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Membrane science and engineering are significant in
addressing pressing global challenges across diverse
sectors. Membrane-based processes enable the effi-
cient utilization of feed, minimize energy consumption,
and reduce waste generation, thereby contributing to
the development of economically viable and environ-
mentally friendly industrial practices. The universal
membrane market 2027 is estimated to achieve 10.1
billion USD with a 9.7% compound annual growth rate
(CAGR) (www.marketsandmarkets.com).

Membrane-based separation processes involve using
thin, semi-permeable membranes to separate compo-
nents or contaminants from a fluid mixture based on
size, charge, or affinity differences. These membranes
act as selective barriers, allowing certain substances
to pass through while blocking others. The significance
of membrane technology in various sectors, includ-
ing water management, pharmaceuticals, the medi-
cal field, and diverse industries, stems from its ability
to fulfil the evolving needs of process intensification
strategies, facilitating the development of compact,
cleaner, and more energy-efficient technologies crucial
for achieving sustainable and cost-effective processes.
Its multidisciplinary nature, encompassing biosciences
and bioengineering, material science and engineer-
ing, and chemical science and engineering, amplifies
its applications in industrial, medical, and agricultur-
al fields. Membrane separation processes stand as an
efficient alternative to traditional separation methods
operated with high energy requirements, enabling se-
lective and effective transport of specific components,
enhancing processes’ performance, and providing

consistent opportunities for sustainable industrial
growth. Due to their simplicity in concept and opera-
tion, membrane separation processes have evolved as
non-thermal methods that are simple to operate and
scale up. These processes offer remarkable flexibility
and require minimal energy consumption.

The potential impact of membrane technology on the
Sustainable Development Goals (SDGs) is significant
and direct. Membrane technology significantly aligns
with several SDGs. It supports SDG 2 — Zero Hunger by
enabling efficient water and nutrient recycling in agri-
culture, contributing to food security. In line with SDG
6 — Clean Water and Sanitation, membrane-based sep-
aration processes ensure access to clean drinking wa-
ter and aid in wastewater treatment, addressing sani-
tation challenges. Additionally, membrane technology
contributes to SDG 7 — Affordable and Clean Energy by
facilitating the production of clean biofuels. Additional-
ly, membrane technologies contribute to energy effi-
ciency in various industrial processes, reducing energy
consumption and environmental impact. Moreover, it
fosters economic growth, as per SDG 8 — Decent Work
and Economic Growth, by promoting innovation, creat-
ing job opportunities, and enhancing resource efficien-
cy in sectors such as water treatment, food processing,
and pharmaceuticals.

Furthermore, beyond the SDGs mentioned above,
membrane technology’s influence on SDG 3 - Good
Health and Well-Being, SDG 5 - Gender Equality, SDG
11 - Sustainable Cities and Communities, and SDG 14 -
Life Below Water is also notable. Although the influ-
ence of membrane technology on these goals may not



be direct, its indirect impact is significant through its
contributions to enhancing water and sanitation infra-
structure. First, membrane technology indirectly sup-
ports SDG 3 by reducing the prevalence of waterborne
diseases and promoting overall health and well-being
by ensuring access to clean water and sanitation. Sec-
ondly, improved access to clean water and sanitation
facilities, facilitated by membrane technology, can ben-
efit women and girls, promoting gender equality (SDG
5) by reducing their burden of water collection and pro-
viding them with more opportunities for education and
economic participation. In addition, membrane technol-
ogy contributes to creating sustainable cities and com-
munities (SDG 11) by enhancing water management
practices, reducing pollution, and promoting efficient
resource utilization, thus fostering healthier and more
liveable urban environments. Lastly, membrane tech-
nology indirectly supports SDG 14 by enhancing water
treatment, reducing marine pollution, and safeguard-
ing aquatic ecosystems by removing pollutants from
wastewater, promoting conservation and sustainable
use of marine resources.

Membrane operations encompass a diverse range of
applications. Firstly, they excel in molecular separa-
tions using techniques like microfiltration, ultrafiltra-
tion, and reverse osmosis, which enables the precise
separation of components based on their molecular
size or concentration. Secondly, membrane technolo-
gy facilitates chemical transformation through mem-
brane reactors, membrane bioreactors, and catalytic
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membranes, where reactions occur directly on or with-
in the membrane surface, enhancing reaction rates
and selectivity. Additionally, membranes are utilized
for mass and energy transfer between different phas-
es, exemplified by membrane contactors, distillation,
crystallization, emulsification, stripping, and scrubbing
processes.

The advent of new membrane-based operations, such
as membrane contactors and integrated systems, in-
troduces innovative tools for sustainable growth, in-
corporating concepts like zero liquid discharge, lower
energy consumption, and maximizing usage of raw
materials. Besides, the compatible and stable nature
of various membrane operations in integrated systems
and their environmental friendliness enhance their po-
tential for rational resource utilization and the recovery
and reuse of by-products, thus fostering more efficient
and sustainable industrial practices.

Despite the advancements in membrane technology,
several challenges persist, including the need to en-
hance expertise, further reduce energy requirements
in operation, lower membrane and module fabricating
costs, improve membrane durability, mitigate fouling,
and optimize regenerating processes. Furthermore, in-
tegrating techno-economic assessment and life cycle
analysis (TEA-LCA) is imperative to comprehensively
evaluate the sustainability of membrane technology,
accounting for its environmental, social, and econom-
ic implications. So, let's shape a sustainable future
through membrane science and engineering.



