Environ. Water Eng., 2025, 11(3), 273-281

https://doi.org/10.22034/ewe.2025.489646.1983

. . . ™ o B
Environment and Water Engineering
[ o

i

Homepage: www.jewe.ir ISSN: 2476.3683

Quantifying the environmental sustainability of ultrafiltration membranes in
desalination pretreatment processes using life cycle assessment

Zienab Salahshoor!(®, Afsaneh Shahbazi**(*), and Majid Esmaeili®

'Department of Nanotechnology, Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural Research, Education
and Extension Organization (AREEO), Karaj, Iran

Environmental Sciences Research Institute (ESRI), Shahid Beheshti University (SBU), Tehran, Iran

3Chemical, Polymeric and Petrochemical Technology Development Research Division, Research Institute of Petroleum Industry

(RIPI), Tehran, Iran

ARTICLE INFO

ABSTRACT

Paper Type: Research Paper

Received: 23 November 2024
Revised: 06 January 2025
Accepted: 25 January 2025
Published: 31 January 2025

Keywords

Desalination
Environmental Impacts
Life Cycle Assessment
Quantification
Ultrafiltration Membrane

*Corresponding author:
A. Shahbazi
™ a_shahbazi@sbu.ac.ir

This study delivers a comprehensive environmental sustainability assessment of
ultrafiltration membranes in desalination pretreatment and advances a decision-support
framework to mitigate manufacturing-related ecological burdens. The impact assessment
was performed using life cycle assessment (LCA) in SimaPro V9.4 with a cradle-to-cradle
approach. The Recipe method, incorporating midpoint and endpoint indices, along with
the IPCC method, was used to evaluate the consequences of membrane fabrication via the
phase inversion method. Material flows and energy consumption were modeled based on
the operating conditions of the membrane manufacturing process. Sensitivity analysis was
conducted to identify opportunities for technical improvements at an industrial scale.
Results indicated that the most significant environmental impacts are related to terrestrial
ecotoxicity and resource depletion. Electricity production notably contributed to most
impact categories, especially global warming potential. The sensitivity analysis revealed
that reducing electricity consumption at an industrial scale or switching to renewable
energy sources could substantially decrease environmental impacts. Consequently,
conducting a product sustainability assessment using LCA is vital for identifying
environmental hotspots within a product’s or process’s supply chain, followed by process
optimization through pollution prevention strategies and environmental performance
improvements.

e  First LCA-based evaluation of UF membrane fabrication in Iran using the phase inversion method

Highlights e Quantitative midpoint and endpoint impact assessment in UF manufacturing stage via SimaPro
e Providing essential information for UF membrane fabrication on an industrial scale by Sensitivity
analysis
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in desalination pretreatment processes. Environment and Water

1. Introduction

strategies. Among the available technological solutions,
desalination of seawater and brackish water has emerged as a

Ensuring a sustainable supply of potable water is an enduring
challenge for modern societies. Intensifying climate change,
coupled with rapid population growth, has led to severe water
scarcity in regions such as India, Jordan, and Mexico City
(Salahshoor et al., 2022; Vatanpour et al., 2021). In Iran, this
challenge is further exacerbated by limited freshwater
availability, recurrent droughts, and contamination of existing
water resources, all of which complicate water management

pivotal alternative for augmenting freshwater
supplies(Pazouki et al., 2021). Membrane filtration represents
an advanced approach in water treatment and desalination,
capable of mitigating variability in feedwater quality and
reducing pollutant loads(Siefan et al., 2022). In desalination
systems, seasonal fluctuations in source water often
compromise operational efficiency. Integrating ultrafiltration
(UF) as a pretreatment step stabilizes feedwater quality,
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enhances downstream performance, and prolongs membrane
lifetime by minimizing fouling (Pazouki et al., 2021).

While  membrane-based  pretreatment  offers  clear
technological benefits, its environmental implications—
particularly during manufacturing—remain underexplored
(Grossi et al., 2024). In practice, investment and operational
cost considerations dominate decision-making for water,
wastewater, and desalination projects, whereas life cycle cost
(LCC) and environmental life cycle impact (ELCA) metrics
are rarely integrated. Life cycle assessment (LCA) offers a
scientifically robust framework for evaluating cumulative
environmental burdens across all stages of a product’s life,
from raw material acquisition to fabrication (Cetinkaya and
Bilgili, 2022). By combining environmental and economic
indicators, LCA supports evidence-based decisions that
minimize ecological harm while preserving cost-effectiveness
(Lee and Jepson, 2021).

