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Abstract: The aim of this work is to present how the Life Cycle Assessment (LCA) tool
can support sustainability reporting. A comprehensive analysis enables organizations to
generate precise and quantitative data, e.g., on resource consumption, thus aligning with
sustainability goals outlined in the reports. By pinpointing these areas, organizations can
prioritize efforts to improve environmental performance where it matters most, ensuring
that sustainability initiatives are focused and effective. Overall, the LCA serves as a valuable
tool for organizations seeking to comply with sustainability reporting by providing robust
data, insights, and guidance for improving environmental performance and fostering
sustainable practices.
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1. Introduction
The EU Directive 2022/2464, also called the Corporate Sustainability Reporting Direc-

tive (CSRD), came into force in 2023 as part of the European Green Deal. It requires large
companies to disclose information on social and environmental aspects according to new
mandatory standards, called European Sustainability Reporting Standards (ESRSs) [1].

However, companies are facing some challenges due to the complexity and resource
intensity needed for this reporting, such as the diversity of environmental assessment
methodologies, methods and standards, data collection procedures, assurance of the data
quality, and their availability.

The Life Cycle Assessment (LCA), which is the indicated standard method to assess
the environmental impacts of products, processes, or services throughout their entire life
cycle, can support companies in overcoming some of these challenges, as business. They
can use LCA results to provide quantifiable data on environmental impacts, supporting
the requirements of ESRSs. Therefore, integrating an LCA into sustainability reporting
can enhance the quality and depth of disclosures, and combining LCA with European
Sustainability Reporting allows companies to provide detailed, transparent, and standard-
ized information on their environmental impact, supporting broader sustainability goals
and regulatory compliance within the European Union. This approach not only benefits
stakeholders but also drives companies towards more sustainable and responsible business
practices. When applied to supply chain data traceability, LCA can provide significant
support in ensuring transparency, accountability, and sustainability.

This work intends to illustrate how an LCA can support the sustainability reporting
by giving an example from the polymer industry. The Fraunhofer ICT developed, within
the Clean Aviation EU program [2], an innovative polyurethane material for applications
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in aircraft seats. The new formulation is both flame-resistant (halogen-free) and made
partly from bio-based renewable materials that replace traditional primary materials, and
its global environmental footprint was calculated using an LCA.

Clean Aviation is the largest European research program for the development of the
aeronautic industry, aiming to be the main contributor to the European Commission’s
Flightpath 2050 goals set by the Advisory Council for Aviation Research and Innovation
in Europe (ACARE). Fraunhofer took the lead of the Eco-Design Transversal Activity
(ECO-TA) [3].

This work presents an overview of the methods and how they are correlated with an
example from the aviation industry.

2. Methods and Context
The mission of the Clean Aviation Joint Undertaking (JU) is to develop new aircraft

technologies and materials to support the European Green Deal and achieve climate
neutrality by 2050 [4]. Thus, Clean Aviation is a “tool” of the EU Green Deal for the
aviation industry. According to the European Green Deal, vast amounts of investments
in the EU must be redirected towards sustainable activities. However, it has proven
challenging to investors to identify which activities are truly sustainable or simply engaging
in greenwashing. The main goal of the CSRD is precisely to introduce mandatory reporting
standards for sustainability information, the ESRS, ensuring consistent and comparable
disclosures [5].

In this regard, the new directive strengthens and extends the existing requirements for
corporate sustainability reporting that existed under the Non-Financial Reporting Directive
(NFRD). It aims to improve robustness, transparency, accountability, and comparability of
the sustainability information disclosed by companies. This will align corporate practices
with the EU’s broader sustainability goals, including the Green Deal and net-zero emissions
targets [6]. Before the CSRD, non-financial reports were not very useful, as companies
reported what and how they chose. Now, with the CSRD in place, companies are required
to report their environmental performance according to the ESRS.

Hence, the CSRD is a crucial step in the EU’s efforts to promote sustainable finance,
to ensure that investors and stakeholders have reliable, comparable information to assess
companies’ sustainability performance.

The ESRS and LCA are closely linked in their approach to assessing environmental
impacts, as both emphasize a comprehensive, science-based understanding of a company’s
sustainability performance. Both share a common goal of improving sustainability report-
ing and decision making. While the ESRS sets the framework for corporate sustainability
disclosures, the LCA provides the scientific and methodological foundation for assess-
ing and quantifying impacts across a company’s value chain. Together, they create a
comprehensive and actionable approach to sustainability in the EU.

