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Abstract
Circular Economy strategies require robust analyses of material stocks and flows of relevant product groups.
Furniture is one such relevant product category, yet its stocks and flows remain poorly quantified. This study
addresses this gap by conducting a dynamic Material Flow Analysis at the product and country level in the
European Union (EU27) from 1995 to 2024. A robust data cleaning and gap filling framework is developed to refine
production data from the Eurostat PRODCOM database, while explicitly addressing uncertainty through the
estimation procedure using a Monte Carlo approach. Combining production with trade data from BACI, we
calculate in each EU27 country yearly consumption, stock, waste generation, and estimate composition for 19
furniture product categories. In 2024, EU27 furniture stocks reached 231 Mt (515 kg/capita) with wooden furniture
products accounting for the largest share. Of the 19.4 Mt of waste generated, preliminary estimates suggest that
in the EU 60% is recycled, 33% incinerated, and 7.5% landfilled.

1. Introduction
Circular Economy (CE) is a concept that promotes resource efficiency by reducing the use of material products,
extending the lifetime of products, maximizing the reuse and recycling of products and materials, and thereby
minimizing waste (Ellen MacArthur Foundation, 2013; Stahel, 2016). Therefore, CE decreases environmental
pressures while maximizing the utility of extracted resources (Alnafrah et al., 2025; Mhatre et al., 2021). For these
reasons, the European Union (EU) has prioritized CE, introducing action plans to reduce waste and improve
resource efficiency, such as Ecodesign for Sustainable Products Regulation (ESPR) and Extended Producer
Responsibility (EPR) (Alnafrah et al., 2025; De Pascale et al., 2023; European Commission, 2015, 2020; Mhatre et
al., 2021). These policies focus on resource-intensive sectors and materials, including construction, waste
management, electronics, and plastics (European Commission, 2020). Recently, textiles and furniture have also
emerged as priority sectors in CE policies (European Commission, 2020; Mhatre et al., 2021). Notably, furniture is
among the eleven ESPR priority products (Faraca et al., 2024) and is the focus of this study.

Furniture is a key manufacturing sector in the EU, generating €37 billion in value added in 2023, equal to 0.2% of EU
GDP (Eurostat, 2025b, 2026b). Across 130 thousand enterprises, it employs over 900 thousand people (3% of EU
manufacturing workforce) and accounts for 28% of global furniture production (Eurostat, 2025b; Faraca et al.,
2024; Forrest et al., 2017). This major industry is characterized by high material intensity, driving most of its
environmental impact. In fact, furniture is among the largest forest-based industries due to its high demand for
wood. Adhesives and textiles also contribute to its significant footprint (Azizi et al., 2016; European Commission,
2013; Pei et al., 2024; Yang et al., 2025). Life Cycle Assessment (LCA) studies have calculated emissions from
different furniture items over their lifetimes. These range between 6–30 kg CO2-e per seat, 40–140 kg CO2-e per

item of office furniture, and 120–130 kg CO2-e per item of kitchen furniture (Linkosalmi et al., 2016).

The economic and environmental significance of the furniture sector underscores the need for CE policies to
optimize resource use. Despite this, CE research on furniture remains scarce compared to other sectors
(Kulakovskaya et al., 2024). The few existing studies on circularity for furniture predominantly focus on sustainable
product design of individual items (Bianco et al., 2021; Faraca et al., 2024; Lanoë et al., 2013; Pei et al., 2024; Yang
et al., 2025). However, product-level focus is insufficient for CE policy development (Losa, 2025). These policies
require a structured, quantifiable assessment of the stocks and flows of furniture products and materials within
the EU, because effective CE interventions require a thorough understanding of how furniture materials
accumulate and become waste in the system (Leipold et al., 2023; Rostek & Loibl, 2025). In fact, similar
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assessments already exist for product groups relevant to the EU CE strategy, including electronics, plastics, and
textiles (Amadei et al., 2022; Hsu et al., 2021; Lase et al., 2023; Napolano et al., 2025; Pauliks et al., 2026).
Moreover, stocks and flows analysis is a precondition for subsequent assessments, including LCA and macro-
economic modelling to quantify the environmental and socio-economic effects of circularity measures in the
sector, as demonstrated in other CE-relevant industries (Albizzati et al., 2025; Damgaard et al., 2022; Milios et al.,
2025; A. Wagner et al., 2025; Walker et al., 2025).