Existing LCA research in the desalination sector has
predominantly addressed operational stages—often focusing
on reverse osmosis (RO) configurations (Bordbar et al., 2022;
Razman et al., 2023)—or the integration of renewable energy
systems (Kaczmarczyk et al., 2024). Only a limited number of
studies have investigated UF membrane fabrication, with
findings indicating that solvent selection, additive use, and
electricity sourcing are the primary contributors to
environmental impacts (Prézélus et al., 2021).

Moreover, research examining desalination plants in various
Iranian regions—including the Persian Gulf (Bordbar et al.,

Fig. 1 Schematic
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2022), Chabahar, and Kangan (Bakhshayesh et al., 2020) —
has evaluated the impact of operational parameters on the
environmental profiles of existing facilities. However, an
explicit and comprehensive LCA focused on UF membrane
fabrication within the Iranian context has not yet been
documented, marking a notable gap in current literature.
Addressing this deficiency, the current study employs the LCA
methodology via SimaPro software to quantify the
environmental impacts associated with UF membrane
production, utilized as a pretreatment step in desalination
processes. This assessment includes detailed quantitative
modeling of midpoint and endpoint environmental impacts
arising from chemical usage and energy consumption.

2. Materials and Methods
2.1 Uf membrane fabrication

The phase inversion method (Fig. 1) was used to fabricate flat
ultrafiltration membranes(Vatanpour et al., 2021). In this
process, a specific proportion of Polymervinylidene fluoride
(PVDF) was added to the solvent Dimethyl-formaldehyde and
placed in an ultrasonic bath for 1 hour to achieve a
homogeneous solution. Following this, Polyethylene glycol as
a porous agent was added to the solution. Then, casting
solution was placed on a stirrer for 24 h at 60°C. Subsequently,
the degassed polymer solution was uniformly cast onto a glass
plate with a controlled thickness of 170 micrometers. The cast
films were placed in a distilled water bath as a non-solvent
immediately after casting,until the phase inversion process
was initiated and completed.

PHASE INVERSION
MEMBRANE

l ——» POST TREATMENT

)

COAGULATION
BATH

o

2.2 Characterization of the UF membrane

Morphology characterization analysis was performed using a
field emission scanning electron microscopy (FE-SEM) model
LEO 1455VP and an AFM model VEECO, USA, for cross-
section and surface roughness of the membranes, respectively.
The surface area of 25 um? was scanned to imagine the
membrane surface and calculate the roughness parameters.

2.3 LCA methodology

In this study, the stability of the UF membrane during the
manufacturing phase was evaluated using the ISO-
standardized LCA framework(Kaczmarczyk et al., 2024;
Skuse et al., 2023). This methodology comprises four

sequential stages: (i) goal and scope definition, (ii) life cycle
inventory (LCI), (iii) life cycle impact assessment (LCIA), and
(iv) interpretation. In the first stage, the goals and boundaries
of this research and the functional unit of products as a basis
for comparison were defined. In the second stage, the input
and output data were collected according to the functional unit.
Various LCIA methods were used in the third phase to
quantify the environmental impacts of the products’ life cycle.
Finally, in the interpretation stage, LCIA results were analyzed
in detail to identify the most significant environmental
hotspots. All modeling and computations were carried out
using SimaPro v9.4 software in conjunction with the
Ecolnvent database.
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2.3.1 Functional unit and System boundaries

The functional unit for LCA was defined as “I m? of UF
membrane”. Accordingly, all raw material requirements,
energy consumption, associated emissions, and calculated
environmental impacts within the LCA model were based on
the functional unit of 1 m?> membrane. The defined system

boundaries encompass all material and energy flows
associated with manufacturing 1 m? of UF membrane, as
depicted in Fig. 2. A cradle-to-grave assessment approach was
adopted, covering the entire process from raw material
extraction and preparation through to membrane fabrication.

the life cycle assessment of
the fabricated membrane
module

Fig. 2 System boundary of /
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2.3.2 Inventory data and limitations

The raw materials input and energy consumption during the
manufacturing of the UF membrane were collected. Most LCA
data were taken from the SimaPro database. However, some
assumptions were made when the required data could not be
found in the database.

The PVDF was replaced by 50% Tetrafluoroethylene (TFE)
and 50% Polyethylene (PE), which was confirmed by Solvay
representatives as acceptable for its environmental
impact(Chong et al., 2018). The stoichiometric method was
used for Lithium bromide (Egs. 1 and 2) to enter data into the
software(Prézélus et al., 2021).

