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Abstract

The global necessity for sustainable development has prompted a significant re-evaluation
of practices across diverse industries, notably influencing the cosmetic sector’s approach to
ingredient management. To address this imperative, the L’Oréal Group launched its “Green
Sciences” initiative, aiming to support the transition toward more sustainable cosmetic
ingredients. This article introduces the Green Sciences Index (GSI), an assessment tool
designed for a structured and standardized evaluation of cosmetic ingredient sustainability
to assist innovators in selecting ingredients during the early stages of development. Adopt-
ing a life-cycle perspective, the proposed framework assesses feedstock origin, ingredient
manufacturing processes, and the environmental impact of an ingredient’s end-of-life. The
GSI was specifically designed with a focus on the global manufacturing pathway, from
primary feedstocks to the final ingredients. It integrates an assessment framework inspired
by the Principles of Green Chemistry for cosmetic ingredients, encouraging specific sus-
tainable manufacturing practices, structured around “Biotechnology and Fermentation”,
“Eco-extraction and Physical Processes”, and synthesis by “Green Chemistry”. The practical
application of the GSI is demonstrated through a series of concrete case studies featuring
diverse ingredients. The GSI is an eco-design lever serving as a pre-screening orientation
tool at the ingredient level, complementing comprehensive Life Cycle Assessments to guide
development and innovation toward more sustainable cosmetic products.

Keywords: life cycle; green chemistry; ingredient manufacturing; biotechnology;
eco-extraction; bio-based; recycling; mineral abundance; biodegradability

1. Introduction
Growing awareness of the environmental impact of human activities has driven a

global shift toward sustainable development, embraced by various industries. Following a
new Special Issue published in 2023 in Environmental Science & Technology entitled “Accel-
erating Environmental Research to Achieve Sustainable Development Goals,” [1] it is of
significant value to illustrate substantial advances in research and methodology regarding
sustainability in the well-being, beauty, and personal care sectors. The strong commitment
of cosmetic companies [2,3] is key, and focus should be placed not only on their direct
impacts but also on their indirect ones, related, for example, to supplier activity and the use
of products by consumers. To reach these objectives and ensure activities are compatible
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with a resource-constrained planet [4], the L’Oréal Group launched in 2020 a program
(“L’Oréal For the Future” [5]) defining its sustainability commitments for 2030, using a
continuous improvement approach aligned with the progress of scientific knowledge in the
field. This program sets ambitious commitments, aligning with the Science-Based Targets
initiative rationale [6] and addressing key areas such as climate, water, and biodiversity.
Among the various stakes, natural resource preservation, sustainable sourcing, ingredient
traceability, and product eco-design are particularly emphasized.

Recent initiatives, for instance the EcoBeautyScore [7], have addressed environmental
impact at the product level, and existing tools like SPOT [8] focus on cosmetic product
eco-design. These tools apply the Life Cycle Assessment (LCA) approach, based on the Eu-
ropean Product Environmental Footprint framework [9], to evaluate and compare cosmetic
products with one another. These tools provide insightful information at the product level
and are efficient decision-support tools thanks to the processing of extensive data across
the entire life cycle of products. In complement to LCA-based approaches, first-intention
tools were developed to select ingredients with the best sustainability profile, especially
regarding their manufacturing processes.

Indeed, cosmetic ingredients are a key lever to improve the sustainability of cosmetic
products through the implementation of the Green Chemistry Principles defined by P. Anas-
tas et al. [10,11]. The Sustainable Development Goals [12], defined by the United Nations
Global Compact [13], strongly consider Green Chemistry a paramount approach to improve
the management of man-made chemicals, leading toward sustainable chemistry [14,15].
Green Chemistry Principles can thus help in designing and developing sustainable cosmetic
ingredients and products [16,17]. Hence, several evaluation tools focused on ingredients
have been proposed by ingredient manufacturers or cosmetic companies.

For example, the Mane Group introduced the “Green Motion” tool [18] in 2015. Specif-
ically designed for flavor and fragrance ingredients, it is particularly adapted for use by
ingredient manufacturers. Green Motion aims to help process chemists and chemical
engineers evaluate the “Green Chemistry” performance of chemical reactions in a rapid
and simple way. The evaluation boundaries follow a gate-to-gate perspective, from the
reception of raw materials in the factory to the exit of finished ingredients, and rely on seven
fundamental concepts (raw materials, solvents, final products, wastes, reaction efficiency,
process efficiency, and hazard/toxicity). The indicators used are mostly focused on process
aspects (E-factor, yield. . .) and chemical hazard classification. While Green Motion is highly
effective in analyzing specific manufacturing processes with an easy evaluation process and
clear output, its scope regarding the upstream value chain and end-of-life is more limited.
In terms of raw material origin, it distinguishes between renewable/petrochemical carbon
and considers the type of transformation (physical/chemical or natural/non-natural). Re-
garding the end-of-life, the Green Motion tool focuses mainly on the aquatic toxicity of the
final product. As it was primarily developed for organic, carbon-based compounds, this
framework does not specifically address mineral compounds, which represent a significant
category of essential cosmetic ingredients. Consequently, there was a need for complemen-
tary approaches to address the full diversity of cosmetic ingredients (e.g., polymers, natural
extracts, bioactive molecules, and minerals).

More recently, in 2022, the Estée Lauder Companies introduced the “Green Score”
tool [19]. This tool evaluates the “chemical components” of cosmetic ingredients with a
primary focus on assessing intrinsic hazards to both human health and ecosystem health. A
third pillar evaluates the impact on the environment, with considerations for the upstream
value chain. First, the origin of raw materials is considered (petrochemical, biological, or
mixed), as well as geographic traceability and potential certifications. Second, greenhouse
gas emissions are evaluated for Scopes 1 and 2 at the ingredient supplier level. The Green
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Score is thus an appropriate tool for comparing ingredients and accounting for nuances and
trade-offs across the different aspects of sustainability considered in the tool. However, the
parameters accounting for the sustainability of ingredient manufacturing are limited, as the
focus is mainly on the chemical components of the ingredients themselves rather than the
transformation processes. In addition, although the Green Score is able to address mineral
components, the latter are not differentiated from raw materials of biological origin in the
scoring system, underlining that the primary focus on the origin criterion is the phasing
out of petrochemical raw materials.

Both the Green Motion and the Green Score are thus rooted in Green Chemistry
Principles, each with different strategies and focus points. Those quantitative tools are
also efficient Key Performance Indicators for piloting the continuous improvement of
many aspects of ingredient sustainability. Finally, taken together, both tools highlight the
existence of many indicators or parameters to account for the origin, the manufacturing,
and the end-of-life of cosmetic ingredients.

In parallel, the L’Oréal Group has also significantly contributed to advancing the
sustainability of cosmetics across several axes [20]: promoting the use of renewable raw
materials [21], developing or promoting environmentally friendly manufacturing pro-
cesses [16,21], and reducing the environmental impact of ingredients and formulae [22–24].
Indeed, evaluating sustainability parameters in isolation remains a major challenge, as a
truly sustainable profile can only be captured when these different dimensions are con-
sidered collectively. Assessing one dimension while neglecting the others risks creating
environmental trade-offs, where a renewably sourced feedstock might mask a highly haz-
ardous process or a persistent end-of-life profile. Consequently, although past efforts
led to valuable methodologies spanning specific challenges of sustainability and Green
Chemistry, a single, global framework overarching these various axes was still missing for
cosmetic ingredients.

Therefore, there remains a critical need for an integrated tool capable of bridging
all these complementary approaches. Such a framework should, first and foremost, be
simple and rapid enough to serve as an agile, first-intention orientation lever rather than a
high-granularity performance measurement system. Furthermore, it must be applicable
to any type of cosmetic ingredient and systematically cover the three key stages of its life
cycle: origin, manufacturing, and end-of-life. To achieve this, the tool needs to trace the
entire manufacturing pathway while embedding key concepts to lower the environmental
impact of the cosmetics industry, namely the implementation of Green Chemistry and the
preservation of all natural resources.

To address this challenge, the L’Oréal Group set up the “Green Sciences” initiative
in 2022 [20], within the frame of the L’Oréal For the Future program. This initiative was
developed to support the eco-design of cosmetic ingredients and to open new fields of
innovation while offering consumers safe and effective products. As a core operational de-
liverable of this initiative, L’Oréal has developed the “Green Sciences Index” (GSI). Rooted
in a life-cycle perspective—considering the origin of feedstocks, their transformation, and
the ingredients’ end-of-life—the GSI aims to serve as an agile, first-intention pre-screening
tool. It is specifically designed to help researchers and formulators easily operationalize
ingredient selection by identifying compliant candidates early in the development process.
The GSI especially emphasizes the role of ingredient manufacturing, drawing inspiration
from Green Chemistry Principles and aiming to prevent the depletion of the planet’s natural
resources. This article aims to detail the underlying evaluation process, and its role as an
accessible, orientation tool. The application of the tool is then illustrated with concrete
examples of cosmetic ingredients.
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2. The Green Sciences Index: A Framework Built on an Ingredient Life
Cycle Perspective

The global sustainability of cosmetic product manufacturers relies heavily on their
value chains, especially concerning the ingredients used in their products. Consequently,
the Green Sciences Index was developed to include a comprehensive ingredient-level life-
cycle approach. It can assess the sustainability of any cosmetic ingredient using standard-
ized methods and integrating existing indicators whenever possible. The GSI is structured
into three building blocks representing the main steps across the ingredient’s life cycle:
origin, manufacturing process, and end-of-life. Each block is assessed through various
qualitative or quantitative parameters, grouped into seven themes illustrated in Figure 1.
The construction of the GSI and the selection of the parameters are detailed hereafter.