2.1. European Sustainability Reporting Standards (ESRSs)

The ESRSs are categorized into different thematic areas and disclosure topics to address
a wide range of Environmental, Social, and Governance (ESG) issues. The Environmental
Standards are structured as follows [7]:

• ESRS E1—Climate Change: Covers Greenhouse Gas (GHG) emissions, climate-related
risks, mitigation strategies, and adaptation.

• ESRS E2—Pollution: Addresses emissions to air, water, and soil, including pollutants
and harmful substances.

• ESRS E3—Water and Marine Resources: Covers water consumption, quality, and
marine ecosystems.
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• ESRS E4—Biodiversity and Ecosystems: Focuses on impacts on biodiversity, deforesta-
tion, and ecosystem restoration.

• ESRS E5—Resource Use and Circular Economy: Addresses resource efficiency, waste
management, and circular practices.

2.2. Life Cycle Assessment (LCA)

An Life Cycle Assessment addresses environmental aspects and potential environ-
mental impacts throughout a product or service’s life cycle from raw material production
through product manufacturing and use to disposal or recycling of the product. An LCA
provides a comprehensive, systematic approach to understanding and improving environ-
mental sustainability by analyzing the hotspots and consequences of every stage in the life
cycle. The structure of a Life Cycle Assessment study is based on four phases: (1) Goal
and scope definition; (2) Life Cycle Inventory Build-up and Analysis; (3) Life Cycle Impact
Assessment; and (4) Interpretation [8].

2.3. Product Environmental Footprint (PEF)

The European Commission proposed the Product Environmental Footprint (PEF)
and Organization Environmental Footprint methods as a common way of measuring the
environmental performance of products. The PEF method, an LCA-based framework,
defines system boundaries, databases and functional units, and it provides standardized
methodologies to calculate and report environmental impacts across 16 impact categories
(EF 3.1), such as carbon footprint, water use, toxicity, and eutrophication effects. The PEF is
the most referred method by EU initiatives, recommended by the European Commission,
and most used in LCA scientific studies [9,10].

2.4. Link Between ESRS, LCA, and EF

The ESRS requires companies to provide detailed environmental information about
their operations and value chains. The LCA and PEF, which both emphasize a comprehen-
sive and science-based understanding, are complementary tools to the ESRS that together
help EU companies to assess and report their environmental impacts. The PEF provides
detailed methodologies for product-level assessments that can be reported at company
level under the ESRS, thereby fostering a more harmonized approach to sustainability
across the EU. Table 1 presents an overview on how they are connected.

The ESRS adopts a life cycle perspective and applies the LCA method to ensure
comprehensive sustainability reporting by requiring companies to assess impacts across
their entire value chain. This aligns directly with the LCA approach, which considers
the following:

# Upstream stages (“cradle-to-gate”): Pre-manufacturing activities (extraction, pro-
cessing, and transportation of raw material, energy production), i.e., supply chain
impacts.

# Core stage: Direct operational emissions and resource use during product manufac-
turing.

# Downstream stages (“cradle-to-grave/cradle”): Activities after product manufactur-
ing (product use, end-of-life treatment).
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Table 1. Link between ESRS, LCA, and PEF.

Report Standard ESRS LCA EF 3.1

ESRS E1: Climate
Change

Requires reporting on
greenhouse gas emissions

across Scope 1, Scope 2,
and Scope 3.

- Flows of GHGs, e.g., carbon
dioxide, methane, nitrous oxide,
sulfur hexafluoride.

- Methodologies to calculate the
impact of GHG emissions (e.g.,
ISO 14067 [11]).

“EF 3.1 Climate Change”,
including biogenic, fossil

and land use and land use
change emissions (based

on IPCC 2021).

ESRS E2:
Pollution

Requires reporting on
emissions to air, water, and

soil.

- Flows of pollutants, e.g.,
nitrogen oxides, volatile organic
compounds, sulfur dioxide,
nitrogen oxides.

- Methodologies to calculate the
impact of pollutants emissions
(e.g., photochemical ozone
formation, eutrophication,
acidification, and particulate
matter emissions).