LiOH + HBr — LiBr + H>0 (1)

Br; +80; + 2H,0 — H>SO4 + 2HBr 2)

2.3.3 Environmental impact assessment (EIA)

The LCA modeling and the environmental impacts were
estimated according to the ReCiPe 1.13 (H) and
Intergovernmental panel on climate change (IPCC) 2013
GWP 100a(Prézélus et al., 2021; Skuse et al., 2023). The
ReCiPe method, which considers both midpoint and endpoint
approaches, is used to illustrate the impacts of activities on a
wide range of environmental issues. It includes 18 midpoint
impact categories and 17 endpoint impact categories. To
facilitate the interpretation of the endpoint impact method,
three categories are considered: human health, ecosystem
quality, and resource. The IPCC 2013 GWP 100a method was
selected to examine the contribution of 1 m? membrane

manufacturing activity in global warming potential (GWP)
and climate change in terms of CO; emission equivalent (CO»-
eq) with 100 years’ time frame.

2.4 Sensitivity analysis

Variations in material and energy demands between
laboratory-scale and industrial-scale Uf membrane production
can significantly influence LCA outcomes. To account for
these potential discrepancies, a sensitivity assessment was
performed by altering the consumption of a key influential
parameter—either material or energy—across a range of
reductions up to 95%, while maintaining all other variables
constant(Kim and Overcash, 2003).

3. Results and Discussion
3.1 UF membrane characterization

Fig. 3(a) illustrates the cross-section images of manufactured
UF membranes with the final thickness of around 170 pm at
two magnifications. As shown in Fig.3(a), both spongy and
finger-like textures are observable in the membrane's
structure(Vatanpour et al., 2021).

The AFM images were taken from the membrane surfaces to
determine the surface roughness of the UF membrane, which
is presented in Fig. 3-b. Some of the main roughness
parameters, such as the roughness average (Sa), root mean
square roughness (Sq), and the average of peak heights plus
valleys depths (Sz) are shown in Table 1. These results, which
are consistent with the study conducted by Vatanpour et al.
(2021) indicate that the fabricated membrane has appropriate
roughness(Vatanpour et al., 2021).
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Fig. 3 UF membrane identification
analysis: a) FE-SEM images of the
membrane cross-section at two

magnifications of 5 and 20 um, and b) AFM
analysis image

(b) p—

SN

Table 1 Average roughness parameter of UF membrane

Roughness parameters unite value
Sa nm 69.6
Sq nm 86.8
S, nm 456

3.2 UF membranes EIA
3.2.1 EIA in the midpoint method

The use of chemicals and energy in industrial processes
inevitably leads to the emission of pollutants that can adversely
affect ecosystem health and overall environmental quality
(Skuse et al., 2023). Influence of material and energy
consumption analysis in UF membrane fabrication to various
environmental impact categories was illustrated in Table 1 and
Fig. 4. The data clearly indicate that the manufacturing process

f |

Sponge-like
‘ E—— winoE

imposes. The analysis indicates that the most significant
environmental impact in the categories of terrestrial
ecotoxicity and global warming potential. As illustrated in Fig.
4, electricity consumption is the predominant driver across
nearly all impact categories, accounting for approximately
52% of the total environmental burden. Notably, electricity’s
influence was substantial in all categories except for
stratospheric ozone depletion and marine eutrophication.
Specifically, in the context of terrestrial ecotoxicity—
measured as 29.5 kg 1,4-dichlorobenzene (1,4-DCB)
equivalents—energy consumption emerged as the primary
contributor, with dimethyl formaldehyde playing a secondary
role.

Table 2 Modeling results of environmental impacts 1m? of UF membrane fabrication in 18 categories of the midpoint method

