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Abstract

This study presents a comparative evaluation of Environmental Product Declarations (EPDs) within
the traditional ceramic industry, emphasizing the intersection of energy use, environmental
performance, and policy-relevant data structures. Four product categories—ceramic tiles, sanitary
ware, clay bricks, and clay roof tiles—were analyzed using datasets from One Click LCA and the
International EPD System. Environmental indicators assessed include fossil-based and total Global
Warming Potential (GWP), freshwater consumption, and energy demand, standardized per 1 kg of
product. The analysis reveals significant discrepancies in data provenance and methodological
consistency across platforms, with One Click LCA offering harmonized datasets for tiles and sanitary
ware, while the International EPD System permits variable sources, particularly evident in brick
EPDs. These inconsistencies hinder comparability and dilute the strategic value of EPDs in guiding
low-carbon market transitions. The study highlights that energy-intensive production stages in tiles
and sanitary ware contribute to elevated environmental burdens, underscoring the need for
harmonized software tools, transparent reporting formats, and standardized background databases.
Confidentiality regarding energy sources and firing temperatures remains a barrier to optimization,
while the absence of fossil fuel-specific GWP guidance and high EPD development costs limit broader
market uptake. By expanding comparative assessments across production sites and product types,
the research supports the development of robust benchmarks and tailored Product Category Rules
(PCRs), reinforcing the role of EPDs as actionable instruments in energy policy and sustainable
market design.

Keywords: environmental product declaration (EPD); energy use; ceramic industry; harmonization;
One Click LCA; international EPD system; product category rules (PCR); climate policy

1. Introduction

The ceramic industry plays a vital role in the global construction sector, with traditional clay-
based products such as bricks, tiles, and sanitary ware representing a significant share of building
materials used worldwide. Across Europe, the ceramic industry produces more than 59 million tons
of material each year, generating approximately 19 million tons of CO: emissions. Energy use—
primarily for high-temperature firing—can represent as much as 30% of total production costs,
making it a major contributor to the sector’s environmental footprint [1,2].

A critical factor influencing the environmental profile of ceramic products is the energy source
used during firing. The modern systems include biofuels, biogas, or solar energy. The amount of
energy needed for a given operation or process is constant, but the rate of consumption changes
according to the fuel type, technology used, and system efficiency. Therefore, the effectiveness of
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energy conversion into usable form, the energy used in the process, and particularly the performance
of the kiln, are crucial determinants [3].

Coal is a relatively high-energy fuel, with a heat value of about 10-25 MJ/kg [4,5]. It can serve for
a high-temperature ceramic production process, but coal-fired kilns often operate inefficiently, with
considerable energy lost through exhaust gases. Additionally, coal use has significant environmental
drawbacks, including gas emissions and particulate matter. Depending on its kind, origin, and
pipeline infrastructure, natural gas has a heat value of 42-55 M]/kg [5]. Natural gas stands out as an
efficient choice for firing ceramics in contemporary kilns, delivering significant heat while
maintaining comparatively low emission levels. Electric kilns are also widely used in ceramics,
especially for smaller-scale operations. These kilns have very high efficiency in thermodynamic
terms, as nearly all of the electrical energy is directly converted into heat with minimal loss [6].
However, their environmental impact depends greatly on the source of the electricity used. Electricity
sourced from renewables like wind, solar, or hydro reduces the carbon footprint, while electricity
obtained from fossil fuels such as coal or natural gas raises greenhouse gas emissions, greatly
influencing the kiln’s environmental impact.

Biomass is increasingly used due to its near-zero carbon and pollutant emissions, unlimited
reserves, and high reactivity [7]. The carbon dioxide released during the combustion is offset by the
carbon absorbed by plants during their growth. Due to its relatively low energy density comparable
to that of coal, it is feasible to use it as a fuel in a co-gasification process [4]. Furthermore, its efficiency
is influenced by the quality and moisture of the biomass and the kiln’s ability to maintain uniform
heat distribution, which then determines the overall environmental impact.