No specific indicator, but it
can be assessed through

other(s) indicator(s), such
as “EF 3.1 Photochemical
ozone formation, human

health”; “EF 3.1 Particulate
matter”, “EF 3.1

Acidification”; “EF 3.1
Eutrophication,

freshwater”.

ESRS E3: Water
and Marine
Resources

Requires reporting on
water usage and impacts

on marine ecosystems.

- Flows of different types and
origins of the water (ground,
surface, lake, river).

- Methodologies to calculate the
impact of water use and its
influences on regional water
scarcity and ecosystems (e.g.,
ISO 14046 [8], EN 15804 [12]).

“EF 3.1 Water use”; “EF 3.1
Eutrophication, marine”;

“EF 3.1 Ecotoxicity,
freshwater—total”.

ESRS E4:
Biodiversity and
Ecosystems

Requires reporting on
activities causing harm

(e.g., deforestation,
pollution, habitat

destruction).

- Flows on activities, e.g., area of
land (agriculture, urban,
wetlands, forest), water bodies,
construction sites.

- Methodologies for the
assessment of the biodiversity
(e.g., land use and land use
change (LULUC); biodiversity
loss potential (LANCA [13]);
and SALCA indicators [14].

“EF 3.1 Land Use”, which
includes “Biodiversity Loss
Potential (transformation

and occupation)”.

ESRS E5:
Resource Use
and Circular
Economy

Requires disclosures on
resource efficiency and

waste management.

- Flows on renewable (e.g., wood,
corn) and non-renewable (e.g.,
minerals and metals) elements
and fossil elements (e.g., coal,
crude oil, lignite); hazardous
and non-hazardous waste.

- LCA includes metrics for
material flows, waste
generation (e.g., EN 15804 [12],
ISO 21930 [15]), and recycling
processes and enables the
calculation of the material
circularity.

“EF 3.1 Resource use,
fossils”; “EF 3.1 Resource
use, mineral and metals”.

3. Example from Clean Aviation
In this section, an example from Clean Aviation is presented to illustrate the link

between ESRS reporting, the LCA, and PEF, with the innovative polyurethane bio-based
material developed for aircraft seating cushions within Clean Aviation. The new material
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consists of polyol based on 70% fossil-based polyol and 30% bio-based polyol with the
added benefit of the avoidance of hazardous substances, such as flame retardant. The foam
used in the seats derives from biogenic origin are highly flame-resistant.

The structure of this study is based on the four phases of the LCA, which supports the
understanding, approach, and assessment of the environmental impact of the product.

3.1. Innovative Bio-Based Material

Five bio-based materials have been studied, and the most prominent one, based on
technical and environmental aspects, for the foam production, was the soybean. The
transportation of different origins and further processing of the bio-oil to bio-based polyol
were investigated. A screening of the environmental results with the most promising
soybean oil compared to the fossil-based state of the art polyol showed advantages in the
global warming potential and primary energy demand; nevertheless, other burdens such
as water pollution and land use-related impacts were also identified. The general use of
soybean polyol for seat foams, especially for aircrafts, can be an advantageous substitute
for flame retardants [16].

3.2. Scope Definition

The scope defined for this study is fictive but based on the information of Fraunhofer
ICT’s project (within Clean Aviation). The assumed scenario is that a European chemical
company, which produces polymers from both fossil and biological resources must report
the environmental impact along its supply chain illustrated in Figure 1. In practical terms,
it must fill in the ESRS reports. For this example, the focus will be on the biopolymer
production line, where the raw material required is soybean oil, which was purchased
from a producer located in North America. The chemical industry sells polyols, which are
intermediate products produced through the synthesis of flexible, rigid, and elastomeric
material, to various countries worldwide. One of its clients is a European company that
purchases biopolymers for producing aircraft seat cushions. Hence, the cradle-to-gate
approach related to Scope 3 is assumed for the European bio-polyols sourced from the
chemical industry.
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Figure 1. Example: Life cycle of aircraft seat including supply chain.

3.2.1. System Boundary

The system boundary of this study includes mass (from, e.g., raw materials, water,
chemicals), energy flows (inputs), and emissions to the environment (outputs) for each of
the stages covered in the scope. In these stages, the processes considered are starting from
the preparation of the land for the crop production; through cultivation and harvest of
the raw material and oil production; and up to the delivery of soybean oil in Europe. The
cultivation stage considers the seed sewing, cultivation period, plant protection (e.g., with
herbicidal treatment), irrigation, and fertilization usage. Land use change emissions involv-
ing the transformation process of the natural land into an agricultural field is considered.

