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Abstract

Honey processing is closely linked to water pollution due to the lack of a specific wastewater
treatment. This work presents a sustainable and innovative solution based on two sequential
bioprocesses using a real effluent from an Argentine honey-exporting facility. In the first stage, the
honey wastewater was enriched with a non-Saccharomyces yeast (Candida ethanolica), isolated and
identified from the same effluent. Yeast treatment was carried out in a bioreactor, achieving nearly
double the efficiency in total sugar removal compared to the control (native flora). Subsequent
clarification with diatomaceous earth reduced optical density (91.6%) and COD (30.9%). In the second
stage, secondary sewage effluent, was added to the clarified effluent and inoculated with Chlorella
vulgaris under different culture conditions. The best microalgae performance was observed under
high light intensity and high inoculum concentration, reaching a fivefold increase in cell density, a
specific growth rate of 0.752 d!, and a doubling time of 0.921 d. Total sugar removal in this stage was
under 28%, while cumulative COD removal reached 90% in nine days under both lighting conditions.
The synergistic use of complementary microorganisms and different effluents enhances microalgal
growth and supports to the overall sustainability of an integrated approach to managing all
wastewater streams from honey production.

Keywords: sustainable wastewater treatment; bioremediation; bioprocess; honey wastewater;
microalgae; phycoremediation; yeast

1. Introduction

Argentina ranks globally as the third-largest honey producer and the second-largest exporter,
with an annual average production of 70,000 tons of honey [1]. This international trade generates
significant economic impacts at both regional and national levels [2]. However, the close relationship
between supply and demand has substantial environmental consequences for the producing country.
Like other sectors of the food industry [3], this activity requires a large amount of water, as it is used
throughout most plant operations. This is directly related to an increase in the grey water footprint,
primarily linked to effluent generation throughout the supply chain [4].

As a result of honey processing, organic effluents are generated, consisting mainly of honey
residues, external contaminants (dust particles, soil, etc.) from drums to transport honey from the
field to the fractionation plant and by-products of cleaning activities of the plant. The high levels of
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Chemical Oxygen Demand (COD), together with the low pH levels in the wastewater resulting from
the cleaning of drums and the floors of the fractionation plant, require treatment prior to its discharge
or infiltration into the ground. Currently, the available information on the management of this type
of wastewater is limited, and the literature does not describe applicable in situ biological treatments.
In practice, various approaches persist, ranging from highly hazardous and polluting methods (such
as the direct discharge of these effluents without prior treatment) to unsustainable strategies, such as
outsourced treatment, in which the waste is transported and treated ex situ using conventional
technologies. Although this latter alternative ensures a certain level of treatment, it entails significant
increases in operational costs and environmental impacts, mainly associated with the carbon
footprint generated by the transportation and external processing of the effluents.

Bee honey is known not only for its nutritional and therapeutic properties for humans [5,6], but
also for its bactericidal potential, attributed to various factors such as its low pH, high sugar
concentration, generation of hydrogen peroxide (H202), presence of antimicrobial peptides, and low
nitrogen and phosphorus content [7]. These characteristics confer a high level of complexity to the
effluent, that significantly limits the applicability of the conventional biological treatment systems, as
only a few microorganisms can thrive under these conditions [7]. Therefore, to achieve effective
biological treatment, it is essential to select microbial strains adapted and highly tolerant to such
complex matrices.

In this context, the identification of organisms present in the effluent is the first step in finding a
solution to its treatment. Subsequently, studying the bioremediation potential of these organisms will
support the development of alternative biological treatments for effluents from honey processing
facilities.

In a previous research, a non-Saccharomyces yeast strain, identified as strain H3 of Candida
ethanolica, was isolated from an industrial effluent from Argentine exporting company [8]. The
bioremediation potential of strain H3 was evaluated positioning this yeast strain as a promising
candidate for the treatment of wastewater from the beekeeping industry. However, due to the high
COD concentrations in these effluents, integrated bioremediation approaches are required,
combining different microorganisms with complementary metabolic capabilities [8].

