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Abstract

Accurate and transparent Life Cycle Assessment (LCA) datasets are essential for reliable
sustainability evaluations, particularly in the complex and varied textile industry. His-
torically, the ecoinvent database has been a foundational source for LCA studies in the
textile sector. This paper critically examines the limitations of the ecoinvent v3.7 dataset,
which is widely used in academic research, industry tools, and policymaking. While newer
versions, such as v3.11, released in 2024, have addressed many issues, including enhanced
geographical representation and updated emission profiles for chemicals, this study empha-
sises the historical implications of earlier data versions. By comparing the cradle-to-gate
Global Warming Potential (GWP) of wool and polyester jumpers, this research reveals
how aggregated and outdated data underestimated the polyester’s environmental impact
while overestimating that of wool. These discrepancies have shaped fibre certification,
eco-labelling, and consumer perceptions for years. Understanding the legacy of these
datasets is vital for re-evaluating past LCA-based decisions and guiding future assessments
toward greater regional relevance and transparency.

Keywords: Life Cycle Assessment (LCA); textile sustainability; ecoinvent dataset; wool vs.
polyester; Global Warming Potential (GWP); cradle-to-gate assessment

1. Introduction

The global textile industry plays a significant role in meeting consumer demand for
clothing, home furnishings, and other industrial applications. However, their extensive
environmental impact has raised critical sustainability concerns. The Global Warming
Potential (GWP) is a critical metric that quantifies the relative contribution of different
greenhouse gases (GHGs) to global warming over a specific period, in comparison to
carbon dioxide (COy) [1]. The textile industry is estimated to contribute 8-10% of GHG
emissions annually, highlighting a pressing need to address its environmental sustainability
challenges [2,3]. These challenges span multiple impact categories, including climate
change, water use, and resource depletion [4]. A comprehensive evaluation of such impacts
requires robust methodological tools, among which Life Cycle Assessment (LCA) is widely
recognised. Within the LCA framework, the accurate characterization of impacts such as
GWP is essential for reliable sustainability assessments of textile products [5].

LCA is a scientifically recognised method for quantifying the environmental impact
of products and processes, from raw material extraction to products” end of life. This
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comprehensive approach identifies environmental hotspots and provides actionable in-
sights into mitigation strategies [4]. LCA has been widely adopted in the textile sector and
serves as the foundational methodology for popular assessment tools such as the Higg
Material Sustainability Index (MSI) [6,7] and other user-friendly software programmes
such as SimaPro, GaBi, and OpenLCA [8]. However, the effectiveness of LCA depends on
its reliability and accessibility and the relevance of the underlying datasets.

Polyester is a dominant synthetic textile fibre which has replaced natural fibres globally.
In 2022, polyester accounted for a majority (54%) of the global market share, far more
than other synthetic fibres (11%), plant-based natural fibres (27%), man-made cellulosic
fibres (6.3%), and animal fibres (1.6%) [9]. Polyesters are derived from petroleum-based
chemicals, and their production is highly energy-intensive [10]. Additionally, 86% of the
global polyester fibre is produced in Asian countries that rely on coal for energy, having a
significant environmental footprint [11,12].

Polyesters are also criticised for their role in microplastic pollution, particularly during
use and disposal [13,14]. Research has shown that during laundering, 124-308 mg of
synthetic microfibers per kilogram of washed fabric is shed, many of which are sufficiently
small to bypass wastewater treatment systems and contribute 35% of all microplastic
pollution in the marine environment [15]. At the end of life, as polyester decomposes, it
releases methane and microplastics in the environment [13], contributing to biodiversity
loss, water contamination, and greenhouse gas emissions [16,17]. In addition to microplastic
pollution, polyester clothing shows little or no degradation in the marine environment for
years or even decades [15].

Contrarily, natural textile material such as wool is fully biodegradable and breaks
down naturally, without releasing harmful microfibres in the environment. During laundry,
the microfiber shedding from wool knit clothing was found to be 37% less than that from
polyester knit clothing [18], and 20% to 23% of wool fibres degrade in seawater in just
90 days [19]. However, despite wool’s superior environmental credentials during use and
end of life, its market share remains small, largely because of consumer unawareness of its
environmental benefits [20].

Wool often ranks poorly in LCA studies compared to polyester because of the high
GWP attributed to methane emissions from sheep, which contributes approximately 75%
of the climate impact of wool fibre production [21]. As sheep that grow wool are ruminants,
their natural digestion process releases methane, which significantly influences the carbon
footprint of wool in standard LCA calculations. Additionally, the environmental impact
allocation between wool and meat production plays a crucial role in determining the
overall footprint of wool, with different allocation methods leading to variations in the
reported impacts [21,22]. These methodological choices often overlook the biodegradability
and long-term environmental benefits of wool, affecting its comparative ranking in LCA
studies [23].