Only a limited number of studies have attempted to estimate furniture stocks and flows, and these efforts are
limited in scope or in methodological robustness. Krych and Pettersen (2021) estimated the furniture stock of
Norway using furniture density (average kilograms of furniture per unit floor area) combined with total building
floor area. Later, Wiprächtiger et al. (2022) calculated furniture stock in Switzerland using average furniture
ownership per capita. While both these methods provide rough approximations, they depend on generalized
averages that are not representative enough to provide a robust, time-, and product- explicit stock calculation.

In contrast, Wagner et al. (2022) applied a more data-driven approach for Germany, calculating stock from
consumption statistics and estimates of average furniture lifetime. Consumption was calculated using PRODCOM
data. PRODCOM (from French PRODuction COMmunitaire or Community Production) is the annual EU survey
collecting national statistics on volume and value of production of manufactured goods (Eurostat, 2023). The
database contains external trade data from Comext too (Eurostat, 2026g). Wagner’s methodology follows from the
most cited study for furniture flows estimation by Forrest et al. (2017) on the EU28. Commissioned by the
European Commission, Forrest’s analysis estimates furniture consumption and waste generated to evaluate the
impact of CE furniture policy scenarios. The study remains a key reference even in recent studies in the field,
highlighting the strong interest in these kinds of analyses (Barbaritano et al., 2019; Dokter et al., 2023; Russell et
al., 2023; van Hees et al., 2025; Yang & Vezzoli, 2024). However, similarly to Wagner et al. (2022), the study by
Forrest et al. (2017) is constrained by significant data limitations, as inconsistencies and gaps in the PRODCOM
database are not addressed robustly, thereby reducing the accuracy of results. Additionally, Forrest’s study lacks a
direct calculation for furniture stock amounts and relies on limited sources for the estimation of furniture weights
and waste production.

Therefore, a recent, comprehensive, and methodologically rigorous assessment of furniture stocks and flows
across the EU27 is still lacking. We address this gap by conducting a dynamic Material Flow Analysis (dMFA) of
furniture across EU27 Member States, considering both stand-alone furniture items and mattresses (hereafter
collectively referred to as “furniture”) for a total of 19 products. Another contribution of this study is that, unlike
e.g. Forrest et al. (2017), we develop and apply a comprehensive data cleaning and gap filling methodology to
improve the quality and reliability of PRODCOM-based estimates.

2. Materials and Methods
This section describes the methodology for quantifying furniture stocks and flows (Fig. 1). We define the system
boundaries (2.1), and describe the calculation of annual consumption (2.2) for 19 furniture products in the EU27
countries from 1995 to 2024. Using product lifetime estimates, we calculate country stocks of the 19 furniture
products from 2015 to 2024 (2.3), and calculate annual waste generation per country and use material
composition to determine end-of-life treatment (2.4).

2.1 Scope and system boundaries
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This study considers finished furniture products consumed by both private households and businesses in the
EU27 members from 1995 to 2024. Product categories are selected based on the PRODCOM and Harmonized
System (HS) classifications of goods, headings 31 and 94 respectively, to ensure a harmonized and internationally
recognized categorization of furniture (European Commission, 2022; World Customs Organization, 2022). We
exclude furniture parts, which are production intermediates, not finished products. Overall, we account for 19
furniture categories, a comprehensive list is available in the Supporting Information (SI1).

2.2 Consumption data calculation
Consumption C of each furniture product category p was calculated from import I, export E, from and to all regions
r, and production P for each country c in the EU27 for every year t from 1995 to 2024 in both euro and kg.

Import and export data are obtained from the BACI database, which provides high quality, harmonized, yearly,
product-level trade data in USD and kg from 1995 to 2024 for 200 countries and 5000 products, including the EU27
countries and the 19 furniture products under scope (Gaulier & Zignago, 2010). BACI was chosen over Eurostat
Comext and UN Comtrade, as a source for trade data, due to its improved data quality and completeness (Gaulier
& Zignago, 2010). In fact, multiple studies have identified limitations in Comext and Comtrade and consider BACI a
more reliable alternative. (Chen et al., 2022; Nakajima et al., 2018; Napolano et al., 2025; Tercero Espinoza &
Soulier, 2016).

EU furniture production data is only available from the PRODCOM database. We use the Sold production indicator
which reports in value (Euro) and number of items, the amount of furniture items produced and sold in each EU27
country from 1995 to 2024. To calculate consumption, production and trade were converted to common units.
Trade was converted from USD to Euro using the average annual exchange rates (European Central Bank, 2026),
and physical amounts of production were converted to kg using average weights per product category retrieved
from LCA studies and furniture retail data (Hoxha & Jusselme, 2017; Lanoë et al., 2013; Wang et al., 2016; Yang et
al., 2025). Weights are provided in SI1.

