally, a sensitivity
analysis needs to be done.

Results and discussion

Four different cases have been studied. On the one hand, the evaluation of specific processes within the
biorefinery process, in this case, the evaluation of different detoxification processes in a spent sulfite liquor
have been studied considering that can be adapted to a wide variety of fermenting scenarios and using
previous experimental data. Technical, economic, environmental, and social criteria have been studied. Total
inhibitors, removal, phenolics removal, acetic acid removal, lignosulfonates removal, total sugar losses, fixed
capital invested, manufacturing costs, waste toxicity, social acceptance, and employment have been chosen.
Different scenarios with only technical criteria, technoeconomic criteria and adding the environmental and
social aspects have been studied. Figure 1 shows the results considering all the criteria.

Taking into account the previous results and using the results of modelling and simulation at industrial
scale, three different alternatives of production of xylitol, furfural and ethanol have been studied. In this case,
only technical and economic criteria have been considered because of the importance of the use of these
alternatives in a real company. Total production, market price, fixed capital invested, manufacturing costs,
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and return period have been used. Sensitivity analysis was also studied. Xylitol is the best alternative almost
in the whole weight range except for the market where ethanol becomes the best alternative when the
weight of market is above 30 %.

Figure 1. Results of the rankings for the techno-economic and socio-environmental alternatives.
Finally, in order to increase the impact in small companies and rural areas, two different cases have been
studies: (i) essential oil production from waste local biomass, and (ii) the production of lactic acid using
different regional feedstocks and analysing three purification strategies.

Conclusions
Multi-Criteria Analysis are good alternatives for making decisions about the best biorefinery options because
of the diversity of waste materials, processes, and products, and not only in large biorefineries but also for
small areas.
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Introduction

Nowadays, harnessing agro-food wastes through a revalorization approach has become a promising
alternative to promote a circular economy. One potential alternative is producing fungal enzymes through
solid-state fermentation (SSF). Agro-industrial waste is made up of cellulose, hemicellulose, and lignin; they
also contain phenolic compounds, proteins, lipids, and trace elements (Barcelos et al., 2020) that
microorganisms can use without the need to provide another nutritional element. The nature of agro-
industrial waste plays a critical role in the SSF process for enzyme synthesis. Material's chemical
composition will affect the microorganism growth and the desired product yield. Determining the ideal
materials for SSF will allow the development of bioprocesses for synthesizing enzymes such as xylanase,
cellulase and pectinase. Multi-enzyme extracts produced by SSF have the potential to be used in several
industrial processes, given the high demand for enzymes for the manufacture of food products and the
pretreatment of raw materials. In addition, enzymes are also used for assisted extraction to obtain value-
added compounds. The agro-industrial waste characterization and fungal screening to obtain hydrolytic
enzymes by SSF are strategies proposed in this work to generate an efficient and profitable bioprocess.

Materials and methods

Agro-food wastes were obtained from different agricultural activities, food processing and commercial
activities, which were subjected to a proximal and physicochemical characterization. The substrates used
were apple pomace (AP), brewery spent grain (BSG), corn cob (CC), cotton seed (CS), carrot waste (CW),
grapefruits peels (GfP), grape pomace (GP), orange peel (OP), peanut shell (PS), pasta residue (PR), soybean
waste (SW), wheat bran (WB).

Five fungal strains (A5, A13, B1, D1 and G5) isolated from maize silage were used to examine their
qualitative xylanolytic, cellulolytic and pectinolytic activities. The three best strains, according to their
ability to degrade polysaccharides (xylan, cellobiose and pectin), were used to perform solid fermentation
using the twelve agro-wastes as support-substrate. The growth parameters were determined through the
fast-acceleration/slow-deceleration model (Mitchell et al., 2004), which describes filamentous fungi growth
in solid culture.

The selected strain and residues were further evaluated for enzyme production. Statistical optimization
was used for optimal production of xylanase, cellulase and pectinase. The evaluated factors were substrate
ratio (75/25, 80/20 and 85/15), moisture (40, 50 and 60 %) and pH (4, 4.5 and 5), which were optimized
using a central composite design using the response surface methodology (CCD-RSM).