LCA studies that compared natural materials such as wool and cotton to polyester
utilising ecoinvent v2.2 [24] and v3.5 [25] showed polyester to perform better. However,
concerns have been raised regarding the accuracy of their conclusions because datasets
for polyester production, particularly those for ethylene, a critical raw material derived
from crude oil for polyester fibre production, lacked transparency [26]. The ecoinvent
dataset for ethylene production, which were widely used in many LCA studies globally
before the newer versions 3.10 and v3.11 released in 2024, were based on estimated data
from the eco-profiles of the European plastics industry in the 1990s and does not provide
details of the upstream processes involved in ethylene production [26,27]. This lack of
geographical representation, the outdated nature, and an opaque methodology compromise
the reliability of assessments and risks, skewing conclusions in favour of polyester [28,29].
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As LCA becomes a foundational tool for evaluating textile sustainability, the relia-
bility of its outcomes depends heavily on the underlying data. The ecoinvent database,
one of the most widely used LCI repositories globally, has played a significant role in
shaping fibre comparison studies using LCA-based tools such as SimaPro and GabBi.
However, the datasets for key materials, such as wool and polyester, have long suf-
fered. A thorough investigation of the datasets can provide critical insights into materials’
environmental impact.

This study examines the environmental impacts of wool and polyester fibre production,
with a specific focus on jumpers produced in New Zealand. The study focuses solely on
the fibre production phase, omitting the broader life cycle impact of a jumper. The choice
of New Zealand as a focal point is significant because it is the third largest producer of
wool globally and has unique environmental factors that influence its production [30,31].
However, markets in New Zealand are flooded with clothing made of synthetic materials,
such as polyester, acrylic, nylon, and their blends [32]. By analysing 393 g of wool and
polyester fibres, the material required for constructing a medium-size women’s jumper,
this study offers insights into the sustainability implications of these fibre types within a
New Zealand context. While ecoinvent v3.7 was current and accessible at the time of data
collection and analysis, we acknowledge that updated versions (v3.10 and v3.11) have since
been released [33]. A discussion of these developments is included to ensure transparency
and situate the study in its appropriate historical context. By highlighting the past impacts,
we aim to contribute to the broader discourse on improving data quality and accountability
in textile LCA.

2. Literature Review

Woolis a natural fibre derived from sheep that produce 4 to 5 kg of wool annually. Wool
farming includes pasture management, fertiliser use, and supplementary feeding, which
may influence its environmental outcome [34,35]. Wool production has been associated
with greenhouse gas emissions from sheep’s enteric fermentation and manure [36].

However, recent studies suggest that when properly accounted for, the biogenic carbon
flow associated with sheep forage can partially offset GHG emissions from wool’s raw
material production stage. Although wool is not directly plant-derived, the forage and
crops consumed by sheep absorb atmospheric CO, through photosynthesis, contributing
to the overall carbon balance of wool [37]. Moreover, wool products can extend the carbon
sequestration effect over time because of their durability, reusability, and recyclability, which
significantly reduces the need for new material inputs [38]. At the end of their life, wool
products offer additional environmental advantages: energy recovery from incineration can
displace fossil fuel use, and composting, if managed properly, may contribute to soil carbon
enrichment, further supporting the role of wool in circular and low-carbon systems [37].

2.1. Available Datasets for Wool Production

Several LCI datasets are available for modelling the environmental impacts of wool
production, each differing in scope, geographic specificity, and methodological details.
Table 1 presents a comparative overview of the most commonly used LCI datasets in wool
LCA studies, including their geographic focus, key attributes, and limitations.
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Table 1. Major LCI databases for wool production.
Dataset Scope Geographic Key Attributes Limitations Example
Focus Reference
Multi-sector . Comprehepswe; Lack regional wool-
widely used; includes e s
. LCI database Global specific granularity
Ecoinvent . . ) data for greasy [39]
with textile/ (Swiss-based) | and back (e.g., breed or
agriculture modules wooland back pasture types)
& ground processes
Focused on Strong for meat .
Agri-footprint agriculture and Europe production and NOt tailored fOIj [39,40]
: . textile supply chains
food chains farm-level inputs
EU standard Transparent and Less comprehensive
ELCD database main- European Union standardised data; for textiles in com- [39]
tained by JRC ILCD-compliant parison to ecoinvent
. Based on measured Reglqn-spe(:lflc; not
Primary LCI ¢ level data: hieh applicable to New
Wiedemann from Australian arm-level data; hig Zealand wool due to
Australia detail on co-products; [41]

et al. (2015) sheep farms

(Merino systems)

high detail

differences in
farming systems and

and transparenc . © .
p Y emission profiles

Among the available LCI datasets, the ecoinvent database is the most widely used and
is commonly integrated into LCA software platforms, such as SimaPro and GaBi, providing
generalised global data for processes, including greasy wool production [8,39]. Although
ecoinvent v3.7 offers global data on wool fibre production, it lacks the regional specificity
required to accurately represent key wool-producing systems, particularly in countries
such as New Zealand [30]. For example, environmental factors, such as the presence of
woody vegetation on New Zealand sheep farms, significantly contribute to on-farm carbon
sequestration. When such sequestration is excluded, the cradle-to-farm-gate emissions for
New Zealand wool may be overestimated by up to 30% [42].