However, several limitations exist for the use of PRODCOM due to missing data, confidential data, and outliers
(Amadei et al., 2022; Huisman et al., 2017; Napolano et al., 2025). Confidential data are explicitly flagged by
PRODCOM, whereas missing data arise when only one unit (euros or physical quantity) is reported. If neither unit is
reported and no confidentiality flag is present, we assume zero production for that product in that country that
year. Because of these limitations, before calculating consumption and converting production to kg, production
data undergoes a data cleaning procedure described below.

2.2.1 Data cleaning
The process is divided into 5 steps (Fig. 1). Technical details are available in the SI1.

STEP 1: UNIT PRICE – estimate missing data in number of items

Euro values are deflated to the same base year (2015) using furniture specific inflation indices (Eurostat, 2026c). A
unit price (UP) is calculated for every product in each country every year. Missing physical quantities are imputed
by fitting a Huber regression line through the yearly UP values of the given product in the country. Huber regression
is used because it is not sensitive to outliers (Huber, 1964; Pauliks et al., 2026). The regression on yearly UP values

Ct,c,p = Pt,c,p +∑
r
It,c,p,r −∑

r
Et,c,p,r
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provides an imputed UP for the missing year. We divide this by the known euro value to recover the missing
physical quantity. We estimate number of items from euro values and not the other way around, because monetary
data is considered more reliable (Chen et al., 2019, 2022).

STEP 2: PRODUCTION TO EXPORT RATIO – estimate confidential data in euro

Following the example from Huisman et al. (2017), confidential data is estimated from export data, because
export amounts are considered a good proxy for production volumes (Saltarelli et al., 2020). The yearly production-
to-export ratios are calculated for each product in each country in euros. If the euro value for a given product and
country is confidential, and therefore not available, Huber regression through the yearly production-to-export ratios
is used to estimate the missing ratio. From the new estimated ratio and reported export value for that year, the
confidential monetary amount is calculated. Step 1 is then repeated to get from the new euro value the number of
items.

STEP 3: MEDIAN ABSOLUTE DEVIATION & RESIDUALS – identify outliers

Outliers are identified following the examples from Huisman et al. (2017) and Napolano et al. (2025). Both
methods are applied to the yearly production values in physical units and euro, at the country-product level. The
Huisman et al. (2017) method uses Median Absolute Deviation (MAD). For this study we adapted it with a rolling 5-
year window, meaning outliers are detected relative to nearby years rather than the full time series. Extreme values,
relative to the whole time series, are then identified using the residuals method proposed by Napolano et al.
(2025). Values flagged by either method are removed.

STEP 4: LINEAR INTERPOLATION – estimate missing data in euro

Ordinary Least Square (OLS) linear interpolation is used to fill gaps in the monetary time series (yearly production
values for one country and one product). To preserve production trends, OLS is based only on the two nearest
observations before and after each missing value, rather than the full time series. Step 1 is then repeated to
calculate the physical values from the newly estimated monetary values.

STEP 5: AGGREGATED RATIO & INTERPOLATION – estimate remaining missing data

Remaining missing observations are estimated with aggregated approaches. We repeat the previous steps using
aggregated data to estimate missing UP and export-to-production ratios. OLS interpolation is also reperformed on
the physical values.

Of all the data points (317,773 in total), 6,426 were missing or confidential (2.02% of the total). Our procedure
imputed 9,746 values, after removing an additional 3,398 outliers. After the five steps, only 72 observations
(0.023% of the total) remain undetermined and left blank.

2.2.2 Uncertainty
Given the high number of estimated values, uncertainty is quantified. Regression steps (Huber or OLS) are
implemented with stochastic regression imputation (Fig. 1). That is, when data is fitted with Huber or OLS, the
variance of the residuals is calculated. Then, missing values are drawn from a normal distribution with the same
variance and centered on the value predicted by the regression (Thongsri & Samart, 2022). Using a Monte Carlo
simulation, we repeat the five-steps 500 times to obtain 500 production datasets with slightly different
estimations.
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We also consider uncertainty in the conversion from number of items to kg because for each furniture category
there is a range of possible weights (e.g. the category wooden furniture for the bedroom includes furniture items
of widely different weight ranges). For each of the 500 production dataset resulting from the data cleaning, we
draw a weight conversion factor per product category from a normal distribution of weight range. So, for each
production dataset, slightly different weights are used to convert to kg. This approach samples from the joint
uncertainty of production estimations and weight ranges where the full distribution of results is captured across
the ensemble of simulations. Doing so, we also avoid nested simulations (i.e. repeated sampling of the weight
distributions on each production dataset) while still sampling from the whole uncertainty space (Fig. 1).