The energy efficiency of ceramic industry kilns depends on their design, the fuel used, and the
combustion technology, all of which also impact particulate matter and other air emissions. One of
the often-used solutions to reduce energy consumption is heat recovery from the kiln and its usage
in the drying process [8].

During the firing of traditional ceramics, various flue gases are emitted, mainly including COz,
CO, SOz, NOy, and particulate matter. These gases result from the combustion of fuels and the
chemical reactions occurring within the kiln [9]. The total quantity of gases is usually recalculated to
a CO2 equivalent [10].

Despite its industrial importance, the environmental performance of ceramic products remains
under-documented, particularly in standardized formats accessible to stakeholders [11]. This gap
underscores the need for robust and transparent tools such as Environmental Product Declarations
(EPDs). EPDs provide transparent, standardized data on the environmental impacts of products
throughout their life cycle, making them valuable to a wide range of stakeholders [12]. Manufacturers
can use EPD results to identify hotspots and improve production efficiency, while architects, builders,
and consumers benefit from informed decision-making based on verified sustainability metrics.
Crucially, EPDs also support eco-design during product development—allowing producers to assess
environmental performance before production begins, guiding innovation toward lower-impact
solutions [13,14].

EPDs are grounded in Life Cycle Assessment (LCA), a comprehensive analytical tool that
evaluates the environmental burdens from raw material extraction through production, transport,
installation, use, and end-of-life treatment. While LCA provides detailed datasets for international
decision-making, EPDs translate this information into externally verified, standardized formats
governed by Product Category Rules (PCRs) and international standards such as EN 15804 [15] and
ISO 14025 [16]. These declarations support sustainable procurement, regulatory compliance, and
market differentiation by presenting key indicators—such as Global Warming Potential (GWP),
acidification, and resource use—transparently and comparably [17,18].

In the EPDs, the GWP total includes those of fossil, biogenic, and land use and land use change
(LULUC). GWP fossil accounts for the greenhouse gas emissions resulting from the combustion of
fossil fuels and fossil carbon-containing substances (coal, oil, or gas). On the other hand, a biogenic
GWP is obtained from biomass burning. It also considers the carbon absorbed during the growth of
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biomass, which can result in negative values when carbon is stored in products. Furthermore, GWP
LULUC considers the emissions from deforestation or agricultural land conversion [15].

This study aimed to evaluate the environmental profiles of various clay-based product sectors—
clay bricks, clay roof tiles, ceramic tiles (wall and floor), and sanitary ware —through a comparative
analysis of EPDs generated using two platforms: One Click LCA and the International EPD System.
The analysis focuses on key impact categories, including GWP fossil, GWP total, freshwater
consumption, and energy use, based on a functional unit of 1 kg of final product. While the study
does not compare identical products across platforms, it highlights discrepancies in data handling
and reporting that affect cross-sector comparability.

Limitations of the study include restricted access to proprietary data such as firing temperatures
and energy sources, which are often confidential in published EPDs. Additionally, the evolving
nature of standards and databases introduces challenges in maintaining consistency across
declarations. Despite these constraints, the findings underscore the need for harmonized
methodologies and sector-specific EPD frameworks to improve transparency and reduce confusion
in environmental communication [11,12]. The comparison of the findings from the literature review
and the relevant platforms reveals a gap in knowledge transfer from science to the market. Based on
this, the most sensible approach is to establish sector-specific EPDs. This will enable construction
product manufacturers to manage development costs effectively and prevent confusion caused by
non-comparable environmental impact data.

The findings of this study demonstrate that EPDs can serve not only as tools for transparent
environmental communication but also as strategic instruments for improving production processes
and guiding sustainable product development. By analyzing life cycle data, the paper highlights how
EPDs support informed decision-making across the value chain—from manufacturers to end users.

2. Materials and Methods

This study aims to consolidate existing knowledge within the traditional ceramic industry by
identifying prevailing environmental trends and outlining potential future directions. The analysis
focuses on four representative product categories - clay bricks, roof tiles, ceramic tiles, and sanitary
ware — using EPDs sourced from One Click LCA and the International EPD System [19]. To
complement and contextualize the findings, relevant scientific and technical literature is also
reviewed.