In contrast, the dataset developed by Wiedemann et al. provides detailed primary,
farm-level inventory data for Australian wool systems, incorporating co-product allocation
and direct emissions from wool and meat production. However, this dataset is specific
to Australian production conditions and is not suitable for use in regions such as New
Zealand, where wool systems differ in terms of land use, pasture management, and carbon
sequestration dynamics [39,41].

Polyester is primarily made from polyethylene terephthalate (PET). Its production
begins with the extraction of crude oil through mining operations and its cracking [43].
Crude oil with a boiling point of 104-157 °C, called naphtha, is broken into smaller reac-
tive molecules of ethylene, propylene, various butylene compounds, and butadiene [26].
Among these, ethylene is the key raw material for PET and, in turn, polyester fibre pro-
duction. The cracking of naphtha is followed by chemical processes to produce purified
terephthalic acid (PTA) and monoethylene glycol (MEG), which are then reacted to form
the PET resin. PET resin is then converted into polyester yarns via a melt spinning pro-
cess [44]. Figure 1 illustrates the transformation of petrochemical feedstocks (ethylene and
terephthalic acid) into PET, the precursor to polyester fibre, highlighting the importance of
upstream process inclusion in LCA modelling [43,45].
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Figure 1. Polyester fibre production.

The ecoinvent v3.7 database provides a global “rest of world” (RoW) dataset for
polyester fibre production. However, recent developments in the ecoinvent dataset v 3.9
and v3.10 have shown that the carbon footprint of PET production has increased (26%)
owing to a more comprehensive accounting of methane emissions from other geographical
regions such as North America and 44 countries in addition to Europe, which was solely
considered in ecoinvent for many years, in versions from v2 to v3.8 [46]. Despite these
updates in the dataset, there are issues with its reliability, as it is aggregated and lacks
transparency for thorough validation.

2.2. Available Datasets for PET Production

The LCA of PET relies on various datasets that offer complementary insights into its
environmental impact. A summary of the major life cycle inventory (LCI) databases used
in the production of PET production and of its precursor, ethylene, is presented in Table 2.
This table highlights their characteristics and constraints based on their scope, geographic
coverage, key attributes, and limitations.

Table 2. Major LCI databases for PET production.

Dataset Scope Geographic Key Attributes Limitations Example
Focus Reference
Broad coverage of
industrial pro- Aggregated with
Ecoinvent v.3.7  cesses, including Europe limited upstream reoilz)f:ﬁEdb?:si d [47]
PET and ethy- process detail & y

lene production
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Table 2. Cont.
Dataset Scope Geographic Key Attributes Limitations Example
Focus Reference
glflt}if;(i)s-sgizfs Regionally biased
Franklin and ener Process-specific data  and lacking compre-
Associates demand for %i; in United States for U.S. petrochemi- hensive cover- [48]
PET pro ductic;gn cal production age of all produc-
and recycling tion pathways
U.S.-specific
L e Catute emisions Mol spocic
NREL U.S. LCI &Y o ’ United States ~ from energy use and d & SUbp [49]
rial produc- . mentary data to
. material flows
tion, and manufac- complete assessment
turing of ethylene
Ci’ﬁovsldeecsi giczigz;zp a}E;i Limited integration
Detailed LCA data o hodul,  intostandard LCA
Carbon Minds for chemicals, Global tools like ecoinvent, [50]

including ethylene

gies for comparative
LCA studies of global
chemical production

restricting accessibil-
ity and adoption

Among the available datasets for PET production, ecoinvent remains the most widely
utilised LCI database, mainly because of its integration into leading LCA software plat-
forms, such as SimaPro and GaBi. These software tools are extensively utilised in sustain-
ability assessment processes within the textile industry [51], and most studies conducted
in the fashion sector have employed these platforms in conjunction with the ecoinvent
database [52]. The accessibility and standardised methodology of the ecoinvent database
make it the preferred choice for researchers conducting comparative impact assessments of
textile fibres [8]. Ecoinvent offers broad industrial coverage, including ethylene produc-
tion; however, it relies on aggregated European data that may underrepresented global
production realities and omit process-specific details.

Datasets from Franklin Associates and the NREL provide inventory data specific to
the United States and are utilised for region-specific analyses. Meanwhile, the Carbon
Minds database stands out for its globally distributed and geographically differentiated
LCA data; its limited integration into standard LCA tools reduces its practical adoption.

In the field of textiles, the ecoinvent database has been used to evaluate the environ-
mental profile of different fibre types. Van der Velden et al. conducted a cradle-to-gate
analysis to compare polyester, cotton, nylon, acrylic, and elastane. Their study showed
polyester having the lowest GWP in the production phase [24]. Similarly, Sandin et al.
underscored that wool often scores poorly on GWP but better on biodegradability and
ecosystem health, and thus there is a need to include multiple environmental indicators
in the LCA of textile fibres [25]. These studies underline the necessity for robust and
transparent datasets to avoid skewed conclusions in comparative assessments. The current
study leverages the “global” wool production dataset and the “rest of world” polyester
dataset from ecoinvent v3.7 to compare the environmental impact of these fibre types.

