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Abstract: The cosmetics industry is facing growing pressure to offer more sustainable products,
which can be tackled by applying eco-design. This article aims to present the Sustainable Product
Optimization Tool (SPOT) methodology developed by L’Oréal to eco-design its cosmetic products
and the strategies adopted for its implementation while presenting the challenges encountered along
the way. The SPOT methodology is based on the life cycle assessment (LCA) of a finished product
and its subsystems (formula, packaging, manufacturing and distribution). Several environmental
indicators are assessed, normalized and weighted based on the planetary boundaries concept, and
then aggregated into a single footprint. A product sustainability index (a single rating, easy to
interpret) is then obtained by merging the environmental product rating derived from the single
environmental footprint with the social rating (not covered here). The use of the SPOT method is
shown by two case studies. The implementation of SPOT, based on specific strategic and managerial
measures (corporate and brand targets, Key Performance Indicators, and financial incentives) is
discussed. These measures have enabled L’Oréal to have 97% of their products stated as eco-designed
in 2022. SPOT shows how eco-design can be implemented on a large scale without compromising
scientific robustness. Eco-design tools must strike the right balance between the complexity of the
LCA and the ease of interpretation of the results, and have a robust implementation plan to ensure a
successful eco-design strategy.

Keywords: eco-design; life cycle assessment; implementation; strategy; change management

1. Introduction

The cosmetics industry is facing sustainability concerns regarding the choice of sustain-
able ingredients, the energy and water use during manufacturing, the choice of packaging,
the product safety for the consumer, the emissions into water, and packaging waste [1].
In addition, from a life cycle perspective, the environmental impacts of the cosmetics use
phase due to heated water and of the end-of-life (EoL) due to freshwater ecotoxicity are
often pointed out in the literature [2,3].

There is growing pressure from consumers and legislation for the cosmetics sector
to adopt more sustainable practices and products [1]. Cosmetics manufacturers have to
differentiate their products and improve them towards customers’ expectations, which
include a growing demand for natural products and products manufactured in a sustain-
able way and/or according to fair-trade principles [4]. This pressure encourages cosmetics
companies to improve their environmental sustainability through new integrated strate-
gies, using concepts from corporate social responsibility and circular economy in product
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design, manufacturing, and distribution [5]. Some sustainability concerns can be addressed
upstream during the design phase of a new product using eco-design.

Eco-design is defined by the ISO 14006 norm as: “activities within the design and
development process that aim to reduce environmental impacts and continually improve
the environmental performance of the products, throughout their life cycle” [6]. The life
cycle perspective is essential in eco-design to prevent burden shifting between life cycle
stages or impact categories and to ensure improvements in the overall value chain. The
selection of a so-called eco-friendly material might result in a less preferable environmental
profile based on a life cycle perspective [7]. For example, a change of material can make a
product heavier and therefore its transport more polluting. It could also shorten its lifespan
or limit its recyclability.

The two key factors for a successful product eco-design are to integrate environmental
aspects into the early stages of the design process and to balance the environmental re-
quirements against other traditional product requirements [8]. Eco-design might lead to a
paradox to cope with the following principle: the higher the knowledge of design, the lower
the design degree of freedom and the environmental improvement potential [9]. Several
types of eco-design tools exist: life cycle assessment (LCA), simplified LCA, computer-
aided design (CAD) integrated tool, diagram tools, checklist and guidelines, and the design
for X approach [10]. The most exhaustive tool in terms of environmental impacts is the
LCA: a method that allows the evaluation of the potential environmental impacts of a
product system throughout its life cycle [11]. It is well suited to identifying potential shifts
of environmental burdens when designing a specific product. LCA is thus one of the most
relevant tools for eco-design. However, conducting a complete LCA can be expensive,
time-consuming, and require a lot of data, which makes it difficult to apply at the beginning
of the design process [10]. Fortunately, some strategies can be implemented to overcome
these barriers [9]. A good balance between the difficulty level and the scope of the method
to evaluate the environmental performance of a product is very important when developing
an eco-design tool based on LCA [8].

Several eco-design tools have already been developed, but few have been published
in the scientific literature or have been made available publicly. Some eco-design tools
are focused specifically on the packaging industry like EnvPack [12,13], PIQET [14], and
Sustainable Packaging Initiative for CosmEtics (SPICE) [15] for the cosmetics industry.
However, those tools have a narrow scope, focusing only on the packaging and excluding
the product (the cosmetic formula in the case of the cosmetics industry). The Sustainability
Consortium developed the Beauty and Personal Care Rating system, which is based on
a qualitative assessment of 32 Key Performance Indicators (KPIs) aggregated into a rat-
ing [16], thus not relying on LCA. Finally, Bom et al. [17] have developed the Sustainability
Calculator that assesses the sustainability of cosmetic products. The tool is an excel sheet
giving a rating from 1 to 100 to cosmetic products based on the user opinion inputs on the
production, the packaging, the distribution, and the post-consumer use fate. The calculation
of the final rating is based on experts’ knowledge in the cosmetics industry instead of being
based on LCA calculation, thus limiting the scientific robustness of the rating. Furthermore,
no explanation of how those kinds of tools can be implemented in a cosmetic company
is included.

Regarding eco-design tool implementation in companies, Baldassare et al. [18] have
identified a large gap in knowledge about the implementation of theory in business prac-
tices. Despite the multitudes of eco-design tools, some common barriers to their imple-
mentation in companies exist like the need for specific knowledge (such as LCA expertise),
the time-consuming effort of performing eco-design, the difficulty of choosing among a
large number of existing tools, and finally, the over-formalization of methods and tools
in comparison with the complexity of product design [10]. To overcome these barriers, a
successful eco-design transition in a company needs to be accompanied by efficient change
management [19], a continuous improvement approach [20], and dynamic cycles of action
and learning between stakeholders [21,22].
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Knowing the actual limit of the literature and the lack of eco-design tools available
that integrate a life cycle perspective tailored to the cosmetics industry, one might ask the
following research question: How to develop and implement an eco-design tool respecting
the life cycle assessment principles and adapted to the reality of large cosmetics companies
with a wide range of products? L’Oréal addressed this question by developing an eco-
design tool balancing the complexity of LCA and the usability of the tool. This article aims
to present the method behind the tool, two case studies, and to describe the management
efforts needed to implement such a tool where many stakeholders must interact with it.

The eco-design tool developed is called the Sustainable Product Optimization Tool
(SPOT) and has been deployed to support L’Oréal in achieving its sustainability commit-
ments. In this paper, the context of SPOT’s development is explained in Section 2, the
methodology used in the SPOT is described in Section 3, the results from case studies
illustrating the eco-design process using SPOT are provided in Section 4, the implemen-
tation of the tool within L’Oréal is described in Section 5, the limitations of the tool and
its implementation challenges and strategies are discussed in Section 6, and concluding
remarks are found in Section 7. Although SPOT covers both the environmental and social
impacts of a product, this article focuses only on the environmental dimension.

2. Context of SPOT Development
2.1. Company Sustainable Commitments

Starting in 2013, L’Oréal launched two successive global sustainability commitment
programs: the “Sharing Beauty With All” program now continuing as the “L’Oréal For The
Future” program. These programs have been driven by Group CEOs and set corporate
targets to improve product sustainability. One of the company’s objectives is to improve
the environmental and social impacts of all products on the market with a target of 100%
eco-designed products by 2030.

2.2. Prior Experience in Eco-Design

Before the implementation of SPOT in 2016, the company had already started to
develop its experience in eco-design applied to cosmetic formulas and packaging, even if
the term eco-design was not necessarily used.

Regarding formulas, substantial efforts have been deployed since 1995 to limit envi-
ronmental impacts during their end-of-life based on the criteria of environmental hazards
and to promote the sustainable sourcing [23] and sustainable transformation of bio-based
raw materials [24]. Guidelines were also developed to promote the naturalness [25] and
biodegradability of cosmetic formulas [26] while limiting their potential aquatic ecotoxicity.

Regarding packaging, an LCA-based hotspot analysis of new packaging was per-
formed before major launches. Since 2007, guidelines have also been developed for packag-
ing eco-design based on the 3R principles: reduce, recover, recycle. In addition, efforts have
been deployed by the company since 2005 to reduce GHG emissions from their factories
and distribution centers. Starting in 2014, a pilot project based on a few criteria for a better
environmental or social profile of products was launched [26] and tested with four brands.
While this first approach had some limitations in terms of product and impact coverage, it
raised brand manager interest and acted as a kickstarter for future SPOT development.

2.3. Goals of SPOT

SPOT has been developed to assess cosmetic products. The main objectives of SPOT
are the following: (1) Assess the product’s environmental (and social) footprint during its
development and provide its sustainable performance relative to a benchmark; (2) Support
product development teams composed of marketers, product developers, formulators, and
packagers in product eco-design to achieve sustainability commitments; (3) Capture impact
difference between products to discriminate between them; (4) Assess a wide range of
products; (5) Allow for a systematic assessment of products with a large deployment on a
group scale (several product categories, several brands, and several world regions).
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The SPOT development was driven by three fundamental principles: (1) scientific
robustness, i.e., relying on the best science available; (2) simplicity, i.e., accessibility for all
users; (3) sincerity, i.e., developing a truly efficient tool as it aims to tackle fundamental
sustainability issues considering a comprehensive list of environmental issues.

3. Description of SPOT Methodology for Environmental Impacts
3.1. Scope of the SPOT Methodology

During the development of the SPOT methodology, a stakeholder panel composed
of internal and external sustainability experts has been consulted to establish the initial
requirements and to challenge the methodology based on the most recent methodological
advances: (1) The assessment should be conducted at the product life cycle level, i.e., not
only focusing on a specific step like the end-of-life; (2) The methodology should align with
the European Product Environmental Footprint (PEF) requirements as much as possible [27];
(3) The sustainability assessment should include indicators covering environmental and
social dimensions; (4) The sustainability measurement should be expressed as a single
rating to facilitate user’s interpretation.