Special attention is given to key environmental indicators, including Global Warming Potential
(GWP) from fossil sources and total GWP (expressed in kgCO:z.), as well as total fresh water and
energy use. These parameters are examined within the scope of the product’s life cycle stages from
cradle to gate, encompassing Module Al (raw material supply), Module A2 (transport to the
manufacturing site), Module A3 (production process), Module A4 (transport to the construction site),
and Module A5 (product assembly). The assessment of roofing tiles, ceramic tiles, and sanitary ware
is conducted using One Click LCA, which applies a consistent internal database. In contrast, clay
bricks are analyzed based on EPDs published within the International EPD system, which allows for
variable data sources depending on the practitioner. These life cycle stages are prioritized due to their
well-documented contribution to the overall environmental impact of ceramic products, particularly
in terms of energy consumption and emissions [20]. To enable consistent comparison across product
sub-groups, a functional unit of 1 kg is applied throughout the analysis.

2.1. The Importance of Using the Same Software in Comparisons

Comparability between EPDs for similar products is essential for enabling informed decision-
making on environmental performance [12,22]. However, such comparisons are only valid when all
relevant rules, requirements, and methodological instructions are consistently applied [11,23]. The
selection and availability of input data play a critical role, and discrepancies between inventory
databases can significantly affect results. Using different platforms for the same product is
problematic, as each may incorporate manufacturer-specific processes and assumptions that hinder
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integration into LCA calculations. Moreover, newer standards often require extensive datasets, which
can be difficult to manage and may introduce distortions [17,23,24].

Until 2024, EPD development largely followed the General Programme Instructions (GPI) and
PCRs of the International EPD system. With the emergence of platforms like One Click LCA-now
part of EPD Hub (as of 2025), there have been notable improvements in data collection, analysis, and
verification. These tools offer enhanced analytical capabilities that support greater consistency and
transparency in EPDs.

International standards such as ISO 14025 and EN 15804 are foundational to ensuring
comparability. SRPS ISO 14025 provides a globally recognized framework for Type III EPDs,
mandating standardized LCA data, independent verification, and consistent reporting [11,12,25].
PCRs under this standard define strict criteria for comparing products within the same category,
including alignment in functional units, system boundaries (modules considered), data quality, and
impact categories. EN 15804, tailored for construction products, provides sector-specific
requirements that adopt a full life cycle approach. Its latest update [26] introduces additional impact
categories and stricter reporting rules, reinforcing the standard’s robustness. It also allows sub-
building level comparisons, provided that functionality, excluded materials and processes, and
intrinsic product characteristics are consistently defined. For EPDs utilizing information modules—
typical for construction products with an A1-D modular framework under EN 15804 [15,26] and ISO
21930 [27], it is essential that the environmental impacts of excluded life cycle stages are either
minimal or that data for these stages align within reasonable uncertainty limits.

Despite these frameworks, comparing EPDs across platforms like One Click LCA and the
International EPD System remains challenging due to differences in scope, methodology, and data
transparency. Variations in assumptions, data sources, and missing process-specific details (e.g., raw
materials composition and firing temperature) can strongly influence results. Geographical and
temporal contexts further complicate comparability [14,25].

Using the same software and database is therefore essential for reliable LCA-based comparisons.
Different tools may apply distinct algorithms, impact assessment methods, and boundary definitions,
leading to substantial variations, even for identical products [22,24]. For example, one platform may
include transport emissions while another omits them, resulting in divergent carbon footprints
[24,28]. Miiller et al. [29] found that software choice alone can cause up to 30% variation in the carbon
footprint.

The growing emphasis on standardization in LCA, reinforced by ISO 14044, underscores the
need for consistent methodologies and transparent data sources. Without such consistency, the
credibility and utility of EPDs in guiding sustainable choices are significantly diminished [21].