Figure 1. Global framework of the Green Sciences Index (GSI) from an ingredient life-cycle per-
spective. The diagram maps the GSI into three thematic blocks (Feedstock Origin, Manufacturing
Process, and End-of-Life) across seven themes. These are evaluated using quantitative metrics (e.g.,
renewable carbon content, recycled content, and the Mineral Abundance Index), qualitative hazard
and environmental criteria, and technological classifications, ensuring an assessment representative
of the ingredient life cycle.

2.1. Origin of Ingredient Feedstocks

One key driver of the sustainability transition in the cosmetics industry is shifting
the sourcing of ingredients toward more resilient and sustainable resources [25]. In the
present framework, three possibilities are prioritized to fulfill the expectations on origin:
an ingredient must either come from a bio-based source, an abundant mineral, or from
recycled materials, as detailed in Table 1.
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Table 1. Parameters and metrics used to assess the origin of cosmetic ingredients within the Green
Sciences Index.

Conditions on Ingredient Origin
Themes Metrics/Criteria—Accepted If: References
Bio-based origin >50% renewable carbon ASTM D6866 [26]
or

Abundant minerals Abundant according to the Mineral
Abundance Index MAI [27]

or

Recycled materials

>50% carbon content from recycled sources
or
>50% by molecular weight or mass from
recycled sources (for inorganics)

Internal definition based on [28]

2.1.1. Ingredients from Biomass

A significant challenge in the transition to sustainable cosmetic formulations is phasing
out petrochemical ingredients and identifying plant-based sources as alternatives. To do so,
robust metrics are required to steer and monitor this transition effectively. L’Oréal utilizes
several methods to assess the renewability of ingredients, including 14C analysis (ASTM
D6866) [26], a method used in the USDA BioPreferred® Program [29]. This approach
allows for accurate and reproducible assessment of the bio-based origin fraction in cosmetic
ingredients. In addition, L’Oréal has defined an Origin Index to distinguish ingredients
based on their origin [21]. In this framework, an ingredient is considered bio-based if its
percentage of plant-origin carbon exceeds 50% of its total carbon content (Table 1). This is
aligned with the standard ISO 16128 [30] defining a “derived natural ingredient” as being
of greater than 50% natural origin; this includes biological and mineral origin as opposed
to petrochemical, fossil origin. This threshold aims to select ingredients that are bio-based
in the majority of their composition, for more sincerity toward formulators and consumers
and to drive the shift from fossil to renewable ingredients.

The input data necessary to evaluate this criterion originates from ingredient manufac-
turers. The application of the above standards ensures a common framework reinforcing
the reliability of data. Declarative %RC from suppliers can also be consolidated by cross-
checking data on origin traceability or by analytical measurement as mentioned above.
The wide adoption of this indicator across the cosmetic industry and its value chain also
contributes to the large availability of data.

In addition, the shift toward bio-based ingredients generates a growing demand for
biomass. This highlights the paramount importance of sustainable sourcing policies. It
involves evaluating the holistic spectrum of environmental, social, and economic impacts of
bio-based ingredients with a strong focus beyond tier-1 suppliers, extending to the farm or
harvesting/collection area level. Therefore, sourcing ingredients responsibly is a must-have
prerequisite to ensure that this shift is truly sustainable. Consequently, any ingredient
that would not comply with L’Oréal’s sustainable sourcing policy [31] does not qualify for
the Green Sciences Index. Since sustainable sourcing is already assessed under a separate
framework, it is not directly included in the GSI itself.

2.1.2. Ingredients from Mineral Feedstocks

The sustainable management of mineral ingredients, which cannot be considered re-
newable resources, presents another crucial challenge. To address this, a specific assessment
methodology was developed in collaboration with the French Geological Survey (Bureau de
Recherches Géologiques et Minières, BRGM). This first-of-its-kind methodology evaluates
the abundance of non-energy mineral resources and defines a Mineral Abundance Index
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(MAI) [27], which is a quantitative indicator from 0 (very scarce) to 100 (very abundant)
aggregating 11 parameters. They not only account for the natural abundance of a mineral in
the Earth’s crust, but also its market availability and environmental impact, while integrat-
ing the influence of factors that could constrain (e.g., monopolies on resource exploitation
or transformation) or promote future market changes (e.g., substitution of materials).

To facilitate the interpretation of the Mineral Abundance Index (MAI), the 0–100 scale is
segmented into five qualitative classes: Very Scarce (0–20), Scarce (20–40), Moderate (40–60),
Abundant (60–80), and Very Abundant (80–100) (Figure 2). While the MAI represents a
continuous spectrum of geological and economic criteria without a single, static physical
threshold, the ‘Moderate’ class (40–60) functions as a transitional evaluation zone. Within
this intermediate range, variations in economic or geopolitical context can shift a mineral’s
overall availability. Consequently, instead of applying a rigid, universal cut-off score,
the operational threshold is dynamically managed within this moderate zone to reflect
these evolving economic and market realities. In practice, any mineral scoring within this
intermediate corridor undergoes a more detailed risk analysis to validate its long-term
supply security before being qualified through the GSI.

Figure 2. Qualitative segmentation of the Mineral Abundance Index (MAI) scale into progressive
scarcity and abundance classes. This tiered classification provides an operational framework to
evaluate ingredients of mineral origin without relying on a single, static physical threshold.

This metric is evaluated from a set of external data and methods published by in-
dependent institutions such as national geological surveys (BRGM, USGS. . .), academics
(University of Yale), economic organizations (OECD, the World Bank. . .) (more details
in [27]) or from open literature and market watch. The evaluation of the MAI is performed
independently by the French Geological Survey (BRGM) and is made on a global market
scale. In case data are insufficient or uncertain, the most stringent scoring is given in a
worst-case approach, giving opportunities for improvements to the score in the future.

2.1.3. Ingredients from Recycled Materials

Relying solely on primary feedstocks can, however, bring economic, environmental,
and technical limitations which can be overcome by using the principles of the circular
economy. As highlighted by Loste et al. [32], the integration of such recycled feedstocks
also directly supports the Principles of Green Chemistry—specifically Principle 1 (Waste
Prevention) and Principle 7 (Use of Renewable Feedstocks)—by avoiding the extraction of
virgin primary resources and minimizing waste generation throughout the value chain. The
principles are recalled in Table S1 based on the work of Anastas et al. [10]. This synergistic
relationship between Green Chemistry and circular economy principles represents a key
driver for sustainable development.

Based on frameworks established by the Ellen MacArthur Foundation [28], L’Oréal
has set up a framework and a definition for ingredients from recycled materials. Recycled
materials are materials that have been processed and remanufactured from previously
used products or waste. They originate from post-consumer waste (materials discarded
by consumers after use, like used cooking oils or plastic bottles) or pre-consumer waste
(materials generated during manufacturing processes, like scrap metal or CO2).

https://doi.org/10.3390/su18136760
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Several key technical fields were specifically identified for sourcing recycled mate-
rials to produce cosmetic ingredients: waste from agriculture, food, and wood indus-
tries; plastic chemical recycling; Carbon Capture and Utilization (CCU); and industrial
side-stream recycling.

For organic compounds, ingredients are considered recycled if over 50% of the ingredi-
ent’s carbon content originates from recycled sources. For inorganic compounds, recycled
ingredients are characterized by a recycled content over 50% by molecular weight or by
mass. The 50% threshold serves as an incentive-based approach to foster progress across
the supply chain. This choice aims to stimulate supplier innovation without imposing
immediate technical barriers, while ensuring that the ingredient’s composition remains
meaningfully and predominantly recycled. In addition, for the sake of coherence and sim-
plicity, this requirement is also aligned with the threshold set for the bio-based ingredients
mentioned above.

The input data originates from the traceability of materials communicated by ingredi-
ent manufacturers, so the availability of data depends on the degree of transparency and
supply chain complexity. However, circularity is by essence a collaborative work, necessitat-
ing that transparency between stakeholders be efficiently deployed, which is motivated by
the benefits in procurement resilience and in innovation bringing competitive advantage.

2.2. Sustainable Ingredient Manufacturing

The manufacturing stage, which involves transforming raw materials into finished
cosmetic ingredients, is another critical element in the life cycle of an ingredient.

2.2.1. Green Chemistry Principles Across the Whole Ingredient Manufacturing Pathway

The aim of the GSI is to promote transformation processes that are increasingly in line
with the Green Chemistry Principles [10] (Table S1), minimizing or eliminating the use and
generation of hazardous substances.