Impact category Unit Total Value
Global warming kg CO, eq 15.49494
Stratospheric ozone depletion kg CFCl11 eq 3.54E-05
Ionizing radiation kBq Co-60 eq 0.459191
Ozone formation, Human health kg NOy eq 0.020015
Fine particulate matter formation kg PMaseq 0.010731
Ozone formation, Terrestrial ecosystems kg NOy eq 0.020645
Terrestrial acidification kg SO, eq 0.030261
Freshwater eutrophication kg P eq 0.001171
Marine eutrophication kg N eq 0.000317
Terrestrial ecotoxicity kg 1,4-DCB 29.42956
Freshwater ecotoxicity kg 1,4-DCB 0.665343
Marine ecotoxicity kg 1,4-DCB 0.825019
Human carcinogenic toxicity kg 1,4-DCB 0.200695
Human non-carcinogenic toxicity kg 1,4-DCB 4.169058
Land use m?Za crop eq 0.097146
Mineral resource scarcity kg Cueq 0.01731
Fossil resource scarcity kg oil eq 5.141024
Water consumption m? 0.028886
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Fig. 5(a) illustrates the contributions of various substances to
terrestrial ecotoxicity. The most significant impacts arise from
the release of copper and zinc metals into the air, the discharge
of bromine into aquatic environments, and the infiltration of
cypermethrin into soil. Global warming (15.5 kg CO- eq) was
mainly contributed by the emission of carbon dioxide 13.5 kg
CO; eq (Fig. 5b), during combustion of fossil fuels for energy

Fig. 4 Contribution of materials and

production, alongside contributions from methane, sulfur
hexafluoride, and nitrous oxide. Coal-fired power plants are
responsible for approximately 30 billion tons of CO: emissions
annually on a global scale, making these gases primary agents
of climate change. These midpoint impact findings align
closely with reported in previous research(Cankaya & Pekey,
2024; Ribeiro et al., 2024)

energy  consumption to  the Polyethylene BN,N-dimethylformamide OLiBr
environmental impacts of 1 m? of UF Water consumption e
membrane in damage groups in the Fossil resource scarcity
Recipe midpoint method Mineral resource scarcity Jal
Land use
Human non-carcinogenic toxicity
Human carcinogenic toxicity
Marine ecotoxicity {0t
Freshwater ecotoxicity
Terrestrial ecotoxicity
Marine eutrophication
Freshwater eutrophication Jal
Terrestrial acidification
Ozone formation, Terrestrial..
Fine particulate matter formation
Ozone formation, Human health
Ionizing radiation
Stratospheric ozone depletion
Global warming
0% 20% 40% 60% 80% 100%
Fig. 5 Midpoint impact contributions of emissions
from material and energy consumption in the
fabrication of 1 m?> UF membrane: (a) terrestrial
ecotoxicity potential, (b) global warming potential.
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In the stratospheric ozone depletion category, the most
significant contribution—approximately 84% of the total
impact—originated from the use of tetrafluoroethylene,
corresponding to emissions of 3.54 x 107 kg CFC-11
equivalents. Electricity consumption accounted for the
remaining 16% of the impact. As illustrated in Fig. 6 (a), CFC-
10 and CFC-12 were identified as the dominant ozone-
depleting compounds. For marine eutrophication, the
production of 1 m? of UF membrane resulted in an
environmental burden equivalent to 317 % 10° kg N

Environ.
2025, 11(3)

equivalents. Of this, 70% was attributed to dimethyl
formaldehyde, 15.2% to lithium bromide, and 14.8% to
electricity consumption. As shown in on Fig. 6(b), ammonium
ion emissions to both water and air were the primary
contributors within this category, followed by nitrogen oxide,
nitrate, and ammonia emissions—0.09, 0.07, 0.01, and 0.001
x 1072 kg N equivalents, respectively. These patterns align
with earlier studies by Prézélus et al. (2021), Bordbar et al.
(2021), and (Bakhshayesh et al., 2020)
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Fig. 6 Contribution of emissions from material and energy
use in the production of 1 m?> UF membrane to ReCiPe
midpoint categories: a) stratospheric ozone depletion, (b)
marine eutrophication.
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3.2.2 EIA in the endpoint method

The ReCiPe endpoint analysis revealed that UF membrane
fabrication exerted the greatest environmental impacts on
resource depletion (1.9 USD), followed by impacts on human
health (2.3x10° DALY) and ecosystem quality (5.5x10°®
species'yr). As shown in Fig. 7, electricity consumption
accounted for over 90% of total damage across all endpoint
categories, underscoring the dominant influence of fossil fuel—
based power generation(Prézélus et al., 2021). Within the

Fig. 7 Contribution of material
and energy consuption to resource
depletion in the fabrication of 1 m?
UF membrane, based on ReCiPe
endpoint assessment.
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resource damage category(Fig. 8-a), natural gas (1.51 USD)
and crude oil (0.36 USD) emerged as the primary contributors.
These findings highlight the strong link between the extraction
of non-renewable energy resources—particularly fossil
fuels—and associated environmental degradation. The
observed trends are consistent with previous studies (Ioannou-
Ttofa et al., 2016; Martinez-Diaz et al., 2021; Singh et al.,
2020) which reported comparable resource depletion impacts
from crude oil and coal use in electricity production.