3. Results and Discussion
3.1. One Click LCA for Traditional Ceramic Products EPDs
3.1.1. Roofing Tiles

The declarations for clay roof tiles produced in England, Portugal, and Serbia, taken over from
the One Click LCA, were issued in 2024 and are valid until 2029 (Figure 1). The documents discuss
different clay roof tiles crafted entirely from natural materials. Analysis of modules Al- A3 reveals
that the case study in Portugal records the highest COz-equivalent fossil and total emissions (Figure
1la), Serbia 1 involves the most energy-intensive process (Figure 1b), and England exhibits the greatest
water consumption. These variations arise from multiple factors, including the raw materials utilized,
the overall production process, and the types of fuels employed. Besides, the program operator-
related issues may influence the results [25]. A linear relationship between GWP, water consumption,
and total energy usage is seen in Portugal’s case study. On the contrary, in Serbia, the roof tiles
analyzed are produced by two facilities, and it is seen that one system spends less energy but leaves
a higher GWP footprint. This is strongly related to the fuels being used and the energy loss by the
production system, especially the kiln. Conversely, Serbia 1 shows a lower GWP despite higher non-
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renewable energy consumption, which may initially appear contradictory. However, this outcome
likely stems from the predominance of lower-carbon energy sources such as natural gas [30], higher
thermal efficiency in the production process, and the implementation of emission control
technologies that reduce greenhouse gas output per unit of energy consumed. These factors decouple
energy use from GWP impact and highlight the importance of considering both energy quantity and
quality in environmental assessments. Therefore, it is seen that more detailed EPDs are necessary to
ensure that comparisons yield thorough and meaningful conclusions.

To get more detailed insights, the spent energy and water, and GWPs are studied in the same
products separately through the modules Al- A5 (Figure 2). The most pronounced GWP
contributions stem from the production phase (A3) and gate-to-site transport (A4). In both
Portuguese case studies, total and fossil GWP values during A3 are the highest among the assessed
regions, while Serbia 1 reports the lowest emissions in this phase (Figure 2a). The A4 module further
accentuates Portugal's elevated GWP, likely due to longer transport distances or less efficient
logistics, whereas Serbia 2 exhibits the lowest transport-related emissions. Furthermore, the
construction phase (A5) in England shows a notable GWP spike, suggesting material handling or
installation practices with high carbon intensity.

Water use is most significant in phase Al (raw material extraction and supply), followed by A3
(production). Portuguese factories lead in water use across both modules, indicating either water-
intensive clay preparation or less efficient recycling systems (Figure 2b). This trend underscores the
need for targeted water-saving interventions in upstream and manufacturing stages.
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Figure 1. Modules A1-A3 in 1 kg of roofing tile: a) Equivalent CO: footprint and water consumption, and b)

Energy use.
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Figure 2. Modules A1-A5 in the production of 1 kg of roofing tile: a) Total and fossil GWP, b) Water use, c)
Renewable and non-renewable PER energy, and d) Renewable secondary fuels (GWP - Global Warming
Potential, PER — Primary Energy Sources).

Serbia 1 demonstrates the highest reliance on non-renewable primary energy sources (PER),
reflecting a fossil-dominated energy mix in ceramic production (Figure 2c). In contrast, renewable
energy use remains marginal across all sites, with England showing the highest relative share, albeit
still limited. This dispersity highlights the urgent need for energy transition strategies in traditional
ceramics, especially in regions with high PER dependency. No use of non-renewable secondary fuels
is reported across the studied factories, suggesting limited integration of industrial by-products or
waste-derived fuels. While England reports the highest renewable energy input, its absolute
contribution remains low.

Notably, Serbia 2 and Portugal 1 report the highest renewable secondary energy use in the
assessed modules, reinforcing the call for decarbonization and diversification of energy sources
(Figure 2d).