3. Materials and Methods

Understanding the differences in the environmental impact of wool and polyester
jumper production provides critical insights for material selection, sustainable product
design, and policy development. This study evaluated the environmental impact of wool
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and polyester jumper production for 393 g of final product. The wool fibre dataset from the
ecoinvent library represents “global” (GLO) production scenarios, whereas the polyester
dataset reflects the “rest of world” (RoW) scenario. The analysis focused on the cradle-to-
gate impacts of fibre production, emphasising the GWP as the primary impact category.
Both datasets were critically assessed for granularity, transparency, temporal relevance,
and geographical representation to ensure robustness of the results. Notably, the ecoin-
vent database is constructed to support various environmental standards, including the
ISO 14000 family for Environmental Management, ensuring that the data aligns with
internationally recognised methodologies for LCA [53].

3.1. Wool Fibre Production Dataset

The wool production dataset in the ecoinvent v3.7 library provided a comprehensive
global inventory of wool and meat production. The dataset includes farm inputs, co-
products, and transportation. The dataset in v3.7 is valid for the period from 2011 to 2020
and aggregates information from multiple regions across the globe. Table 3 presents the
key parameters associated with the production of 1 kg of wool fibre as documented in
the ecoinvent v3.7 database. Table 4 outlines the specific inventory data extracted from
ecoinvent and used in this study to model wool fibre production.

Table 3. Ecoinvent v3.7 inventory for 1 kg of wool production.

Inventory for Rest-of-World (RoW) Sheep Production for Wool

Amount Used in 1 Year

in Ecoinvent v3.7 Database

Lime 2.1kg
Maize grain 44 kg
Irrigation 0.08 m3
Inorganic phosphorus fertiliser 0.084 kg
Ammonium nitrate 0.18 kg
Fertilising, by broadcaster 0.06 kg
Potassium chloride 0.11kg
Shed 0.004 m?
Sodium chloride powder 0.4kg
Soya bean meal 29kg
Tillage rolling 0.001 Ha
Occupation, man-made pasture 86.94 m?
Transformation from pasture 86.94 m?
Transformation to pasture 86.94 m?

Table 4. Ecoinvent inventory data used for wool fibre production.

Inventory from Amount Date of Data
. y . Allocation =~ Waste Type  Process Type Creation in
Ecoinvent Dataset in kg .
Ecoinvent v3.7
Wool Fibre Market for sheep

Production  fleece in grease GLO

1 100% Compost Unit process 2 August 2011

3.2. Polyester Fibre Production Dataset

The polyester fibre production dataset in the ecoinvent v3.7 library models a RoW
scenario and includes processes such as PET resin production and melt spinning. The
dataset represents a cradle-to-gate inventory that captures inputs, such as crude oil ex-
traction, electricity, heat, and water. The dataset assumed a recycling rate of 3.5% for
PET granulates during the melt spinning process. Ethylene production, the primary raw
material for PET, was included in the dataset, which is based on the European plastics
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industry eco-profiles. Table 5 provides the input inventory for producing 1 kg of polyester
fibre, detailing materials, energy consumption, and process efficiencies as recorded in the
ecoinvent v3.7 database. Table 6 outlines the inventory data sources utilised in this study;,
outlining the key components that underpinned the LCA of polyester fibre production.

Table 5. Inventory for rest-of-world (RoW) production of 1 kg of polyester fibre in ecoinvent v3.7.

Input Amount
Natural water 0.006 m3
Lubricating oil 0.01 kg
PET granulate, amorphous (global market) 1.01 kg
Tap water for melt spinning process 22.7 kg
Electricity, medium voltage (global market) 1.01 kWh

Heat, district, or industrial, natural gas (Europe
without Switzerland and RoW)
Inventory from ecoinvent database—RoW sheep
production for wool

1.9MJ

Amount used in 1 year

Note: kWh = kilo watts per hour; MJ = mega Joules.

Table 6. Ecoinvent inventory data used for polyester fibre production.

Inventory from Amount Date of Data
. y . Allocation Waste Type  Process Type Creation in
Ecoinvent Dataset in kg .
Ecoinvent v3.7
Market for polyethy-
_ lene terephthalate, gran- 1 100% PET Unit process 28 July 2010
Polyester Fibre  ylate, amorphous RoW
Production Polyester fibre produc
. . )
tion, finished RoW 1 100% PET Unit process 20 March 2018

Note: RoW = rest of world.

In this study, the adoption of a cradle-to-grave LCA approach was pivotal in evaluating
the GWP associated with the production of wool and polyester fibres used to construct
a knitted jumper weighing 393 g. To conduct this assessment, we employed the LCA
software SimaPro, which enabled detailed modelling and analysis. The ecoinvent database
v3.7 was used as the primary source of LCI data to ensure consistency and reliability
of the environmental data inputs. This methodological framework facilitated a robust
comparison of the environmental impacts associated with each fibre type across their
respective life cycles.