2.3 Stock calculations
To calculate the stock, furniture lifetime data is needed. Following standard dMFA modelling, lifetime is expressed
as a Weibull function, a probability distribution that describes the lifetime or failure behavior of products over time
(Müller et al., 2014). For each product category, its Weibull distribution is defined by scale ( ) and shape ( )
parameter. The scale 𝜆 is derived from the average lifetime of items within each furniture category. Due to limited
data on furniture, the shape parameter 𝑘, which captures variation in lifetimes within a product category, is
approximated using white goods as a proxy, as proposed by Wiprächtiger et al. (2022). Weibull parameters are
provided in the SI1. The resulting lifetime curves are assumed to span the entire life of the items, from initial
purchase to final disposal, encompassing any intermediate second-hand cycles the items may undergo in the
current situation.

For product p in country c, the stock S in year t is calculated as the sum of the consumption C in year t plus the
remaining products from previous years.

𝑊𝜆,𝑘 is the cumulative distribution of the Weibull lifetime curve, representing the share of products 𝑝 discarded as
waste at age 𝑎.

Both consumption and stock are calculated 500 times from each of the production dataset, therefore propagating
the uncertainty from production estimation and conversion to kg.

2.4 Waste
Waste amounts are calculated from furniture items leaving the stock based on their lifetimes. However, since
statistics on waste treatment in the EU are only available at the material level, to calculate how furniture waste is
treated, we developed a proxy approach.

First, we determine the average material composition of each furniture category. We determine composition of
sample products for each category from LCA studies and Environmental Product Declarations (EPDs) (Hoxha &
Jusselme, 2017; Lanoë et al., 2013; Yang et al., 2025). The detailed materials are aggregated into macro categories
(e.g. wood, plastic, textile). The material database is available in SI2.

In the EU, furniture is discarded in Municipal Waste (MW) (Directive (EU) 2018/851 on Waste, 2018). The wooden
fraction of furniture is separated to be treated within non-hazardous wood waste (Ikenze et al., 2024). Additionally,
since 2021 EU countries report the products in MW that are Prepared for Reuse (PfR), among which furniture
(Costa et al., 2024; Implementing Decision (EU) 2021/19, 2020). Additionally, since 2021 EU countries report the

λ k

St,p,c = Ct,c,p +∑
t−t0

a=1
Cc,p,t−a ⋅ (1 − Wλ ,k (a))
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products in MW that are Prepared for Reuse (PfR), including furniture (Costa et al., 2024; Implementing Decision
(EU) 2021/19, 2020). PfR does not refer to the products that are reused before being thrown away. Rather, it
represents products that have entered the waste stream and are subsequently checked, cleaned, or repaired.

Therefore, once furniture is discarded it ends in MW, part is prepared for reuse and reintroduced into the market
(Planells et al., 2025), while the wooden fraction is sent to the wood waste flow, and the rest is treated as part of
the MW. To determine fate of furniture waste then, we start by calculating the percentage of MW sent to PfR each
year in each country from Eurostat data and use this percentage as proxy of the share of furniture going to PfR
after being discarded (Eurostat, 2026d). Then, we take the amount of MW collected in each country and year
minus the organic fraction and calculate the percentage going to each treatment operation (e.g. recycling,
landfilling, incineration) (Eurostat, 2026d). We assume the non-wood fraction of furniture waste follows on average
the same shares. For example, if 20% of non-organic MW is landfilled, the same share is assumed for non-wood
furniture waste. Similarly, we use Eurostat data to determine the share of total wood waste allocated to different
treatment operations (Eurostat, 2025d). These percentages are used as proxies to estimate treatment. Missing
yearly data in the waste treatment database is estimated using Huber regression.

3. Results
Because our first year of analysis is 1995, and no opening stock data is available, stock results become robust
from 2015 given typical furniture lifetimes (15–20 years). However, as the most recent year in our analysis, we
mostly report results only for 2024 or the 5 years prior. Results for the full year range are available in SI1.