Therefore, the overall SPOT methodology is based on the ISO 14040 [11] and ISO
14044 [28] standards for LCA, the PEF guidelines [27], and the Product Environmental Foot-
print Category Rules (PEFCR) «shadow» group for shampoo led by Cosmetics Europe [3].
These standards and guidelines have been adapted when needed for better alignment with
the cosmetics context and to anticipate future methodological developments. The main
differences between the SPOT methodology and the PEF requirements are described in
Appendix A.

3.2. System Boundaries and Functional Units

The system boundary of a cosmetic product as a finished product assessed by SPOT is
defined as cradle-to-grave, and is divided into three subsystems (Figure 1): (1) the formula
that is part of the cosmetic product providing the service (e.g., cream, shampoo); (2) the
packaging, which includes the containers and/or applicators of the formula (e.g., tube,
bottle); (3) the manufacturing and distribution of the finished product. LCA results are
obtained separately for the three subsystems and for the overall system.

The first subsystem focuses on the formula and covers the production of ingredient
feedstocks (e.g., shea), their transformation into formula ingredients (e.g., shea butter) and
assembly into the formula, the transport of feedstocks and formula ingredients, the formula
use phase (covering water used for a rinsed-off product [29], and energy consumption for
heating that water), and formula end-of-life. See Appendix A for additional information
and a description of the assumptions made for the end-of-life of a formula. The functional
unit (FU) of this subsystem is one user dose, i.e., the quantity in g of formula used by the
consumer to provide the services targeted by the cosmetic. For instance, the user dose of
shampoo is 10.46 g. The user dose is based on the standard dose, i.e., the observed quantity
of formula used by a consumer, determined from the Scientific Committee on Consumer
Safety (SCCS) methodology [30], but accounts for a potential improvement of the formula
efficiency during the eco-design by formulators leading to a user dose reduction to achieve
the same function (e.g., formula more concentrated).

The second subsystem covers the packaging, which includes the production of raw
materials, their transformation into packaging, the finishing process (decoration), multiple
transportation steps, and end-of-life stages of packaging. Primary packaging (i.e., the one in
contact with the formula and delivering a formula dose to the user), secondary packaging
(i.e., the one first seen by the consumer and used to protect the primary packaging), and
tertiary packaging (i.e., the one called pack-in used to protect packaging items arriving
at the product manufacturing plant and the other one called pack-out used to group
products and protect them during transport, storage, and handling) are included. The FU
of this subsystem is 1 mL of formula restituted by the packaging. This FU integrates how
packagers can influence product environmental impact when optimizing the packaging
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capacity, the rate of restitution (ROR), and the dispensing improvement rate (DIR). While
the entire formula is accessible to the consumer, the ROR (as opposed to the leftover)
reflects the capacity of a packaging to deliver its contained formula until the last mL,
thus minimizing formula losses. For example, the ROR is 85% for a standard bottle of
shampoo, which means that out of the 200 mL claimed, SPOT considers that only 170 mL
are used. The DIR reflects the capacity of innovative packaging to deliver more easily to
the consumer an exact amount of formula at each use, and therefore with minimum loss at
each use. Multi-functionality due to the use of recycled materials in packaging follows the
requirements of the Circular Footprint Formula (CFF), as defined by PEF.
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The third subsystem covers the stages of manufacturing, transport (from the man-
ufacturing site to the distribution center, then to retail, and then to the consumer), and
storage of the finished product. The environmental impacts are assessed per mL of formula
restituted, similar to the packaging subsystem. This unit integrates how packagers and
formulators can influence product environmental impacts when optimizing packaging
weight, formula density, etc.

As required in LCA, SPOT does not directly compare two products but rather the
functionality of those two products. The comparison is thus made according to an FU,
which is a quantification of the functions delivered to the consumer during the use phase
of a cosmetic. Using cosmetics often provides several main functions. For instance, one
shampoo can wash, unravel, treat hair, and treat the scalp at the same time. In addition,
there are other benefits associated with cosmetics like soap and shampoo that help maintain
hygiene and prevent disease spread, the social aspects of make-up, and the importance
of sunscreens to prevent skin cancers. These secondary functions are beyond the scope
of SPOT.

To encompass all the main functions of a cosmetic, the FU of a finished cosmetic
product in SPOT is defined as one user dose delivered by the finished product to de-
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liver the services targeted by the cosmetic. As those services might be different from
one cosmetic to another, the impacts of a finished product per FU can only be compared
for eco-design purposes with finished products from the same consumer category, i.e.,
products achieving the same function for consumers. There are currently 30 categories
defined by consumer benefits (e.g., wash hair, moisturize skin, color lips) divided into about
120 consumer categories at L’Oréal (e.g., shampoos, shower gels, hair dyes, face moisturiz-
ers, sun protection products, deodorants, lipsticks, make-up foundations, etc.). Losses due
to product lifetime or during production, distribution, or manufacturing are not considered
eco-design levers in this context and are therefore out of the scope of SPOT.

The amount of FU per finished product is calculated as shown in Equation (1).
Vrestitutedbypackaging is the volume of the formula restituted by the packaging expressed
in mL per unit of packaging. Vpackaging is the volume of formula contained in one unit of
packaging. Vuserdose is the volume of the formula in one user dose, corresponding to the
mass of the user dose divided by its density. Vstandarddose is the volume of the formula in one
standard dose determined by the SCCS methodology [30], i.e., the 90th percentile based on
consumer observations, which is specified in the literature or calculated by the company
from the literature or internal studies.

FU per f inished product =
Vrestituted by packaging

Vuser dose
=

Vpackaging × ROR × DIR
Vstandard dose

(1)

For a given finished product, the environmental impacts of 1 FU are calculated by
dividing the overall impacts of the finished product along its life cycle by the number of FU
per finished product. For instance, a 200 mL bottle of a finished product with a density of 1,
an ROR of 85%, and a DIR of 100% can provide 17 FUs, i.e., 17 user doses of 10 mL each.
The impacts for 1 FU will then be equal to 1/17 of the impacts of the finished product. See
Figure A1 in Appendix A for an illustration of the influence of dose-related parameters on
the number of units of services of specific finished products.

3.3. Collection of Life Cycle Inventory (LCI) Data

The amount of data to collect to cover the entire life cycle of all types of cosmetics
produced by L’Oréal is very large. Therefore, LCI data collection has been prioritized
according to its influence on the results. Specific LCAs have been conducted internally
to identify hotspots that require specific data or more negligible contributions, which can
be represented by more generic data. For formula ingredients, more robust data are also
required if the ingredient is used in large quantities in formulas or if it is often used in
formulas, even in small quantities.

For foreground LCI data, primary data are preferred to ensure the best representative-
ness and robustness possible. Three levels of data representativeness have been defined
depending on the company sphere of influence: (1) product-specific data, (2) company-
specific data, and (3) generic data. Product-specific data correspond to data specific to each
finished product or consumer category at L’Oréal (e.g., formulation, dose, or rinsing water).
Product-specific data can be changed by SPOT users and are the main levers for eco-design
(e.g., type and quantity of formula ingredients or packaging raw materials, percentage of
bio-based or recycled materials in packaging). Company-specific data are collected from
Group facilities and supply chains or reflect company product average sales and usages
but are not differentiated by finished product (e.g., the electricity mix for heating rinsing
water, the scenario for packaging EoL, impacts of manufacturing per finished product).
Product-specific data and company-specific data are based on primary data. Generic data
correspond to data not specific to the L’Oréal context, hence mostly the world average that
will be used for all products because company supply chain, facilities, and customers are
located worldwide (e.g., distance driven by a consumer to buy a product).

Background LCI data mainly come from secondary data extracted from LCI databases
with some adaptations when needed and with inventory regionalization for bio-based
material production. The updated versions of the main LCI databases used are Ecoin-
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vent [31], Agribalyse [32], and World Food LCA Database [33], as well as specific sources
for some ingredients, materials, and finishing processes. It must be mentioned that the use
of LCI databases that are not free of charge, like Ecoinvent, is not compliant with the PEF
requirements. When no LCI data are available in the literature, which is the case for many
ingredients, full data generation (i.e., ingredient specific/proxies LCI data or more generic
LCI data generated using chemical or functional similarities for instance) is performed to
avoid data gaps.

3.4. Life Cycle Impact Assessment (LCIA) toward Single Footprint

To facilitate the interpretation for SPOT users during eco-design, the different en-
vironmental indicators assessed are aggregated into a single footprint. First, the LCI is
characterized by several environmental indicators to provide a full overview of the po-
tential environmental impacts of a cosmetic. Then, the environmental indicator results
are aggregated after normalization and weighting into a single environmental footprint
considering the severity of each environmental indicator based on planetary boundary
weighting values (see methodological details in Section 3.4.3).

3.4.1. Characterization of Environmental Indicators

The selection of environmental indicators is based on the PEF guidelines, which
recommend the use of the Environmental Footprint (EF) LCIA methodology [27]. SPOT
considers 14 environmental indicators at the midpoint level as listed in Table 1. The second
column of Table 1 shows the impact methods used to assess the different indicators.

Table 1. Overview of the LCIA indicators, impact method, normalization, and weighting factors.