Results and discussion

The proximate chemical analysis of the agro-industrial wastes shows the agro-food wastes’ potential to be
used as a source of nutrients and an inducer of enzymatic activity (Table 1). It is well reported that the
composition is a decisive factor for stimulating enzyme secretion by microorganisms (Barcelos et al., 2020).
The physico-chemical parameters are plotted in Fig. 1. WAI (water absorption index) determines the ability
to absorb water; WHC indicates how much water is retained by the material. A high percentage of WAI is
desirable for support-substrate used in solid fermentation. This material’s parameters are directly related
to the interaction of the water molecules with the no-cellulosic cell wall polysaccharides, mainly pectins
and xylan (Du et al.,, 2018). CHP is an important parameter because it indicates the critical moisture
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percentage for the system. Since SSF is carried out with humidity ranging from 40 to 80 %, the CHP should
not exceed 30 % (Torres-Ledn et al., 2019).

Strains B1, D1 and G5 were able to degrade the highest number of substrates. B1 failed to degrade
CMC and D1 xylan and cellobiose, while G5 degraded all substrates. The highest enzymatic activity for
xylanase was in BSG (481.45 + 4.39 U), pectinase in AP (47.88 + 7.09 U), and cellulase in AP (41.25 + 3.85
U). Based on the growth parameters obtained and the ability to produce hydrolytic enzymes on the
substrates, the G5 strain and the BSG and AP residues were selected.

CCD-RSM allowed determining various settings of optimal conditions to maximize the production of
each hydrolytic enzyme. The activity was increased by 20, 69 and 28 % for xylanase, cellulase and
pectinase respectively.

Table 1. Proximal chemical composition of lignocellulosic materials
AP BSG cw cc cs GfP GP oP PR PS SW WB

Protein 10.46° 16419  1059° | 3.86" | 21.47°  7.228  19.18°° | 7578  983¢f 7678 | 45697 17.84%

Lipids 3168 | 39657 27286 371" | 13507  498? | 5419 9.02° | 640° 196" 5319 | 4.28°
Carbohydrates = 65.05° | 29.41°  30.11° | 14.25° 055" | 5260° 5778 | 2338¢ 893" | 1239 961" | 6.608
Hemicellulose = 9.88%€ | 19.16° = 3.17% | 44167  11.95¢ 544° 703 | 632°" 865¢ | 13.11% nND | 14.22°

Lignin ND  355%€ | ND | 9739 2161°  16.84%9  13.83°  1333¢ | 348° 5274  ND ND
Cellulose 12865 4788 11.78°F | 40.57¢ 48.09° | 15709  10.23"  23.98¢ 001" 63852 | 4698 @ s.00f
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Figure 1. Physico-chemical parameters of agro-industrial wastes.
Conclusions

Studying the properties and composition of agro-industrial wastes allowed the understanding of the
growth and production of enzymes by microorganisms. The G5 strain demonstrated the ability to
biosynthesize xylanase, cellulase and pectinase of the five strains studied. It was possible to gain process
knowledge about the simultaneous production of xylanase, cellulase and pectinase, which will allow
adjusting process conditions to maximize a single enzyme or mixture of enzymes depending on the
application.
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Introduction

Olive oil production is a common agro-industry in the Mediterranean region producing a large amount of
solid wastes (OMSW) with each ton of olives processed resulting in 0.6 tons of solid. The solid fraction
consisted of varying fractions of the three major structural components: lignin (20-43%), cellulose (16.6-
37%), and hemicellulose (14.4-36.6%). As of today, OMSW is considered an environmental nuisance
without proper solutions. With the increasing interest in renewable energy, there is a rise in the interest in
the use of lignocellulose biomass as feedstock for ethanol and biogas production in addition to other
added-value products.

Materials and methods
We have explored ways to utilize this waste as feedstock for the production of ethanol and added-value
products.

Utilization of agriculture waste rich in cellulose, releasing the glucose from the cellulose, and using it as
feedstock for ethanol production could solve this issue, but this conversion is often hampered by the
complex nature of the waste, requiring complex pretreatment before enzymatic saccharification.