However, addressing all twelve Principles of Green Chemistry at once is a challenge,
as it requires actions and data from actors upstream in the supply chain. Thus, the Green
Sciences concept focuses at this stage on aspects directly related to manufacturing condi-
tions, corresponding to Green Chemistry Principles 3, 4, 5 and 12 (Table S1). In the Green
Sciences framework, this means tracing the manufacturing pathway starting from primary
feedstocks and considering the toxicity of all materials used and generated along the whole
value chain: reactants, isolated intermediates, solvents, catalysts, products and by-products.
The retained criterion is to avoid substances presenting acute toxicity (category 1 and 2)
or proven or suspected carcinogenicity, mutagenicity, or repro-toxicity. These hazards are
defined by the Globally Harmonized System (GHS) [33] and included in the European
Regulation on the Classification, Labelling and Packaging of chemical substances and
mixtures (CLP) used as a referential [34] (Table 2). This involves ingredient manufacturer
collaboration and transparency to declare their manufacturing pathways and the use of
the European Chemicals Agency (ECHA) data as a reference for chemical hazards. In
case no hazards are reported by ECHA, alternative sources may be used case by case (e.g.,
available safety data sheets). The reliability of declarative data is verified by confrontation
with the existing literature in case of any doubt or missing information. A worst-case
scenario is applied when the data quality or completeness is not ensured. In addition, and
specifically for solvents, the work by Prat et al. [35] was used as a reference to evaluate the
sustainability of solvents in the present Green Sciences Index. This approach on chemi-
cal toxicity encourages stakeholders to explore alternative manufacturing pathways and
reaction conditions that avoid the use of hazardous substances.
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Table 2. Parameters and metrics used to assess the manufacturing of cosmetic ingredients within the
Green Sciences Index.

Conditions on Ingredient Manufacturing
Themes Metrics/Criteria—Accepted If: References

Reduction in toxic
chemical use

Neither acutely toxic nor CMR chemical inputs/outputs (reactants,
isolated intermediates, solvents, processing aids, products, and
by-products) based on the following classifications:
H300-H310-H330;
H340-H350(i)-H360(F, D, FD, Fd, Df);
H341-H351-H361(f, d, fd).

CLP [34]

2.2.2. Fostering Cutting-Edge Technologies

In addition, the Green Sciences initiative identifies three key transformation pillars for
ingredient manufacturing: “Biotechnology & Fermentation”, “Eco-extraction & Physical
Processes” and “Green Chemistry” (meaning chemical synthesis designed according to
Green Chemistry Principles) (Table 3).

Table 3. Manufacturing technologies categorized within the Green Sciences Index.

Provided That Criteria for Origin, Reduction in Toxic Chemical Use and End-of-Life Are Satisfied:

Biotechnology and Fermentation Biomanufacturing such as microbial fermentation, in vitro cell
cultivation, etc.

Green Chemistry For chemical synthesis processes

Eco-Extraction and Physical Processes For physical processing only (without any (bio)chemical
transformation of natural resources)

“Biotechnology” terminology is based on the OECD definition: “the application
of science and technology to living organisms, as well as parts, products and models
thereof, to alter living or non-living materials for the production of knowledge, goods and
services” [36]. Biotechnologies include synthetic biology (the design and construction of
novel biological entities) or biomanufacturing (the large-scale production of products using
engineered biological systems). Biomanufacturing such as fermentation, cell culture, and
cell-free processes (lysates, enzymes) with the help of strain, molecular, and metabolic
engineering is of high interest to obtain sustainable and innovative ingredients.

“Eco-Extraction & Physical Processes” encompass a range of techniques that avoid
any chemical transformation of natural resources. These include innovative methods like
microwave-assisted and supercritical fluid extraction, or methods like solvent extraction or
maceration using milder solvents. Beyond these, fundamental physical processes such as
steam distillation, drying, crushing, grinding, and filtration are also explored and refined
for their inherent advantages in isolating valuable components.

“Green Chemistry” syntheses encompass reactions involving the chemical conversion
of natural resources, adhering to the manufacturing conditions mentioned above.

These three transformation pillars identified in the “technology” section of the GSI
are not only constituents of this index, but also an output of the evaluation. Indeed,
the GSI aims both to pre-screen ingredients and to shed light on specific manufacturing
technologies valuable for the eco-design of cosmetic ingredients.

2.3. Assessing and Monitoring the End-of-Life of Ingredients

The final stage in the life cycle of a cosmetic ingredient is its end-of-life, corresponding
to its fate after consumer use. The Green Sciences approach integrates two key indicators
associated with the environmental fate or impact of ingredients at the end-of-life stage of
cosmetic products (Table 4):

https://doi.org/10.3390/su18136760

https://doi.org/10.3390/su18136760


Sustainability 2026, 18, 6760 9 of 22

(i) Biodegradability

Table 4. Parameters and metrics used to assess the end-of-life of cosmetic ingredients within the
Green Sciences Index.

Conditions on Ingredient End-of-Life
Themes Metrics/Criteria—Accepted If: References

Biodegradability
Readily biodegradable
Otherwise, non-persistent
Or occurring in nature

OECD 301 and 310 [37,38]
CLP [39]
Naturalness guidelines [21,30]

and

Environmental impact

Rated as Favorable or Reserved in Eco-vigilance
ranking based on:
Biodegradation, Persistence (P), Bioaccumulation
potential (B), Ecotoxicity (T), Mobility (M), Endocrine
Disruption for the Environment (ED Envt), and
GHS/CLP hazard classifications

CLP [39]
GHS [33]

Three properties are accepted to demonstrate appropriate biodegradation capacity in
the environment: Ready biodegradability, non-persistency, or occurrence in nature.

Ready biodegradability is assessed as a priority, according to OECD 301 and 310 test
guidelines [37,38] or equivalent (e.g., ISO) test guidelines, as it indicates an ingredient’s
ability to rapidly and completely degrade in various environmental compartments. An
ingredient is considered readily biodegradable if its biodegradation reaches a specified
threshold (60% or 70%) within the 28-day period of the test.

Otherwise, non-persistency is evaluated according to the methodology for the reg-
ulatory classification, labeling and packaging (CLP) of substances and mixtures in the
European Union [39]. Non-persistency is the capacity of organic ingredients to be de-
graded by biotic (biodegradation) and/or abiotic (physicochemical) degradation in the
different environmental compartments in a short enough period, without generating per-
sistent organic by-products, thus preventing potential long-term effects. This capacity for
non-persistence in the environment is measured by ready biodegradation tests (a readily
biodegradable ingredient is in fact non-persistent) or other screening tests (such as ex-
tended ready or inherent biodegradation tests), or simulation tests aiming to determine the
half-life in different environmental compartments and quantify possible organic persistent
by-products, following appropriate OECD or equivalent (e.g., ISO) guidelines, as detailed
in the regulatory CLP methodology [39].

Ingredients occurring in nature are considered not to be of concern with regard to
biodegradability or persistence in the environment. The natural occurrence property of
ingredients is indirectly estimated by using the classification “natural” from the L’Oréal
naturalness methodology [21], or “from natural origin” in specific cases (e.g., a plant cell
extract not chemically transformed but cultivated from glucose; glucose itself is naturally
occurring and obtained from chemical hydrolysis). This naturalness framework is based on
the ISO 16128-1:2016 standard on technical definitions and criteria for natural and organic
cosmetic ingredients [30].

(ii) Eco-vigilance ranking

Eco-vigilance ranking is an internal ranking system based on six key environmental
parameters (biodegradation, Persistency (P), Bioaccumulation potential (B), ecoToxicity (T),
Mobility (M) through soil and groundwater, and Endocrine Disruption for the Environment
(ED Envt)) and the chemical hazard classifications, assessed following the regulatory CLP
methodology and the United Nations GHS hazard classifications [33,34]. It categorizes
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ingredients into four levels: Favorable, Reserved, Unfavorable, and Blocking. The criteria
associated with the four levels of eco-vigilance are described in Figure 3.

Figure 3. Details of the Eco-vigilance ranking of cosmetic ingredients used to assess the end-of-life
impact within the Green Sciences Index. Note: All abbreviations are defined in the Abbreviations
Section. Additional definitions are provided as follows: (i) SVHC: An ingredient considered a
Substance of Very High Concern—i.e., PBT, vPvB, PMT, vPvM, or ED Envt—according to the CLP
hazard classifications. (ii) Unfavorable for eco-design: An ingredient considered as PB, vPB, PvB,
PM, vPM, PvM, PT, vPT, BT, or vBT—according to the CLP hazard classifications. (iii) T chronic: An
ingredient proven to be classified as T according to a chronic ecotoxicity test. (iv) GHS09: Labeling
(pictogram) for an ingredient classified under H400, H410, or H411—according to the GHS/CLP
hazard classifications.

This ranking system is used to promote the use of readily biodegradable, or non-
persistent, ingredients with a favorable (green) eco-vigilance profile or possibly ingredients
with a reserved (yellow) eco-vigilance profile, while discouraging or eliminating those
with an unfavorable (orange) or blocking (red) profile in line with the chemical CLP and
GHS hazard classifications, mitigating potential environmental impacts associated with the
disposal of cosmetic products.

External data sources (e.g., databases from the European Chemicals Agency, eChemPor-
tal, or data shared by ingredient suppliers) are preferred to internally generated data (e.g.,
test data or data derived from modeling). The reliability of the data used to evaluate the
environmental fate or impact of ingredients at the end-of-life stage of cosmetic products is
systematically verified to ensure the robustness and reproducibility of the results.