nentoan
200 %
1

QOIS by Q01 1y

Polpetratent

SR N) RN

N K-gdinettptfom

oO07S ty oo vy

i [Tetrafiu orostheden poletratens
54 % L1 %

Electridty, kow
Ak

Following resource depletion, human health was the next most
affected category. As shown in Fig. 8(b), key contributors to
human health impacts included CO2, SO2, NO, particulate
matter, and CHa, primarily arising from electricity generation
and Tetrafluoroethylene use during UF membrane fabrication.
LCA results indicate that electricity consumption indirectly
affects human health due to fossil fuel-based energy
production (Abyar and Nowrouzi, 2020; Mathuriya et al.,

CDdIE kg [
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ROEE N 0558 %
L]

D065 kg

Beomine (A O)
R %

00066 by
Suthur diaxde,
L] nis%s

2020). The extraction and combustion of fossil fuels release
hazardous substances, including toxic gases, heavy metals,
sulfur compounds, and polycyclic aromatic hydrocarbons, into
the environment.  Consequently, mitigating these
environmental and health impacts requires improving energy
efficiency, minimizing energy demand, and transitioning to
renewable energy sources (Foteinis et al., 2018).
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Fig. 8 Emissions from material and energy use in producing 1 m? of
UF membrane, analyzed for endpoint modeling: (a) resource impacts,

(b) human health impacts.
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3.3 Global Warming Potential (IPCC method)

The IPCC-based assessment for 1 m? of UF membrane
revealed CO: emissions of 15.3 kg CO2-eq from fossil fuels,
0.0025 kg CO2-eq from biogenic sources, and 0.0019 kg CO2-
eq from land transformation (Table 3). As shown in Fig. 9,
electricity consumption, predominantly supplied by the fossil
fuel-based national grid, was the largest contributor to global
warming across all three IPCC impact categories. Following
energy use, dimethyl-formaldehyde was identified as the
primary contributor to CO: emissions within the land
transformation and biogenic categories, aligning with results

Fig. 9 Relative contributions of

obtained using the ReCiPe method. These findings highlight
the critical importance of transitioning to renewable energy to
mitigate the environmental impact of UF membrane
production (Bordbar et al., 2022; Martinez-Diaz et al., 2021).

Table 3 Results of analysis from IPCC modeling 1 m? of UF
membrane fabrication (kg CO, eq)

materials and energy consumption to
global warming potential during the

fabrication of 1 m? UF membrane by
IPCC method.

Impact Category Total Value
Fossil fuels 15.35
Biogenic fuels 0.0025
Land transformation 0.0019
m Polyethylene BN,N-dimethylformamide OLiBr
O Tetrafluoroethylene m polyethylene glycole = Water
GWP100 - land transformation
GWP100 - biogenic
GWP100 - fossil
0% 20% 40% 60% 80% 100%

3.4 Sensitivity analysis

The LCA findings demonstrated that electricity
consumption was the dominant contributor across all
environmental impact categories. In the baseline scenario, a
95% reduction in electricity use led to significant decreases in
global warming and terrestrial ecotoxicity by 85% and 87%,
respectively. Specifically, terrestrial ecotoxicity in the
midpoint category declined from 29.5 to 3.6 kg 1,4-DCB,
while global warming was reduced from 15.5 to 2.1 kg CO-
eq. Furthermore, notable reductions were observed in endpoint
categories, including resources (from 1.9 to 0.15 USD), human
health (from 2.3x107° to 3.11x10° DALY), and ecosystem
quality (from 5.5x1078 to 7.47x107° species-yr). These results

are consistent with Kaczmarczyk et al. (2024), who reported
that lowering electricity consumption and adopting renewable
energy in desalination systems can effectively reduce global
warming impacts and energy resource demand. Collectively,
this evidence highlights the critical importance of replacing
fossil fuels with cost-effective renewable energy technologies
to preserve environmental integrity and advance sustainability.