In this sense, microalgae have been extensively described as bioremediation agents for effluents
with organic and inorganic contamination [9]. Chlorella vulgaris, in particular, is one of the most
commonly used species in bioremediation [10,11], due to its ability to adapt to various types of
effluents and remove nutrients, heavy metals, and organic matter, among other pollutants [12-15].
Recent studies have explored the synergy between microalgae and heterotrophic microorganisms,
such as yeasts, in co-culture systems for bioremediation [16,17]. Through their metabolism, yeasts
transform complex sugars and other organic compounds into simpler and less toxic substances than
can be assimilated by other organisms, such as microalgae, in later treatment stages or in combined
systems [18]. This approach offers several advantages: i) mixed microbial cultures reflect dynamics
typical of natural ecological systems; ii) nutrients and metabolite exchange between species enhances
co-culture stability and resilience; iii) it facilitates biomass harvesting; and iv) functional metabolite
production, such as lipids, is enhanced through microbial interactions, contributing to waste
valorization [16,19,20]. Furthermore, the co-utilization of microalgae and heterotrophic
microorganisms has been shown to improve the overall efficiency of wastewater treatment [21].

The present study was conducted to develop a sequential biological treatment that integrates
two complementary bioprocesses. In the first stage, the strategy of using the native non-
Saccharomyces yeast strain H3 of C. ethanolica isolated and inoculated in the industrial effluent for its
initial conditioning is resumed. In the second stage, the microalga C. vulgaris is incorporated together
with a second effluent generated in the administrative sector of the company (quite similar to
domestic wastewater), which supports algal growth and completes the treatment. This strategy not
only optimizes pollutant load reduction but also represents a novel, environmentally sustainable,
and economically viable in situ alternative for the integral management of all liquid waste generated
by the beekeeping industry.
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2. Materials and Methods
2.1. Wastewater Samples and Microorganisms

2.1.1. Industrial Effluent

Effluent generation during the processing and conditioning of honey for export is associated
with the following main stages of the process: i) Reception: external washing of drums from
beekeepers and collectors, ii) Sampling, and iii) Homogenization: in both stages, tools, equipment
and facilities are cleaned. These liquid wastes present mixed contamination, with a predominant
organic load from honey residues, along with a variety of substances such as dust, soil particles, and
cleaning products. Honey residual wastewater (RHW) is collected through a drainage system and
conveyed via pipes to a 15 m? storage tank located outside the facility (Table 1). There it is stored until
its final disposal via ex-situ treatment. RHW samples were obtained from this tank at a honey
processing and exporting plant located in the Canning District, Buenos Aires Province —Argentina,
between September 2022 and July 2023.

2.1.2. Sewage Effluent

The administrative activities of the company generate grey and black water with characteristics
similar to domestic wastewater (RTW), originating from bathrooms and changing rooms, kitchen and
dining area (Table 1). These effluents are collected in a septic tank and discharged without treatment
into a sewage network that ends in soil absorption. RTW samples were collected directly from this
septic tank belonging to the same company. The collection of RHW and RTW samples was conducted
following appropriate biosafety standards.

2.1.3. Microbial Strains and Their Maintenance

C. ethanolica strain H3 was isolated from RHW by our team during the initial phase of this
research line [8]. This strain presents natural adaptation to the complex environmental conditions of
this industrial effluent and has demonstrated high bioremediation potential [8]. The strain was
deposited and registered under code CoMIM4426 in the genetic bank of the National Institute of
Agriculture Technology (INTA).Mendoza.San Juan, Argentina. It was maintained in 50 mL of
Yeast Extract Beef (YEB) medium in 250 mL Erlenmeyer flasks at 28°+2°C in a rotary shaker at 100
rpm. The composition of the YEB medium is as follows (g/L): Meat (Beef) Extract (5.00), Yeast Extract
(1.00); Peptone from Meat (5.00), Sucrose (5.00), Magnesium Sulphate Anhydrous (0.24).

C. vulgaris native strain LMPA-40 (National Biological Data System, SNDB-173) was obtained
from the Faculty of Natural Sciences of the National University of Patagonia San Juan Bosco,
Argentina. It was maintained in 50 mL of synthetic wastewater medium (WS) [22], in 250 mL
Erlenmeyer flasks. The cultures were incubated at 24°+2°C in a rotary shaker at 100 rpm under a 16
h PAR photoperiod (14 000 k], 400 umol photon / m? s). The composition of the WS medium is as
follows (mg/L): CHsCOONHs3 (240.88), KH2POs (43.94), NaHCO:s (125.00), CaCl2 (10.00), FeCl2 (0.375),
MnSQO4(0.038), ZnSOs (0.035), MgSOs (25.00), Yeast extract (50.00).

