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Abstract

In an environmentally conscious world, the search for alternatives to synthetic functional
ingredients remains a priority. Consumers are increasingly seeking for natural or biobased
cosmetic solutions that deliver the same efficacy as traditionally synthetic products. Green
alternatives are now not just an option, but a requirement, as consumers demand that
cosmetics also contribute to environmental sustainability. SEQENS is at the forefront of this
natural revolution with its biobased multifunctional range, AdvensProtect Green. Through
innovation and commitment to sustainability, SEQENS provides drop-in replacements and
environmentally friendly solutions without compromising on product performance.

Introduction: The need for biobased alternatives in an increasingly conscious cosmetics
world

Multifunctional ingredients are essential in a cosmetic formulation as they serve sensory
purposes such as improving the consistency and feel of finished products. This can be
achieved by providing emulsifying, softening, thickening, foaming or dispersing and
preserving functions to a formula. In the past, most multifunctional agents were chemically
synthesised. However, the rise of consumers awareness of organic and natural finished
products has driven the cosmetics industry to offer natural alternatives for new natural
formulations, without compromising product performance.

Another trend has also emerged that is influencing the way consumer approach their product
choices and skincare routines: skinimalism. In the beauty industry, it means reducing the
ingredient list (minimalist formulas) by choosing multifunctional or effective ingredients,
eliminating controversial ingredients, but also simplifying beauty routines and the growing
demand for multi-use products. This simplicity allows for targeted skincare, focusing on
fewer ingredients but key actives to support efficacy.

In an increasingly eco-conscious cosmetics industry, SEQENS is joining the natural
revolution with its biobased multifunctional range. Through its innovation and dedication to
sustainability, SEQENS provides eco-friendly substitutes for multifunctional ingredients
without sacrificing product efficacy.
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A patented technology to produce 100% biobased diols

Chemicals have a wide range of uses, from personal to industrial. With the rapid and
continuous increase in human population and industrialisation, there is an increasing demand
for sustainable production of various chemicals for the industry. The cosmetic industry has
been using conventional methods to produce functional ingredients on a larger scale to meet
this demand. Most synthetic functional ingredients are derived from crude oil or natural gas
and are obtained after oligomerisation and fractionation of these materials. As a result of
these large production volumes, the cosmetic industry has had a significant impact on the
environment, starting with the raw materials used, the waste generated during the process and
the final product produced. Although conventional, optimised methods of producing
functional ingredients are currently available, they are less favourable because they are not
environmentally friendly.

However, some functionals can also be derived from renewable resources, which are more
and more preferred by consumers. In addition to environmental concerns, consumers are
increasingly demanding products formulated with biobased raw materials, while maintaining
the same performance of the final product. In fact, the global biobased cosmetics market has
been estimated at around USD 5 billion in 2022 and is expected to grow at a CAGR
(Compound Annual Growth Rate) of 6.0% from 2022 to 2032 (1). This trend has forced
industrial companies to look for alternatives to synthetic multifunctional ingredients, in
particular diols. Diols are important platform chemicals that have been used extensively in a
wide range of applications including solvents, polymers, cosmetics and pharmaceuticals.
However, replacing synthetic diols and developing new effective biobased diols is
challenging as it must take into account aspects such as performance, cost, safety and respect
for the environment. It is necessary to meet several specifications in terms of sensory and
physico-chemical properties, but also in terms of industrial constraints.

To reduce the environmental impact of synthetic multifunctionals and diols, it is important to
work on the development of new technologies and industrial processes. Renewable and
sustainable processes and technologies, such as the use of biomass, biomolecules and other
bioactive agents are viable alternatives to conventional chemical sources; therefore, there is
an increasing demand to find alternative ways to produce industrial chemicals. An ideal
production process would be environmentally friendly, require minimal inputs and be
economically feasible.

Working on a patented and proven technology to provide pure, biobased and colourless
multifunctional ingredients from renewable and sustainable natural resources is now a crucial
step in the cosmetic industry. A new technology developed to produce green diols aims to
reduce the carbon footprint by 20% compared to conventional processes. This novel
technology is schematically described in Figure 1.
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Figure 1: New technology to produce biobased long-chain diols

This patented technology, which can be applied to long-chain diols in general, enables
biobased drop-in replacements to be offered as alternatives to synthetic multifunctional
ingredients and for use in natural cosmetic products.

Application of green chemistry concepts for sustainable multifunctional ingredients

Biobased chemicals are produced using chemical manufacturing processes that are more
sustainable. These bioproducts need to have a smaller carbon footprint, and this is achieved
by ensuring that the production process is more environmentally friendly, while ensuring that
the required properties of the “replacement” biochemical are sufficient.