The effect of different microwave (MW) and organic acid (OA) pretreatments on the production of
bioethanol from OMSW was investigated using a statistical design of experiments. Four pretreatment
factors (MW temperature, MW time, OA type, and OA concentration) were investigated as well as enzyme
amount and Tween 80 additive concentration, concluding 64 experimental runs, and allowing identification
of interactions between the six factors. Response variables tested were loss of sugars from hemicellulose,
production of fermentation inhibitors in the pretreatment process, cellulose saccharification efficiency in
the hydrolysis, and ethanol production by fermentation.

The remnant after bioethanol production was used for either biogas production by anaerobic digestion
(AD) or for the removal of heavy metals from contaminated water.

An extra experiment has been conducted for the OMSW, for producing lactic acid. The lactic acid
fermentation has been performed with Bacillus coagulans bacteria, following the pretreatment with
chemical microwave with formic acid or maleic acid at 180°C for 10 min, and followed by enzymatic
hydrolysis with Cellic CTec2(Novozyme) and Accelerase BG, 50°C, and pH 5.

Results and discussion
Saccharification and ethanol production ranged from 17 - 94%, and 6 -15 g/L, respectively. Results analysis
demonstrated that the MW temperature had the largest positive effect on ethanol production, followed by
OA type, with an interaction between them. MW time beyond 4 minutes had no effect, suggesting much
energy can be saved by shortening heating.

Microwave with water resulted in the best sorbent, followed by microwave with formic acid.
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The biochemical methane potential results fitted the modified Gompertz model. No influence of
pretreatment was observed on the maximum methane production. A clear difference was observed in the
kinetic constant and in the lag phase. The maleic acid pretreatment showed the highest energy conversion
efficiency of 71.0% and the energy yield for the combined ethanol production and biomethane production
was 12.92 GJ fuel per ton of dry weight of substrate (10.3 MJ/kg from methane and 2.6 MJ/kg from
ethanol).

Pretreatment with formic acid was the best condition for lactic acid production.

\ <
Lactic acid

Bio-ethanol ¥
Olive mill
solid waste
Leftover
Remnant
Bio-sorbent Bio-gas
~(methane)

Figure 1. Added value products produced from Olive mill solid waste(OMSW).

Conclusions
This study shows that the synergy between bioethanol production and AD process could exploit the OMSW
- energy nexus.

The results of this work study could facilitate the conversion of lignocellulosic biomass to added values,
enhance the economic viability, and obtain the maximum value of OMSW, which is our major goal. The gap
in the OMSW management could be achieved by applying the circular economy model to this solid
biomass.
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Introduction

The elimination of organic pollutants from the aquatic system is considered today as a subject of
environmental primary concern. Due to their carcinogenicity or mutagenicity these water contaminants are
recognized today for their negative effects on biota (Lutic et al., 2022; Sescu et al., 2020a). Most of them are
considered as emerging water contaminants because they are not regulated yet by the water framework
directive but they may be taken into account in future, depending on the researches data on risk assessment
(Favier et al., 2016). Also are so-called contaminants of emerging concern (CECs) and include pharmaceuticals
and personal care products. Among them, sartans are a class pharmaceuticals which are frequently detected
in the water bodies due to their increased consumption over the world as well as to the rapid development
of the pharmaceutical industry. This confirms that the conventional sewage treatment plants are not able to
efficiently remove such kind of molecules.

Advanced oxidation processes (AOPs) are a group of chemical processes exploiting the high reactivity and
non-specificity of hydroxyl radicals in driving degradation of a wide range of organic pollutants to nontoxic
intermediates such as carbon dioxide and water via oxidation reactions, thus limiting the generation of
secondary contaminants (Sescu et al., 2020b; Favier et al., 2016). Among these processes, heterogeneous
photocatalysis using metal oxide semiconductors received an increased interest in environmental
decontamination because of its destructive efficiency for persistent pollutants. Specifically, this technique is
considered as a convenient option for water detoxification because of its high degradation and mineralization
ability, mild operation conditions and low cost (Harja et al., 2020).