3.1.2. Ceramic tiles

The EPDs for ceramic tiles manufactured in the USA, Italy, and the United Kingdom, sourced
from the One Click LCA, were issued in 2024 and remain valid until 2029. The documents encompass
a range of wall and floor ceramic tiles composed entirely of natural raw materials, offering a
comparative lens into the environmental performance of different production systems (Figure 3).
Among the A1-A3 modules, the highest GWP footprint is attributed to the Italian factory producing
engineered surface porcelain tiles of 6 mm thickness (ITA10 6 in Figure 3a), likely due to energy-
intensive firing and surface treatment processes. In contrast, the remaining factories report GWP
totals near the EPA benchmark of up to 0.6 kg COz/kg tile [10], suggesting relatively optimized
upstream and manufacturing stages.

Water consumption varies significantly across sites and product types, with no clear correlation
to tile thickness. This variability may stem from differences in clay preparation, glazing, or water
recycling practices. Notably, wall tile production emerges as the most water- and energy-intensive,
consistent with prior findings [31].

Energy consumption profiles reveal substantial inter-factory differences. Some of the products
from the USA exhibit up to 44% higher total energy use compared to other sites, regardless of tile
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thickness (Figure 3b). This elevated footprint is primarily driven by modules A4 (transport) and A5
(assembly), indicating longer supply chains or less efficient logistics and installation practices.

The average total energy demand across the studied cases is 7.69 MJ]/kg of fired ceramic tile,
which notably exceeds values reported by Alves et al. [32] and is more than double the 3.6 MJ/kg
cited in Manrique et al. [33]. These discrepancies underscore the importance of contextualized energy
data by production route, regional energy mix, and tile typology.

A key limitation in the reviewed EPDs is the lack of disclosure regarding the milling route (wet
vs. dry), which poses a critical determinant of energy and water intensity in ceramic processing
[31,34]. Furthermore, batch composition and raw material variability significantly influence firing
temperature, sintering behavior, and overall resource demand [35]. Without this granularity, cross-
factory comparisons risk oversimplification and may obscure actionable insights for process

optimization.
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Figure 3. Modules Al-A3 in the production of 1 kg of ceramic tile: a) Equivalent CO: footprint and water
consumption, and b) Water and energy use (USA — United States of America, ITA —Italy, UK — United Kingdom,
SF - single-fired, WT — wall tiles, the number in the end is for the thickness).

3.1.3. Sanitary ware

The EPDs obtained via One Click LCA for sanitary ware items (sinks, toilets, bidets, etc.) reveal
that the Swiss ceramic industry exhibits the highest consumption of energy and water, resulting in
the most pronounced GWP across the assessed systems (Figure 4). The elevated GWP is particularly
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evident in modules Al and A5, suggesting both resource-intensive material sourcing and carbon-
heavy installation practices.

In module Al, substantial inputs of water, renewable energy, and non-renewable primary
energy resources (PER) are recorded, reflecting the upstream burden of raw material extraction and
preparation. Notably, the total energy demand reported in these EPDs surpasses values documented
in the Ecoinvent database for a comparable Italian sanitary ware production system, which utilized
a more diversified energy mix — including grid electricity, photovoltaic generation, and natural gas
[36]. This discrepancy underscores the importance of regional energy infrastructure and process
transparency in shaping the environmental profile of ceramic products. It also highlights the need for
harmonized reporting of energy sources and water use to enable meaningful cross-country
comparisons and targeted sustainability interventions.
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Figure 4. Modules Al- A3 in the production of 1 kg of sanitary ware: a) Equivalent CO: footprint and water
consumption, and b) Water and total energy use (CH — Switzerland, SWE — Sweden, ITA —Italy, Multi — multiple

countries by the same company).

3.2. International EPD System for Traditional Ceramic Products EPDs
3.2.1. Clay Bricks

Among the recently analyzed EPDs, the highest GWP was recorded for Denmark (DK7), where
gas-fired periodic kilns are used-highlighting the carbon intensity of intermittent firing cycles and
fossil-based energy inputs (Figure 5). This was followed by Turkey (TR), associated with hand-
shaped brick production, and Germany (GER2), both of which also exhibit elevated GWP values,
likely due to traditional forming techniques and fossil-dominant energy mixes.
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Moderate GWP levels were observed in Denmark (DK6) for bricks without voids in pet-coke-
fueled tunnel kiln, and in India (IN) for hand-molded bricks, suggesting partial mitigation through
kiln efficiency or regional energy factors.