LCIA Indicators Impact Method Indicator Unit Normalization Factor
(Unit per Person per Year)

Weighting
Factors

Climate Change GWP 100 years from
IPCC 2013 kg CO2 eq. 8.10 × 103 25.50%

Water Scarcity AWaRe 100 L of water eq. of
deprived water 1.15 × 107 1.40%

Freshwater Ecotoxicity
For emissions in water during
formula end-of-life: LAIMFor
other emissions: USEtox v1.01

CTUe 99.00 × 103 2.31%

Freshwater
Eutrophication EUTREND model kg P eq. 1.61 × 100 8.78%

Marine Eutrophication EUTREND model kg N eq. 1.95 × 101 1.50%

Acidification Accumulated
Exceedance model mol H+ eq. 15.56 × 101 1.45%

Land Use Soil Organic Matter (SOM)
model, LANCA [34] points 8.19 × 105 25.43%

Terrestrial
Eutrophication

Accumulated
Exceedance model mol N eq. 1.77 × 102 0.83%

Resource Depletion
(Mineral and Fossil)

CML2002 ADP fossil and
mineral, reserve base kg Sb eq. 1.93 × 10−1 11.12%

Human Toxicity Human toxicity (cancer and
non-cancer) from USEtox v1.01 CTUh 5.87 × 10−4 3.16%

Particulate Matter
RiskPoll, UNEP recommended
model [35] expressed in kg
PM2.5 eq.

kg PM2.5 eq. 2.50 × 100 16.27%

Ionizing Radiation Human Health effect model kBq U235 eq. 4.22 × 103 0.03%
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Table 1. Cont.

LCIA Indicators Impact Method Indicator Unit Normalization Factor
(Unit per Person per Year)

Weighting
Factors

Photochemical Ozone
Formation

LOTOS-EUROS model [36] as
applied in ReCiPe) kg NMVOC eq. 44.06 × 101 1.47%

Ozone Depletion

EDIP model based on the
ODPs of the World
Meteorological Organization
(WMO) over an infinite
time horizon.

kg CFC11 eq. 5.36 × 10−2 0.76%

Some impact methods used in SPOT are different from the ones used in EF ver-
sion 3.0 because they have been adapted for cosmetic products (see list of differences in
Appendix A). For instance, the impact method to evaluate the freshwater ecotoxicity in-
dicator has been adapted to address the aquatic impacts of cosmetic products during
formula end-of-life and to be more relevant from an ecological point of view (see details
in Section 3.4.2). Indeed, freshwater ecotoxicity impacts mainly come from the formula
end-of-life, and this indicator is one of the most relevant impact categories identified for
shampoos [3] and many other product categories according to the SPOT initial results; thus,
it needs to be assessed as accurately as possible. It is worth noting that the impacts on
human toxicity come from emissions in the cosmetic life cycle but not from the direct usage
of the cosmetic product. Indeed, LCA methodologies, as well as PEF guidelines, do not
currently include the direct exposure of the consumer during the use phase, but there is
ongoing research on that topic [37,38]. Hence, direct potential impacts, such as potential
health benefits associated with hygiene or direct exposure to specific chemical ingredients,
are not quantified in the assessment.

3.4.2. LAIM: Adapted LCIA Method for Freshwater Ecotoxicity

The Life Cycle Aquatic Impact Model (LAIM) has been developed to evaluate more
accurately the freshwater ecotoxicity indicator in SPOT during the formula end-of-life
step, as it is one of the most relevant impact categories for this step. It has been adapted
from the USEtox model to overcome some shortcomings of USEtox in the context of SPOT.
First, USEtox does not provide enough data to cover all cosmetic ingredients, and the
LAIM attempts to have a better coverage of cosmetic ingredients. Second, the USEtox
model for ecotoxicity has been built to ensure the statistical robustness of the results, but it
underestimates the impacts on the most sensitive species [39]. However, protecting these
species to preserve trophic chains is one of the main principles of ecology, so it was decided
to be reflected in the SPOT.

The LAIM modifies the effect factor (EF) of USEtox to the target concentration increase
inducing a significant chronic effect (EC50chr) on the most sensitive trophic level for the
preservation of aquatic ecosystems, instead of on 50% of species as applied by USEtox. This
means that the HC50EC50chr, which is the concentration affecting 50% of aquatic species
calculated as the geometric mean of chronic EC50 on freshwater aquatic species, is replaced
by HC5EC50chr extrapolated from the lowest EC50 or EC10/NOEC obtained, respectively,
in acute or chronic aquatic toxicity tests. An example of a visualization of the extrapo-
lation procedure for the ecotoxicological effect factor in USEtox and additional details
regarding the LAIM are presented in Appendix B. Note that the most up-to-date guidelines
regarding freshwater ecotoxicity from the UNEP-SETAC Life Cycle Initiative [39] and the
PEF [40,41] recommend moving from HC50EC50chr to HC20EC10chr, affirming the interest in
the LAIM approach.

In practice, for the freshwater ecotoxicity indicator of the formula end-of-life, all
emissions into water are characterized by the LAIM and other emissions are characterized
by the USEtox model. It would have been relevant to use the LAIM instead of USEtox to
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characterize all emissions along the life cycle, but the HC5EC50chr data to compute the EF
for all substances emitted were not available.

3.4.3. Normalization and Weighting

Having multiple indicators allows one to draw a complete environmental profile of the
product, but makes it difficult to interpret the results due to a large amount of information.
Despite their existing limitations and the loss of information generated by their application,
normalization and weighting are needed to obtain a single footprint easily interpretable by
SPOT users for decision making [42].

SPOT normalization is conducted according to the global annual impacts per person
as provided by EF version 3.0 [43], except for human toxicity, ecotoxicity and resource
indicators, for which the global annual impacts are extrapolated from the European value
using a ratio of 14.12 as provided by the Joint Research Centre (JRC). Normalization factors
per impact category are available in Table 1. Due to adaptations compared to EF 3.0,
normalization factors have been recalculated for the following indicators: human toxicity,
freshwater ecotoxicity, and resource depletion.

The normalized results are aggregated into a single footprint by accounting for differ-
ent weighting values for the different environmental indicators. SPOT weighting factors
are derived from the planetary boundaries concept [44,45]. This concept based on natural
science has been selected because it appears more scientifically robust and relevant than
panel-based weighting factors as proposed for the EF methodology by the JRC [46]. The
planetary boundaries concept is to assess environmental impacts in terms of thresholds
where the planet remains within suitable conditions for human development. The weight-
ing factors applied in SPOT come from the work of Vargas-Gonzalez et al. [47] based
on Bjørn and Hauschild [48] and are presented in Table 1. See Section 6.3 for a compari-
son of the results obtained with weighting factors based on planetary boundaries and an
expert panel.

Single footprints for the subsystems and the entire system are calculated as described in
Equation (2), where FP,s is the single footprint for the product P and the system s (subsystem
or entire system) expressed in points (person·year equivalent); IP,s,i is the LCA results for
the environmental indicator i expressed in indicator units; NFi is the normalization factor
for the environmental indicator i expressed in indicator units per person per year; wi is the
weighting factor for the environmental indicator i and is unitless.

FP,s = ∑
i

IP,s,i

NFi
× wi (2)

3.5. Environmental Ratings and Sustainability Index

The single footprint measures the magnitude of the impacts on the environment but
does not inform on the relative performance of the product compared to the best or worst
possible footprint for the product category. Such information is of importance for SPOT
users to internally facilitate the communication of the environmental performances of a
product, easily position the product within the product portfolio, and encourage teams to
find a better design to lower the environmental footprint, thus reaching the highest ratings.
Therefore, single environmental footprints are converted into environmental ratings to
rate the product and its subsystems from 0 (worst performance) to 10 (best performance)
compared to products from the same product category. Then, the environmental product
rating is merged (see Section 3.5.2) with the social rating (not covered in this article)
to obtain the product sustainability index (PSI) ranging from 0 to 10. The aggregation
process of single footprints into environmental ratings and a product sustainability index is
illustrated in Figure 2 (the aforementioned ratings are also called environmental and social
scores internally).
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3.5.1. Environmental Rating

Single footprints for all three subsystems and the entire system are translated into
single environmental ratings. These four environmental ratings are presented to SPOT
users and allow product developers, formulators, and packagers to easily understand the
environmental performance of a product and identify potential burden shifts between
the subsystems.

The rating approach is built upon an internal benchmark, meaning that the environ-
mental performance of a product is compared to the performances of existing products from
the same category. Therefore, environmental ratings for a product can only be compared
with products from the same category.

To meet the specific requirements described in Appendix A to ensure the right balance
in terms of sensitivity and discrimination potential between products, different functions
on [0;1], [1;9] and [9;10] intervals have been defined to calculate environmental ratings from
single footprints, as illustrated in Figure 3. The ratings of 1 and 9 are calculated based on
benchmark products from a category while 0 and 10 are theoretical values representing the
best and worst footprints possible by category. More details about the rating approach are
available in Appendix A.

It is worth noting that a reduction in the environmental footprint is not reflected by
a proportional reduction in the environmental rating. The relation between the footprint
and the rating is not linear and depends on the product category and on the footprint
distribution of products belonging to that product category, as explained in Section 3.5.1.
Therefore, a higher rating reflects an improvement but does not directly inform the designer
of the magnitude of this improvement of the environmental footprint.
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3.5.2. Product Sustainability Index

In addition to the environmental rating, a social rating is also assessed by SPOT using
an internal methodology that is outside the scope of this article.

Finally, the PSI is calculated by calculating a weighted average of 3/4 for the environ-
mental rating and 1/4 for the social rating (see Figure 2). This weight compensates for the
difference between environmental and social assessment methodologies based upon the
following approach: the two ratings are weighted so that the PSI varies with the same order
of magnitude for comparable action levers in terms of operational efforts. The chosen action
levers to establish the weighted average were: (1) an environmental footprint reduced by
5% (e.g., through a mass reduction of the packaging by 10%) and (2) a component linked to
the product becoming solidarity sourcing (i.e., corporate initiative to support our suppliers’
commitment to local communities in their value chain).

4. Application of SPOT for Cosmetic Eco-Design to Mitigate Environmental Impacts

The next section shows how the SPOT methodology is applied to cosmetic eco-design
to lower the environmental impacts, with examples from specific case studies.

4.1. Interpretation of Environmental Ratings for Eco-Design

During product eco-design, the improvement of a product is assessed by comparing its
environmental ratings to the ones of a referent product in the case of a product renovation
or a baseline product in the case of a new product launch.
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In the case of product renovation, the reference product is the existing product that is
being renovated (i.e., new version of an existing product keeping the same function). The
renovated product settings will be based on the referent product settings (e.g., transporta-
tion zone to zone scenario) with changes due to the activation of eco-design levers.