4. Conclusion

Identifying environmental hotspots and evaluating
strategies for process improvement are critical for the
sustainable production of UF membranes. This study
employed a LCA approach to model the UF membrane
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fabrication via the phase inversion method, quantifying the
contributions of raw materials and energy consumption to
environmental impacts. The modeling results revealed that:

1. The most significant environmental impact in the
Recipe midpoint method was related to the terrestrial
ecotoxicity of 29.5 kg 1,4-DCB due to the release of copper
and zinc metals to the air, bromine to water resources, and
cypermethrin to the soil ecosystem. 52% of the environmental
impacts in the total impact of the midpoint categories were
related to the electrical energy consumption. Quantification of
environmental impacts in the Recipe endpoint method showed
that the use of natural gas, crude oil, hard coal, and brown coal
for energy production had the most environmental impacts on
resource depletion, with a value of 1.9 USD.

2. The results of the IPCC modeling confirmed the
accuracy of the Recipe method results and showed that the
gases emitted from fossil fuels in the energy production stage
had the largest contribution to global warming. Making a 95%
change in the amount of electrical energy in the sensitivity
analysis reduced the impacts of terrestrial ecotoxicity, global
warming, and resource depletion approximately by 85%, 73%,
and 90%, respectively.

Therefore, to enhance production processes and mitigate
adverse environmental impacts during industrial decision-
making, it is recommended to apply LCA-based impact
assessment, integrating the use of clean energy and minimizing
emissions during the manufacturing phase. Such an approach
promotes  sustainable  development and  optimizes
environmental, economic, and social performance.

Statements and Declarations
Acknowledgement

This work was financially supported by the Iran National
Science Foundation (INSF) with project number "4012440".

Data Availability

The data used (or generated) in this research are presented in
the text of the article.

Conflicts of interest

The authors of this paper declared no conflict of interest
regarding the authorship or publication of this article.

Author contribution

Z. Salahshour: Modeling, study design, analysis of
results, and writing of the paper; A. Shahbazi: Project
management, data analysis, and validation; M. Esmaili:
experiments and data collection.

Al Use Declaration

This study did not incorporate artificial intelligence
techniques; instead, all analyses and optimizations were
conducted using conventional and widely accepted analytical
methods.

References

Abyar, H., & Nowrouzi, M. (2020). Highly -efficient
reclamation of meat-processing wastewater by aerobic

hybrid membrane bioreactor-reverse osmosis simulated
system: A comprehensive economic and environmental
study. ACS Sustainable Chemistry & Engineering, 8(37),
14207-14216.
https://doi.org/https://doi.org/10.1021/acssuschemeng.0c0
5298

Bordbar, B., Khosravi, A., Ahmadi Orkomi, A., & Peydayesh,
M. (2022). Life cycle assessment of hybrid nanofiltration
desalination plants in the Persian gulf. Membranes, 12(5),
467.
https://doi.org/https://doi.org/10.3390/membranes 120504
67

Bakhshayesh, M., Farahmandi, M., & Behbahanian, A. (2020).
Using Life Cycle Assessment (LCA) in Comparing the
Environmental Impacts of Seawater Reverse Osmosis
Desalination Plants with Open Intake and Beach Wells
Intake in Chabahar and Kangan Desalination Plants. /RAN-
WATER RESOURCES RESEARCH, 16(1 ), 275-288.SID.
https://doi.org/ https://sid.ir/paper/403384/en

Cankaya, S., & Pekey, B. (2024). Evaluating the
environmental and economic performance of biological
and advanced biological wastewater treatment plants by
life cycle assessment and life cycle costing. Environmental

Monitoring and Assessment, 196(4), 373.
https://doi.org/https://doi.org/10.1007/s10661-024-12519-
A

Cetinkaya, A., & Bilgili, L. (2022). Treatment of

slaughterhouse industry wastewater with ultrafiltration
membrane and evaluation with life cycle analysis.
Environmental Research and Technology, 5(3), 197-201.
https://doi.org/10.35208/ert.1102829

Chong, W. C,, Chung, Y. T., Teow, Y. H., Zain, M. M,,
Mahmoudi, E., & Mohammad, A. W. (2018).
Environmental impact of nanomaterials in composite
membranes: Life cycle assessment of algal membrane
photoreactor using polyvinylidene fluoride—composite
membrane. Journal of Cleaner Production, 202, 591-600.
https://doi.org/10.1016/j.jclepro.2018.08.121

Eryuruk, Z., Mollaert, M., Van Hemelrijck, D., & De Laet, L.
(2024). The Life Cycle Assessment of Temporary
Reusable Membrane Structures: Case Study Analysis.
Journal of  Building Engineering, 109953.
https://doi.org/https://doi.org/10.1016/j.jobe.2024.109953