3.1 Import, export, production, and consumption
In 2024 the value of EU countries’ furniture import totaled €40.7 billion and export €43.0 billion, respectively. The
use of the BACI database allows us to detail the trade partners. We see that in value, 59.7% of imports came from
other EU countries, and that overall, the EU27 area exported abroad €15.0 billion and imported €17.3 billion in
2024, making the EU a net importer. This contrasts with what is seen in Forrest et al. (2017) where the EU is
calculated to be a net exporter, this discrepancy is likely attributable to the lack of detail in trade partners and trade
balance in PRODCOM which was the only database considered in their analysis (Eurostat, 2023). In 2024 the top
total exporters were Poland (€9.06 billion), Italy (€7.87 billion), and Germany (€6.72 billion) and the largest
importers Germany (€9.82 billion), France (€7.043 billion), and the Netherlands (€4.71 billion). This was true for the
5 years prior to 2024 as well.

Total furniture production value in 2024 was €69.5 billion corresponding to 17.4 Mt of furniture produced in the
Union. Production climbed from 20.8 Mt in 2019 to 22.4 Mt in 2021 to then start to decrease to 22.4 Mt and 18.1
Mt in 2022 and 2023 respectively. These calculations match a contraction in the sector observed by other analyses
(CSIL, 2024). The largest producers in 2024 are the same as over the previous 5 years: Germany (€15.01 billion
and 2.59 Mt), Italy (€13.5 billion and 2.50 Mt), and Poland (€10.1 billion and 4.17 Mt).

During 2021 and 2022, total furniture consumption in the EU27 exceeded €70 billion, followed by a dip in 2023
(€69.7 billion) and a rise in 2024 to €71.8 billion, equal to a yearly average per capita consumption of €159.8 or
44.4kg in 2024 (Eurostat, 2026e). The highest per capita consumers in 2024 were the Netherlands (€298 per
capita), Ireland (€297 per capita), and Luxemburg (€293 per capita). The smallest consumers per capita were
Slovakia, Greece, and Lithuania (€77.8, €76.8 and €42.2 per capita respectively). By mass the highest per capita
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consumers were Ireland, Denmark, and Lithuania (117 kg, 101 kg, and 93.9 kg respectively) and the lowest Greece,
Romania, and Slovakia (24.5 kg, 20.3 kg, 19.7 kg respectively). In terms of furniture products, the highest
consumed category in value is wooden furniture items not intended for the office or the bedroom (€16.7 billion in
2024), followed by kitchen furniture (€12.6 billion), non-office metal furniture (€7.26 billion), upholstered seats with
wooden frames (6.63 billion euros), and wooden furniture for the bedroom (€5.56 billion). For future CE policies,
physical amounts are important to note as they correlate to waste amounts and resource demands. The most
consumed products in 2024 by weight are wooden furniture items not intended for the office or the bedroom (5.49
Mt), followed by wooden bedroom furniture (3.25 Mt), non-office metal furniture (2.00 Mt) and kitchen furniture
(1.96 Mt). Detailed import, export, production, and consumption data are available in SI3.

3.2 Stock
Most furniture in stock is produced within the EU27 (Fig. 2). In 2024, the whole EU27 furniture stock amounted to
231 Mt (515 kg per capita), it has increased by an average of 2.8 Mt per year since 2015. We do not distinguish
between residential and business furniture since this detail is missing from input data.

The biggest shares of furniture by mass are the wooden furniture categories (Fig. 3). Overall, there are no
significant trends in stock change across categories. We can, however, observe a decreasing trend for categories
such as office furniture (metal and wood), while under uncertainty, wooden furniture categories in stock have
increased. Stock breakdown is important as it allows us to understand what material resources are expected to
reach the waste stream in the EU and trends in stock allow us to estimate future resource demands, which are
both aspects of great importance for CE policy.

In our analysis we consider mattresses together with the other furniture items, in 2024 the stock of mattresses is
estimated at 14.4 Mt of which 31.2% cellular mattresses (foam and latex). To validate our results we compare to
the estimations done by Wagner et al. (2022). They calculated mattresses in Germany based on number of beds in
hospital, hospitality, and long-term facilities, and population numbers plus people having a second home and
minus percentage reporting not sleeping on mattresses. They calculate 80.7 million mattresses in Germany in
2017. Considering an average weight of 20kg for a cellular mattress and 31kg for the remaining mattress types,
our stock estimates for mattresses in Germany in 2017 is 85.1 million, roughly a 5% difference. We repeat this
calculation for the EU in 2024 as an additional validation, our stock assessment calculates 542 million mattresses.
Given the number of beds in hospitality (Eurostat, 2026a), hospitals (Eurostat, 2025c), and long-term care facilities
(Eurostat, 2025a), the EU population (Eurostat, 2026e), second house ownership (Wind et al., 2020) and assuming
the same share estimated by Wagner et al. (2022) does not sleep on a regular mattress, this yields 512 million
mattresses, a difference of 4% compared to our stock estimation. Overall, the small differences between
independent estimation approaches support the robustness of our stock estimates.