Therefore, this study focuses on the evaluation of the photodegradation efficiency of an emergent water
pollutant belonging to sartans family using TiO, catalysts and UV-A irradiation conditions. The model
pollutant considered in this work is the antihypertensive losartan (LS) which was recently detected in many
WWTPs around the world. It is important to mention that up to now the photodegradation of this molecule
was rarely studied. In this context, the contribution of diferent process parameters and of reactive oxygen
species was studied to have a better understanding on their effect on the process efficiency and on the
mechanism involved in the transformation of the considered molecule. In addition, degradation kinetics were
also evaluated in different water matrices to study the practical application of the considered process.

Materials and methods

A series of photocatalytic experiments were systematically designed to investigate the degradation and
mineralization efficiency of the photocatalytic process in the elimination of the target molecule. The tests
were performed at room temperature in a glass reactor (1L of working volume) functioning in batch mode.
Irradiation was provided by an UV-A mercury vapor lamp (emitting at 365 nm) placed in the center of the
reactor. In all photocatalytic experiments prior to the irradiation phase, the aqueous suspensions were
magnetically stirred in dark for 2h to reach the adsorption/desorption equilibrium. Samples were taken at
designated time intervals, filtered (0.45 um PTFE Millipore syringe filter) and then analyzed directly by high
performance liquid chromatography (HPLC) to evaluate the progress of the photocatalytic reaction. In
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addition, dissolved organic carbon (DOC) was measured by using a Shimadzu TOC-5050 analyser to determine
the mineralization rate of losartan.

Results and discussion

Different commercially available titanium dioxide (TiO,) samples were investigated for their photocatalytic
efficiency in the elimination of the target molecule. The best activity was achieved when TiO; AEROXIDE® P25
was used as a catalyst. Adsorption and direct photolysis experiments were also conducted to determine the
contribution of these phenomena on the removal of this contaminant. Accordingly, for these tests a no
significant change in the elimination efficiency was found. On the other hand, the photodegradation
experiments performed in this study clearly provided that the LS removal and its mineralization rate strongly
depends on the considered operating factors. It was observed that the LS elimination and mineralization
were enhanced by increasing the catalyst concentration and light intensity. Also, a significant removal yield
(99%) was achieved after 10 min. of reaction when the initial pollutant concentration was reduced from 60
mg/L to 5 mg/L. Under these conditions, a high mineralization rate of 87% was obtained. Accordingly, the
measured removal rate was higher than the percentage of elimination of DOC, which can be due to the
formation of organic intermediates. To further investigate the effect of water matrix on the degradation
kinetics of the target molecule, different natural water samples were spiked with 10 mg/L pollutant. It was
clearly observed that the degradation extent of LS decreases in the natural water samples, which may be due
to a competition effect between pollutant and dissolved organic matter naturally present in the real water
samples.

Conclusions

In summary, this work demonstrates that UV-A/TiO, photocatalysis is very efficient for the transformation
and mineralization of this drug of the satins family recently detected in many WWTPs. Moreover, results
clearly showed that the photocatalytic removal and mineralization efficiencies are affected by the considered
operating conditions. The DOC removal rate was significantly enhanced (about 87% within 2h of reaction)
confirming the excellent efficiency of the investigated process. The next step of this study is to identify the
reaction intermediates generated during this oxidation process.
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Introduction

PDT is a treatment technique based on the combination of photosensitizing molecules (PS), PS-specific
excitation wavelength light, and intracellular oxygen. The combination of these three factors will generate
cytotoxic reactive oxygen species (especially singlet oxygen -'O,) capable of inducing cancer cell death
(Baydoun, et al., 2020). A strategy for improving the efficiency of PDT is to increase the selectivity towards
tumor cells in order to reduce the adverse side-effects caused by normal cell injury. It is known that
numerous cancer cell lines (on prostate, brain, lung, nose, ovary, colon, cancer cells) over-express FA
receptors because of their fast growth and cell division (Stallivieri, et al., 2017). Considering this, we
perform non-covalent complexation of folic acid and cationic porphyrins. One of the characteristics of PS’s
is the photobleaching, which is the loss of absorption or emission intensity that is caused by light (Khaled,
et al., 2011). The aim of this work was to gain stabile complexes and enhance the effectiveness of PDT by
reducing the photobleaching of FA, cationic porphyrins, and non-covalent complexes. The stabile
complexes were obtained: we chose 20 % glycerin as stabilizing agent for complexation and enhancement
of photostability. The study of PS’s and complexes photobleaching in presence of known quenchers (L-
histidine as a singlet oxygen quencher and D-mannitol as a free radicals’ quencher (Khaled, et al., 2011))
was also performed.