2.2. Experimental Design and Measurements

Figure 1 shows the schematic representation of the strategy used for the bioremediation of
wastewater from the honey processing industry, using a dual-microorganism approach (C. ethanolica
and C. vulgaris) in an integrated bioprocess.
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Figure 1. Schematic representation of the sequential treatment of honey-processing effluents using C. ethanolica
strain H3 and C. vulgaris strain LMPA-40, based on complementary metabolic pathways for integrated

bioremediation and water quality improvement.

The first stage was conducted in a stirred tank bioreactor (Minifors, Infors, ® Switzerland) with
a working volume of 1.5 L. The non-aerated bioreactor was equipped with mechanical agitation
provided by a marine propeller at 50 rpm. The temperature was maintained at 28+2 °C [23]. Three
treatments were applied: raw effluent RHW; autoclaved RHW (Arcano 80 L® Chamberland) at 0.1
MPa for 20 minutes (RHW A); and RHW inoculated with H3 strain (2% v/v, DO 600 nm: 1.36+0.02)
(RHW+H3). After 5 days, a filtration process was conducted using a column (238 cm?) with
diatomaceous earth under gravity flow obtaining a filtered effluent (RHWF). The RHWF was
collected and mixed with a sewage effluent (RTW) in 1:1 ratio (v/v), adjusting the pH adjusted to 7.00
with 1N NaOH and called as RW.

The second stage involved a factorial experimental design with two factors for 4 days (Figure 1).
The first factor was cell density, evaluated at two levels. RW was inoculated with C. vulgaris to achieve
the following initial concentrations:

X1: 2.78x105cells/ mL

X2: 3.97x105cells/ mL

The second factor was light intensity, also at two levels. Both conditions maintained a
photoperiod of 16 hours.

High light intensity (*): culture under high PAR intensity (14,000k, 400 umol photon/ m?s).

Low light intensity: culture under low PAR intensity (14,000k, 100 umol photon/ m?s).

A control treatment was also included, consisting of RW without C. vulgaris inoculation,
cultured under high PAR intensity (14,000k, 400 pmol photon/ m? s).

All treatments with microalgae were carried out in Erlenmeyer flasks (50 ml working volume;
250 ml total volume), incubated at 24+2 °C on an orbital shaker at 100 rpm.

2.3. Analytical Methods

Cell density (DO) for Candida ethanolica H3 was measured at 600 nm using a spectrophotometer
(UV-mini 1240, Shimadzu ®). C. vulgaris cell number was determined by counting in a Neubauer
chamber.

Kinetic cell growth was estimated using the formula:

dx/(dt) = u*X, 1)
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where X represents the biomass obtained at time (t), and u is the specific growth rate.
The duplication time was calculated as:

In (2)/p. 2

The concentration of monosaccharides (glucose and fructose), sucrose and total sugar (glucose,
fructose, sucrose) in the culture medium were determined using the colorimetric phenol-sulphuric
acid method, as described in [24,25], with glucose, fructose and sucrose (Sigma) as the standards.

The Chemical Oxygen Demand (COD), soluble reactive phosphorous (SRP) and ammoniacal
Nitrogen (N-NH4) were determined according [26].

2.4. Statistical Analysis

All analytical determinations were carried out in triplicate. Results were evaluated by ANOVA
with post-hoc Tukey test for multiple comparisons, or by Kruskal-Wallis test for non-normally
distributed variables, using Infostat software [27,28].

3. Results and Discussion

Honey is composed of approximately 80% carbohydrates, of which 75% corresponds to glucose
and fructose, followed by sucrose, which accounts for less than 5%. In the residual honey effluent,
both the content and proportions of these sugars are altered. These modifications are attributed to
several factors such as dilution (estimated at approximately 100-fold), the incorporation of other
residues present on the surface of honey drums, and the contribution of by-products derived from
equipment and facility cleaning activities [29-33]. The mixture of these substances, together with the
prolonged storage of the effluent prior to final disposal, generates a synergistic effect that promotes
microbial metabolic activity, leading to increased biomass and elevated COD levels that 40 times
higher than the discharge limits established by the local environmental authority (700 mg O, /L, ADA
Res. 336/03).This effluent is characterized not only by its high total sugar content, but also by low pH,
and marked deficiency of essential macronutrients, primarily soluble reactive phosphorus and
ammonium nitrogen (Table 1).