In the case of a new product launch, a baseline product is a fictitious product that is a
combination of a formula baseline, a packaging baseline, and the equivalent of a baseline
for manufacturing and distribution corresponding to the same factory and marketing
area as the new product so that these steps do not influence the difference between the
environmental ratings of the new product and its baseline product. A formula baseline
is available for each consumer category, and it corresponds to the company’s average
of formulas for this consumer category produced during a year and weighted by their
volumes. The packaging baseline corresponds to the company’s packaging average per
category and per weight claim within a signature (three criteria). If a material mix can be
used (e.g., one part of packaging being glass and another part plastic) for a specific criteria
combination (packaging category; weight claim; signature), a fourth criterion based on the
type of cosmetic (e.g., hair care, skincare, make-up, etc.) is taken into consideration to select
the adequate packaging baseline.

A finished product is considered environmentally improved in SPOT if its environ-
mental rating for the entire system is higher than the one of the referent product or baseline
product. Ratings are displayed in SPOT with two decimals. Although a complete uncer-
tainty analysis would be required to conclude on the improvement of the rating [49], if the
changes during eco-design do not affect the shown decimals, then it is to be considered
that the ratings are equal and that the product has not been improved. As soon as the
environment rating is degraded, irrespective of the variation of PSI, the product is not
considered improved. The developers’ key eco-design objective is therefore to improve
the SPOT rating of the renovated or newly finished product compared to the rating of the
referent product, or at least to obtain an equivalent rating.

SPOT users can also compare environmental ratings for each subsystem. For instance,
formulators will try to improve the formula rating in priority, and the same for pack-
agers with packaging ratings. Most eco-design levers will only affect one subsystem (see
Section 4.2). Thus, focusing on optimizing one subsystem can be a way to leverage formu-
lators’ or packagers’ specific levers. However, some levers might affect several subsystems,
and activating an eco-design lever can decrease the environmental rating of one subsystem
but increase the environmental rating of another. For example, on one hand, shifting from
a liquid shampoo to a solid shampoo could be an opportunity to lower the environmental
rating of the packaging by using lighter cardboard packaging instead of heavier plastic
packaging. However, on the other hand, this will lead to an increase in the environmental
rating of the formula, because the formula of the solid shampoo has a higher environmental
footprint per user dose to achieve the same cosmetic performance.

The life cycle perspective is essential to ensuring that such trade-offs will not increase
the environmental impacts of the finished product. Therefore, SPOT users always have
access to the environmental ratings of the three subsystems and the entire system.

4.2. Levers for Eco-Design Available in the SPOT

The levers for eco-design available to SPOT users have been chosen based on what can
differentiate products in the sphere of influence of product development teams (product
developers, formulators, packagers, and marketers). The main eco-design objectives of
SPOT users are the following: for formulators, develop the most efficient formula with
the least environmental impacts; for packagers, develop packaging that delivers as much
product as possible with the least environmental impacts.

Table 2 presents the eco-design levers directly available to SPOT users, which can be
activated to improve the environmental ratings of a new or renovated product. Levers are
the same for new product launches, except the ones on manufacturing and distribution,
which cannot be activated. Note that the quantity in a user dose and the volume of rinsing
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water, which are product-specific data and potential eco-design levers, can only be changed
by a few experts qualified to do so, subject to a scientifically robust study proving the
effectiveness of that specific dose or volume of rinsing water.

Table 2. Eco-design levers directly available to the SPOT user.

Subsystem Optimized Design Change on the New Finished Product Example

Formula

Composition formula ingredients

Quantity of ingredient ingredients concentration

Quantity of water for rinsing one dose 7 L to 5 L for shampoo

User dose by increasing formula efficiency 10.46 g for liquid shampoo to 2.59 g
for solid shampoo

Manufacturing and distribution

Zone of sales North America to Western Europe

Zone of company manufacturing site North Asia to Western Europe

Weight claim 40 mL to 50 mL

Quantity of raw material for packaging 22 g to 18 g

Packaging

Type of raw material for packaging PET to HDPE

Quantity of raw material for packaging 22 g to 18 g

Rate of restitution 85% to 90%

Dispensing improvement rate (DIR) 1 to 1.5

Percentage of recycled material 0% to 100%

Percentage of bio-sourced material 0% to 100%

Weight claim 40 mL to 50 mL

Process type Injection to extrusion

Type of finishing process Metallization to None

Decorated surface 10 cm2 to 5 cm2

Country of supplier France to Spain

Presence of disruptor Yes to No

Presence of a main material No to Yes

Is rechargeable/refillable No to Yes

Number of recharge cycles 1 to 5

Is a recharge No to Yes

The fact that packaging is designed to be reusable
(while considering when relevant impacts from
transport/clean/refill of the reused
primary packaging)

No to Yes

Zone of company manufacturing site North Asia to Western Europe

4.3. Eco-Design Case Studies

Two cosmetic products have been selected to demonstrate the environmental effect of
some levers for their eco-design during product renovation: (A) a rinse-off hair conditioner
for sensitive hair and (B) a deodorant with aerosol-delivering packaging. For product
A, the formula represents 83% of the total environmental footprint mainly coming from
the heating of rinsing water used during product usage (Figure 4). For product B, the
packaging represents 66% of the total environmental footprint, and the formula represents
30% coming from the formula production and the potential freshwater ecotoxicity during
the end-of-life of the formula (Figure 4). Detailed results for the environmental profiles of
each product are provided in Appendix C.
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hair conditioner) and B (product category: deodorant aerosol) before and after eco-design (A*, B*).
Detailed results are available in Appendix C. The columns with color and white dots represent the
result of the complete product system (formula + packaging + manufacturing and distribution) with
all improvements made. The * indicates the renovated version of the product.

Table 3 describes the three eco-design case studies showcasing how the SPOT method-
ology can be applied to cosmetic eco-design.

The evolution of the environmental footprint and environmental ratings before and
after eco-design for products A and B are displayed in Figure 4. Environmental ratings
can only be compared within a product category, but not across product categories. In
other words, the environmental rating of hair conditioners cannot be compared with that
of deodorant aerosol.

For product A (hair conditioner), the formula eco-design by creating a leave-on hair
conditioner instead of a rinse-off one has improved the formula rating from 2.68 to 8.70,
which corresponds to a reduction in the formula environmental footprint including the
use phase by 88%. The packaging eco-design has improved the packaging rating from
8.43 to 9.36 by reducing its weight by 66%, which corresponds to a reduction in the
packaging environmental footprint by 54%. Due to formula modifications, the formula
density has increased by 2%, which may have increased the product distribution footprint,
but it has been largely compensated for by the packaging weight reduction. Therefore,
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the manufacturing and distribution footprint has also been reduced by 5%. Overall, the
complete product system rating has been improved from 3.98 to 8.66, which corresponds to
a reduction in the product’s environmental footprint by 81%.

Table 3. Description of the eco-design case studies. The * indicates the renovated version of
the product.

Subsystem
Optimized Referent Product Eco-Design Levers Activated Renovated Product

Formula and
packaging

(A) a rinse-off hair conditioner
for sensitive hair

• Removal of water for rinsing
• Adaptation of the formula (type and

quantity of ingredients) to deliver an
equivalent functional performance

• Weight reduction of packaging (−66%)

(A*) a leave-on hair
conditioner for sensitive
hair with an eco-designed
packaging

Formula and
packaging

(B) a deodorant with an
aerosol delivering packaging

• Adaptation of the formula ingredients
to deliver an equivalent functional
performance: weight reduction of
silicon (−73%), and replacement of Zinc
PCA by Magnesium oxide

• Weight reduction (−15%) of plastic and
aluminum in the packaging

(B*) an eco-designed
deodorant with an
aerosol-delivering packaging

For product B (deodorant aerosol), the formula’s eco-design by replacing an ingre-
dient that was the largest contributor to the formula’s end-of-life footprint and adapting
the formula to deliver an equivalent functional performance has improved the formula
rating from 1.14 to 3.45, which corresponds to a reduction in the formula environmental
footprint by 28%. The eco-design of the packaging has improved the packaging rating from
3.93 to 4.25 by reducing its weight, which corresponds to a reduction in the packaging’s
environmental footprint by 35%. The manufacturing and distribution footprint has also
been reduced by 1%, due to the packaging weight reduction. Overall, the complete product
system rating has been improved from 3.34 to 3.94, which corresponds to a reduction in the
product’s environmental footprint by 14%.

5. Implementation of the SPOT at L’Oréal

The overall SPOT methodology described in the previous sections has been imple-
mented in a specific tool that is now available to all company product development teams
in every world region. Since its global deployment in 2017, all new or renovated products
put on the market, representing 2000–3000 products per year, are assessed with SPOT. The
first results obtained in 2017 after the complete implementation of SPOT showed that 76%
of new or renovated products had an improved environmental or social profile (higher
PSI than the internal benchmark). This value increased to 79% and 85% in 2018 and 2019,
respectively. From 2020, this rate has risen to a high level between 96% and 97%, showing
that the development and implementation efforts have paid off.

5.1. SPOT Functionalities and Structure

The SPOT is designed to support its user during the eco-design process. Its main
functionalities are the following: (1) Quantify the PSI, environmental, and social ratings
of a finished product and its associated environmental ratings for subsystems (formula,
packaging, manufacturing and distribution); (2) Simulate different design options to test
and identify measures for rating improvement; (3) Monitor performance progress.