In the oil production site, the process steps of the beans involve the following: drying,
the removal of their shells, heating, crushing, and pressing. Then, the solids are separated
from the oil in a centrifuge. Lastly, the raw soybean oil is degummed.
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All relevant transport processes—such as in-field for the cultivation and harvest, as
well as ocean-going and inland of resources (through rail, truck or ship) and gases/fuel
(through pipeline and/or tanker)—are covered. The process steps are presented in Figure 2,
where the key data inputs and outputs can be seen per each process unit.
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All steps after the transport to Europe, related to polyol and polymer production,
cushion and product manufacturing, product use, and its end of life are out of scope.

3.2.2. LCA Dataset

The foreground and background data to be prepared and collected for the modeling
are defined based on the system boundary. The American company needs to identify and
quantify the relevant parameters in each process step, and the flows are represented by
the arrows in Figure 1. The specific information that is directly controlled and measured
by the company (e.g., the quantity of pesticide and electricity) refers to the foreground
database. Once these parameters are set and quantified, the background database has to be
prepared. This information is not under the company’s control (e.g., chemical composition
of the pesticide and North American electricity grid data). There are free and commercial
LCA databases available that are provided by different institutions, such as Agribalyse,
Agri-footprint, and Bioenergiedat [17].

For the environmental assessment of bio-based oil, the definition of the location of the
crop, the land use history and type of crop are important factors that influence the land use
change, eutrophication, acidification, and climate change indicators. The type and amount
of pesticide and fertilizers affect the climate change, eutrophication, toxicity, and water
pollution indicators. The location, type (e.g., from surface or groundwater), and amount of
water consumption influence the indicator related to water use and on marine ecosystems.

The logistic steps and type of transport mainly have an impact on acidification, eu-
trophication, and climate change indicators as well as the industry maturity, e.g., the
application of fertilizer and pesticide manually or with airplanes, harvesting with vehicles,
animals, or manually.

For the example, the process dataset used is “Soybean oil, conditioned; technology mix;
production mix, at plant; conditioned” from the Sphera database. The Sphera dataset, valid
until 2026, covers all relevant process steps along the supply chain of the cradle-to-gate
inventory, representing sufficient overall data quality. For the transport across the ocean,
the dataset considered is “Sea transport of goods in containers with a payload of up to
27,500 dead weight tons” [18].

In order to provide a better understanding of the environmental impact of the produc-
tion of bio-oil, a comparison to the benchmark, crude oil production in North America, has
also been assessed. The system boundary includes the extraction of the raw material, oil
production, and its transport to Europe. The data are also from Sphera database.

3.3. Results

For example, the American company can use an LCA tool (e.g., software, Excel) for
the calculation of the environmental assessment of 1 kg of soybean oil and insert the
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results in its ESRS reports. The results of the example are calculated with the “LCA for
Experts” software (Sphera 10.9) and presented in Table 2, including the comparison with
the benchmark chosen.

Table 2. EF results linked to the ESRS—example.

Report Standard EF 3.1 Results from Bio-Oil
(Unit/FU)

Results from Crude Oil
(Unit/FU)

ESRS E1: Climate
Change Climate change—total 9.03 × 10−1 kg CO2 eq. 4.21 × 10−1 kg CO2 eq.

ESRS E2: Pollution

Photochemical ozone
formation 5.24 × 10−3 kg NMVOC eq. 1.67 × 10−3 kg NMVOC eq.

Particulate matter 1.12 × 10−7 Disease incidences 2.24 × 10−8 Disease incidences

Acidification 1.18 × 10−2 Mole of H+ eq. 1.33 × 10−3 Mole of H+ eq.

Eutrophication, freshwater 4.23 × 10−4 kg P eq. 2.00 × 10−7 kg P eq.

ESRS E3: Water and
Marine Resources

Water use 3.23 × 10+0 m3 world equiv. 8.59 × 10−3 m3 world equiv.

Eutrophication, marine 8.83 × 10−3 kg N eq. 4.66 × 10−4 kg N eq.