3.3 Material composition and waste management
From the stock results, we calculate yearly furniture waste generated in the EU27. We find that furniture waste in
the EU increased steadily between 2015 and 2024, averaging 18.4 Mt annually and reaching 19.4 Mt in 2024. This
corresponds to a yearly average (from 2015 to 2024) of 41.0 kg of furniture waste per capita in the EU27. Based on
statistics on total MW per country per year we see that furniture waste makes up 8% of MW on average (Eurostat,
2026d). Because in our analysis waste is calculated only based on consumption and lifetime of furniture, the
biggest waste generators coincide with the largest consumers.
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We find that wood represents the largest material contribution to furniture (Fig. 4). The major wood types we were
able to identify based on product declarations, are Medium-Density Fiberboard (MDF) (29% of total wood), timber
(21%), and particle board (8%), to note that many do not declare the type of wood employed so 32% of wood is of
unspecified type. Most of the metal employed in furniture is steel (88% of total metal) with smaller percentages of
aluminum (5%), of the total metal 6% is of unspecified type. Plastic use in furniture is prevalent, especially in
upholstery. The largest polymers used are PUR, PP, PVC, PET (35%, 10%, 8%, and 8% of total plastic makeup
respectively).

For waste treatment, we estimate that most of the furniture is recycled or incinerated with energy recovery, while
smaller percentages are incinerated without energy recovery and landfilled (Fig. 4). This is an average, and it must
be noticed that some EU countries still rely heavily on landfilling. While it is challenging to estimate furniture
amounts prepared-for-reuse as reporting on this flow is new, we calculate this to be 0.3% of total furniture waste
based on currently available data (Eurostat, 2026d).

Besides EU averages, country level data (Fig. 4) reveals that many countries rely significantly on landfilling. In our
study we estimate that in percentage of furniture waste the biggest landfillers in 2024 are Malta (85% of furniture
waste to landfill), Cyprus (48%), Greece (33%), Bulgaria (29%), and Romania (29%). Those that recycle most of the
furniture waste are Luxemburg (89%), Latvia (83%), Italy (76%), Austria (76%), and Slovenia (73%). The full results
are available in SI3.

4. Conclusion and recommendations
This study presents an assessment of furniture stocks and flows in the EU27 at the product and material level to
offer a data baseline for the development of future EU CE policies in the furniture sector. Adopting a dMFA
approach, we use trade and production data to determine the yearly stock per country of 19 furniture product
categories. We then quantify material composition, waste amounts, and treatment.

Our study develops a comprehensive analysis that combines PRODCOM production data with BACI trade data to
calculate apparent consumption and stocks at a detailed country and product level for the whole EU27.
Additionally, we explicitly address data quality issues in PRODCOM through a dedicated data cleaning pipeline with
uncertainty propagation. Earlier studies estimated furniture stocks using simplified proxies such as floor area or
average furniture per capita (Krych & Pettersen, 2021; Wiprächtiger et al., 2022), or relied on PRODCOM data
without systematically treating missing values, confidential observations, and outliers (Forrest et al., 2017; Wagner
et al., 2022). Our approach provides a replicable framework for robust data treatment that can likely also be
applied to future research on other products relying on PRODCOM or similar databases.

Our second contribution is the results of our analysis. These also extend beyond the existing literature by providing
a product- and country-specific quantification of furniture consumption, stocks, and material composition across
the EU27. We estimate 231 Mt of furniture stock and annual waste generation of 19.4 Mt in 2024, with wood-based
products accounting for the largest share of accumulated materials. Before, the main furniture study at the EU
level was Forrest et al. (2017). Their work mostly focuses on furniture consumption without directly establishing a
stock calculation approach while in our study we use dMFA to provide detailed stock calculations. Together, our
findings establish an updated baseline of furniture stock in the EU27.