4. Results and Discussion

When producing 393 g of a women’s jumper, significant differences were revealed
in the GWP of wool and polyester fibre. Wool fibre production resulted in 5.07 kg CO,
eq. emissions, whereas polyester fibre production had a significantly lower impact at
1.47 kg CO, eq. Although the ecoinvent v3.7 database provides valuable baseline data for
comparative studies, limitations for wool and polyester fibre production highlight critical
gaps that could influence the outcomes.

The ecoinvent v3.7 dataset for wool does not include country-specific data for ma-
jor producers such as New Zealand, instead relying on global averages that reflect the
production systems in other regions. In this dataset, environmental impacts were allo-
cated between co-products, 0.77 kg of wool and 0.22 kg of meat per functional unit, based
on global assumptions [39]. However, in New Zealand, where sheep are raised in dual-
purpose systems, the allocation is more accurately represented as 0.31 kg of wool and
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0.69 kg of meat [42,54]. This divergence reflects differences in animal productivity and
system design. New Zealand farms often produce more meat per animal and less wool per
head than fine-wool systems, for example, Australian Merino systems [41]. As noted in the
IWTO Guidelines [39], allocation should be based on regionally representative data and
reflect the biophysical outputs of a production system. Therefore, applying global default
values, such as those in ecoinvent, can misrepresent the relative environmental burdens
of wool and meat in New Zealand systems. Moreover, variations in farm inputs, such as
fertilisers, feed, pesticides, irrigation, and shearing energy, further reinforce the need for
geographically specific data to ensure accurate LCA outcomes for wool production.

To produce polyester, aggregated data for ethylene production from raw material
extraction to plant delivery is utilised in the ecoinvent v3.7. This dataset lacks unit process-
level transparency, which limits the uncertainty analysis and identification of environmental
hotspots in ethylene production [26]. Figure 2 displays the original GWP outcomes from
legacy data (ecoinvent v3.7), revealing significant differences between wool and polyester
fibre types.

5.07

1.47

Wool Polyester
5.07 1.47
Fibre Type

M Ecoinvent v3.7

Figure 2. Difference in GWP for wool and polyester in ecoinvent v3.7.

4.1. Granularity and Transparency in the Datasets

The wool dataset in ecoinvent v3.7 provides detailed inventories of farming inputs at
each stage of production, allowing for the identification of specific environmental hotspots,
such as GWP contributions from fertiliser use, transportation, and energy use in shearing. In
contrast, the dataset for polyester fibre production, particularly for ethylene, is aggregated,
making it difficult to trace key inputs, such as energy use in crude oil extraction and
chemical consumption in the cracking of naphtha into ethylene. This lack of transparency
hinders the identification of high-impact processes and prevents an uncertainty analysis,
as the variability in specific emissions remains unquantifiable [26,55]. Table 7 provides a
comparative overview of the level of detail and data transparency in the ecoinvent v3.7
inventories for wool and polyester fibre production.
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Table 7. Comparison of data granularity and transparency in ecoinvent v3.7: wool vs. polyester fibre.

Aspect Wool (Sheep Fleece in Grease) Polyester Fibre (PET-Based)
. Starts from sheep husbandry to fleece at Starts from PET granulate to finished
System Boundaries y . . .
arm gate polyester fibre via melt spinning

Transparency of Inputs

High—includes specific data on fertilisers, Low—uses aggregated global data for PET
pesticides, irrigation, shearing shed, etc. production and melt spinning

Detailed—irrigation pumps (electricity), Aggregated—total electricity and heat

Energy Use Reporting shearing equipment energy included reported, but source and process
steps unclear
Fertilizers (ammonium nitrate, . .
. . . . Only PET granulate, lubricating oil;
Chemical Inputs phosphorus, lime), animal feed, veterinary . . .
. cracking process chemicals not detailed
drugs listed
Transport Included—clear distances and modes (e.g.,  Not disaggregated—transport steps not
p 0.74 tkm for road transport) specified individually
. . Field emissions included (e.g., GHGs from Air/water emissions present but not
Emission Data Detail . . oo
manure, pasture occupation, etc.) linked to individual subprocesses

Hotspot Identification

Possible—data allows for tracing of
fertiliser-related GWP and land
use impacts

Limited—emissions aggregated at
inventory level, no process-specific clarity

Masnadi et al. highlighted significant discrepancies between LCA results obtained
using the Oil Production Greenhouse Gas Estimator (OPGEE) and ecoinvent while calculat-
ing crude-oil-related emissions in China. The absence of detailed engineering parameters
in ecoinvent emerged as a key factor that affects the reliability of emission estimates. Their
findings emphasised the need for more engineering-based, bottom-up LCA models to
complement process-based databases, such as ecoinvent [56].