Green chemistry is a set of principles that promote the design of chemical products and
processes that reduce or eliminate the use and generation of hazardous substances. By
applying green chemistry principles, the cosmetic industry can differentiate itself by:

e Reducing environmental impact: Green chemistry helps to reduce pollution and
waste, conserve resources, and minimise the risk of accidents.

e Improving sustainability: Green chemistry helps to create a more sustainable
cosmetics by reducing dependence on fossil fuels and other finite resources.

e Developing more efficient processes: Green chemistry can help to develop more
efficient processes to produce biobased ingredients, which can reduce waste and
energy consumption.

e Designing safer products: Green chemistry can help to design safer products by using
fewer toxic ingredients and minimising the risk of exposure to hazardous substances.

By applying green chemistry principles to the production of biobased multifunctional
ingredients, the cosmetic industry can contribute to create a more sustainable future for all.
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By implementing green chemistry processes and relying on the company’s industrial
expertise, the development of a biobased Caprylyl Glycol has been shown to reduce its
environmental impact compared to its synthetic counterpart. In fact, according to primary
data from ecoinvent® for the year 2023, the carbon footprint of natural Caprylyl Glycol is 7.4
+ 2.4 kgCO» eq./kg, a 19% reduction compared to the synthetic (9.1 £+ 2.6 kgCO» eq./kg)
(Figure 2).
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Figure 2: Comparison of the carbon footprint of synthetic Caprylyl Glycol with that of biobased Caprylyl Glycol (units in
kgCO: eq./kg). Report date: August 19", 2024

Biobased multifunctionals that match the quality and performance of their synthetic
counterparts

The primary goal of the biobased industry is to provide products that are similar to or an
improved version of the products currently on the market. Biobased diols match the purity
(>99%) and performance of their synthetic counterparts, offering a natural alternative to
processes derived from petroleum or natural gas. In addition to biobased Caprylyl Glycol,
other diols are beginning to have their own bio-based versions, such as 1,2-Hexanediol and
Ethylhexylglycerin.

Indeed, diols are a high-performance option for cosmetic and personal care formulations,
performing many different functions. According to the scientific literature, diols are:

e Multifunctional ingredients: used as humectant, emollient, solvent, and / or
preservative boosters (2).

e Excellent moisturisers: short lipophilic chain will attach to the lipid structures
orientating the hydrophobic part of the molecule to the upper skin layers for better
moisture retention (3,4).

e Viscosity regulators: enhance the sensory profile, improves pigment dispersion, and
adds wetting properties and reduces tackiness of formulations (4).

e Enhanced preservation: boosting the effectiveness of other preservatives, non-
preservatives and multifunctional ingredients (5,6).
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Diols, have a wide range of applications in cosmetics due to their multiple activities. They are
suitable for a wide range of personal care products including serums, creams, and lotions (2).
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Biobased multifunctional ingredients show similar performance to synthetic products in terms
of microbiological protection, and are effective against microorganisms such as P.
aeruginosa, S. aureus, E. coli, C. albicans, and A. brasiliensis.

For example, biobased 1,2-Hexanediol shows a similar antimicrobial activity compared to
synthetic 1,2-Hexanediol, as demonstrated in Figure 3.
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Figure 3: Comparison of the antimicrobial efficacy of synthetic 1,2-Hexanediol with that of biobased 1,2-Hexanediol

Using green alternatives for sustainable formulations

From a more consumer-based analysis, consumers today are more aware of the need to move
towards green cosmetics, as environmental and ethical considerations are increasingly
relevant factors in their purchasing behaviour (7). Green cosmetics are multifaceted products
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that usually aim to protect the environment, minimise pollution, use non-renewable resources
responsibly and preserve fauna and flora. Current environmental problems are a stimulus for
the consumers, encouraging them to buy green products. The fastest growing industry in the
global market is the market for green skincare products, as opposed to other green cosmetic
products (8). There are consumers who buy natural cosmetics, even if these are more
expensive than chemical cosmetics, because they consider both their own health and the
environment to be important factors. Yet, consumers won’t use natural cosmetics, if they’re
not as effective as their chemical counterparts (9).

To meet the needs of eco-conscious consumers and sustainable brands, biobased
multifunctional ingredients are the next steps towards greener formulations. While natural
actives derived from plant extracts and other green technologies such as biotechnology are
already a staple of green cosmetics, it is now essential to complete cosmetic formulations to
be as natural as possible, for the good of the planet and to meet consumer demand for
sustainable cosmetics.

This is why naturally derived diols offer cosmetic professionals and consumers several
significant advantages. Natural diols are made from biobased carbon, ensuring their
sustainability and compliance with COSMOS standards, underlining their commitment to
environmentally friendly cosmetic formulations that consumers are looking for.

In addition, the use of these multifunctional ingredients contributes to a reduced carbon
footprint, in line with global efforts to mitigate climate change and promote a more
sustainable industry. They also have controlled and high-quality impurity profiles, ensuring
consistency and safety in every batch.