Our methodology explicitly incorporates uncertainty through stochastic imputation and Monte Carlo simulations,
propagating uncertainty from production estimates into the final stock results. Nevertheless, several uncertainties
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remain. The amount of furniture waste generated is calculated with the use of proxy lifetime curves. We use
product-specific data on lifetime to improve accuracy; however, future efforts in directly measuring lifetime
dynamics at the product and country-level will strengthen these estimates. The largest limitation of our model lies
in the estimation of waste treatment pathways. Due to the absence of furniture-specific waste statistics, we use
countries’ yearly average waste treatment statistics. Because furniture waste ultimately is treated within these
streams, we assume this provides a reasonable approximation of furniture end-of-life. While detailed reporting of
furniture waste treatment may provide additional granularity, the fate of the individual material fractions
composing the furniture will remain unknown, as the materials are sorted and further treated in separate plants.
This is an outstanding limitation that future studies should investigate.

Overall, despite these uncertainties, the results provide a baseline for circular policy analysis of the furniture sector
in the EU. The substantial countries’ differences in waste treatment indicate that policy should go beyond
aggregate EU data and account for the considerable variations among member states. Local markets, notably for
wood and waste-to-energy, are likely to play a role in the material-specific recycling rates. Analysis of the material
composition of the furniture stock also provides key insights. Firstly, we can determine material demand and
potential material recovery in the sector. Secondly, material data provides a basis to investigate the changes in
environmental impacts because of new design developments, providing key information to inform future
implementing legislation under the EU ESPR umbrella.

Declarations

Conflict of Interest Statement:
The authors declare no conflict of interest.

FUNDING INFORMATION
This research was carried out as part of the ACT! Accelerating the Circular Transition. A New Paradigm for Society,
Grant ID: https://doi.org/10.61686/YKEGF27760 funded by the Dutch Research Council (NWO)

Author Contribution
Based on the CRediT system:R. B. (Conceptualization, Methodology, Data analysis, Writing - Original Draft, Data
Curation, Investigation, Formal analysis, Validation)R. H. (Conceptualization, Writing - Review & Editing,
Supervision, Project administration)D. T. (Conceptualization, Writing - Review & Editing, Supervision, Project
administration)A. T. (Conceptualization, Writing - Review & Editing, Supervision, Project administration, Funding
acquisition)All authors have given approval to the final version of the manuscript.

ACKNOWLEDGMENTS
This research was carried out as part of the ACT! Accelerating the Circular Transition.

Page 10/20



Data Availability
All data supporting the findings of this study are available within the paper and its Supplementary Information.
Raw data is provided in SI3 while the weights and the composition of the products under consideration are
available in SI1 and SI2 respectivley. The original data used to obtain results is also publicly available from the
Eurostat data repository referenced in the article. The methodology to obtain additional data is detailed in the
article and in SI1.

References
1. Albizzati, P. F., Walker, A. M., Milios, L., Besler, M., Piñero Mira, P., Pedauga, L., Donati, F., Christis, M.,

Baldassarre, B., & Tonini, D. (2025). Environmental and socio-economic impacts of the circular economy
transition in the EU aluminium sector. Joint Research Centre. https://doi.org/10.2760/5505344

2. Alnafrah, I., Alqararah, K., & AlJaradin, M. (2025). From linear to circular: Evaluating the effects of circular
economy on sustainable development progress in the EU economies. Journal of Environmental Management,
382, 125383. https://doi.org/10.1016/j.jenvman.2025.125383

3. Amadei, A. M., Sanyé-Mengual, E., & Sala, S. (2022). Modeling the EU plastic footprint: Exploring data sources
and littering potential. Resources, Conservation and Recycling, 178, 106086.
https://doi.org/10.1016/j.resconrec.2021.106086

4. Azizi, M., Mohebbi, N., & De Felice, F. (2016). Evaluation of Sustainable Development of Wooden Furniture
Industry Using Multi criteria Decision Making Method. Agriculture and Agricultural Science Procedia, 8, 387–
394. https://doi.org/10.1016/j.aaspro.2016.02.034

5. Barbaritano, M., Bravi, L., & Savelli, E. (2019). Sustainability and Quality Management in the Italian Luxury
Furniture Sector: A Circular Economy Perspective. Sustainability, 11(11), 3089.
https://doi.org/10.3390/su11113089

6. Bianco, I., Thiébat, F., Carbonaro, C., Pagliolico, S., Blengini, G. A., & Comino, E. (2021). Life Cycle Assessment
(LCA)-based tools for the eco-design of wooden furniture. Journal of Cleaner Production, 324, 129249.
https://doi.org/10.1016/j.jclepro.2021.129249