Similarly, a forthcoming study by Oberschelp et al. critically examined datasets for
chemicals, including ethylene, within the ecoinvent database. The authors contend that
reliance on outdated aggregated data from just one source—European plastic industry’s
eco-profiles—conceals significant environmental burdens and introduces substantial inac-
curacies in LCA outcomes. Their study underscores that the ecoinvent model for ethylene
is predicated exclusively on ethylene delivered via pipelines, while the energy-intensive
steam cracking process, which is fundamental to ethylene production, is omitted from the
accounting of on-site emissions. Furthermore, key processes with a high electricity demand,
such as industrial gas liquefaction, were omitted from the dataset, potentially leading
to misrepresentation of the actual energy consumption. According to the authors, these
methodological limitations contribute to a marked underestimation (up to 44%) of climate
change impacts for chemicals, primarily due to unaccounted thermal energy inputs [57].
Given ecoinvent’s widespread application in policymaking, industrial sustainability assess-
ments, and academic research, the study underscores the urgent need to replace generic
proxy data with empirically grounded, industry-specific datasets to improve the accuracy
and credibility of LCA models.

4.2. Temporal Relevance

The ethylene dataset for polyester fibre production in ecoinvent has seen minimal
updates between 2005 and 2023 (v2 to v3.7), raising concerns regarding its accuracy and
relevance to modern LCA studies. This dataset still relies on legacy data from the 1990s,
which has not been revised since its inclusion in ecoinvent v2 [26,55]. In the latest ecoinvent
v3.9 and v.3.10, the GWP of PET production was updated, including data from other geo-
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graphical regions. This updated version shows a 26% increase in GWP emissions from PET
production [46]. This revision highlights a major concern, as many past studies and policy
decisions were based on lower impact values from older ecoinvent versions, potentially
influencing sustainability strategies and material choices in a way that underestimates the
true environmental footprint of PET and its derivatives such as polyester.

Although the wool dataset in ecoinvent v3.7 has been updated more recently, it
still does not fully incorporate regional advancements. Independent studies, such as by
Wiedemann et al. for Australia and by AgResearch for New Zealand, highlighting region-
specific factors such as carbon sequestration from native vegetation, have still not been
made available in the ecoinvent library [54,58]. These limitations underscore the need for
more frequent and comprehensive revisions to improve the accuracy of LCA.

4.3. Geographic Representation

The wool dataset in ecoinvent v3.7 represents global production scenarios but lacks re-
gional specificity for key wool-producing nations, such as New Zealand. The International
Wool Textile Organisation underscores the necessity for localised LCA data to effectively
inform policy and certification processes [58]. Claims have been made that New Zealand’s
wool production has a 29% lower GWP than the global average due to factors such as
carbon sequestration from indigenous vegetation [54]. Similarly, the polyester dataset
in ecoinvent v3.7 exhibits a strong bias toward European production systems, failing to
account for major crude oil-producing regions such as North America and Asia, which
together contribute approximately 67% of the global plastic production [59]. The recent
26% increase in PET’s GWP (ecoinvent v3.9 and v3.10) was reported while expanding the
dataset to include North America and 44 other countries globally [46]. These geographical
biases in both the wool and the polyester datasets limit their applicability for region-specific
inventory data, particularly for countries such as New Zealand. Similar concerns may exist
for other regions. For example, Australian wool production may differ in key respects from
the assumptions built into global average datasets, highlighting the need for region-specific
modelling [41]. Likewise, polyester production in Asian countries may follow different
supply chain pathways, energy mixes, and infrastructure compared to European systems’
production, potentially leading to significant variations in environmental impacts [60].
These considerations reinforce the importance of accounting for regional variability in the
LCAs of textiles.

4.4. Circularity Considerations in the LCA of Wool and Polyester

The circular economy concept has become an essential framework for fashion sustain-
ability, promoting material reuse, recyclability, and biodegradability [61]. However, these
factors have rarely been integrated into conventional LCAs. The existing ecoinvent dataset
fails to account for circularity-related attributes of textile materials [23], further skewing
comparative assessments for natural and synthetic textile fibres. Recycled polyesters are
presented as a sustainable alternative to natural fibres; however, a small amount of polyester
textile is reported to be recycled. In 2019, only 14% of global polyester textile production
came from recycled PET, and the majority originated from non-textile sources, such as plas-
tic bottles. The textile-to-textile recycling of polyester remains minimal due to technological
barriers, particularly the challenge of decolourising dyed polyester fabrics [62].

Recently, several emerging recycling technologies have attracted significant attention.
Innovations such as enzymatic depolymerisation and chemical-to-textile recycling offer
more efficient closed-loop processes capable of handling dyed and blended polyester
textiles [63]. Additionally, advanced sorting technologies, including hyperspectral near-
infrared (NIR) imaging and Al-enabled automated systems, are being developed and
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scaled to support the separation of textiles [64]. In parallel, the Textile Exchange’s Recycled
Polyester Challenge 2025 calls on industry stakeholders to increase the use of textile-to-
textile recycled polyester, with a target of at least 45% recycled polyester by 2025 and 90%
by 2030 [65].