Table 1. Physicochemical parameters of residual honey water (RHW) and sewage effluent (RTW) at the
beginning of the assay.

Untreatment
Parameter RHW RTW
pH 4.33+0.03 6.57 +0.16
COD (mg O2/L) 27167 £ 192 731 £33
Total sugar (mg/L) 3690 + 275 10 £0.02
NH:-N (mg/L) 0.02+0.00 329+28
Soluble reactive phosphorous (mg/L) 0.03 £ 0.00 2.50+0.39

3.1. Yeast Treatment

During RHW treatment, an increase in biomass corresponding to the native microflora was
observed, along with 30% reduction in total sugar, composed of approximately 42% monosaccharides
and 58% sucrose (Figure 2). In environments with an excess of carbon sources such as glucose,
fructose, and sucrose, yeasts are capable of rapidly hydrolyzing these compounds into simpler forms
[29,34]. Furthermore, the native microbiota of the effluent can metabolize these compounds as
nutrients through high- or low-affinity transport systems, enhancing the overall efficiency of the
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process [18,34]. In contrast, the axenic effluent RHW A, free of native microbiota, showed neither
yeast growth nor significant substrate utilization, with only an 8% reduction in total sugar observed

(Figure 2).
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Figure 2. Growth kinetics of C. ethanolica measured by biomass (Abs at 600 nm) and total sugar (mg/L) over 5
days under the following treatments: RHW, residual honey water; RHW+H3, RHW inoculated with C. ethanolica
strain H3; RHWA, autoclaved RHW. Bars show s.d., of triplicated samples; significant differences between

treatments at the same time (p<0.05) are indicate by black stars for biomass and clear stars for substrate.

The assays conducted during this treatment stage confirmed the positive effect of the C.
ethanolica H3 strain on total sugar reduction. The effluent inoculated with this yeast at 2% v/v
RHW+H3 showed a significant increase in cell growth, reaching a total sugar removal efficiency
nearly doubling that observed with the native microflora treatment (RHW) (Figure 2). The RHW+H3
system exhibited a typical batch culture growth curve, with substrate (total sugar) consumption
associated with the exponential growth phase, which peaked on day 3, followed by a decline phase
as shown in Figure 2. The kinetic parameters obtained included a specific growth rate (p) of 0.607 d*
and a doubling time of 1.14 d. During this growth phase, 53% of the total sugar was consumed within
three days (Figure 2). At the end of the RHW+H3 treatment, the pH decreased to 3.96 + 0.06, while
COD increased by 8.7% compared to the initial value (Tables 1 and 2). The COD slight increase could
be attributed to oxygen consumption as well as the synthesis, accumulation, and availability of new
organic compounds in the aqueous matrix and suspended biomass [35].

Table 2. Physicochemical parameters of the different treatment stages and conditions evaluated. RHW+H3: Raw
honey wastewater (RHW, see Table 1) inoculated with C. ethanolica after 5 days of yeast-based treatment; RHWEF:
Effluent obtained after filtration of RHW+H3 through diatomaceous earth; RW: Dilution of RHWF with sewage
effluent (RTW, see Table 1); RW+CHL (X1): RW inoculated with Chlorella vulgaris at 2.78x105 cells/mL under
heterotrophic conditions; RW+CHL (X1)*: RW inoculated with C. vulgaris at 2.78x10° cells/mL under high light
condition;, RW+CHL (X2): RW inoculated with C. vulgaris at 3.97x105 cells/mL under low light condition;
RW+CHL (X2)*: RW inoculated with C. vulgaris at 3.97x10% cells/mL under high light condition. Microalgal

treatments were evaluated after 4 days of cultivation.