The six above-mentioned ratings are made available to regular SPOT users: four
environmental ratings (for formula, packaging, and manufacturing and distribution sub-
systems, and the finished product), the social rating of the finished product, and its product
sustainability index (PSI) combining the environmental and social ratings (see Figure 5). A
color code is also used during the display to guide rating interpretation, i.e., green for better
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than or equivalent to the reference product and red for worse than the referent product. In
addition to environmental ratings, superusers (see definition in Section 5.3) can also access
environmental footprints.
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Besides, a specific eco-design assistant (named herewith EDA) has been developed to
support eco-design for formulators. In addition to the SPOT ratings, the EDA provides the
following functionalities: (1) Display several indicators (e.g., biodegradability %, bio-based
%, and naturality %) to compare the formula being assessed with its referent or baseline
formula; (2) Display the contribution analysis of the formula footprint per raw material
(single ingredient or a mixture of ingredients used by formulators to create formulas)
and per life cycle stage (production, use, end-of-life); (3) Propose a simulator to compare
formula scenarios.

The SPOT enables users to perform systematic screening LCAs on a massive scale
by relying on automation and requiring little data from the user. Concretely, the SPOT
calculations are made on an IT server that is interconnected with (1) existing IT systems
to collect knowledge data and user data as inputs and (2) several user interfaces, each
one being adapted to specific users as outputs. This structure ensures consistency across
departments and facilitates the monitoring of improvements and performances.

The SPOT is developed and maintained by a specific development team made up of
internal LCA and sustainability experts, formula and packaging experts, and IT developers.
This team also benefits from the external support of LCA and sustainability experts. A
steering committee ensures the governance of SPOT.

5.2. Integration of SPOT in the Innovation Process

Specific strategic and managerial measures have been established to support the
implementation of product eco-design using the SPOT at different levels of the company,
via corporate and brand targets, KPIs, and financial incentives, as described below.

First, a corporate target of 100% eco-designed products by 2030 has been defined,
providing a quantifiable objective and a strong incentive to use SPOT. Then, each brand
implements sustainability in its business model and sets its sustainable targets to contribute
to the corporate objectives. This way each brand can embed the sustainability concept and
apply it in line with their constraints.

Second, to ensure the full integration of sustainability aspects during a product devel-
opment project, “Sustainability” has been added as a new KPI, in addition to the classical
KPI tryptic of quality/cost/time. This new KPI is now part of the project milestones. It
is based on the sustainability performance measured by the SPOT and should reach the
sustainability requirements set for product developers (“SPOT OK” means that the SPOT
ratings meet the sustainability requirements and so the sustainability KPI is validated).
This new sustainability KPI enables the anticipation of potential sustainability issues and
the sharing of accountability for sustainability performances between each member of a
product development team, fostering their engagement and collaboration. As represented
in Appendix D, the operational teams are using the SPOT for eco-design from the early
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stage of product development to the product release, in close collaboration with other
product development team members.

Third, a financial incentive has been implemented. The brand directors’ bonus
decreases with the number of launched products with a SPOT rating not reaching the
sustainability performance target. This measure ensures that the top management is
also accountable for product sustainability and that they will put efforts into improving
product sustainability.

5.3. Support for SPOT Users

Providing good support to SPOT users is essential to guaranteeing the adoption
and correct use of the SPOT by product development teams. The SPOT’s main users are
operational teams (formulators and packagers). However, other product development
team members may use the results of the SPOT and need specific support to interpret and
use these results.

There are different tools available for user support. First, all SPOT users receive
onboarding training on eco-design with the SPOT (basic eco-design concept, SPOT method-
ology, life cycle thinking, how to use the SPOT (e-learnings), results interpretation, and
levers for eco-design). Second, a hotline, i.e., dedicated human resources for tailored sup-
port at the formula level, packaging level, or global product level, is available as there are
too many specific use cases to have just a handbook. Third, newsletters are regularly sent
to all users for regular updates.

In addition, some people act as sustainability relays in the company. On one hand,
some users in product development teams, called superusers or LKUs (local key users),
receive more intensive training on the use and interpretation of the SPOT. This way, they
can support regular users, and help bridge the gap between the SPOT development team
and regular users. On the other hand, there are sustainability leaders in the different brands
and units to support operational teams in implementing sustainability in their operations.

5.4. SPOT Updates and Continuous Development

L’Oréal product portfolios and supply chains are constantly evolving, as well as LCI
data and, to a lesser extent, LCIA methodologies and normalization and weighting factors.
To ensure the relevance and good representativeness of its results, the SPOT is regularly
updated on different aspects: LCI data, SPOT methodology, and data based on internal
benchmarks, i.e., the definition of baseline products and rating bounds. Updates can be
minor or major. Before any update, the consequences of the updates are anticipated with a
test procedure and explained to the stakeholders before their integration into the SPOT.

The update of LCI data is performed according to two modes: (1) continuously,
e.g., the addition of a new ingredient or packaging material data, as long as there is no
influence on baseline formulas or baseline packaging, and (2) yearly updates where external
reference sources (e.g., Ecoinvent or Eurostat data), company operational data (e.g., data
on manufacturing sites), and ingredient or packaging material data influencing baseline
formulas or baseline packaging are updated.

Each change, whether methodological or data-related, is traced and dated in the SPOT
to be able to restart the calculations and reproduce the results from any date.

5.5. Links with Other Sustainable Initiatives

Thanks to its ability to quantify the environmental performances of products, SPOT
results also serve as input environmental data for other internal and external sustainability
initiatives beyond eco-design purposes. SPOT results are used for internal reporting to
track progress on portfolios and communicate their sustainability performances. SPOT
data are also used to track the evolution of the life cycle GHG emissions of cosmetics and
check compliance with company science-based climate targets [50]. The results for different
environmental indicators calculated by SPOT are used as environmental information for
communication to consumers thanks to the Group initiative Product Impact Labelling [51].
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The tool has been considered to feed the common SPICE initiative as one of the advanced
methodological and dataset bases to develop an eco-design tool that is publicly available
and adapted to cosmetic packaging [15]. In turn, the SPICE methodology and datasets
are now being considered by the EcoBeautyScore Consortium [52], which aims to provide
environmental information to consumers on cosmetic products of the many companies
engaged in this ongoing industry initiative.

6. Discussion
6.1. Challenges during SPOT Development and Implementation

The development of the SPOT methodology and the deployment of the tool have made
it possible to include eco-design in all stages of product development and to familiarize
all the teams involved with the need to improve the environmental footprint of new and
renovated products, which has undeniably been a success. However, L’Oréal has faced
some challenges during SPOT development and implementation in different aspects:

• Tool development team: Big data management expertise was required but was missing
in the company. The development of this new skill in the tool development team
forced team members to systematize and adapt their work method to align with big
data requirements. Beyond the expertise in data management, the provision of all the
necessary data in the right format and at the right time was also a challenge for the
development of this tool.

• Data availability: There was a lack of specific LCI data for cosmetics, and the company
had to develop its own datasets, especially for cosmetic ingredient production.

• Implementation of eco-design in the existing procedure: When the SPOT was launched,
having to include environmental and social criteria in the decision process of the
product launch added additional complexity to the management of the classical
criteria, which are quality, cost, and timing. Teams realized that before, they had
not always been doing everything right, which can be perceived as learning or as
judgment, depending on the people. Therefore, this shift needed to be accompanied by
training sessions, user support, as well as the appropriate wording not to emphasize
what was done badly, but what can be improved now.

• Tool adoption by users: User buy-in was difficult at the beginning as the tool was new,
sometimes perceived as too complex, and required additional workload for the user,
even if the tool automation made it easier. Specific measures put in place helped to
overcome this challenge like the involvement of top management with the introduction
of the sustainability KPI, the increase in top management accountability, the specific
training sessions organized for operational teams, and the technical support. As
the SPOT encompasses a wide variety of eco-design levers, the improvement in the
product rating associated with the activation of a lever was sometimes not up to the
user’s expectations; training and explanation were then required. In addition, all
efforts were made to make the tool user-friendly and intuitive for its adoption by
non-experts in LCA, while keeping the methodology scientifically robust.

• User accessibility: Finding a reasonable balance between the precision of data and
results and tool complexity was a challenge. Trials and errors, as well as user feedback,
were crucial to tackling that issue. Involving users (like former formulators and
packagers) in the tool development team was also a good way to guide development
by accounting for user constraints from the beginning.

• User support: Communicating the complexity of the approach based on LCA in a
way that is understandable to operational teams required efforts for pedagogy during
training sessions and user support.

• Data evolution management: Data evolution influences the results, which can cause
difficulties for users in integrating changes that may affect their work. There is a
need for user support to keep a critical mind and to accompany changes carefully by
explaining the resulting differences to users (transparency). In addition, performing
regular audits is key to reinforcing tool credibility.
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• Tool adaptation capacity: Dealing with disruptive innovation (i.e., development that
creates a break with the current market based on innovative use, innovative technology,
or both) is challenging because of the difficulty of determining what they are being
compared to in terms of environmental progress as no baseline product is available.
In addition, a committee is responsible for the creation of new product categories and
specific expertise to determine the corresponding baseline products.

6.2. Strategies for SPOT Implementation Compared with the Literature

Rossi et al. identified the main barriers mentioned in the literature that prevent
the implementation of eco-design approaches in industrial companies [10]. The main
“tool-related barriers” identified are (1) the high number and high specificity of existing
methods and tools, (2) extra resources for eco-design needed in terms of economy, staff,
time, and data, and (3) the absence of a multi-objective analysis preventing the respecting
of all product requirements. Rossi et al. [10] proposed several strategies to overcome the
mentioned barriers.

Brones et al. also identified transition management principles of eco-design inte-
gration at different levels [21]: (1) A strategic level defined as “Defining corporate and
long-term objectives of innovation and environmental sustainability, based on life cycle
thinking principles”; (2) a tactical level defined as “Deploying and piloting the environ-
mental strategy in the innovation processes and instruments”; (3) an operational level
defined as “Applying eco-design principles to all related activities for decision making and
product performance”.

Tables 3 and 4 show a comparison of the strategies proposed by Rossi et al. [10]
or Brones et al. [21] and the ones applied at L’Oréal during SPOT implementation. The
company adopted most of the recommended strategies to favor the implementation of
eco-design tools in companies. In particular, it has set a global strategy supported by the
sustainable development programs “Sharing Beauty With All” from 2013 onwards, and
then “L’Oréal For The Future” from 2020 onwards, which aims to place L’Oréal activity
within the framework of the planetary boundaries.