Beyond these core benefits, biobased diols also improve the shelf-life of finished products,
ensuring that they remain effective and appealing for longer periods, resulting in a more
reliable product experience for consumers. As previously mentioned, while biobased 1,2-
Hexanediol is effective against bacteria, it is less effective against moulds and fungi. To
achieve full protection, 1,2-Hexanediol is most effective when used in combination with
other ingredients, such as Pentylene Glycol and Ethylhexylglycerin. Figure 4 illustrates the
effectiveness of combining the three biobased products in an O/W cream at various
concentrations.
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Figure 4: Product protection efficacy of a combination of biobased Pentylene Glycol, 1,2-Hexanediol and
Ethylhexylglycerin at various concentrations in O/W cream
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Another challenge formulators encounter is selecting appropriate ingredients for clear
formulas. There is a common perception that biobased products often have colour, which can

affect the final appearance of formulations. However, naturally derived diols and
Ethylhexylglycerin are examples of colourless liquids that do not alter the formula’s colour.
Figure 5 demonstrates the use of biobased Caprylyl Glycol and Ethylhexylglycerin in a gel
clear system base, which illustrates how naturally derived ingredients can meet the
requirements of clear formulations.

Figure 5: Case study, using biobased diols in a clear system. A. Clear gel formulation (blank, unpreserved). B. Clear gel
formulation containing a combination of 0.25% biobased Caprylyl Glycol and Ethylhexylglycerin

As there is no “one-size-fits-all” solution to ensure product preservation, multifunctionality
and clear systems requirements, finding the right solution for sustainable product
development can be challenging. However, biobased diols and Ethylhexylglycerin are
effective options for safeguarding products and can fulfil additional roles. While having
moisturizing and solvent properties, diols are also good candidates for new biobased
preservative systems, replacing current synthetic ones which can be harsh on the skin,
particularly sensitive skin.

Conclusion

In an increasingly environmentally conscious world, finding alternatives to synthetic
functional ingredients remains a hot topic. By harnessing the power of renewable resources
and reducing reliance on synthetic and non-renewable ingredients, biobased cosmetic
ingredients contribute to a more sustainable and ethical cosmetics industry. More and more
consumers are looking for biobased cosmetic formulations without compromising on the
efficacy of the finished product. Today, choosing green alternatives is a requirement, not an
afterthought, as consumers demand that cosmetics also should take care of the planet.
Moreover, the simplification of beauty routines observed by “skintellectuals” consumers has
pushed brands to rethink their formulas to include multifunctional products and minimalist
formulas.
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SEQENS' AdvensProtect Green range represents a significant advance in the field of
biobased multifunctional additives. It offers:

e AdvensProtect 2-EHG Green: 100% biobased Ethylhexylglycerin. Available as
AdvensProtect 2-EHG Plus Green, stabilised with natural tocopherol.

e AdvensProtect 5 Green: 100% biobased Pentylene Glycol, COSMOS approved,
emollient and multifunctional additive.

e AdvensProtect 6 Green: 100% biobased 1,2-Hexanediol, COSMOS approved,
humectant and multifunctional additive suitable for all skin types, including sensitive
skin.

e AdvensProtect 8 Green: 100% biobased Caprylyl Glycol, COSMOS approved,
moisturising agent, preservative booster and multifunctional additive. Its carbon
footprint is 7.4 + 2.4 kgCO» eq.’kg, a 19% reduction compared to petrochemical
AdvensProtect 8.

e AdvensProtect 68 Green: an easy-to-process solution containing 100% biobased 1,2-
Hexanediol and Caprylyl Glycol. This naturally derived COSMOS approved
combination works well as a moisturiser and multifunctional.

e AdvensProtect OE Green: an easy-to-process blend containing 100% biobased
Caprylyl Glycol and Ethylhexylglycerin. This naturally derived mixture, according to
ISO 16128 certification, works well as an emollient and shows product protection
properties.

e AdvensProtect 56E Green: 100% biobased Pentylene Glycol, 1,2-Hexanediol, and
Ethylhexylglycerin. This multifunctional ingredient provides moisture and product
protection, making it a strong alternative to traditional preservatives. Suitable for all
skin types, including sensitive skin.

e AdvensProtect S8E Green: 100% biobased Pentylene Glycol, Caprylyl Glycol, and
Ethylhexylglycerin. This product provides dependable performance and enables cold-
process formulation, simplifying product development. It also serves as an effective
alternative to traditional preservative systems and is suitable for use in a variety of
cosmetic formulations.

For cosmetic brands, and in-fine customers, the use of biobased multifunctional ingredients in
products is a step towards a more sustainable and environmentally friendly industry.
SEQENS green diols have demonstrated exceptional efficacy in improving the stability of the
final product’s protection. These benefits, combined with the reduced environmental impact,
make SEQENS green multifunctionals / boosters an ideal choice for eco-conscious cosmetic
brands seeking high performance without compromising on sustainability and efficacy.
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