Ecotoxicity,
freshwater—total 1.88 × 10+0 CTUe 3.58 × 10+1 CTUe

ESRS E4:
Biodiversity and
Ecosystems

Land use 3.36 × 10+2 Pt 2.26 × 10−1 Pt

ESRS E5: Resource
Use and Circular
Economy

Resource use, fossils 8.07 × 10+0 MJ 4.50 × 10+1 MJ

Resource use, mineral and
metals 2.24 × 10−7 kg Sb eq. 4.41 × 10−7 kg Sb eq.

The results indicate that the overall environmental impact of crude oil is lower than
that of bio-oil. Most indicators show reduced environmental effects for crude oil, except
for ‘Eco-toxicity, freshwater’ and ‘Resource use, fossils’. This can be explained by the toxic
substances from crude oil, such as hydrocarbons and heavy metals that can severely impact
freshwater ecosystems. Crude oil is a fossil resource, so its production directly consumes
non-renewable reserves. As a matter of fact, crude oil has been extensively refined and
optimized over decades, which means that its extraction and processing generally follow
highly efficient industrial processes. The conversion factors or yields from the crude oil
processing chain to naphtha and light hydrocarbons, as well as the processing of substances,
i.e., ethylene oxide and propylene oxide, to produce fossil-based polyol, are not considered.

3.4. Conclusions and Discussion

Indeed, the LCA is a structured and robust tool for environmental assessment. Com-
panies should actively increase awareness and implement Life Cycle Thinking to foster
sustainability. However, there are still some challenges and issues that companies need to
face and overcome when dealing with environmental reporting.

Taking the example in this paper, the American company delivers to the European
company only the EF results in the aggregated format of its oil production. The chemical
industry cannot identify the origin of the impacts and how the biogenic carbon flows have
been considered. An important aspect of bio-based materials is their biogenic carbon con-
tent related to the plant growth and released back into the atmosphere. The consideration
of burden or credits of the biogenic carbon content in the bio-based material on the climate
change indicator depends on the timeframe of the carbon storage in the forest system
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and the final product. Long-term effects should be considered when assessing the climate
benefits of bio-based materials. It takes time for newly planted biomass to mature and
absorb significant amounts of CO2. In the short term, the amount of captured and emitted
carbon varies.

Different methods and approaches may be adopted, which lead to different LCA
results. According to the ISO 14067:2018 [14], biogenic GHG emissions and removals
should be included in the carbon footprint as two separate indicators. Meanwhile, the PEF
guidance divides the climate change indicator into three sub-categories: ‘Climate change—
biogenic, land use and land transformation’, which should be reported separately if the
screening study shows a contribution of more than 5% each to the total score. An important
aspect is that the indicator of EF 3.1 ‘Climate change—biogenic’ models only the methane
(biogenic) emissions, and carbon dioxide emissions are excluded. The PEF defines the term
‘limited amount of time’ as 100 years, same as ISO 14067. Permanent carbon storage refers
to carbon emissions after 100 years of its uptake, including the years of carbon storage in
a forest system and final product. PEF guidance indicates that credits from ‘temporary
carbon storage’ should be excluded and, if calculated, should be documented separately.
These emissions are released within a limited amount of time after the carbon uptake (in a
forest) and should be considered as emitted “now”, i.e., no credits should be given.

Therefore, if only the indicator “EF 3.1 Climate Change—total” is delivered, it is not
possible to identify the calculation of biogenic GHG emissions/removal. There are some
bio-polymer companies that communicate negative GHG emissions of a cradle-to-gate
assessment, and mention that it was performed based on the PEF method. However, the
PEFCR guidance states that, if the lifetime of the final product is not known, no carbon
credit should be modeled at the “gate”.

The type of transport along all steps and land use change are other two important
aspects when assessing the environmental impact of bio-based materials.

In general, all assumptions and biogenic GHG flows should be clearly communicated,
as defined in the LCA tool. By adopting this approach, organizations can demonstrate their
commitment to transparency and provide stakeholders with credible information on their
environmental performance.

Another challenge could be in accessing the background database. Issues may arise
from technical, financial, and contextual constraints related to the availability, quality, and
relevance of the data. Many databases rely on generalized or outdated information due to
a lack of region-specific data, especially for developing countries. Access to high-quality
databases requires an expensive license, making them inaccessible to small organizations or
researchers on a limited budget. Background databases are often based on generic datasets
that may not reflect the specific characteristics of the product or the local conditions.

As a consequence, with the requirement of legislation, tools and databases are being
improved to support companies in disclosing their environmental impact.
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