Yeast Filtrati Sewage
Microalgae Treatment

Treatment on Addition

RW+CHL RW+CHL* RW+CHL RW+CHL*

Parameter RHW+H3 RHWF RW
(X1) (X1 (X2) (X2)
pH 3.96 £ 0.06 3.98 + 723+0.00 | 583+0.29 8.00+0.00 7.30+029 7.50+0.00
0.06
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COD (mg Oz /L) 20533882 | 18766+ | 10433639 | 5486355 6120240 2486+158 2553+ 124
189

Total sugar (mg/L) 1672615 | 1539+ | 953+170 | 893:10.8 810:30.8 602+531 774+154
57.0

NH: -N (mg/L) 003+001 | 002+ | 191192 |522+016 379+0.15 199018 139+0.05
0.00

Soluble Teactive ) 03:001 | 003+ | 131:012 | 0.84£008 064019 051£0.19 027%007

phosphorous (mg/L) 0.00

The effluent treated in RHW+H3 was filtered through a diatomaceous earth column to obtain
RHWE. This filtering medium is an inert, naturally derived material composed of rigid, highly
porous, and morphologically diverse nanostructures, making it an efficient and environmentally
friendly alternative for industrial filtration system [36,37]. Clarification using this technique achieved
a 91.6% reduction in turbidity, resulting in a 30.9% decrease in COD (Figure 3, Table 2). Additionally,
during the filtration process, the intermittent vertical flow system not only functioned as a physical
barrier for the removal of suspended solids and microorganisms, but it may also have induced an
increase in dissolved oxygen in the filtered water, improving the oxidative conditions of the system
[38]. The total residence time for the RHW+H3 treatment, considering both substrates consumption
and the filtration process, was five days.

30000

20000-

I<| sewage addition

10000-
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lasl
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Figure 3. COD levels (mg Oz/L) during an 9-day integrated bioprocess using C. ethanolica and C. vulgaris for
honey industry effluent remediation in different stages of the treatment sequence. RHW: Residual honey water;
RHWE: Filtered residual honey water; RW: RHWF mixed with septic tank effluent (RTW) in a 1:1 (v/v) ratio;
RW+CHL (X1): C. vulgaris at low light condition, standard inoculum density; RW+CHL* (X2): C. vulgaris at high
light condition, double inoculum density; RW+CHL (X2): C. vulgaris at low light condition, double inoculum
density; CTRL: Control treatment containing RW. Note: CHL* denotes high light condition, while CHL indicates

low light condition. Bars show s.d. of triplicated samples.

3.2. C. vulgaris Treatment

The deficiency of essential macronutrients, primarily soluble reactive phosphorus and
ammonium nitrogen and low pH of RHWF create hostile environmental conditions under which the
growth of the LMPA-40 strain of C. vulgaris can be significantly inhibited during the initial treatment
stage, according to previous experiments (data not shown). The incorporation of RTW to RHWEF as a
second source of organic nutrients enriched the previously clarified effluent with essential nutrients
during the initial treatment stage, enabling the complete replacement of the chemical additives
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commonly used in microalgae cultivation. This step was therefore fundamental to achieving the
ecological sustainability and technological feasibility of the process. Table 2 shows the nutrient
contribution of RTW, which helped created favorable conditions for the development of microalgae
and other beneficial microorganisms involved in the following treatment stage [39—41]. Moreover,
the mixture of these two liquid wastes (RHWE:RTW) not only served as a critical nutrient source but
also contributed to pH regulation and dilution of the contaminant load of the effluent (RW). The
dilution effect was evidenced by 44.4% decrease in COD and a 38.1% reduction in total sugar (Figures
3 and 4; Table 2). This contributed to an accumulated COD removal of 61.6% at this stage of the
treatment (Figure 3).

5000+ RHW+H3
~ 4000 B RHWF
E» —A— RW+CHL* (x2)
= 3000+ ¥~ RW4+CHL (x2)
(o)}
@ 2000- T RW
g " dditi
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0 2 4 6 8 10
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Figure 4. Total sugar concentration (mg/L) during an 9-day integrated bioprocess using C. ethanolica and C.
vulgaris for honey industry effluent remediation. Treatments: RHW+H3: RHW inoculated with C. ethanolica H3
strain; RHWF: filtered RHW; RW+CHL* (X2): C. vulgaris at high light condition with doubled cell density
inoculum; RW+CHL (X2): C. vulgaris at low light condition with doubled cell density inoculum; RW final:
control treatment containing untreated RW after 4 days on treatment. RTW addition, sewage addition (v:v). Bars

show s.d. of triplicated samples.