Table 4. Comparison of the strategies proposed by Rossi et al. [10] and the ones applied at L’Oréal
during SPOT implementation.

Tools Related Barriers Proposed Strategies from
Rossi et al. [10] Strategies Adopted by L’Oréal during SPOT Implementation

The high number and high
specificity of eco-design tools

Selection of tools adequate for
the company and
project objective

3

Tool and method selection guided by an advisory
stakeholder panel composed of internal and
external experts

Use of customized
eco-design tools 3

Creation of SPOT eco-design tool specifically
adapted to cosmetics in the L’Oréal context

Use of integrated tools 3
Integration of SPOT results into the existing product
development tools

Use of tools integrated with
traditional design tools 3

SPOT has been implemented while continuing
consistently to build on other previously developed
tools to deploy the use of key eco-design levers of
formulas and packaging

Use of simplified tools 3

SPOT is an operational and automatic eco-design
tool allowing the user to perform a simplified LCA
with little data but based on a full LCA modeling,
which strongly reduces the workload for users
compared to other approaches
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Table 4. Cont.

Tools Related Barriers Proposed Strategies from
Rossi et al. [10] Strategies Adopted by L’Oréal during SPOT Implementation

The high number and high
specificity of eco-design tools

Use of tools that consider the
entire life cycle of products 3

SPOT is an LCA-based tool including all life cycle
steps

Selection of tools that can
conduct multi-criteria analysis 3

SPOT is based on the multi-criteria indicators
recommended by the PEF initiative [27]

Establishment of a close
relationship with suppliers 3 SPOT uses data collected from suppliers

Development of a good
international network 3

Consultation of a stakeholder panel composed of
internal and external sustainability experts

Good involvement of supplier
expertise in the product
development process

3

Suppliers are actors in the product development
process by proposing new formula ingredients or
packaging that meet eco-design needs

Analysis of the complete
supply chain to
identify criticalities

3 All product life cycle steps are included

Resources (time,
economic, staff)

Timing re-organization to
train personnel 3 All SPOT users are trained

Good level of education
and training provided
to personnel

3

Different tools available for user support
(onboarding training, hotline, newsletters) help to
improve user skills and foster user involvement

Establishment of clear
environmental goals 3

Definition of a measurable sustainability target for
eco-design at the product, brand, and
company levels

Address environmental
considerations as
business issues

3
Preserving the environment is identified among the
company’s top objectives

Development of
cross-functional teams 3

The tool development team is a cross-functional
team (product developers + sustainability experts +
IT): the main stakeholders are involved in the tool
development to better meet the needs, and a steering
committee ensures governance

Support from environmental
experts in the design and
development activities

3
Sustainability relies on product development teams
and operational teams

Establishment of good
contacts between departments
about environmental issues

3

Collaborative work in product development teams
(formulators, packagers, product developers, and
marketers)Technical teams play an important role in
educating the marketing team

Identification of key roles 3 Roles related to eco-design are assigned

Absence of
multi-objective analysis

Standardization of the
product development process 3

The product development process is standardized
with checkpoints and milestones

Formalization of the
product development
process and inclusion of
eco-design activities

3
The use of SPOT is included in the product
development process

Consideration of
environmental issues at the
beginning of the product
design process

3
Sustainability requirements are set at the beginning
of the product design
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Table 4. Cont.

Tools Related Barriers Proposed Strategies from
Rossi et al. [10] Strategies Adopted by L’Oréal during SPOT Implementation

Absence of
multi-objective analysis

Integration of environmental
issues in the conventional
product development process

3
Addition of a new KPI “Sustainability” based on
SPOT results during a product development project

Introduction of environmental
checkpoints, reviews and
milestones into the product
development process

3
The sustainability KPI is part of the
project milestones

Adoption of a life
cycle perspective 3 SPOT is an LCA-based tool

Evaluation of the complete
product life cycle 3 SPOT covers the complete product life cycle

In complement to the adopted strategies mentioned in Tables 4 and 5, the company
used additional strategies for eco-design implementation using the SPOT. First, there was
a substantial financial and human resource investment for eco-design tool development,
which was in line with the ambitious corporate target for eco-design. Second, increasing the
accountability of top management for meeting sustainable targets fostered tool adoption
by users. Finally, the SPOT can easily be adapted since its continuous development and the
improvement of background datasets via regular updates keep it relevant, while simulation
tools help anticipate the effects of updates.

6.3. Main Methodological Limitations of SPOT

Despite the careful design of the SPOT methodology, some limitations remain, partly
due to the needed trade-offs between accuracy and simplicity.

Defining a functional unit (FU) with a scope adequately reflecting the different func-
tions of cosmetics is not straightforward, and the FU proposed here does not account for all
cosmetic specificities. First, the effect of the frequency of use on the product efficiency is not
considered (e.g., the more you use a cosmetic, the more efficient it is, and the smallest the
user dose is). Second, the long-lasting effect of cosmetics is not considered (e.g., deodorants
and lipsticks). Third, because the joint use of different cosmetic products is not considered,
a 2-in-1 product might not be proposed over two separate products as an eco-design lever.
One way to integrate this aspect would be to enlarge the assessment scope at the beauty
routine level to include the frequent use of different cosmetic products at the same moment,
instead of the use of a single product.

Some secondary functions during the use phase are not accounted for. For instance,
“the hot water may also serve other functionalities, such as comfort and rinsing of other
cosmetics” [3]. In addition, other cosmetic functions like preventing disease or the social
aspects of make-up are also not considered. All impacts during the use phase are attributed
to cosmetic use, thus probably overestimating its environmental impacts.

The dynamics of biogenic carbon storage for estimating GHG emissions from bio-
based materials are not considered. Therefore, the impacts on climate change of bio-based
materials, especially when used for packaging, can be overestimated or underestimated
depending on the type of biomass used and the temporal perspective chosen [53].

Regarding LCI data, each L’Oréal supplier has its internal method and tool to optimize
their environmental impacts. Therefore, the company cannot directly use impact results
calculated by their suppliers because of inconsistencies between their methods and the
SPOT. When necessary, the company is thus recalculating the impacts of their suppliers’
formula ingredients or packaging materials thanks to LCI data collection by their suppliers.
The direct involvement of suppliers on a global scale in the creation of LCI or LCIA
datasets usable in the SPOT is not realistic in the absence of an international standard to
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generate harmonized LCA data and results on cosmetic products. The EcoBeautyScore
Consortium [52] is currently paving the road for such a standard.

Table 5. Comparison of the strategies proposed by Brones et al. [21] and the ones applied at L’Oréal
during SPOT implementation.

Transition
Management
Level

Proposed Strategies from Brones et al. [21] Strategies Adopted by L’Oréal during SPOT Implementation

Strategic

Define or update the long-term ambition of the
organization in environmental sustainability 3

Definition of a measurable sustainability target for
eco-design at the company level

Align product innovation strategy with the
environmental ambition 3

Creation of the SPOT eco-design tool and
adaptations of the innovation process to achieve the
corporate sustainability target

Monitor the long and midterm plan, and
maintain coherence between corporate vision
and business processes

3
SPOT results are used to monitor the corporate
sustainability target achievement

Tactical

Engage/influence the different groups
involved in the deployment of environmental
goals and procedures (middle management)

3

Accountability of top management for meeting
sustainable targets and awareness/training of all
managers and SPOT users

Formalize a plan for progressing toward a
higher integration of environmental
sustainability within Produc
t innovation processes

7 Strategy not implemented

Monitor and evaluate results,
progresses and gap 3

Product innovation and SPOT results are monitored
and analyzed to identify progress and gaps

Operational

Adapt and experiment eco-design tools and
practices to company culture in pilot projects 3 Pilot projects before SPOT official implementation

Engage the different groups involved in
product development to understand and apply
eco-design principles and tools (internally and
externally/supply chain and
innovation partners)

3

All SPOT users are trained, and the addition of a
new KPI “Sustainability” based on SPOT results
during a product development project

Capacity building and associated monitoring 3

Different tools available for user support
(onboarding training, hotline, and newsletters) help
to improve user skills and foster user involvement

The application of global average values in inventories of some life cycle stages like
the manufacturing and use phase of cosmetic products or the connection to wastewater
treatment plants is another limitation of the SPOT methodology. However, this limitation
is known and assumed to focus on the major challenges of eco-design on a global scale,
and to maintain a manageable level of complexity. The goal of the SPOT is not to produce a
complete, specific, and exhaustive LCA for every product but rather to help designers in
their eco-design approach.

As described in Section 3 and Appendix A, the LCI modeling of the formula end-of-
life and the assessment of its environmental impacts follow a simplified and conservative
approach and will be improved in the future. The compartments of formula end-of-life
emissions (from effluent wastewater, solid waste, or emissions during use of the product)
need to be more product-specific, the impacts of the wastewater treatment itself should be
added, and all the impact indicators assessed should be covered.

Regarding the environmental indicators covered, some potential environmental issues
are not currently covered by LCIA methods. For instance, the potential impacts of plastic
leakage on ecosystem quality and human health are not yet assessed in LCA but could
also be an issue of importance for cosmetic products. Ongoing research work from the
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MARILCA group to integrate potential environmental impacts of marine litter into LCA
could be integrated into the SPOT in the future [54].