2.4. Aggregation of Parameters and Green Sciences Index Output

Given the multitude of parameters and concepts embraced within L’Oréal’s “Green
Sciences” initiative, a holistic and simplified approach is essential for effective implemen-
tation. This is the driving force behind the development of the “Green Sciences Index”,
a binary assessment tool designed to aggregate these various parameters and provide a
comprehensive, easily interpretable view of an ingredient’s sustainability profile across
its entire life cycle (Figure 1). According to this framework, a cosmetic ingredient has a
positive “Green Sciences Index” if it meets all the included conditions:

- Sourced from nature, (considering bio-based feedstocks or abundant minerals) or from
recycled materials.

- Manufactured with processes exempted from acutely toxic (category 1 and 2), carcino-
genic, mutagenic, or reprotoxic chemicals.

- Biodegradable while also having a favorable or possibly reserved Eco-vigilance ranking.

If one or several of the above conditions are unmet, the “Green Sciences Index” is
considered negative.

If the above criteria are met, the GSI is considered positive; depending on the manufac-
turing process used, the ingredient is then categorized as originating from “Biotechnology
& Fermentation”, “Eco-extraction & Physical Processes”, or “Green Chemistry” syntheses.
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As the GSI serves as a pre-screening tool to select ingredients, the focus is on the
compliance to all selected criteria without hierarchizing. All the criteria thus have the same
weight in the GSI.

3. The Green Sciences Index: A New Approach to Support Innovation in
“Green-by-Design” Ingredients

The Green Sciences Index was widely deployed across L’Oréal’s cosmetic ingredients
portfolio. Hereafter, it is illustrated by different use cases demonstrating the applicability of
the tool (Table 5). Nevertheless, the GSI is applicable to any type of ingredient, regardless
of its nature or its function in cosmetic formulations.

Table 5. Application of the Green Sciences Index to case studies, highlighting the pass/fail system on
criteria and the dual conclusion: overall compliance to criteria (positive/negative) and manufacturing
technology categorization.

Peony Cell Extract Lauryl Laurate Rose Stem Extract Glycine

Fe
ed

st
oc

k
or

ig
in Bio-based (plant)

%RC = 100%
Bio-based (plant)

%RC = 100%

• Bio-based (plant)
%RC = 100%

• From recycled mate-
rials (100%)

Petrochemical

Pass Pass Pass Fail

M
an

uf
ac

tu
ri

ng
co

nd
it

io
ns Absence of chemicals

with acute/
CMR toxicity

Absence of chemicals
with acute/

CMR toxicity

Absence of chemicals
with acute/

CMR toxicity

• Formaldehyde
(H350, H330)

• Hydrogen cyanide
(H330)

Pass Pass Pass Fail

In
gr

ed
ie

nt
en

d-
of

-l
if

e

Biodegradability:

• Propanediol:
Readily Biodegradable

• Peony cells:
Naturally occurring

Biodegradability:
Readily

Biodegradable

Biodegradability:
Naturally occurring

Biodegradability:
Readily Biodegradable

Pass Pass Pass Pass
Eco-vigilance:

Favorable
Eco-vigilance:

Favorable
Eco-vigilance:

Favorable
Eco-vigilance:

Favorable
Pass Pass Pass Pass

C
on

cl
us

io
n

Positive Positive Positive Negative

Biotechnology
and Fermentation Green Chemistry Eco-Extraction and

Physical Processes N/A

3.1. Peony Cell Extract Suspended in Propanediol

Peony cell extract, rich in polyphenols, possesses antioxidant and anti-inflammatory
properties and reinforces the barrier function [40]. This ingredient illustrates a positive
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Green Sciences Index profile, aligning with comprehensive sustainability criteria across
its life cycle. First, it is derived from 100% plant material, specifically dedifferentiated
native cells of French Paeonia buds. Moreover, the source of glucose used for cultivation
comes from French beetroots. The cells are suspended in propanediol, which is sourced
from a bio-based feedstock. This cosmetic raw material (peony cell extract in propanediol)
thus has a renewable carbon percentage of 100%. This validates the first aspect of the GSI
regarding origin.

Second, the manufacturing process, illustrated in Figure 4, leverages advanced biotech-
nologies. This includes in vitro cell cultivation, shoot proliferation using coconut water,
and thermal elicitation, followed by cell suspension in propanediol. Propanediol itself is
obtained from bacterial fermentation of glycerin. The extract is then filtered, disrupted, and
clarified. The manufacturing process does not use any acutely toxic (category 1 and 2) or
CMR chemicals across the overall value chain from primary feedstocks to the final cosmetic
extract. The second aspect of the GSI, on the manufacturing process, is thus validated as
well, and this cosmetic raw material is then categorized as manufactured by “Biotechnology
& Fermentation”.

Figure 4. Schematic flowchart of the manufacturing process of peony cell extract suspended in
1,3-propanediol.

Third, regarding the end-of-life profile: the OECD 301 test confirmed the ready
biodegradability of propanediol, and the peony cell extract is composed of naturally
occurring substances as it is obtained from natural (non-genetically modified) cells and
the extract was not chemically modified. Therefore, the extract is considered not to be of
concern with regard to biodegradability or persistence in the environment. Furthermore,
the extract is non-ecotoxic based on aquatic tests. As this ingredient mixture has no environ-
mental hazard classification of concern (see Figure 3), it is thus qualified with a “Favorable”
eco-vigilance ranking. The third aspect of the GSI is thus validated.

With all conditions met, the Green Sciences Index of this peony cell extract is con-
sequently positive. Rich in valuable compounds, this extract not only offers beneficial
properties but also fully embodies the principles of Green Sciences.

3.2. Lauryl Laurate

Lauryl laurate is another illustration of a positive Green Sciences profile. Used as a
fatty ester to substitute silicones in formulas, lauryl laurate provides light and non-sticky
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emollient properties. Its origin is entirely derived from a plant feedstock, with a %RC
of 100%.

The manufacturing process of lauryl laurate is a prime example of “Green Chemistry”
synthesis, illustrated in Figure 5. First, lauric acid and lauryl alcohol are obtained without
the use of acutely toxic or CMR chemicals. The key synthesis step involves bio-catalyzed
esterification utilizing lipase immobilized on resin, vacuum heating, and subsequent filtra-
tion. Notably, the process requires no purification step, and the enzyme used is reusable,
significantly minimizing waste and energy consumption. The biocatalysis leads to a shorter
reaction time, atom economy, and a better yield compared to classical esterification.

Figure 5. Schematic flowchart of the manufacturing process of lauryl laurate.

From an end-of-life perspective, lauryl laurate exhibits ready biodegradability in
OECD 301 tests. Aquatic ecotoxicity tests performed on a structurally similar ingredient
confirm its non-ecotoxicity and support its minimal environmental impact. Therefore, it
conforms to the conditions necessary to achieve a “Favorable” eco-vigilance ranking.

These combined attributes underscore lauryl laurate’s alignment with Green Sciences
principles, making it a sustainable choice for cosmetic formulations.

3.3. Rose Stem Extract

The rose stem extract represents another illustration of an ingredient with a positive
Green Sciences Index profile. This rose stem extract is used as an active ingredient in for-
mulas, confering antioxidant properties mainly due to the high content of polyphenols. Its
origin is 100% plant-based (%RC = 100%), derived from Rosa centifolia cultivated in France.
Moreover, this extract is produced from rose bush stalks, leaves, and suckers—parts of the
rose plant that were initially not exploited and were considered waste in agriculture. This
ingredient is thus both bio-based and from recycled materials (100% of the composition).

The manufacturing process utilizes “Eco-Extraction and Physical Processes” (see
Figure 6): a hydroalcoholic extraction conducted at temperatures below 100 ◦C for a
short duration, followed by efficient separation of solid debris through centrifugation,
filtration, and atomization [41]. These steps ensure that harsh chemicals are avoided.
Furthermore, the extract demonstrates favorable end-of-life criteria as it is composed
of naturally occurring substances, was not chemically modified non-persistency, and is
non-ecotoxic in aquatic tests, ensuring a “Favorable” eco-vigilance ranking (cf. Figure 3).
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Figure 6. Schematic flowchart of the manufacturing process of a rose stem extract.

Rich in polyphenols, this rose stem extract not only delivers desired properties but
also embodies the holistic sustainability approach advocated by the Green Sciences Index.

3.4. Glycine

Glycine is the simplest amino acid, naturally present in skin peptides. The glycine
produced so far on an industrial scale and available on the market is of petrochemical
origin [42]. Indeed, the production cost is low compared to alternative methods because of
the simple, non-chiral structure of glycine. Some alternative solutions are being developed
but have not yet reached a viable industrial scale. In consequence, the GSI criterion on the
origin is not respected (%RC = 0%).

Glycine can be produced in the Strecker process [42,43] by reaction between formalde-
hyde, hydrogen cyanide and ammonia, as illustrated by the simplified scheme below:

CH2O + HCN + NH3 −→ H2NCH2COOH

This reaction involves chemicals with a problematic toxicity: formaldehyde is a car-
cinogenic 1B (H350) and acutely toxic (H330) substance, while hydrogen cyanide is also
acutely toxic (H330). Therefore, the use of such chemicals is not aligned with the GSI
criterion on the manufacturing process either.