During the microalgae treatment stage, the highest biomass production of C. vulgaris was
achieved under PAR light intensity conditions using an initial inoculum with double the cell density
(RW+CHL* X2; Figure 5). Under these conditions, C. vulgaris biomass increased fivefold in four days,
with a specific growth rate (u) of 0.752 d™! and a doubling time (dt) of 0.921 d. At the end of the
experiment, total sugar reduction reached 20.5%, along with 92.7% ammonium removal and 79.3%
soluble reactive phosphorus (SRP) removal (Table 2, Figure 4). In contrast, the treatment with the
same inoculum under low light intensity conditions (RW+CHL X2) showed no biomass increase,
although it achieved the highest total sugar removal (25.4%), indicating greater utilization of organic
compounds as an energy source under light-limited conditions (Figures 4 and 5). Nutrient removal
in this treatment did not differ significantly from the high light condition culture, reaching 89.6%
ammonium and 61.3% SRP removal (Table 2). This behavior has been previously reported, indicating
that under prolonged environmental conditions with limited light, microalgae can metabolize sugars
for survival [35,42,43].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 5. Growth kinetics of C. vulgaris in RW medium over 4 days measured by cell density (cells/mL). The
growth conditions are as follows: RW+CHL* (X1): high light condition with standard inoculum density;
RW+CHL (X1): low light condition with standard inoculum density; RW+CHL* (X2): high light condition with
double inoculum density; RW+CHL (X2): low light condition with double inoculum density. Note: CHL* denotes
high light condition, while CHL indicates low light condition. Bars show s.d., of triplicated samples, stars show

significant differences between treatments at the same time (p<0.05).

Regarding the treatments with lower cell density inoculum (X1), no biomass growth was
observed, and sugar removal efficiency was below 17% for RW+CHL* X1 and 11% for RW+CHL X1.
In these treatments, nutrient removal over four days reached 80.1% ammonium and 51.3% SRP for
the high light condition, and 72.6% ammonium and 36.5% SRP for the low light condition.

COD reduction was significant in all C. vulgaris treatments compared to the control culture
(Figure 3). Although the native microbiota in the RW effluent contributed to COD reduction,
treatments with C. vulgaris at higher initial cell density (X2), under both lighting conditions, showed
more pronounced decreases (Table 2). This improvement can be attributed to the ability of the C.
vulgaris LMPA-40 strain to switch between autotrophic and heterotrophic metabolism. This
metabolism flexibility allows the microalgae to produce O, fix CO2, and assimilate various sources
of organic carbon such as sugars, acetate, glycerol, and organic matter from wastewater [40,42,44—
46].

The integrated bioprocess, which included inoculation with the C. ethanolica H3 yeast strain,
clarification, enrichment with a second RTW stream, and subsequent incorporation of C. vulgaris
LMPA-40 strain at higher initial cell density (X2), resulted in an accumulated COD reduction of 90.6%
under high light condition and 90.8% under low light condition, measured from raw RHW effluent
to the end of the treatment process (Figure 3). Similarly, treatments with C. vulgaris at lower initial
inoculum (X1) achieved substantial COD reductions of 77.5% under high light condition and 79.8%
under low light condition. In all cases, significant removals of both COD and total sugar were
achieved within a 9-day period (Figures 3 and 4). Also, revalorization of RTW as a useful resource
has been observed previously demonstrating that it can be an effective nutrient source [47].

4. Conclusions

The integrated bioprocess, combining a yeast (C. ethanolica) treatment followed by a microalga
(C. vulgaris) treatment, proved effective reducing the main contamination parameters of industrial
effluent from honey processing facility within a total residence time of 9 days. This approach is based
on the synergy between respiratory metabolism and either autotrophic or an alternative
heterotrophic process enabling the progressive biotransformation of complex compounds into
simpler and available forms.
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Notably, the system demonstrated remarkable adaptability to variable environmental
conditions, such as fluctuating solar radiation, which is a key factor for its implementation in outdoor
treatment systems. The resilience observed under both high and low light conditions highlights the
robustness of the proposed approach and its potential for scaling up for real in-situ applications in
honey processing facilities.

Moreover, the system enables the integration of domestic effluents (such as greywater and
blackwater from the other sectors of the facility), promoting a comprehensive and decentralized
solution for managing all liquid waste generated by this economic activity. This feature reinforces its
value as a nature-based solution, characterized by low-cost, low energy consumption, adaptability,
and alignment with principles of circular economy and environmental sustainability, contributing to
the mitigation of both grey water footprint and carbon footprint of the generating company.
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