In contrast, Denmark sites DK8, DK9, and DK10, which utilize biogas-fired kilns for bricks
without voids, demonstrate some of the lowest GWP values in the dataset-underscoring the
decarbonization potential of renewable thermal energy sources.

A notable limitation in the reviewer EPDs is the inconsistent reporting on GWP-fossil, which
impedes precise attribution to fossil fuel combustion. However, cases where high total energy
consumption coincides with low GWP — as seen in several biogas-fired systems — suggest substantial
integration of clean or renewable energy sources. This reinforces the importance of transparent
energy source disclosure and module-level granularity in future EPDs to support robust
benchmarking.
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Figure 5. Modules Al- A3 in the production of 1 kg of clay bricks: a) Equivalent CO2 footprint (GWP fossil not

given for most of the cases), b) Renewable primary energy resources as energy (PERT) and non-renewable
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primary energy resources (PENRE), and c) Renewable secondary fuels (NLD — Nederland, DK — Denmark, GRC
— Greece, SWE — Sweden, ITA - Italy, TR — Turkey, IRE —Ireland, GER — Germany, IN - India).

Renewable primary energy resources (PERT) and non-renewable primary energy resources
(PENRE) displayed contrasting patterns in most cases, with industries utilizing high PERT showing
low PENRE usage (Figure 5b). However, in certain instances, the levels of energy derived from
renewable and non-renewable sources were comparable, as observed in Sweden (SWE), Italy (ITA),
Ireland (IRE), and Denmark (DK13). Some industries, particularly in Denmark, have already
incorporated substantial renewable energy sources, resulting in significantly lower GWPs. Compared
to findings in the literature, where approximately 21.6 M] was expended per kilogram of clay bricks
[33], the current data revealed considerably lower energy consumption. Notably, India (IN),
Denmark (DK11), and Germany (GE4) recorded the highest usage of renewable secondary fuels.

3.3. Discussion and Summary

The studied EPDs from the One Click LCA software showed logical and known trends in GWP
fossil, GWP total, and total energy use (Figure 6), which once again proves their validity [31,34].

To enable the comparison of EPDs, establishing a standardized platform would be beneficial.
Such a comparison would be particularly valuable for analyzing the environmental impacts of
industries globally and identifying strategies to mitigate them. Achieving this would require
additional data, such as the proportion of organic matter and carbonates in raw material mixtures,
and precise information on energy sources used and their quantities. Renewable energy sources (e.g.,
solar, wind, or hydro) can significantly reduce GWP, even if energy use is high. If the factory uses
clean energy, this might explain the relatively low greenhouse gas emissions. Factories with
optimized processes, such as advanced heat recovery systems or lean manufacturing practices, might
balance high energy use with low carbon emissions. Furthermore, pre-processed raw materials or
external suppliers with lower environmental impacts could explain the reduced carbon emissions.
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Figure 6. One Click LCA average values in clay roof tile, ceramic tile, and sanitary ware production (GWP —

Global Warming Potential).