Finally, glycine presents a favorable end-of-life profile; it is readily biodegradable in
OECD 301 tests and not ecotoxic, leading to a “Favorable” eco-vigilance ranking.

The traditional sourcing and manufacturing of glycine are thus not compliant with
the GSI criteria, rendering a negative conclusion, as traditional glycine is obviously not
aligned with the Principles of Green Chemistry. In this case, no manufacturing technology
is highlighted among the defined categories.

4. Discussion and Perspectives
4.1. The GSI as a Decision-Support Tool

The GSI aims to serve as an orientation tool for the rapid pre-screening of cos-
metic ingredients, supporting researchers and formulators—regardless of their level of
expertise—in quickly selecting the most sustainable options. It was designed specifically
for ease of use and seamless operationalization. The resulting selection process identifies
compliant ingredients based on a limited set of input data, making it a qualitative rather
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than a quantitative analysis. After selecting appropriate ingredients, their environmental
impacts can be further investigated and refined using LCA methods. This workflow opti-
mizes analytical resources by prioritizing intensive LCAs on pre-selected ingredients. The
GSI is thus intrinsically designed to be complementary to LCA. Moreover, the index deliv-
ers a dual-output conclusion: a binary assessment of criteria compliance and a prominent
characterization of the green manufacturing technology employed.

Table 6 proposes a methodological comparison of several existing sustainability
tools within the cosmetic industry with the Green Sciences Index. This highlights
that each tool is designed for specific scopes, audiences, and objectives, making them
highly complementary.

Table 6. Comparative methodological analysis of key sustainability tools within the cosmetics
industry (Green Motion by Mane [18], Green Score by the Estée Lauder Companies [19], the proposed
Green Sciences Index, and LCA-based tools).

Green Motion Green Score Green Sciences
Index

LCA-Based Tools
(e.g., SPOT, EBS)

Primary objective Sustainable
process optimization

Ingredient hazard
and sustainable
footprint profiling

Agile eco-
design orientation

Detailed
environmental
footprinting

Primary target users Process chemists Product developers
and formulators

Product developers
and formulators

LCA and
sustainability experts

Applicability scope Flavor and
fragrance ingredients

Mainly organic
chemical
components

All types of
cosmetic ingredients

Versatile: ingredients,
formulas, products

Lifecycle
boundaries Gate-to-gate Cradle-to-

gate perspective
Cradle-to-
grave perspective

Versatile (e.g.,
cradle-to-grave,
cradle-to-gate)

Data input
requirements

Moderate
(principally
quantitative)

Moderate (hybrid
qualitative
and quantitative)

Moderate (hybrid
qualitative
and quantitative)

Intensive
(highly quantitative)

Resource
preservation metrics

Renewable raw
material origin and
compliance
to “natural”

Renewable raw
material origin,
sourcing traceability
and certifications

Integrated
(bio-based, recycling
and Mineral
Abundance Index)

Indirect (abiotic
resource depletion
impact categories)

Manufacturing
process evaluation

Final reaction step
(gate-to-
gate parameters)

Indirectly (via
cradle-to-gate
GHG emissions)

Entire pathway
(from feedstocks) +
technology
classification

Entire supply chain
(modeled via
physical flows)

Decision-
making logic

Quantitative
score (0–100)

Quantitative
score (0–100) Binary (Pass/Fail) Quantitative score

or rating

Green Motion and the Green Score are appropriate indicators of chemical hazard,
either on the final ingredients or on their manufacturing processes. Green Motion is also
particularly adapted for synthesis efficiency. However, they do not capture the type of
manufacturing process involved. On the contrary, the GSI not only accounts for chemical
hazards but also highlights the manufacturing technology, providing synthetic data on the
manufacturing for product developers, who are more and more sensitive to this topic. In
addition, the GSI integrates the upstream manufacturing pathway into its hazard analysis,
which represents a novel approach in the cosmetics industry to our knowledge.

In addition, regarding feedstock-related aspects, existing tools are often limited to a
distinction between renewable and petrochemical carbon, which is only adapted for organic
ingredients. In a highly novel approach for the cosmetics industry, the GSI is the only
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sustainability tool to systematically integrate mineral abundance for inorganic ingredients
(e.g., pigments, fillers, and UV filters), thereby proposing a comprehensive approach to
covering the full diversity of cosmetic ingredients. Furthermore, with the emergence
of increasingly diverse solutions coming from the circular economy and recycling, the
integration of a specific metric introduces an additional lever. These three criteria thus
constitute a coherent approach aimed at preserving the planet’s natural resources to prevent
their depletion.

Ultimately, LCA-based tools (such as SPOT or EBS) have indisputable value for
regulatory reporting and comprehensive footprinting, but their application remains highly
challenging during the early stages of ingredient research. Quantitative LCAs are heavily
data-intensive, require extensive inventory data that are often unavailable in early R&I
phases, and demand substantial time and expertise. Furthermore, standard LCAs typically
do not account for the toxicity of process-specific chemical inputs (such as solvents) or the
geopolitical scarcity of mineral resources.

The GSI solves this fundamental limitation by acting as an agile, qualitative gatekeeper.
Instead of calculating quantitative impacts, it verifies the compliance of ingredients against
a strict baseline of environmental and safety criteria. The GSI thus works in synergy
with—rather than substituting—highly granular quantitative tools. This complementary
relationship operates across three main interfaces:

• Feedstock Sourcing: The GSI primarily addresses the qualitative preservation of natu-
ral resources to avoid their depletion, while LCAs subsequently quantify the detailed
environmental impacts (such as land use change or water stress) of that sourcing.

• Ingredient Manufacturing: The GSI prioritizes the strict limitation of hazardous chem-
ical use and generation, actively encouraging Biotechnologies, Green Chemistry, and
Eco-extraction processes. LCAs then assess the broader, cumulative environmental
footprints associated with these manufacturing processes.

• End-of-Life: Both tools address the environmental fate of ingredients, with the GSI
focusing on ready biodegradability and eco-vigilance ranking, while LCAs model the
ultimate physical emissions and long-term compartment impacts.

Ultimately, by filtering out non-compliant candidates early in the development cycle,
the GSI avoids the waste of analytical resources and ensures that intensive, quantitative
LCAs are prioritized on the most sustainable and promising ingredients.

4.2. Rationalizing the GSI Design Choices

The Green Sciences Index integrates criteria spanning different steps of the ingredient
life cycle. The choice of these steps was motivated by their contribution to the overall
environmental impact of cosmetic formulas. Indeed, the GSI covers three out of four stages
of a formula’s life cycle: the ingredient origin, manufacturing, and end-of-life, which all
have indirect impacts from the point of view of a cosmetic product manufacturer such
as L’Oréal. The fourth stage, focusing on the product use phase by consumers, can be
addressed through the formulation of the product, rendering it directly actionable by a
cosmetic product manufacturer. Consequently, the criteria and input data considered
in the GSI represent strategic stakes for the L’Oréal Group to achieve its sustainability
transformation. For this reason, many of the criteria are historical indicators, which used
to be managed separately as they also serve regulatory or corporate reporting purposes.
However, from the standpoint of steering the sustainability transformation, there was
a need for an aggregated management of these indicators to account for these different
aspects of ingredient sustainability simultaneously. For example, the GSI ensures that a bio-
based ingredient is also biodegradable and manufactured in conditions limiting hazards
for health.
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Furthermore, the binary conclusion of the GSI provides the simplicity required for a
pre-screening, orientation tool, and is adapted to the aim of verifying the alignment with a
limited number of sustainability expectations. Admittedly, this approach smooths over the
nuances of the environmental performance of ingredients across the various dimensions of
sustainability, as the aim is not to compare quantified impacts but to pre-screen and identify
the best candidates. The simplicity of the approach is thus adapted to a first intention
orientation tool. In addition, the binarity introduces a non-compensation principle: criteria
improving sustainability cannot compensate for unfavorable ones. This ensures that only
ingredients respecting all the minimum conditions are categorized as “best in class” through
the GSI.

Once the GSI confirms that these conditions are met through a “positive” conclusion,
it delivers its second output: it sheds light on the typology of the sustainable manufac-
turing process, categorizing it into one of the three technology pillars: “Biotechnology &
Fermentation”, “Eco-extraction and Physical Processes” or synthesis by “Green Chemistry”.
The categorization rationale is twofold. This framing echoes the current main areas of inno-
vation in the production of cosmetic ingredients. The typology also follows a simple logic:
technologies are distinguished between physical processing (“Eco-extraction and Physical
Processes”), chemical synthesis without using living organisms (“Green Chemistry”) and
synthesis processes using living organisms (“Biotechnology and Fermentation”).

The concept of “Green Sciences” is strongly inspired by the 12 Principles of Green
Chemistry elaborated by P. Anastas et al. [10,11] In particular, the approach of utilizing
renewable feedstocks rather than fossil ones—a core aspect of Green Chemistry—was
initiated decades ago [16] and is an essential element of the Green Sciences Index. Similarly,
ensuring chemicals do not persist in the environment is addressed through the biodegrad-
ability of cosmetic ingredients, constituting another major element of the approach. The
imperative to reduce cosmetic ingredient toxicity to health and the environment is also of
utmost importance, a concern considered through the Eco-vigilance ranking. Furthermore,
the promotion of circular sourcing serves as a foundational approach to minimize waste,
residues, and by-products while optimizing material utilization.