Foteinis, S., Borthwick, A. G., Frontistis, Z., Mantzavinos, D.,
& Chatzisymeon, E. (2018). Environmental sustainability
of light-driven processes for wastewater treatment
applications. Journal of Cleaner Production, 182, 8-15.
https://doi.org/https://doi.org/10.1016/].jclepro.2018.02.0
38

Grossi, L. B., Neves, E. F., Lange, L. C., & Amaral, M. C.
(2024). Sustainability in reverse osmosis membranes waste
management:  Environmental and  socioeconomic
assessment. Desalination, 575, 117338.
https://doi.org/10.1016/j.desal.2024.117338

Ioannou-Ttofa, L., Foteinis, S., Chatzisymeon, E., & Fatta-
Kassinos, D. (2016). The environmental footprint of
a membrane bioreactor treatment process through

Environ. Water Eng.

2025, 11(3)

Page 280


https://doi.org/https:/doi.org/10.1021/acssuschemeng.0c05298
https://doi.org/https:/doi.org/10.1021/acssuschemeng.0c05298
https://doi.org/https:/doi.org/10.3390/membranes12050467
https://doi.org/https:/doi.org/10.3390/membranes12050467
https://doi.org/
https://sid.ir/paper/403384/en
https://doi.org/https:/doi.org/10.1007/s10661-024-12519-z
https://doi.org/https:/doi.org/10.1007/s10661-024-12519-z
https://doi.org/10.35208/ert.1102829
https://doi.org/10.1016/j.jclepro.2018.08.121
https://doi.org/https:/doi.org/10.1016/j.jobe.2024.109953
https://doi.org/https:/doi.org/10.1016/j.jclepro.2018.02.038
https://doi.org/https:/doi.org/10.1016/j.jclepro.2018.02.038
https://doi.org/10.1016/j.desal.2024.117338
Admin
Typewritten text
280


Salahshoor et al,, 2025: Quantifying suitability of ultraftiltration membranes in ...

Life Cycle Analysis. Science of the total environment,

568, 306-318.
https://doi.org/https://doi.org/10.1016/j.scitotenv.20
16.06.032

Kaczmarczyk, M., Mukti, M., Ghaffour, N., Soukane, S.,
Bundschuh, J., & Tomaszewska, B. (2024). Renewable
energy-driven membrane distillation in the context of life
cycle assessment. Renewable and Sustainable Energy
Reviews, 192, 114249.
https://doi.org/https://doi.org/10.1016/j.rser.2023.114249

Kim, S., & Overcash, M. (2003). Energy in chemical
manufacturing processes: gate-to-gate information for life
cycle assessment. Journal of Chemical Technology &
Biotechnology: International Research in Process,
Environmental & Clean Technology, 78(9), 995-1005.
https://doi.org/10.1002/jctb.821

Lee, K., & Jepson, W. (2021). Environmental impact of
desalination: A systematic review of Life Cycle
Assessment. Desalination, 509, 115066.
https://doi.org/https://doi.org/10.1016/j.desal.2021.11506
6

Martinez-Diaz, D., Leo, P., Sanz, R., Carrero, A., Calles, J., &
Alique, D. (2021). Life cycle assessment of H2-selective
Pd membranes fabricated by electroless pore-plating.
Journal of Cleaner  Production, 316, 128229.
https://doi.org/https://doi.org/10.1016/j.jclepro.2021.1282
29

Mathuriya, A. S., Hiloidhari, M., Gware, P., Singh, A., & Pant,
D. (2020). Development and life cycle assessment of an
auto circulating bio-electrochemical reactor for energy
positive continuous wastewater treatment. Bioresource
technology, 304, 122959.
https://doi.org/https://doi.org/10.1016/j.biortech.2020.122
959

Pazouki, P., Lu, H. R., El Hanandeh, A., Biswas, W., Bertone,
E., Helfer, F., & Stewart, R. A. (2021). Comparative
environmental life cycle assessment of alternative osmotic
and mixing dilution desalination system configurations.
Desalination, 504, 114963.
https://doi.org/https://doi.org/10.1016/j.desal.2021.11496
3

Prézélus, F., Tiruta-Barna, L., Guigui, C., & Remigy, J.-C.
(2021). A generic process modelling—LCA approach for
UF membrane fabrication: Application to cellulose acetate
membranes. Journal of Membrane Science, 618, 118594.
https://doi.org/https://doi.org/10.1016/j.memsci.2020.118
594