An approximate benchmark range in the context of EPDs would refer to a reference point or
standard used to evaluate and compare the environmental performance of products. Benchmarks are
typically derived from aggregated data, industry averages, or best practices and would serve as a
guide to assess whether a product performs better, worse, or on par with others in its category. Some
data in this regard are already available in the literature, but presenting a wider range and in some
unified quantities would be feasible.
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Clay roof tiles typically have a GWP of 4.4 t COze per 100 m?, depending on the energy source
and manufacturing process [37], Table 1. Production energy for clay roof tiles is approximately 52.7
M]J per 100 m? or 2.1 - 2.4 MJ/kg [34], with possible variations based on kiln efficiency [37]. Clay bricks
generally have a GWP of 0.07 to 0.34 kg COz per 1 kg of brick, influenced by firing temperatures and
fuel types [38]. Energy consumption ranges widely from 0.5-5.0 MJ/kg, depending on kiln technology
(e.g., tunnel kilns are more efficient than clamp kilns) [31,38-40]. Ceramic tiles have a GWP of
approximately 1.0-1.5 kg COze per m? depending on the glazing and firing processes. Energy
intensity is around 5-7 MJ/kg, with higher values for glazed tiles due to additional processing [34,41].
Water use can range from 1.0-2.0 m?/t, with significant variations based on the production method
[42]. Sanitary ware products typically have a GWP of 1.15-2.6 kg COze per 1 kg, depending on the
complexity of the product. Energy consumption is estimated at 8.0-30.6 MJ/kg, with higher values for
intricate designs. Water use is around 7.73 1/kg, with opportunities for reduction through closed-loop
systems [34,36,43,44]. Sanitary ware exhibits the greatest environmental impact overall due to its
complex shapes, multiple firing stages, and higher energy requirements. While literature provides
partial benchmarks (Table 1), a broader, unified dataset is needed for robust evaluation.

Table 1. Product-Specific Benchmarks.

Product Type GWP Range Product Type Water Use
(m3/t or I/kg)
Clay Roof Tiles ~4.4 t CO20/100 m?2 2.1-2.4 M]/kg —
Clay Bricks 0.07-0.34 kg COze/kg 0.5-5.0 MJ/kg —
Ceramic Tiles 1.0-1.5 kg CO2e/m? 5-7 MJ/kg 1.0-2.0 m3/t
Sanitary Ware 1.15-2.6 kg CO2e/kg 8.0-30.6 MJ/kg ~7.731/kg

! Tables may have a footer.

5. Conclusions

This study provides a cross-platform assessment of Environmental Product Declarations (EPDs)
for ceramic construction products regulated under the Construction Products Regulation (CPR),
including sanitary ware, ceramic tiles, clay bricks, and clay roof tiles. By integrating datasets from
One Click LCA, the International EPD System, and supporting literature, the research identifies
systemic disparities in environmental performance across product categories and reporting
infrastructures.

A key contribution lies in quantifying the elevated environmental burdens of sanitary ware and
ceramic tiles, driven by energy-intensive, multi-stage production processes. In contrast, clay bricks
and roof tiles exhibit lower impacts due to simpler manufacturing routes and reduced thermal energy
demand. These findings emphasize the central role of energy sourcing and process design in shaping
the carbon footprint of ceramic products.

Beyond product-level insights, the study exposes structural limitations in current EPD practices,
including:

e  Fragmented reporting formats and insufficient process-level detail,
e  Lack of harmonized benchmarks across platforms,
e Limited transparency regarding kiln technologies, firing temperatures, and energy mixes.

To enhance the credibility and market relevance of EPDs, the study recommends:

e Aggregating and normalizing data across multiple declarations to establish representative
industry baselines and identify energy-intensive hotspots,

e  Developing tailored Product Category Rules (PCRs) that reflect ceramic subtype specificities and
enable meaningful benchmarking,

e  Advocating for harmonized reporting standards that mandate detailed disclosures of energy
sources and process parameters.
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These measures are critical for improving cross-platform comparability, accelerating low-carbon
innovation, and informing policy frameworks that support sustainable market transitions. As the
ceramic industry advances toward carbon neutrality, the decarbonization of thermal processes and
integration of renewable energy emerge as strategic levers for impact reduction.

Despite limitations due to restricted access to proprietary process data—often withheld for
confidentiality —the study offers a transparent and policy-relevant framework for interpreting EPDs
within a fragmented reporting landscape. The ongoing evolution of standards and life cycle
databases further underscores the urgency of sector-specific harmonization to bridge the gap
between academic research, industrial practice, and policy implementation.

Ultimately, this work contributes to the energy—environment discourse by delivering a data-
driven critique of current EPD methodologies and proposing actionable pathways for improving
environmental communication, market alignment, and decision-making in the ceramic construction
sector.
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