Materials and methods
The cationic porphyrins and metalloporphyrins are as follows: 1) zinc meso-tetra [4-N- (2’-oxyethyl) pyridyl]
porphyrin (Zn-TOEt4PyP), 2) zinc-meso-tetra [3-N-butyl pyridyl] porphyrin (Zn-TBut3PyP), 3) TOEt4PyP.

FA and PS were mixed in a ratio of 5/1 and incubated for 24 hour, in the dark, at 25°C. Glycerin was
added to the mixture of FA and PS to make it 20% in the final volume. After additional 24 hour incubation
with glycerin, the unbounded components were purified by using Al,O; (aluminum oxide) column
chromatography with 0.1 M PBS containing 20 % glycerin as eluent. The absorption spectra of porphyrins
and their complexes with FA were recorded on Agilent co. (USA), Cary 60 spectrophotometer, in the range
200-700 nm. Fluorescence spectra of complexes were recorded on Agilent co. (USA), Cary Eclipse
Fluorescence spectrophotometer.

Photostability studies were conducted by illuminating under similar conditions and following the
absorbance changes over time of the PS’s and their complexes with FA. PS’s, FA and non-covalent
complexes (PS+FA) were irradiated by tungsten lamp with a range of a wavelength 380 - 1000 nm using an
irradiance of 30 mW/cm?, to a total of 30 minute duration. The absorptions for samples were recorded
during the irradiation and after irradiation for 0 min, 5 min, 15 min, and 30 min. The studies of the effect of
histidine’s, mannitol’s concentrations on photobleaching were performed too.

Results and discussion

FA forms non-covalent stable complexes with ZnTOEt4PyP, ZnTBut3PyP, and TOEt4PyP with different ratio
of components for targeted PDT. Stable complexes were obtained in presence of 20 % glycerin as it is
known that by replacing water by glycerin, the stability of compounds improves. The addition of 20 %
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glycerin led to the less photobleaching of porphyrins (2 times) and photolysis of FA than for samples
without glycerin. Considering this, further the complexation and photostability studies with quenchers
were performed in presence of glycerin.

Different concentrations of quenchers were tested and it was shown that the D-mannitol concentration
(0.8 mM) that is needed for effective quenching and for decrease of photobleaching rate after 30 min of
illumination by tungsten lamp is 10 times higher than the concentration for L-histidine (0.08 mM). It is also
noted that further increase of quenchers’ concentration to 10 mM for D-mannitol and to 1 mM for histidine
has the reverse effect as the photobleaching was more intense. L- Histidine was more effective quencher
for Zn-TBut3PyP and for its complex with FA. D-Mannitol was shown to be more effective for TOEt4PyP and
Zn-TOEt4PyP than L-histidine. The more effective photoprotection by L-histidine for Zn-TBut3PyP is
correlated with higher singlet oxygen quantum yield of this PS (y,=0,98) compared with other two PS's
(ya=0,7 for TOEt4PyP and y,=0,84 for Zn-TBut3PyP). It should be noted that both quenchers has a protective
effect, thus indicating that both singlet oxygen and free radicals play a crucial role in the photobleaching
mechanism of these cationic porphyrins.

Conclusions
FA forms non-covalent stable complexes with cationic porphyrins in presence of 20 % glycerin. The
advantage of gaining this type of complexes is the simplicity of method.