Razman, K. K., Hanafiah, M. M., Mohammad, A. W.,
Agashichev, S., Sgouridis, S., & AlMarzooqi, F. (2023).
Environmental performance of a photovoltaic brackish
water reverse osmosis for a cleaner desalination process: A
case study. Science of the total environment, 896, 165244.
https://doi.org/https://doi.org/10.1016/].scitotenv.2023.16
5244

Ribeiro, J. P., Sarinho, L., & Nunes, M. 1. (2024). Application
of life cycle assessment to Fenton processes in wastewater
treatment—A  review. Journal of Water Process
Engineering, 57, 104692.
https://doi.org/https://doi.org/10.1016/j.jwpe.2023.104692

Salahshoor, Z., Shahbazi, A., & Koutahzadeh, N. (2022).
Developing a novel nitrogen-doped hollow porous carbon
sphere (N-HPCS) blended nanofiltration membrane with
superior water permeance characteristic for high saline and
colored wastewaters treatment. Chemical Engineering
Journal, 431, 134068.
https://doi.org/10.1016/j.cej.2021.134068

Siefan, A., Rachid, E., Elashwah, N., AlMarzooqji, F., Banat,
F., & van der Merwe, R. (2022). Desalination via solar

membrane distillation and conventional membrane
distillation: Life cycle assessment case study in Jordan.
Desalination, 522, 115383.

https://doi.org/https://doi.org/10.1016/j.desal.2021.11538
3

Singh, R. P., Singh, N. K., & Kazmi, A. A. (2020).
Environmental sustainability assessment of a fixed media
based and package type integrated fixed-film activated
sludge reactor in India: A damage-oriented approach.
Journal of Cleaner Production, 250, 119438.

Skuse, C., Tarpani, R. R. Z., Gorgojo, P., Gallego-Schmid, A.,
& Azapagic, A. (2023). Comparative life cycle assessment
of seawater desalination technologies enhanced by
graphene membranes. Desalination, 551, 116418.
https://doi.org/https://doi.org/10.1016/j.desal.2023.11641
8

Vatanpour, V., Esmaeili, M., Chahvari, S., & Masteri-
Farahani, M. (2021). Evaluation of morphology,
performance and fouling tendency of mixed matrix PVDF
ultrafiltration membranes incorporated by different size-
controlled  SAPO-34  nanozeolites.  Journal  of
Environmental Chemical Engineering, 9(5), 105900.
https://doi.org/https://doi.org/10.1016/j.jece.2021.105900

© Authors, Published by Environ. Water Eng. Journal. This is an open-access article distributed

g) @ | under the CC BY (license http//creativecommons.org.licenses.by.4.0).

Environ. Water Eng.

2025, 11(3)

Page 281


https://doi.org/https:/doi.org/10.1016/j.scitotenv.2016.06.032
https://doi.org/https:/doi.org/10.1016/j.scitotenv.2016.06.032
https://doi.org/https:/doi.org/10.1016/j.rser.2023.114249
https://doi.org/10.1002/jctb.821
https://doi.org/https:/doi.org/10.1016/j.desal.2021.115066
https://doi.org/https:/doi.org/10.1016/j.desal.2021.115066
https://doi.org/https:/doi.org/10.1016/j.jclepro.2021.128229
https://doi.org/https:/doi.org/10.1016/j.jclepro.2021.128229
https://doi.org/https:/doi.org/10.1016/j.biortech.2020.122959
https://doi.org/https:/doi.org/10.1016/j.biortech.2020.122959
https://doi.org/https:/doi.org/10.1016/j.desal.2021.114963
https://doi.org/https:/doi.org/10.1016/j.desal.2021.114963
https://doi.org/https:/doi.org/10.1016/j.memsci.2020.118594
https://doi.org/https:/doi.org/10.1016/j.memsci.2020.118594
https://doi.org/https:/doi.org/10.1016/j.scitotenv.2023.165244
https://doi.org/https:/doi.org/10.1016/j.scitotenv.2023.165244
https://doi.org/https:/doi.org/10.1016/j.jwpe.2023.104692
https://doi.org/10.1016/j.cej.2021.134068
https://doi.org/https:/doi.org/10.1016/j.desal.2021.115383
https://doi.org/https:/doi.org/10.1016/j.desal.2021.115383
https://doi.org/https:/doi.org/10.1016/j.desal.2023.116418
https://doi.org/https:/doi.org/10.1016/j.desal.2023.116418
https://doi.org/https:/doi.org/10.1016/j.jece.2021.105900
http://creativecommons.org/licenses/by/4.0/
Admin
Typewritten text
281