In contrast, wool is inherently aligned with the principles of a circular economy. It
is renewable, biodegradable, and readily recyclable and often does not require complex
processing during recycling. Mechanical recycling can transform used wool textiles into
new garments or insulation materials. Wool fibres biodegrade harmlessly in soil or marine
environments [66]. However, these circularity advantages are not captured in most LCA
tools, which typically prioritise emissions during the production phase. This omission
results in wool being penalised in environmental assessments, despite its superior circular
potential. To enable fairer and more holistic comparisons, LCA frameworks must evolve
to incorporate indicators such as biodegradability, reusability, end-of-life outcomes, and
regenerative sourcing practices. Without such developments, sustainability metrics may
falsely favour material harmful to the environment.

4.5. Case Study: Implications of Flawed LCA Data for Sustainability Assessments in New Zealand

Assessing sustainability in textile production remains a complex challenge, owing
to the absence of universally accepted guidelines and consistent data sources. Without
standardised criteria, sustainability claims can vary widely, leading to discrepancies in
LCA results and their interpretation [67]. This is particularly problematic in New Zealand,
where flawed or non-region-specific LCA datasets may inadvertently mislead industry
players and policymakers, influencing consumers, labelling, fibre certifications, and sus-
tainability claims.

The Ministry for Primary Industries in New Zealand has previously acknowledged
the limitations of applying international LCA data to domestic contexts, particularly in the
construction sector, noting that accurate environmental assessments require methodologies
tailored to the unique production systems in the country [68]. Similar concerns also
apply to the textile industry. As New Zealand moves toward stronger commitments to
environmental transparency and carbon labelling, the risk of relying on generic datasets
becomes more consequential.

In the assessment of textile fibres, ecoinvent offers a comprehensive starting point;
however, its data for polyester fibre production may underestimate impacts by as much as
26—44% owing to the exclusion of key upstream emissions, particularly from the energy-
intensive steam cracking of naphtha into ethylene, which is often excluded or oversimplified
in aggregated datasets [46,57]. These omissions mask the key sources of GHG emissions
and resource use in petrochemical production. Conversely, the impacts of wool production
are often overestimated by up to 29%, particularly in pasture-based systems, such as those
in New Zealand, where low-input farming is common. However, the datasets tend to reflect
more intensive, fertilizer- and energy-dependent systems used globally, leading to inflated
impact scores in contexts where such inputs are minimal or absent [54]. This mismatch
between dataset assumptions and regional production practices introduces a systematic
bias in LCA outcomes, favouring synthetic fibres over natural fibres. Several studies have
corroborated these concerns. For instance, Shen et al. and Sandin et al. have noted that
LCAs for synthetic fibres often exclude upstream petrochemical processing steps, while
Li et al. caution against applying global average data to regionally diverse agricultural
systems such as those for wool production [25,37,60].

By incorporating updated data from AgResearch and ecoinvent v3.10, the comparative
GWP of wool and polyester fibres shifted substantially. The adjusted wool impact was
derived from region-specific modelling conducted by AgResearch [54] in parallel to the
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GWP (kg CO2 eq. emissions per 393 g of fibre)

0

B Ecoinvent v3.7
B Adjusted Impact

petrochemical emissions added to ecoinvent v3.10 for polyester fibre [46]. These revisions
resulted in a reduction in the wool GWP by approximately 29%, from 5.07 kg CO; eq. to
3.6 kg CO; eq., and an increase in the polyester GWP by 26%, from 1.47 kg CO; eq. to
1.85 kg CO; eq.

Consequently, the GWP gap between wool and polyester halved, narrowing from
3.60 kg CO; eq. to 1.75 kg CO;, eq. Figure 3 highlights the narrowing impact gap, illustrating
the influence of temporal and regional updates in the LCA datasets. While the revised
GWP for wool reflects the benefits of New Zealand’s unique environmental conditions, the
updated polyester impact emphasises the significant contribution of major oil production
regions across the globe. This reinforces the need to use updated and geographically
appropriate datasets when comparing fibre impacts, particularly in policy and certification
contexts, where such data directly informs sustainability claims and material rankings.

5.07

NN

Wool Polyester
5.07 1.47
3.6 1.85
Fibre Type

M Ecoinventv3.7 B Adjusted Impact

Figure 3. Comparison of GWP for wool and polyester in ecoinvent v3.7 vs. adjusted impacts.

This study underscores how the historical dependence on legacy LCA datasets, specif-
ically ecoinvent, has shaped comparative environmental assessments of textile fibres.
Although the database is a critical tool for researchers and policymakers, its limitations in
granularity, temporal accuracy, and regional specificity may have distorted the sustainabil-
ity outcomes for key fibres, such as wool and polyester.

The newer releases of the ecoinvent v3.10 and v3.11 in 2024 have addressed many
of these shortcomings, such as by incorporating updated supply chain data, regional
differentiation, and improved emissions accounting. Ecoinvent v3.11 introduced notable
advances in the fuel and petrochemical sectors, including expanded datasets for natural gas
liquids, petroleum cracking by-products, and updated chemical inventories for compounds
such as ethylene. However, detailed emissions and process-level transparency are still
limited, and RoW-based assumptions still underpin several globally traded intermediates,
including ethylene, among others [33].