On the other hand, integrating the stakes related to the manufacturing of cosmetic
ingredients among the Principles of Green Chemistry is more complex. Indeed, their
exhaustive implementation requires accessing and processing substantial amounts of data,
which can be proprietary information regarding the know-how of ingredient manufacturers.
Ingredient value chains can also be intricate and difficult to map. As a first step, there-
fore, the Green Sciences Index utilizes qualitative data from manufacturers. The present
approach is a preliminary proposal addressing several manufacturing-related Principles of
Green Chemistry, though not exhaustively. Primarily, the reduction in hazards and toxicity
of chemical inputs and outputs is integrated, especially for solvents and auxiliaries. The
use of catalytic reactions is also considered and inherently favored, through manufacturing
conditions that employ (bio)catalysts in “Green Chemistry” and “Biotechnology & Fermen-
tation” processes. As the GSI functions as a binary and qualitative tool to remain agile and
easy to use, some Principles of Green Chemistry involving quantitative aspects are not
covered so far (e.g., energy consumption). This reflects a progressive integration linked
to the existing complexity rather than purposeful prioritization. Additional aspects not
currently covered will be discussed further as perspectives.

4.3. Methodological Rigor and Integrity

The GSI extensively evaluates the manufacturing pathways from the primary re-
sources to the final ingredients. A large portion of the input data is provided by ingredient
manufacturers across the value chain. Ensuring the availability and reliability of these
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declarative data is thus essential. In an industrial context, this may be challenging due to
supply chain complexity or data confidentiality. To optimize the reliability of declarative
data, different measures are applied. First, many criteria of the GSI are framed by external
standards or reference frameworks (e.g., from the ISO, the OECD, and REACH) or eval-
uated using data from third-party institutions (e.g., ECHA, BRGM), ensuring a common
framework and independent validation. Declarative data can also be cross-checked, either
by verifying the coherence of all provided data, through analytical measurements or via
available literature and scientific watch. If any issue regarding the reliability or availability
of data remains, a worst-case approach is adopted by assigning a negative conclusion for
uncertain or missing information. This ensures sincerity in the final output and promotes
greater transparency across the supply chain.

In addition, the GSI can be applied to any type of cosmetic ingredient. First, it
integrates criteria adapted to both organic (i.e., carbon-based) and inorganic ingredients,
either by being independent from the nature of the ingredient (e.g., the toxicity criteria),
or by being specific. This is particularly notable for the criteria on the origin, with the
introduction of the MAI dedicated to mineral ingredients, a unique approach in cosmetics
to our knowledge. As for other criteria, the cosmetic ingredient type does not restrict their
use and application. As discussed above, the applicability is constrained by the availability
of data, and is dependent on the supply chain rather than on the nature of the ingredient.

4.4. Navigating Boundaries: Challenges and Future Evolutionary Paths

In its current form, the GSI is primarily a qualitative indicator with a binary nature
for the sake of clarity and simplicity, which are necessary for an ingredient pre-screening
tool. However, it does not reflect the nuances of the environmental performance of cos-
metic ingredients that would otherwise allow an efficient comparison between ingredients.
Transitioning to other systems could introduce more gradations. For example, a semi-
quantitative scoring system would make it possible to continue using both qualitative and
quantitative criteria, assigning them numerical weights and scores, and aggregating them
into a final continuous score. This would allow formulators to benchmark ingredients more
finely. Alternatively, a tiered scoring system could introduce a multi-level classification,
providing more nuance without increasing data entry complexity.

Such alternative systems could also be appropriate from the perspective of adding
supplementary parameters in the GSI evaluation to account for Principles of Green Chem-
istry more comprehensively. Indeed, the current binary system is adapted to the limited
number of criteria but would not be appropriate with increasing data entry.

In an ambition for continuous improvement, future developments of the Green Sci-
ences Index could account for the evolution and maturity of the industry in deploying
manufacturing practices increasingly aligned with Green Chemistry. Thus, as additional
perspectives, several other aspects could potentially be integrated to cover the Principles
of Green Chemistry more exhaustively (Table S1). Most of the gaps to be filled relate to
quantitative aspects. For instance, the following stakes could be worth considering:

(a) The optimization of material consumption and atom economy, together with the
reduction in manufacturing steps and the number of derivatives;

(b) The reduction in waste quantity, toxicity, and environmental impact;
(c) The reduction in water consumption and its impact on water quality;
(d) The reduction in energy consumption and promotion of renewable sources;
(e) The promotion of milder manufacturing conditions (e.g., temperature, pressure, etc.)

and the reduction in physical hazards (e.g., flammability, explosiveness, etc.).

Finally, the GSI was designed from the perspective of cosmetic product manufacturers,
but it is not intended to remain a closed internal tool. On the contrary, we actively invite
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other actors in the cosmetics and fine chemicals sectors to adopt, test, and challenge this
approach. It is through such collective implementation, shared industrial feedback, and
external peer validation that the framework will continuously gain robustness, scientific
legitimacy, and ultimately contribute to the global transition toward sustainable eco-design.

5. Conclusions
In retrospect, L’Oréal’s “Green Sciences” initiative, first conceptualized in 2022, faced

the critical challenge of translating key sustainability parameters into a streamlined and
accessible evaluation process for practical implementation. The “Green Sciences Index”
(GSI) provides this solution. Rather than acting as a highly granular quantitative Key
Performance Indicator (KPI) or substituting for detailed Life Cycle Assessments (LCAs),
this agile, first-intention orientation tool consolidates pre-existing qualitative and semi-
quantitative metrics into a binary, non-compensatory framework. This allows for a rapid
screening of an ingredient’s compliance against a strict baseline of environmental and safety
criteria across three key stages of its life cycle: feedstock origin, manufacturing process,
and end-of-life.

It especially emphasizes ingredient manufacturing by systematically tracing the up-
stream transformation pathways, an aspect that is often only partially or indirectly ad-
dressed in existing sustainability tools for the cosmetics industry. By serving as an early-
stage gatekeeper, the GSI optimizes analytical resources, ensuring that highly demanding,
quantitative LCAs are prioritized on the most promising and compliant candidates.

Concurrently, the GSI is a driver for innovation and progress. This approach guides
eco-design choices by highlighting the specific green manufacturing technologies employed
(such as Biotechnology, Green Chemistry, or Eco-extraction) while clearly identifying areas
for improvement. This index also serves a dual purpose: encouraging actions to align with
established sustainability targets and promoting innovative solutions to be deployed more
widely. This makes it a valuable tool to guide research and development efforts and to
facilitate decision-making, ultimately contributing to the development of more sustainable
cosmetic products.

Looking forward, the GSI also has the potential to facilitate communication and
collaboration among cosmetic stakeholders across the whole value chain. To this end,
we actively invite other actors in the cosmetics and chemical sectors to adopt, test, and
challenge this methodology; it is through such collective implementation, shared industrial
feedback, and external validation that the framework will continuously gain robustness
and scientific legitimacy, and drive the global transition toward sustainable beauty.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/su18136760/s1: Table S1: The twelve Principles of Green Chemistry
(based on this work: [10]).

Author Contributions: Conceptualization, D.B. and J.X.; Methodology, C.J., J.L., L.A., R.T., F.D., A.C.,
J.X., M.-J.P., A.G. and J.A.; Investigation, L.L.C., L.A. and C.J.; Resources, L.L.C.; Writing—Original
Draft Preparation, C.J., J.A. and J.L.; Writing—Review and Editing, All authors; Visualization, C.J.
and J.A.; Supervision, A.D.B. and A.C.; Project Administration, D.B. and C.J.; Funding Acquisition,
D.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding or grant.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Material. Further inquiries can be directed to the corresponding author.

https://doi.org/10.3390/su18136760

https://www.mdpi.com/article/10.3390/su18136760/s1
https://www.mdpi.com/article/10.3390/su18136760/s1
https://doi.org/10.3390/su18136760


Sustainability 2026, 18, 6760 20 of 22

Acknowledgments: We thank the company Novéal for the provision of materials and data used for
the exemplification of this research. We also thank Michel Philippe, consultant in eco-design and
Green Chemistry, for his scientific support and advice during the preparatory work leading to this
publication. During the preparation of this manuscript, the authors used L’OréalGPT (a corporate
generative AI tool; model: Gemini 3.5 Flash; last accessed 8 June 2026) to improve syntax, enhance
English language quality, and increase conciseness and clarity of the manuscript. The authors have
reviewed and edited the output and take full responsibility for the content of this publication.