Normalization and weighting, which are optional in LCIA according to ISO standards,
are applied for the calculation of a single environmental footprint in the SPOT to facilitate
decision making during eco-design by reducing the number of environmental indicators
and resolving potential trade-offs between those indicators. However, the choice of the
normalization reference, as well as the choice of weighting factors, can strongly influence
the conclusions during product comparison [42]. An external normalization approach
based on a global normalization reference is adopted in the SPOT by using normalization
factors recommended by the PEF. A distance-to-target weighting approach based on plan-
etary boundaries is used in SPOT, which is a science-based approach compared to other
approaches often based on value choice, like expert panels. The weighting approach is
different from the one recommended by the PEF, but our sensitivity analysis comparing the
cosmetic environmental footprint obtained with weighting factors from SPOT or from EF
3.0 [46] (see Appendix C) suggests that the ranking of products during eco-design remains
the same. Normalization and weighting factors have inherent uncertainty. Therefore,
the SPOT implements the consensual normalization factors proposed by the PEF and the
weighting factors using a science-based approach (planetary boundaries) rather than a
panel-based approach.

Only ratings (and not footprints) are directly displayed in the SPOT to regular users.
However, ratings do not reflect the relative importance of each subsystem to the overall
system, which can prevent those users from prioritizing their improvement efforts to
the most impacting subsystems. Even if it can be seen as a limitation, L’Oréal chose to
only display ratings to regular users for the following reasons. As the largest footprint
contributions are often associated with the formula, displaying footprints can discourage
packagers from putting efforts into improving packaging as it often has a smaller influence
on the overall product footprint than improving the formula. The philosophy advocated by
the Group is that every member of the product development team should contribute to the
efforts to reduce product environmental footprints, no matter how important their influence
is. The idea is not only to have better performance but to achieve the best performance
possible on every subsystem of a finished product. This is one of the reasons why ratings
are split into three subsystems to optimize each of them. In addition, superusers have access
to the footprints of each subsystem and thus can provide the needed support to regular
users. In addition, developers of a subsystem (formula, packaging or manufacturing and
distribution) have access to more detailed results than the ratings in their subsystem, but
not in other subsystems. For instance, formulators have access to the footprint contributions
of the different ingredients in the formula in their specific eco-design tool.

Using a KPI approach to optimize products by product category can prevent designers
from more radical eco-design. Indeed, environmental ratings can only be compared for
the same product category, so the way product categories are defined is critical in guiding
the eco-design potential improvements. For instance, deodorants with aerosol packaging
and deodorants with roll-on packaging are two separate product categories. Therefore,
even if moving from aerosol packaging to roll-on packaging may reduce the environmental
footprint of the deodorant aerosol thanks to the removal of aluminum packaging and
propellant gases, this type of improvement cannot be reflected in ratings.

Finally, uncertainty is not assessed in the SPOT, and the extent to which a reduction
in environmental impacts when performing eco-design can be considered significant is
not evaluated. Exploring uncertainty to define significance thresholds, i.e., how big the
impact difference between referent and eco-designed products should be to be considered
as improved, would help designers to better define their eco-design targets.

6.4. Other Eco-Design Levers for Cosmetic Products

In addition to the eco-design levers directly available in the SPOT (see Section 4.2),
some indirect levers might also be activated by marketers: the choice of packaging appear-
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ance, which influences the finishing processes used; claims about the recommended usage
of the product (user dose, rinsing water amount, frequency of use, etc.) to help to reduce
the potential impacts induced by the consumer if the product is misused; claims about
the sustainable performance of the product to encourage consumers to choose the best
products. Other initiatives at L’Oréal aiming at reducing environmental impacts, like the
choice of the best suppliers for ingredient and raw material sourcing, or the improvement
of environmental performances of company facilities, will also positively influence the
eco-design, although those levers are not the targets of the SPOT.

6.5. Future Perspectives for SPOT Development

So far, the development and evolution of the SPOT have always been driven by the
willingness to make available an easy-to-use tool hiding the complex methodology behind
it. For users, environmental footprints as well as ratings and color codes to guide the rating
interpretation displayed in the tool are calculated automatically based on a limited number
of filled data: packaging characteristics, formula code, and manufacturing and commercial
zones. This was made possible thanks to an efficient interface between our formula design,
packaging design, and supplier monitoring tools.

To better guide eco-design, a new major challenge is to enable the SPOT user to
better identify possible further reductions in the environmental footprint by displaying
the eco-design levers already activated and the ones that could still be activated. To do so,
one development axis lies in bringing more science and technology into SPOT screens, by
displaying environmental footprints, the reason why the eco-design target is not reached,
and the projection of eco-design lever activation on SPOT ratings. Another development
axis is to move from a tool for simulating a defined product design to a tool for predicting
the product design to achieve an eco-design target.

To drive eco-design efforts, SPOT developers are also planning to show not only the
environmental footprint per product but also the environmental footprint at scale when
sold on the market. The environmental footprint magnitude of a new product will also be
evaluated using the forecast launch quantity to challenge the marketing expectations and
sensitize the brands to the total environmental footprint of their portfolio. To illustrate: if a
product has a 1% reduction in its footprint and a forecast of 10 million units sold, then its
absolute footprint (i.e., environmental footprint per product unit multiplied by 10 million)
will be more important than the absolute footprint of a similar product with a 10% decrease
in its footprint and a forecast of 100,000 units sold.

With the practical experience the SPOT has gained over the last few years and the
evolution of L’Oréal commitments in the area of sustainable development, two major
changes to the SPOT are also expected in the relatively short term: (1) the removal of
the SPOT social rating assessment, as the new challenges of social and societal progress
associated with the company’s actions in these areas could be managed with greater
specificity and adaptability using another approach; (2) the removal of the scoring system
to open the possibility of making direct use of environmental footprints to assess product
performance. The SPOT would thus become a tool focused solely on the eco-design of
products based on their environmental footprint.

Another potential development in the longer term is the integration of beauty routine
into the SPOT, defined as a set of cosmetic products used and actions carried out by the
consumer on skin or hair for care or beautification. This project is a mid- or long-term
perspective due to the practical and technical complexity of capturing the multitude and
diversity of beauty routines.

In parallel to these development perspectives, the company is closely following the
various initiatives in the cosmetic sector based on the environmental footprints of products
calculated by LCA and applied for eco-design like the SPICE initiative [15], or communica-
tion to consumers such as its own initiative Product Impact Labelling [51] or the industry
initiative EcoBeautyScore Consortium [52]. This will certainly lead to further evolution
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of the SPOT and an internal eco-design process to consider these initiatives and their
methodological approaches.

7. Conclusions

While cosmetics companies (as companies from other industrial sectors) face pressure
from consumers and other stakeholders to adopt more sustainable practices, eco-design al-
lows them to develop new products considering environmental and social aspects. L’Oréal
has developed and implemented an eco-design tool, called the SPOT, respecting the LCA
principles and adapted to the reality of large cosmetics companies with a wide range of
products. To our best knowledge, the SPOT is the first LCA-based eco-design methodology
and tool tailored to cosmetic products.

The SPOT methodology calculates environmental ratings for the formula, the pack-
aging, the manufacturing and distribution, and the overall system, based on LCA. These
ratings are derived from different environmental indicators assessed throughout the prod-
uct life cycle, which are normalized, weighted based on the planetary boundaries concept,
and then aggregated into environmental footprints. Another aggregation is made by com-
bining the overall product environmental rating and the social rating to have a product
sustainability index ranging from 0 to 10. These SPOT indicators are used to guide eco-
design and assess the sustainability performance evolution of products. Ultimately, the
SPOT provides the information needed to achieve one of the company’s sustainability
targets of 100% of eco-designed products by 2030. The implementation of an eco-design
tool on a large scale in a company must be accompanied by incentives and enablers to
ensure success. L’Oréal’s approach to the implementation of eco-design is in line with
recommendations from the literature.

Based on this concrete experience in developing and implementing an eco-design tool
of cosmetic products at L’Oréal, the joint effort by all levels of management appears to be a
key driver to ensuring the successful adoption of such a tool by the different stakeholders
within a company. In terms of tool exploitation and evolution, it is essential that the
calculation is based on the most recent and rigorous scientific knowledge, but that the tool’s
interface shows simple results (for example, a single rating and color codes) to facilitate
understanding and embedment of the tool by different users. Finally, it turns out to be
fundamental that tool users receive appropriate support. For example, the company has
developed training courses, set up a hotline, sent out newsletters, and trained superusers
in each team. Support needs to take different forms and be adapted as needed over time.

Internal strategies used to develop and implement the SPOT eco-design tool could
inspire other companies to pursue a similar road toward more sustainable business. On the
other hand, researchers in the fields of eco-design and LCA could benefit from the concrete
experience and feedback of a company. Finally, the scientific knowledge and experience
acquired by the company on the deployment of the eco-design of cosmetic products on a
large scale thanks to the SPOT was essential to initiate the communication of environmental
information on its products to consumers (Product Impact Labelling initiative). It should
also be helpful for the industrial sector within the framework of the EcoBeautyScore
Consortium, which is aimed at communicating to consumers environmental information
on all cosmetic products on the market.
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Appendix A. Details on SPOT Methodology

Appendix A.1. Formula End-of-Life

Cosmetic products have different elimination routes during consumer use depending
on the type of cosmetic product (rinse-off, leave-on) and the use routine. They are typically
discharged to the sewer or disposed of via solid waste. Rinsed-off products are released into
the water during product use and the majority of leave-on products are also released into the
water during washing or showering (delayed rinse-off). However, make-up products have
a different disposal route from other categories, mainly via solid waste [55]. In the SPOT,
the impact of the rinsing water, i.e., water used to rinse the product during its use phase,
is fully attributed to the use of the cosmetic. For the formula end-of-life step, all formula
ingredients are assumed to be 100% emitted into the water, even for leave-on formulations,
except for a few ingredients like propellant gas or other volatile organic compounds (VOCs)
that are assumed to be 100% emitted into the air. This simplifying and conservative
assumption was chosen for the following reasons: (1) Water is the main environmental
compartment exposed to cosmetic formulas in particular for rinse-off products; (2) Most
cosmetic ingredients released into the environment end up in aquatic ecosystems, including
those likely to be found in soils that can reach surface water or groundwater through
leaching or infiltration into the soil; (3) In the environmental risk assessment of ingredients
for a regulatory purpose, whatever the cosmetic product (shampoo, hair dye, skincare,
make-up, etc.) is, a 100% release down the drain of the annual tonnage used by consumers,
identically distributed over the 365 days of the year, must be applied by default to predict
concentrations of cosmetic ingredients in the aquatic compartment. The formula end-of-life
step only covers the direct emissions of ingredients into the environment and wastewater
treatment abatement, if any, but not the impacts of the wastewater treatment itself, which
will be part of future improvements.