By using singlet oxygen quencher L-histidine and free radicals’ quencher D-mannitol, it was concluded
that the use of quenchers with optimal concentration can led to the reduction of photobleaching rate and
thus the enhancement of PDT efficiency.
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Introduction
Agricultural waste is generated in large amounts annually in the form of by-products in agriculture and crop
residues. One of the strategies in sustainable waste management is a proper treatment of the waste to
produce value-added products and minimize environmental pollution. Olives are the leading commercial
tree crop in the Mediterranean region where more than 97% of the global olive production is concentrated
in the Mediterranean region. The solid waste from oil extraction is called olive mill solid waste (OMSW).
The overall aim of the current research was to test the scientific and technical feasibility of the reuse of
OMSW to produce biochar (BC(, an added value product, for its application in water treatment prior
irrigation. Reuse of treated effluents for irrigation in agriculture is a good alternative to deal with the
consequences of climate change such as water scarcity. However, micropollutants (e.g., pharmaceuticals,
hormones) should be removed from effluents to avoid their accumulation in crops to prevent their negative
effects on the consumer’s as well as their widespread into the environment.

Materials and methods

Biochar was produced from the pyrolysis of OMSW at different temperatures (400-600 °C), furthermore BC
was activated physically in using an oven at 900 °C under a nitrogen atmosphere as well as modified
chemically with transition metals Fe/Zn or with basic solution KOH. The modified BC activates persulfate
(PSF), a chemical agent, generating sulfate radicals which oxidize pollutants in water since sulfate radical
(SO4e -) and hydroxyl radical (¢OH) have a high oxidative potential to breakdown various compounds.
Acetaminophen (AMP, pain reliever) was used as a model compound due its chemical properties - the
molecule is neutral at the pH of water treatment (pKa = 9.38), and it is considered relatively hydrophilic
(pKow = 0.34). These properties make acetaminophen a suitable model compound for testing different
types of BC prepared in terms of adsorption, oxidation in the water solution as well as oxidation on the BC
surface. Acetaminophen was spiked into the water matrixes used, tertiary effluents and buffer phosphate
at 4 mg/L initial concentration. AMP measurements were performed using a HPLC-DAD.

Results and discussion

Our results showed that the effectiveness of BC for adsorption and oxidation of AMP increases along with
the pyrolysis temperature; however, after 5h treatment less than 10% overall removal (adsorption +
oxidation) in all the temperatures tested was achieved. Physical activation significantly enhanced the AMP
removal, 84% overall removal was achieved after 20 min treatment whereas the contribution of adsorption
was only 32% as can be observed in Fig. 1. Similar results were achieved for overall removal under chemical
modification with Zn/Fe or KOH. However, modification with Zn/Fe enhanced the AMP adsorption
achieving 72% in the first 20 min while BC under KOH modification achieved 35% in the same timeframe.
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Figure 1. Removal of Acetaminophen in water by activated biochar

Reuse of BC after the treatment was assessed during three water cycles with slightly decrease in the overall
removal (persulfate system successfully removed ACM from water in the three types of activated biochar
tested). Activation of BC should be performed undoubtedly in order to allow modification in BC functional
groups, which are responsible for the electron transfer from the BC to the receiving persulfate. Application
of agriculture waste-based BC coupled with persulfate for oxidation of micropollutants in water is a
relatively new topic. Our results indicate that this may be a promising direction in the field of water
treatment for a circular economy of agricultural waste and the production of economical products.

Conclusions

Application of agricultural waste-based BC combined with physical or chemical activation coupled with
persulfate for oxidation of micropollutants in water is a unique approach to remove micropollutants such
as pharmaceuticals.
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Introduction

Phenol is one of the first substances included on the list of toxic substances with high priority for treatment
due to health problems arising in response to increased exposure to such substances. Furthermore,
phenolic compounds have been listed by the United States Environmental Protection Agency (USEPA) and
the European Union (EU) as pollutants of priority concern (Mohamad Said et al., 2021). High concentrations
of phenol and phenolic compounds may be found in wastewater from industries such as textile, plastic,
paper, medicines, oil refining, coal processing, and more (Benit et al., 2022). Advanced oxidative processes
(AOP) uses ozone, hydrogen peroxide (H202), UV radiation, titanium oxide (TiO2), and other substances
that are able to produce free radicals for phenol oxidation have been reported previously. However, the
main disadvantage of this method is the high cost of the process when aiming to achieve total
mineralization of the substances. Furthermore, AOP produces by-products that may be more toxic than the
original substances, as reported elsewhere.