Moreover, these improvements do not retroactively correct the conclusions drawn
from earlier versions. Therefore, this study contributes a necessary retrospective lens,
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emphasising the importance of reviewing and recalibrating historical LCA findings based
on newer data. Given the prevalence of tools such as the Higg MSI, which relies on
older versions of ecoinvent, this study encourages a re-examination of past textile fibre
rankings and sustainability strategies. It also calls for increased scrutiny and version
transparency when reporting LCA results, to prevent outdated data from influencing future
decisions. Therefore, while v3.11 represents a meaningful step forward, this study provides
a necessary retrospective lens, emphasising the importance of reviewing and recalibrating
historical LCA findings based on these improvements.

5. Conclusions

This study highlights substantial disparities in the reported environmental impacts of
wool and polyester fibre production, which are rooted in the limitations of legacy datasets
from the ecoinvent v3.7 library. Although newer versions of the ecoinvent database, most
notably, v3.10 and v3.11, have introduced important updates in terms of geographic scope,
the findings of this study remain relevant. They serve as retrospective critiques of how
outdated aggregated data have historically skewed the LCA results, sustainability labels,
and material certifications.

By demonstrating that polyester’s GWP may have been underestimated by up to 44%
and that wool’s impact was overstated in a New Zealand context, this study underscores the
long-term implications of relying on proxy or European-centred data in global sustainability
assessments. These discrepancies have shaped fibre policies and market preferences for
over a decade, reinforcing the need for more regionally representative and transparent data
in future LCA studies.

As the textile industry and environmental regulators move toward stronger climate
accountability, it is essential to use the most updated data and reflect critically on the
historical basis of sustainability claims. This study calls for the recalibration of previously
established LCA-based benchmarks and encourages greater scrutiny of the application of
environmental data to decision-making frameworks in fashion and textiles.

Key Recommendations

e  Develop region-specific LCA datasets for wool fibre production in New Zealand

Wool production systems vary across regions. LCA studies should focus on creating
region-specific datasets that better reflect local farming practices in the region. New
Zealand’s unique production system should be highlighted to ensure that environmental
impact assessments are tailored to the local context. To gather relevant data specific to New
Zealand, we must collaborate with local industry stakeholders, farmers, and researchers.

e Increase the granularity of the polyester LCA dataset

Polyester production, especially petrochemical-based processes, requires a deeper
understanding of upstream processes, such as crude oil extraction and cracking. Currently,
LCA studies often overlook these preliminary stages, which impact the accuracy of envi-
ronmental assessments. There is a need to incorporate more detailed datasets covering the
entire lifecycle, from crude oil extraction to polyester fibre production.

e Improve dataset transparency and documentation for ethylene production in ecoinvent

The credibility of LCA findings depends on the transparency of the underlying data
sources, methodologies, and assumptions. A clear and documented methodology enables
stakeholders to assess the reliability of the data. The ecoinvent dataset for ethylene produc-
tion is required to establish standardised protocols for documenting the sources, methods,
and assumptions used.
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e Include additional impact metrics relevant to textile-specific outcomes

Future LCA frameworks should incorporate textile-relevant metrics, such as biodegra-
dation rate, microplastic shedding potential, and end-of-life behaviour. These indicators are
essential for capturing long-term environmental consequences, particularly for synthetic
fibres such as polyester, and for enabling more accurate fibre comparisons in sustainabil-
ity assessments.

e  Encourage critical engagement with LCA data

Policymakers, brands, and researchers must critically evaluate existing LCA data to
avoid misinterpretations that could lead to inaccurate sustainability claims or flawed poli-
cies. This is especially true when adapting international datasets to local contexts. Collabo-
ration among LCA experts, industry practitioners, and policymakers is needed to promote
a critical review of data sources and contextual relevance in environmental assessments.

e Integrate technological advances into LCA methodologies

LCA methodologies must evolve alongside technological advancements in production
systems, such as improvements in fibre processing, recycling techniques, and alternative
energy sources. To ensure that datasets reflect the current industry practices, they must
be regularly updated to incorporate the latest advancements in fibre production and
processing technologies.

e Standardise sustainability metrics for different fibre types

Standardised metrics allow for more meaningful comparisons between natural and
synthetic fibres in terms of environmental impact. Ecoinvent should develop and adopt
standardised sustainability metrics for all textile fibres, including wool and polyester fibres.

e  Promote collaboration between stakeholders for data collection and sharing

Effective LCA requires collaboration among academia, industry, and policymakers to
gather relevant data and ensure transparency. There is a need to establish multi-stakeholder
partnerships to create a shared platform for data collection, enabling transparency, accuracy,
and the sharing of best practices in LCA studies.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390/sul7146513/s1, Supplementary Excel File: Supplementary
data for wool and polyester fibre production from Ecoinvent v3.7.
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