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ABSTRACT

Circular economy, a resource-efficient model emphasizes eliminating waste and making the entire economy more
sustainable through waste reuse, reduction, and recycling. For economic and environmental concerns as well as
to comply with the newly established reinforcements on green economy, circular strategies have been proposed
in industrial sectors to realize the recovery of waste products that have potentials to be used as raw materials. The
circular economy frameworks offer an opportunity for membrane technology innovation. Membrane technology
has been applied across a broad spectrum of industrial and municipal installations and is currently popular for
water treatment and reuse as well as water desalination, on account of its reliability, high-efficiency, and ease of
operation. New membranes from renewable materials, including wood-based polymers (bio-based polymers) was
innovated and it gave a membrane manufacturing by the green chemistry and green engineering principles and
the life cycle analysis methodology realized green synthesis completely for membrane fabrications. This
development solves seven out of seventeen of the sustainable development goal (SDG) No. 3, 6,9, 12, 13, 14 and
15.
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INTRODUCTION

All sectors have virtually witnessed growth at different levels due to increased industrialization, agricultural and
other human activities (Abu-Bakar et al., 2021; Muhammad, 2019; Mathai et al., 2021). Our daily activities and
industrial processes generate a lot of waste with increase in the demand for products by the populace (Sharma et
al., 2020). Consequently, there is increase in the challenges associated with resource management and the handling
of waste. Improper disposal and management have continuously imposed negative impacts on human health
(Rautela et al., 2021; Akan et al., 2021; Alshehrei and Ameen, 2021). This has led to more studies on sustainable
use of cleaner resources and technology related to waste management, the circular economy and product life cycle
assessment (Zhang et al., 2021; Sharma et al., 2021; Luttenberger, 2020). The circular economy is a resource-
efficient model that emphasizes eliminating waste and making the entire economy more sustainable through waste
reuse, reduction, and recycling. Circular strategies have been proposed in industrial sectors to realize the recovery
of waste products that have potentials to be used as raw materials to find a lasting solution to economic and
environmental challenges (Yaw Agyabeng-Mensah et al., 2012). New innovative ways of sourcing for safer raw
materials have become the current trend in manufacturing industries. Interestingly, many unwanted wastes have
now be converted into useful products thereby reducing the amount of waste getting into the landfills. The
European Union’s Waste Management Directive advocates the prevention of waste has the highest priority in a
waste hierarchy system.

The present study work will address 7 sustainable development goals namely: SDG3 — good health and well-being
in reducing harmful releases from chemical and biological processes; SDG6 — clean water and sanitation — in
allowing water recycling, effluent treatment and desalination in both urban and rural environments; SDG9 -
Industry, Innovation and Infrastructure — enabling cleaner technologies with less emissions, SDG12 — Responsible
Consumption & Production — in enabling cleaner manufacturing; SDG13 — Climate Action — for new emission
environment by adsorption or conversion from catalytic membranes; SDG14 — Life below Water — by preventing
waste effluents and emissions entering water-ways and oceans; SDG15 — Life on Land — particularly through
allowing increased land use efficiency within cleaner environments. This research work will involve development
of new membranes from renewable materials, including wood-based polymers (bio-based polymers). Fully bio-
based fibres for green membrane fabrication (This is a challenging problem because many polymer membranes
have been developed to be chemically, thermally and mechanically robust (for process/product durability) and
processed using low-cost, large-scale manufacturing solutions). Green-membrane research work will use a variety
of approaches to these problems and will operate holistically to share knowledge across interest areas and
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applications to allow new synthesis methods, testing/characterization and demonstration of feasibility for future
development and exploitation; Re-use and recycling of biopolymers and LCA methodology to realize green
membranes synthesis and production completely.

2. THEORETICAL ANALYSIS

2.1 Wood-based polymer

One option for lowering the environmental impact of plastics and timber debris is to use these wastes to make
wood-polymer composites (WPC) goods, such as pallets, which are made of wood fiber and polymer. However,
to evaluate the sustainability impact of WPC pallets, a comprehensive life cycle analysis must be performed.
Aside from that, it is crucial to keep in mind that various commodities have varying lifespans, recycling abilities,
and recycling potential. It is defined by the International Organization for Standardization (ISO) as being one of
the environmental management techniques that addresses the social and environmental risks, ecological
consequences throughout a product’s life cycle from raw material obtaining through manufacturing, utilizing edge
treatment, recycling, and disposal practices (Faggian et al., 2014; Zakariya, et al., 2022; Regulation (EC) No
1907/2006).