The current study examined the degradation of a high, toxic concentration of phenol using a combined
approach: AOP pre-treatment (combining UV radiation and H202) followed by biological treatment. Each
process was also examined separately to determine the potential of each treatment alone and in
combination. AOP—combining UV radiation and H202 was performed as a pretreatment, assuming that
this process would make the contaminant easier to degrade biologically. The second step was biological
treatment with the bacterium Acinetobacter EMY, which had been previously isolated in our laboratory and
found to have the ability to degrade phenolic compounds. The study monitored the decomposition
products produced by the system using HPLC and the concentration of organic matter (total organic
carbon, TOC). Toxicity tests on Artemia brine shrimp were performed to determine the toxicity.
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Figure 1. Graphical abstract of phenol degradation using a combined approach: AOP pre-treatment
(combining UV radiation and H202) followed by biological treatment

Materials and methods

This study used the bacterium, Acinetobacter EMY, for the preparation of microbial culture. This bacterium
has the ability for rapid production of a resistant biofilm and demonstrated long-term activity on various
surfaces. The bacterium was identified by 16S ribosomal RNA; its serial number is MT410617. After
exposure and acclimatization of Acinetobacter EMY to high phenol concentrations, they were fixed inside
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Sterile biocarriers (bioMérieux BioBalls) as a biofilm and were used in the experiments. The amount of
bacterial biomass on the biofilm, measured by protein concentration, was determined using the Bradford
method.

The synthetic wastewater (phenol) used throughout the study contained relevant nutrients and carbon
sources and was used as the medium of the bacterium. Toxicity test of the treatment mediums was
performed at the end of each experiment using Artemia brine shrimp.

The concentration of phenol and decomposition products was tested by using HPLC, TOC. Hydrogen
peroxide residues was tested by using a commercial test kit (Macherey-Nagel).

The following treatments were performed on the original medium containing 700 ppm phenol: 1)
biological treatment alone; 2) AOP treatment alone; 3) serial combination of AOP and biological treatment;
and 4) a control system, including the experimental medium with phenol, but without any treatment, to
determine whether spontaneous degradation of phenolic compounds occurs in the experimental system.

Results and discussion

The combination of UV-H20: and biological treatment may provide an economical solution for the industrial
sector. The results of phenol concentration in the different treatments (Figure 2) show that the separate
treatments (biological or AOP) did not lead to significant decomposition results. Biological treatment did not
affect the phenol concentration over time due to its toxicity. Oxidation reduced the phenol concentration by
29% in the first 3 h; this value remained until the end of the experiment (20 h). The phenol was fully degraded
only when biological treatment and AOP were combined: after 3 h of AOP, 29% of the phenol was removed;
another 13 h of biological treatment were required to remove the remaining 71% phenol. However, we note
that no further phenol could be removed after AOP without the biological treatment.
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Figure 2. Change in phenol concentration with time in the four different treatments: AOP+Biological—
combined treatment (blue); Biological—biological treatment alone (orange), Control (sterile phenol, grey),
AOP—UV-H202 alone (yellow). The test was performed in triplicates; error bars indicate standard
deviations.

Conclusions

This study shows that the combination of AOP and biological treatments has great potential for removing
contaminants that are not readily biodegradable, by reducing their concentrations and their decomposition
products, and preventing the accumulation of toxic by-products. Hence, it is a more economical solution for
pollutants, and the significant reduction of the level of the medium toxicity increases the safety profile of
water for reuse or return to nature.
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Introduction