Conflicts of Interest: Authors Julien Aupoil, Camille Joly, Jacques L’Haridon, Rémy Tuloup, Audrey
Carreaud, Fabien Deswarte, Adeline Grévillot, Delphine Bouvier, Marie-Jocelyne Pygmalion, Lea
Albayeh, Jinzhu Xu and Aurélia Del Bufalo are/were employed by the company L’Oréal Recherche &
Innovation. Author Laurianne Le Claire is employed by the company Novéal. The authors declare
that the research was conducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Abbreviations

%RC Renewable Carbon percentage
ASTM American Society for Testing and Materials
B Bioaccumulation/Bioaccumulative
BRGM Bureau de Recherches Géologiques et Minières (French Geological Survey)
BT Bioaccumulative and Toxic
CCU Carbon Capture and Utilization
CLP Classification, Labeling and Packaging (EU Regulation EC No 1272/2008)
CMR Carcinogenic, Mutagenic, or Reprotoxic
ECHA European Chemicals Agency
ED Envt Endocrine Disruptor for the Environment
GSI Green Sciences Index
GHS Globally Harmonized System of Classification and Labeling of Chemicals
ISO International Organization for Standardization
LCA Life Cycle Assessment
M Mobility/Mobile
MAI Mineral Abundance Index
OECD Organisation for Economic Co-operation and Development
P Persistence/Persistent
PB Persistent and Bioaccumulative
PBT Persistent, Bioaccumulative, and Toxic
PM Persistent and Mobile
PMT Persistent, Mobile, and Toxic
PT Persistent and Toxic
PvB Persistent and very Bioaccumulative
PvM Persistent and very Mobile
REACH Registration, Evaluation, Authorisation and Restriction of Chemicals
SPOT Sustainable Product Optimization Tool
SVHC Substance of Very High Concern
T Ecotoxicity/ecotoxic
T chronic Chronic Toxicity/Chronically Toxic
USDA United States Department of Agriculture
USGS United States Geological Survey
vB very Bioaccumulative
vBT very Bioaccumulative and Toxic
vP very Persistent
vPB very Persistent and Bioaccumulative
vPM very Persistent and Mobile

https://doi.org/10.3390/su18136760

https://doi.org/10.3390/su18136760


Sustainability 2026, 18, 6760 21 of 22

vPT very Persistent and Toxic
vPvB very Persistent and very Bioaccumulative
vPvM very Persistent and very Mobile

References
1. Mihelcic, J.R.; Barra, R.O.; Brooks, B.W.; Diamond, M.L.; Eckelman, M.J.; MacDonald Gibson, J.; Guidotti, S.; Ikeda-Araki, A.;

Kumar, M.; Maiga, Y.; et al. Accelerating Environmental Research to Achieve Sustainable Development Goals. Environ. Sci.
Technol. 2023, 57, 17167–17168. [CrossRef] [PubMed]

2. Bom, S.; Jorge, J.; Ribeiro, H.M.; Marto, J. A step forward on sustainability in the cosmetics industry: A review. J. Clean. Prod.
2019, 225, 270–290. [CrossRef]

3. Łopaciuk, A.; Łoboda, M. Global Beauty Industry Trends in the 21st Century. In Proceedings of the Management, Knowledge and
Learning International Conference, Zadar, Croatia, 19–21 June 2013.

4. Rockström, J.; Steffen, W.; Noone, K.; Persson, Å.; Chapin, F.S., III; Lambin, E.; Lenton, T.M.; Scheffer, M.; Folke, C.; Schellnhuber,
H.J.; et al. Planetary boundaries: Exploring the safe operating space for humanity. Ecol. Soc. 2009, 14, 32. [CrossRef]

5. The L’Oréal Group. L’Oréal for the Future. Available online: https://www.loreal.com/en/commitments-and-responsibilities/for-
the-planet/ (accessed on 9 October 2025).

6. The Science-Based Targets Initiative. Available online: https://sciencebasedtargets.org/ (accessed on 6 October 2025).
7. EcoBeautyScore Association. Our Work. Available online: https://www.ecobeautyscore.com/our-work/ (accessed on 6

October 2025).
8. L’Haridon, J.; Patouillard, L.; Pedneault, J.; Boulay, A.-M.; Witte, F.; Vargas-Gonzalez, M.; Bonningue, P.; Rollat, I.; Blanchard, T.;

Goncalves, G.; et al. SPOT: A Strategic Life-Cycle-Assessment-Based Methodology and Tool for Cosmetic Product Eco-Design.
Sustainability 2023, 15, 14321, Correction in Sustainability 2025, 17, 5414. [CrossRef]

9. Manfredi, S.; Allacker, K.; Pelletier, N.; Chomkhamsri, K.; de Souza, D.M. Product Environmental Footprint (PEF) Guide; European
Commission—Joint Research Centre: Ispra, Italy, 2012.

10. Anastas, P.T.; Warner, J.C. Green Chemistry: Theory and Practice; Oxford University Press: New York, NY, USA, 1998.
11. Anastas, P.T.; Zimmerman, J.B. Design through the 12 principles of green engineering. Environ. Sci. Technol. 2003, 37, 94A–101A.

[CrossRef] [PubMed]
12. United Nations Sustainable Development Goals. The 17 Goals. Available online: https://www.un.org/sustainabledevelopment/

sustainable-development-goals/ (accessed on 6 October 2025).
13. United Nations Global Compact. Available online: https://www.unglobalcompact.org/ (accessed on 6 October 2025).
14. United Nations Environment Programme. Green and Sustainable Chemistry: Framework Manual. Executive Summary.

Available online: https://wedocs.unep.org/bitstream/handle/20.500.11822/35312/GSCF_ES.pdf?sequence=1 (accessed on 6
October 2025).

15. Anastas, P.T.; Zimmerman, J.B. The United Nations sustainability goals: How can sustainable chemistry contribute? Curr. Opin.
Green Sustain. Chem. 2018, 13, 150–153. [CrossRef]

16. Philippe, M.; Didillon, B.; Gilbert, L. Industrial commitment to green and sustainable chemistry: Using renewable materials &
developing eco-friendly processes and ingredients in cosmetics. Green Chem. 2012, 14, 952–956. [CrossRef]

17. Philippe, M. Eco-design to green and sustainable chemistry at L’Oreal. In Proceedings of the Green Chemistry Gordon Research
Conference, Davidson, NC, USA, 25–30 July 2010. Available online: https://www.grc.org/green-chemistry-conference/2010/
(accessed on 6 October 2025).

18. Phan, T.V.; Gallardo, C.; Mane, J. GREEN MOTION: A new and easy to use green chemistry metric from laboratories to industry.
Green Chem. 2015, 17, 2846. [CrossRef]

19. Eckelman, M.J.; Moroney, M.S.; Zimmerman, J.B.; Anastas, P.T.; Eva Thompson, E.; Paul Scott, P.; Maryann McKeever-Alfieri, M.;
Cavanaugh, P.F.; Daher, G. Applying Green Chemistry to Raw Material Selection and Product Formulation at The Estée Lauder
Companies. Green Chem. 2022, 24, 2397–2408.

20. Gilbert, L.; Browne, S.; Barre, R.; Rollat, I.; Bouvier, D.; Philippe, M.; Castiel, I.; Lafaurie, L.; Kljuic, A. Holistic Sustainability.
IFSCC Mag. 2022, 25, 219–228.

21. Philippe, M.; Didillon, B.; Gilbert, L. Naturalness: Its assessment in the development of sustainable and green chemistry
ingredients. An industrial commitment. Ann. Des Falsif. L’expertise Chim. Toxicol. 2016, 985, 36.

22. L’Haridon, J.; Martz, P.; Chenèble, J.-C.; Campion, J.-F.; Colombe, L. Ecodesign of cosmetic formulae: Methodology and application.
Int. J. Cosmet. Sci. 2018, 40, 165–177. [CrossRef] [PubMed]

23. Luengo, G.S.; Tanner, H.; L’Haridon, J.; Portal, J.; Leonforte, F.; Deswarte, F.; Chodorowski, S.; Philippe, M. Polymers and the
eco-design transformation. A cosmetic perspective. Green Mater. 2025. ahead-of-print. [CrossRef]

24. Luengo, G.S.; Leonforte, F.; Greaves, A.; Rubio, R.G.; Guzman, E. Physico-chemical challenges on the self-assembly of natural and
bio-based ingredients on hair surfaces: Towards sustainable haircare formulations. Green Chem. 2023, 25, 7863–7882. [CrossRef]

https://doi.org/10.3390/su18136760

https://doi.org/10.1021/acs.est.3c08894
https://www.ncbi.nlm.nih.gov/pubmed/37961758
https://doi.org/10.1016/j.jclepro.2019.03.255
https://doi.org/10.5751/es-03180-140232
https://www.loreal.com/en/commitments-and-responsibilities/for-the-planet/
https://www.loreal.com/en/commitments-and-responsibilities/for-the-planet/
https://sciencebasedtargets.org/
https://www.ecobeautyscore.com/our-work/
https://doi.org/10.3390/su151914321
https://doi.org/10.1021/es032373g
https://www.ncbi.nlm.nih.gov/pubmed/12666905
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.unglobalcompact.org/
https://wedocs.unep.org/bitstream/handle/20.500.11822/35312/GSCF_ES.pdf?sequence=1
https://doi.org/10.1016/j.cogsc.2018.04.017
https://doi.org/10.1039/c2gc16341a
https://www.grc.org/green-chemistry-conference/2010/
https://doi.org/10.1039/c4gc02169j
https://doi.org/10.1111/ics.12448
https://www.ncbi.nlm.nih.gov/pubmed/29405308
https://doi.org/10.1680/jgrma.24.00187
https://doi.org/10.1039/d3gc02763e
https://doi.org/10.3390/su18136760


Sustainability 2026, 18, 6760 22 of 22

25. Rocca, R.; Acerbi, F.; Fumagalli, L.; Taisch, M. Sustainability paradigm in the cosmetics industry: State of the art. Clean. Waste
Syst. 2022, 3, 100057. [CrossRef]

26. ASTM D6866-22; Standard Test Methods for Determining the Biobased Content of Solid, Liquid, and Gaseous Samples Using
Radiocarbon Analysis. ASTM International: West Conshohocken, PA, USA. Available online: https://www.astm.org/d6866-
22.html (accessed on 23 April 2025).