Note that the formula end-of-life step is only characterized by the four environmental
indicators assumed to be the key contributors of formula impacts at this step: photochemi-
cal ozone formation mainly for formula components emitted to air (i.e., VOCs in the SPOT),
freshwater ecotoxicity, freshwater eutrophication, and marine eutrophication, mainly
for formula components emitted into the water (i.e., all ingredients except for VOCs in
the SPOT).
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Appendix A.3. Main Differences between the SPOT Methodology and the PEF Requirements

Table A1. Main differences between the SPOT methodology and the PEF requirements in April 2023.

Topic PEF SPOT 2023

Indicators and
characterization methods • PEF 6.3 with EF 3.0

• PEF 6.3 with EF 3.0, with the following deviations:
• Human toxicity: USEtox V1.01, merging of cancer

and non-cancer toxicity impacts
• Freshwater ecotoxicity: USEtox V1.01, For

end-of-life of formulas: LAIM method, developed
by L’Oréal (cf. Appendix B)

• Resource depletion: CML2002 ADP fossil and
mineral, reserve base

• Particulate Matter: same characterization method
as PEF, expressed in PM2.5 eq

Normalization • Global normalization PEF EF 3.0

• Global normalization from PEF EF 3.0.
Normalization values recalculated at the global
level for the following indicators: Human toxicity,
Freshwater ecotoxicity, resource depletion

Weighting • Panel-based weighting • Planetary boundaries approach [47]

LCI database
• By priority order: EF-compliant

datasets, EF-compliant proxy,
non-EF-compliant dataset

• Ecoinvent 3.8 + Agribalyse 3.0 + World Food LCA
Database 3.5 + specific developments

The rating approach is built upon an internal benchmark, meaning that the environ-
mental performance of a product is positioned in comparison with the performances of
existing products from the same category. Therefore, environmental ratings for a product
can only be compared with products from the same category. The rating approach has been
built to meet several requirements to ensure the right balance in terms of sensitivity and
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discrimination potential between products: a reduction by 10% of the environmental foot-
print shall be visible; ensure a good spreading of product ratings by avoiding a majority of
the product’s rating to be too high (or too low); limit the number of categories to be able to
compare products; avoid the possibility to have a rating above 10 or below 0. To meet these
requirements, different functions on [0;1], [1;9] and [9;10] intervals have been defined to
calculate environmental ratings from single footprints. The ratings of 1 and 9 are calculated
based on environmental footprints of real benchmark products from a category while 0
and 10 are theoretical benchmark products with an environmental footprint representing
respectively the worst footprint and best footprint possible by category. The calculation on
each interval is made according to Equation (A1) where A and B are benchmark products
for the interval and P is the product of interest; SX,s is the environmental rating for the
product X (P, A or B) and the system s (subsystem or entire system); FP,s is the single
footprint for the product P and the system s (subsystem or entire system). See Figure 3 for
a graphical representation of the relationship between environmental single footprints and
environmental ratings used by SPOT.

SP,s = SA,s +

(
SB,s − SA,s

ln(FA,s)− ln(FB,s)

)
× (ln(FA,s)− ln(FP,s)) (A1)

The formula rating is made per consumer category regrouping formulas achieving the
same function for its consumer. A total of about 150 consumer categories currently exist at
L’Oréal. The rating of 0 corresponds to the footprint increase by 50% of the most impacting
formula within a consumer category. A rating of 1 corresponds to the footprint leading
to having 5% of the existing formulas with a rating below 1. A rating of 9 corresponds
to the footprint of the least impacting formula within a consumer category. A rating of
10 corresponds to the footprint decreased by 50% of the least impacting formula within a
consumer category. The approach is slightly different when the number of formulas within
a product category is less than 20 formulas. In such cases, a rating of 1 corresponds to
the maximum footprint within the scope of formulas decreased by 5% of the difference
between the maximum and the minimum footprints.

For the packaging subsystem, ten categories are defined for a rating in the SPOT:
body care, face care, face cleaning, fragrances, haircare, make-up, nail cleaning, aerosol,
coloration, and others.

For the manufacturing and distribution subsystem, the rating of 0 corresponds to the
footprint of a rating of 1 increased by 50%. A rating of 1 corresponds to the highest footprint
of manufacturing and distribution within the portfolio of products assessed in the SPOT in
November 2016. A rating of 9 corresponds to the lowest footprint of manufacturing and
distribution within the same portfolio of products assessed in the SPOT in 2016. Finally, a
rating of 10 corresponds to a hypothetical 0 footprint.

Appendix B. LAIM Method

There were two main objectives behind the development of a specific methodology
for assessing the ecotoxicity of the formula during its end-of-life stage. First, to better take
into account the most sensitive aquatic species in the trophic chain (where the standard
method USEtox uses a mean of ecotoxicity values of all species). Second, to use the specific
environmental database on cosmetic ingredients built by L’Oréal over the last 30 years.

The Life Cycle Aquatic Impact Model (LAIM) has been developed by L’Oréal and is
internally used in the SPOT. It has been developed following the structure and logic of
USEtox see Equation (A2) [56]. CF is the characterization factor (PAF.m3.d.kg−1), FF is
the fate factor (day), XF is the exposure factor (dimensionless), and EF is the effect factor
(PAF.m3.kg−1). Improvements and modifications of the fate factor and the effect factor are
made in the LAIM.

CF = FF × XF × EF (A2)
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The fate factor values, in addition to the USEtox 2.12 database, are completed with
COSMEDE values [57] because not all ingredients are available in the default USEtox
database. If an ingredient is not available in either USEtox 2.12 or COSMEDE, then a
default estimation is made based on the environmental persistence status of the ingredient.

While the EF is normally calculated based on the concentration affecting 50% of aquatic
species calculated as the geometric mean of chronic EC50 on freshwater aquatic species (see
Equation (A3)), the EF in the LAIM is calculated with the lowest EC50 or NOEC value of the
most sensitive level of the trophic chain (see Equation (A4)). This calculation approximates
an HC5 (instead of an HC50 for USEtox) as shown in Figure A2. In other words, the EF
calculation in the LAIM is driven by the most sensitive species.

EF

[
PAF × m3

kg

]
=

∆PAF

∆C
[

mg
m3

] =
1000 × 0.5

HC50EC50chr

[
mg
m3

] (A3)

EF

[
PAF × m3

kg

]
=

∆PAF

∆C
[

mg
m3

] =
1000 × 0.05

HC5EC50chr

[
mg
m3

] (A4)

Figure A2. Example visualization of the extrapolation procedure for the ecotoxicological effect factor
in USEtox.

The HC5 value is extrapolated from the lowest EC50 or EC10/NOEC obtained in acute
or chronic aquatic toxicity tests, respectively. Priority is given to chronic data. However,
when we have incomplete datasets not covering the three trophic levels (typically algae,
invertebrates, and fish), the application of a safety factor of 5 or 10 to the HC5EC50chr is
performed when acute or chronic data are available, respectively, on only two or one
species among the three standard regulatory species (algae, daphnids, and fish). These
values for safety factors are aligned with the EU Environmental Risk Assessment [58] and
Ecolabel principles [59].

Practically speaking, these are the equations that should be used if chronic or acute
data are available:

- Chronic data available:
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o EC10chr or NOECchr on standard regulatory species available
o EF = 1000 × 0.05/((Lowest EC10chr/SF) × Extrapolation factor) with:

� ∆PAF = 0.05 for 5% of affected species
� SF = safety factor (10 for 1 EC10chr or NOECchr available, 5 for 2 EC10chr

or NOECchr and 1 for 3 EC10chr or NOECchr)
� Extrapolation factor (EC10chr or NOECchr to EC50chr) = 5 from Payet [60]

o EF = 10/(Lowest EC10chr or NOECchr/SF)

- Acute data available:

o EC50acu on standard regulatory species available
o EF = 1000 × 0.05/((Lowest EC50acu/SF)/Extrapolation factor) with:

� ∆PAF = 0.05 for 5% of affected species
� SF = safety factor (10 for 1 EC50 available, 5 for 2 EC50 and 1 for 3 EC50)
� Extrapolation factor (EC50acu to EC50chr) = 2 for organics; 20 for metals

and organometallics. Same values as used in USEtox.

o Metals and organometallics: EF = 1000/(Lowest EC50acu/SF)
o Others (including organics): EF = 100/(Lowest EC50acu/SF)

The use of the LAIM instead of USEtox allows us to calculate the EF based on the most
sensitive species to reflect company’s choice in the SPOT to use an indicator that better
reflects ecosystems preservation, where the most sensitive species and life stages must be
protected, in line with the principles of the major international chemical regulations (for
example REACH [61]). Therefore, the use of this mean of effect concentration of 50% in the
USEtox approach is not relevant in assessing impacts in SPOT. The LAIM EFs are based on
expertly verified ecotoxicity data, which are regularly updated and cover a wide range of
cosmetic ingredients, which is not the case for USEtox. Finally, the EF calculation in the
LAIM does not require species sensitivity distribution (SSD) as no statistical extrapolation
of the ecotoxicity reference concentration (for chronic: lowest EC10chr or NOECchr, for
acute: lowest EC50acu) is required to determine the EF in the LAIM, i.e., ecotoxicity test
results from only the most sensitive species are directly used. The EF calculation in the
LAIM is based on an ecotoxicity dataset that is generally available or relatively easy to
generate on cosmetic ingredients.



Sustainability 2023, 15, 14321 31 of 35

Appendix C. Additional Results for Eco-Design Case Studies
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