The overuse of antimicrobial drugs in human and veterinary medicine has become a serious environmental
threat. Drugs unmetabolized by the body enter surface waters and groundwaters, and cause serious risks
due to their biological activity in nature and limited biodegradability. Additionally, the presence of
excessive amounts of antimicrobial drugs promote the generation of drug-resistant bacteria, resulting in
the transmission of resistant genes in different environmental compartments. The highest antimicrobial
drug consumed in 2018 in Poland consisted of beta-lactam antibiotics and penicillin’s (6.4 DDD), while the
smallest were sulfonamides (0.5 DDD). The main cause of antimicrobial drugs occurrence in surface waters
arises from the discharge of wastewater after the technological treatment process into natural water
bodies. Municipal wastewater, as well as wastewater from the pharmaceutical industry and hospitals, is
contaminated with large amounts of drugs, as well as antibiotic resistance genes (ARGs). Most applied
wastewater treatment technologies only partially degrade selected drugs allowing their introduction into
the environment. Treated wastewater is also a source of ARGs in the environment, because they are not
completely removed in the treatment processes, and the conditions in wastewater treatment plants
contribute to the multiplication of bacteria that can transmit information on antibiotic resistance via
horizontal gene transfer. Hence, the final wastewater discharged per day may contain up to 10 ARGs.

Materials and methods

Object of the study was wastewater after a technological treatment process obtained from a wastewater
treatment plant (WWTP) located in Olsztyn, Poland. This region is located in a warm-transitional temperate
climate zone. The wastewater constituted a medium and the effects of solar-light-driven processes were
examined.

Treated wastewater samples (after the secondary step of treatment) were collected as 24 h composite
samples. Analyses of the photochemical degradation of selected genes were carried out using a Solarbox
1500 photoreactor (Coformega, Italy). The solar light radiation was produced by an air-cooled xenon lamp
and the irradiance was constantly controlled. Uniform distribution of the light on the samples surface was
ensured by appropriate shape of the chamber (parabolic mirror) and location of the xenon lamp. The
experiments were carried out at 500 W/m?2, which is the average annual irradiance of countries located at
52nd northern parallel. In the case of solar-driven photolysis, 500 mL of treated wastewater sample and a
magnetic stirrer were placed in a beaker and inserted into the photoreactor. The samples were
continuously mixed during the irradiation process. The process was conducted under controlled
temperature, which did not exceed 30°C for 3 h. During solar photocatalysis, the experimental procedure
was the same as above, except TiO2 was used as the photocatalyst at 500 mg/L concentration. Pure
anatase TiO2 (299%) was used for the experiments. The control sample was treated sewage that was not
subjected to photolysis and photocatalysis.
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In order to quantify selected ARGs (blaTEM, blaOXA, blaSHV — B-lactam resistance genes and first,
second class integrase genes (intl1, intl2) belonging to mobile genetic elements (MGEs) and 16S rRNA gene
characteristic of prokaryotic organisms, a series of qPCR (quantitative Real-Time PCR) reactions were
performed on the control and tested samples with the use of primers appropriately selected for each gene.

All experiments have been prepared in triplicates.

Results and discussion

According to the literature, genes selected for this study can constitute a proxy for anthropogenic pollution
and present a scale of antibiotic resistance spread. In the environmental matrix, high concentrations of
selected tested ARGs in the range of 6.4 x 10* gene copies/mL (blaTEM) — 1.8 x 10° gene copies/mL
(blaOXA) and mobile genetic elements (MGEs) in the range of 2.9 x 10° gene copies/mL (intl2) — 1.7 x 10°
gene copies/mL (intll) were noticed. It is important to emphasize that the presence of intll in the
environment has been proposed as an indicator of pollution associated with human activities. Among all
studied genes, only blaSHV gene was not detected. Removal of the tested genes by both methods was very
high and ranged from 76% to 98%. Both methods were effective in degradation of 16S rRNA gene at level
up to 98%. The most susceptible to degradation was blaTEM and intl1, which were removed in 97% and
98% respectively in the photocatalysis process and in more than 93% in the solar light-driven photolysis. In
general, the removal ratio of all detected genes was always higher after using photocatalysis with TiO2
(88%-98%) than solar light-driven photolysis (76%-93%).

Conclusions

The results of the study have confirmed that solar light-driven processes can be effective in the removing of
selected emergent pollutants as B-lactam resistance genes and MGEs. Further research on the effectiveness
and optimization of the genes removal from the wastewater matrix will allow to create an ecological
system that minimizes or even completely removes the threat that stems from the transferal of ARGs into
the environment.
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