27. Charles, N.; Lefebvre, G.; Tuloup, R.; Carreaud, A.; Boubault, A.; Serrand, A.-S.; Picault, M.; Piguet, V.; Manzin, V.; Deswarte, F.;
et al. Mineral resources abundance: An assessment methodology for a responsible use of mineral raw materials in downstream
industries. Sustainability 2023, 15, 16783. [CrossRef]

28. Ellen MacArthur Foundation. Waste Watchers. Available online: https://www.ellenmacarthurfoundation.org/articles/waste-
watchers (accessed on 9 October 2025).

29. United States Department of Agriculture. Understanding Biobased Content. Available online: https://www.biopreferred.gov/
BPResources/files/UnderstandingBiobasedContent_2017.pdf (accessed on 23 April 2025).

30. ISO 16128-1:2016; Guidelines on Technical Definitions and Criteria for Natural and Organic Cosmetic Ingredients and Products–
Part 1: Definitions for Ingredients. International Organization for Standardization: Geneva, Switzerland, 2016.

31. The L’Oréal Group. Responsible & Sustainable Sourcing Policy. Available online: https://www.loreal.com/-
/media/project/loreal/brand-sites/corp/master/lcorp/3-commitments/2026/policies/responsible-and-sustainable-sourcing-
policy-short-version.pdf?rev=ab01287e5eff42be873ffbb08a64b6f1&hash=F4D1E2234836169D389A0F06EC119188 (accessed on 4
June 2026).

32. Loste, N.; Roldán, E.; Giner, B. Is Green Chemistry a feasible tool for the implementation of a circular economy? Environ. Sci.
Pollut. Res. 2020, 27, 6215–6227.

33. The United Nations Economic Commission for Europe. Globally Harmonized System of Classification and Labelling of
Chemicals (GHS Rev. 10, 2023). Available online: https://unece.org/transport/dangerous-goods/ghs-rev10-2023 (accessed on 23
April 2025).

34. European Commission. Classification, Labelling and Packaging of Chemicals (CLP Regulation). Available online: https://eur-
lex.europa.eu/eli/reg/2024/2865/oj/eng (accessed on 9 October 2025).

35. Prat, D.; Wells, A.; Hayler, J.; Sneddon, H.; McElroy, C.R.; Abou-Shehadad, S.; Dunne, P.J. CHEM21 selection guide of classical-
and less classical-solvents. Green Chem. 2016, 18, 288–296. [CrossRef]

36. Friedrichs, S.; van Beuzekom, B. Revised Proposal for the Revision of the Statistical Definitions of Biotechnology
and Nanotechnology. OECD Science, Technology and Industry Working Papers 2018/01. 2018. Available online:
https://www.oecd.org/content/dam/oecd/en/publications/reports/2018/01/revised-proposal-for-the-revision-of-the-
statistical-definitions-of-biotechnology-and-nanotechnology_2646a08c/085e0151-en.pdf (accessed on 9 October 2025).

37. OECD. Test No. 301: Ready Biodegradability; OECD Guidelines for the Testing of Chemicals; OECD: Paris, France, 1992. [CrossRef]
38. OECD. Test No. 310: Ready Biodegradability-CO2 in Sealed Vessels (Headspace Test); OECD Guidelines for the Testing of Chemicals;

OECD: Paris, France, 2006. Available online: https://www.oecd.org/en/publications/test-no-310-ready-biodegradability-co2-in-
sealed-vessels-headspace-test_9789264224506-en.html (accessed on 23 April 2025).

39. European Chemicals Agency (ECHA). Guidance on the Application of the CLP Criteria-Part 4: Environmental Hazards and Part 5:
Additional Hazards, Version 4.0; European Chemicals Agency (ECHA): Helsinki, Finland, 2024.

40. Besombes, C.; Dufour-Schroif, C.; Schoonjans, J.-J. Dedifferentiated Plant Cells of the Genus Paeonia, Ex-
tracts Thereof and Cosmetic Uses Thereof. WO Patent No. 2023110780A1, 22 June 2023. Available online:
https://worldwide.espacenet.com/patent/search?q=pn%3DWO2023110780A1 (accessed on 21 October 2025).

41. Chabrillangeas, M.; Cotton, T.; Mathon-Dubost, S. Composition Comprising a Rosewood Extract. WO Patent No. 2021123302A1,
24 June 2021. Available online: https://worldwide.espacenet.com/patent/search?q=pn%3DWO2021123302A1 (accessed on 21
October 2025).

42. Weckbecker, C.; Betz, K.; Gerstmeir, R.; Hartwig, B.; Hess, V.; Hoefer, N.; Kottenhahn, P.; Lersch, P.; Loskyll, J.; Osswald, S.; et al.
Amino Acids, 1. Production. In Ullmann’s Encyclopedia of Industrial Chemistry; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2026.

43. Kirk-Othmer. Kirk-Othmer Food and Feed Technology; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2007; Volume 1, pp. 37–38.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18136760

https://doi.org/10.1016/j.clwas.2022.100057
https://www.astm.org/d6866-22.html
https://www.astm.org/d6866-22.html
https://doi.org/10.3390/su152416783
https://www.ellenmacarthurfoundation.org/articles/waste-watchers
https://www.ellenmacarthurfoundation.org/articles/waste-watchers
https://www.biopreferred.gov/BPResources/files/UnderstandingBiobasedContent_2017.pdf
https://www.biopreferred.gov/BPResources/files/UnderstandingBiobasedContent_2017.pdf
https://www.loreal.com/-/media/project/loreal/brand-sites/corp/master/lcorp/3-commitments/2026/policies/responsible-and-sustainable-sourcing-policy-short-version.pdf?rev=ab01287e5eff42be873ffbb08a64b6f1&hash=F4D1E2234836169D389A0F06EC119188
https://www.loreal.com/-/media/project/loreal/brand-sites/corp/master/lcorp/3-commitments/2026/policies/responsible-and-sustainable-sourcing-policy-short-version.pdf?rev=ab01287e5eff42be873ffbb08a64b6f1&hash=F4D1E2234836169D389A0F06EC119188
https://www.loreal.com/-/media/project/loreal/brand-sites/corp/master/lcorp/3-commitments/2026/policies/responsible-and-sustainable-sourcing-policy-short-version.pdf?rev=ab01287e5eff42be873ffbb08a64b6f1&hash=F4D1E2234836169D389A0F06EC119188
https://unece.org/transport/dangerous-goods/ghs-rev10-2023
https://eur-lex.europa.eu/eli/reg/2024/2865/oj/eng
https://eur-lex.europa.eu/eli/reg/2024/2865/oj/eng
https://doi.org/10.1039/c5gc01008j
https://www.oecd.org/content/dam/oecd/en/publications/reports/2018/01/revised-proposal-for-the-revision-of-the-statistical-definitions-of-biotechnology-and-nanotechnology_2646a08c/085e0151-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2018/01/revised-proposal-for-the-revision-of-the-statistical-definitions-of-biotechnology-and-nanotechnology_2646a08c/085e0151-en.pdf
https://doi.org/10.1787/9789264070349-en
https://www.oecd.org/en/publications/test-no-310-ready-biodegradability-co2-in-sealed-vessels-headspace-test_9789264224506-en.html
https://www.oecd.org/en/publications/test-no-310-ready-biodegradability-co2-in-sealed-vessels-headspace-test_9789264224506-en.html
https://worldwide.espacenet.com/patent/search?q=pn=WO2023110780A1
https://worldwide.espacenet.com/patent/search?q=pn=WO2021123302A1
https://doi.org/10.3390/su18136760

	Introduction 
	The Green Sciences Index: A Framework Built on an Ingredient Life Cycle Perspective 
	Origin of Ingredient Feedstocks 
	Ingredients from Biomass 
	Ingredients from Mineral Feedstocks 
	Ingredients from Recycled Materials 

	Sustainable Ingredient Manufacturing 
	Green Chemistry Principles Across the Whole Ingredient Manufacturing Pathway 
	Fostering Cutting-Edge Technologies 

	Assessing and Monitoring the End-of-Life of Ingredients 
	Aggregation of Parameters and Green Sciences Index Output 

	The Green Sciences Index: A New Approach to Support Innovation in “Green-by-Design” Ingredients 
	Peony Cell Extract Suspended in Propanediol 
	Lauryl Laurate 
	Rose Stem Extract 
	Glycine 

	Discussion and Perspectives 
	The GSI as a Decision-Support Tool 
	Rationalizing the GSI Design Choices 
	Methodological Rigor and Integrity 
	Navigating Boundaries: Challenges and Future Evolutionary Paths 

	Conclusions 
	References