In recent years, WPC has also become interesting for other industries, namely the packaging and automotive
sectors (Partanen and Carus, 2016). These are under increasing pressure to minimize the consumption of fossil-
plastics. WPC saves petrochemical polymers, and this in the amount of the wood-fibers added. This leads to an
almost balanced cradle-to-gate COz-balance. The reason for this is that during their growth, the wood fibers
already absorbed exactly the amount of harmful greenhouse gases from the atmosphere, which is later emitted for
production in the form of energy and fuel consumption

22 Raw material for membrane fabrication
Keratin, cellulose, and plastics can be widely found in domestic/industrial solid wastes and can be potentially used
for liquid separation membrane fabrication.

2.2.1 Keratin

Keratin is a fibrous, structural protein commonly found in wool, hair, and poultry feather (Donato et al., 2020;
Reddy et al., 2021). Wools obtained from textile fabric and hairy parts of animals are especially important keratin
extraction sources, as it consists of ~95% raw keratin (Shavandi et al., 2017). Chicken feathers, which consist of
~90% protein keratin, are another major source for extracting keratin (Donner et al., 2019). The living-organism
leftovers produced in tanning, slaughterhouse, and poultry industries are treated as waste, and their disposal often
leads to vast environmental problems.

222 Cellulose

Cellulose is one of the most abundant biopolymers found in nature. Depending on the sources, lignocellulosic
biomass typically contains cellulose, 40-60% and hemicellulose, 15-30% and lignin, 10-25%, which weave to
each other to establish a strong-stretch network of recalcitrant biomass (Ariffin et al., 2008; Wang et al., 2017).
Lignin is the main barrier in the deconstruction of lignocellulosic biomass; hence, lignin extraction during biomass
pretreatment using solvent is required to ease the conversion of fibrous cellulosic materials (Tran and Mututuvari,
2016). Other sources, such as seaweed, are also gaining attention for cellulose extraction. The removal of lignin
through harsh chemical treatment necessary for lignocellulosic biomass is not required for this alternative (Esparza
etal., 2018).

223 Plastics and Rubber

The monomers of commonly used plastics are majorly derived from non-renewable fossil hydrocarbons, so these
plastics are highly durable and generally not biodegradable. The share of plastics in municipal solid waste has
increased tremendously. Nearly 80% of plastic debris from land-based sources ends up in the ocean as a result of
mismanagement of the plastic waste throughout the plastic supply-chain life cycle, starting from production until
post-consumer disposal (Li et al., 2016). The non-biodegradable nature of most commercially used plastics leads
to their landfill accumulations for many years, hence resulting in direct plastic contamination (Kubowicz and
Booth, 2017). On the other hand, the incomplete disintegration of durable plastics result in the formation of
microplastic polymer particles of various morphologies that invade the environments and food chains. Therefore,
efforts to recycle post-consumer plastics, such as polyethylene terephthalate (PET) bottles, which have been used
as single-use packaging for beverages, are necessary to counter white pollution and the subsequent issues resulting
from their disposal.

2.3 The Bio-based Economy
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The seventh principle of Green Chemistry is “renewable rather than depleting raw materials”. One of the great
challenges of the twenty first century is the implementation from an unsustainable economy based on non-
renewable fossil resources - oil, coal and natural gas — as raw materials to a bio-based economy with renewable
biomass as the feedstock (Sheldon, 2018; Devi et al., 2022). The pressing need for climate change mitigation and
the conservation of natural carbon resources is driving the switch to a carbon-neutral manufacture of commodity
chemicals, materials and liquid fuels from renewable biomass in integrated biorefineries (Wang et al., 2021).
However, the use of common and well-known biomass feedstocks, such as corn and edible oil seeds, won’t
continue to be a sustainable option in the longer term because of direct or indirect competition with food
production.

24 Life Cycle Assessment

Full-scale LCAs are useful for comparing products and processes which have already been commercialized.
Conducting a full scale LCA in the design or development phase is generally too difficult and time-consuming.
In the final analysis, an assessment of the “greenness” of a process or product requires a multivariate approach
that includes impacts across all the different metrics. However, the assessment tools for process industries can be
simplified by splitting the system boundaries into two domains: the raw materials, production and supply domain
and the gate-to-gate manufacturing domain (Sheldon, 2018).

3. MATERIALS AND METHODS
3.1 Methodological approach

The methodological approach applied in this work includes a stepwise methodology with three main building
elements: identification of raw materials, (eco) toxicological assessment and Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH) compliance analysis. The raw materials identified for the
membrane production were then evaluated to focus on which chemicals are hazardous and for which endpoint
there is a concern. While the production process and the final products were considered to identify to which
REACH obligations the membranes manufacturer could be subjected.

3.1.1 Identification of raw materials

Regarding the manufacture of poly(vinylidene fluoride) (PVDF) and PES UF membrane, the dry-wet phase
inversion process of GVS company was considered (GVS Group, Italy). In this process, a polymer solution will
be prepared by mixing polymer and solvent. The solution is then filtered and cast onto the non-woven support.
After a partial evaporation of the solvent, the cast film is immersed in a nonsolvent medium, called coagulation
bath. Due to exchange of solvent and nonsolvent between polymer solution and coagulation bath, the composition
in the film is changed and phase separation is induced, with the solidification of the polymer film. During the first
step of desolvation by solvent evaporation, a thin skin layer of solid polymer is formed instantly at the top of the
cast film due to the loss of solvent. In the solvent-nonsolvent exchange process that follows, the nonsolvent
diffuses into the polymer solution film through the thin solid layer while the solvent diffuses out. Afterwards the
membrane is washed and then lightly dried in an oven.

The raw materials used in phase inversion process will be identified through a visit to membrane manufacturer,
by collecting the Material Safety Data Sheets (MSDS) of the chemicals used, as well as information about the
uses, functions and amounts. Other suitable data and information were collected from supplier, project partner,
and literature.

A special attention will be pose on impurities or residual undesired contaminants (free monomers) in polymers
supplied, additives and solvents used and on their presence as residual contaminants in membranes, and on the
use of other polymers/copolymers, in addition to those provided by polymers supplier.

3.1.2 (Eco) toxicological assessment of raw materials

A desk-based (eco) toxicological evaluation will be performed to identify the hazard profile of polymers,
copolymers, polymeric additives and solvents used for the development of UF membrane. The evaluation was
based on literature review and expert judgment.

3.2 Development and Performances of Waste-derived Polymeric

The bio-based polymers, which can be derived from natural sources such as cellulose and chitin or produced
through biosynthesis, tend to have high hydrophilicity, biocompatibility, and biodegradability, as well as a low
toxicity, carbon footprint, and environmental impact. The majority of bio-sourced polymers used for membrane
fabrication are carbohydrates/polysaccharides and their derivatives. The origin of bio sourced materials possesses
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a high degree of biodegradability that makes them attractive as green materials to be used for reducing pollution
of the environment with plastic wastes. Cellulose is a linear polysaccharide primarily derived from many sources
and has ordinary properties which are hydrophilicity and biocompatibility, exhibits excellent mechanical strength
and perform chemical modifications with many functional groups. However, cellulose's high crystallinity and
strong intermolecular hydrogen bonds make it difficult to dissolve in common solvents, which can hinder the
production of cellulose-based membranes (Ariffin et al., 2008; Tran and Mututuvari, 2016; Wang et al., 2017;
Esparza et al., 2018).

4. RESULTS AND DISCUSSION

The possibility of developing both design and functionality of the use of bio-sourced polymeric materials,
nanofiber, recyclable polymers fully re-use and nanoparticles with well-defined mechanical stability, ensuring
bio-compatibility and high flux rates. Stimulating new ideas in the field of innovative green membrane
applications for different sectors through networking activities; contributing on the new innovative green methods
for membrane manufacturing as re-use, renewable, recycling, and end-of-life management. Application of the
“LCA methodology” to realize green synthesis completely for membrane fabrications will be adopted.

However, there are still some challenges and limitations associated with green or biodegradable membranes,
including their degradation rate and composition with non-biodegradable materials, which can lead to waste
disposal and secondary pollution. Further research is needed to understand the degradation mechanisms and
behaviour of microorganisms and enzymes under different environmental conditions. Additionally, as green
membranes are typically produced on pilot scales, more efficient scale-up models are needed to expand the
production process.

5. CONCLUSION

Pertinence and innovative aspects of the research programme is that Green-Mem address completely the priorities
for a European Union into first European Green Deal strategy, 2030 Climate action plan target directing towards
finding an alternative green membrane system from bio-based materials which are sustainable, biodegradable, no
toxicity and more eco-friendly. Moreover, membranes play a critical role in maintaining healthy air, land and
aquatic environments. They are critical for capture of emissions, filtration of harmful substances and cleaning
water sources and emissions.
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