7. Chen, W.-Q., Wang, H., Li, N., & Wang, P. (2022). Advancing UN Comtrade for physical trade flow analysis.
Resources, Conservation and Recycling, 186, 106520. https://doi.org/10.1016/j.resconrec.2022.106520

8. Costa, J., Due, S., & Colgan, S. (2024). Reuse flows according to the implementing decision (EU) 2021/19.
European Environmental Agency. https://sdi.eea.europa.eu/catalogue/srv/api/records/50b2430b-8218-471c-
86ea-65236a870a28/attachments/Reuse%20metadata%20annex%20Version%201.pdf

9. CSIL. (2024). Furniture Retailing in Europe. CSIL. https://www.csilmilano.com/european-furniture-market/

10. Damgaard, A., Lodato, C., Butera, S., Fruergaard, T. A., Kamps, M., Corbin, L., Tonini, D., & Astrup, T. F. (2022).
Background data collection and life cycle assessment for construction and demolition waste (CDW)
management. Joint Research Centre. https://doi.org/https://doi.org/10.2760/772724

11. De Pascale, A., Di Vita, G., Giannetto, C., Ioppolo, G., Lanfranchi, M., Limosani, M., & Szopik-Depczyńska, K.
(2023). The circular economy implementation at the European Union level. Past, present and future. Journal of
Cleaner Production, 423, 138658. https://doi.org/10.1016/j.jclepro.2023.138658

12. Directive (EU) 2018/851 of the European Parliament and of the Council of 30 May 2018 Amending Directive
2008/98/EC on Waste (Text with EEA Relevance), CONSIL, EP, 150 OJ L (2018).

Page 11/20



http://data.europa.eu/eli/dir/2018/851/oj

13. Directive (EU) 2021/19 of 18 December 2020 Laying down a Common Methodology and a Format for
Reporting on Reuse in Accordance with Directive 2008/98/EC of the European Parliament and of the Council
(2020). https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021D0019

14. Dokter, G., Boks, C., Rahe, U., Wouterszoon Jansen, B., Hagejärd, S., & Thuvander, L. (2023). The role of
prototyping and co-creation in circular economy-oriented innovation: A longitudinal case study in the kitchen
industry. Sustainable Production and Consumption, 39, 230–243. https://doi.org/10.1016/j.spc.2023.05.012

15. Ellen MacArthur Foundation. (2013). Towards the Circular Economy: Economic and Business Rationale for an
Accelerated Transition (Vol. 1). Ellen MacArthur Foundation.
https://www.ellenmacarthurfoundation.org/towards-the-circular-economy-vol-1-an-economic-and-business-
rationale-for-an

16. European Central Bank. (2026). Euro exchange rates charts.
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-
graph-usd.en.html

17. European Commission. (2013). A Blueprint for the EU Forest-based Industries (woodworking, furniture, pulp &
paper manufacturing and converting, printing) (SWD(2013) 343 final). European Commission. https://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52013SC0343

18. European Commission. (2015). Closing the loop—An EU action plan for the Circular Economy (COM(2015) 614
final). European Commission. https://eur-lex.europa.eu/resource.html?uri=cellar:8a8ef5e8-99a0-11e5-b3b7-
01aa75ed71a1.0012.02/DOC_1&format=PDF

19. European Commission. (2020). Circular economy action plan: For a cleaner and more competitive Europe.
Publications Office. https://doi.org/10.2779/05068

20. European Commission. (2022). Regulation (EU) 2022/2552 laying down the technical specifications of data
requirements for the detailed topic industrial production statistics establishing the industrial products
classification breakdown. European Commission. http://data.europa.eu/eli/reg_impl/2022/2552/oj

21. Eurostat. (2023). European business statistics user’s manual for PRODCOM: 2023 edition. Publications Office.
https://data.europa.eu/doi/10.2785/39767

22. Eurostat. (2025a). Beds in nursing and other residential long-term care facilities (Hlth_rs_bdltc) [Dataset].
https://doi.org/https://doi.org/10.2908/HLTH_RS_BDLTC

23. Eurostat. (2025b). Businesses in the manufacturing sector. European Commission.
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Businesses_in_the_manufacturing_sector

24. Eurostat. (2025c). Hospital beds by function and type of care (Hlth_rs_bds_1) [Dataset].
https://doi.org/https://doi.org/10.2908/HLTH_RS_BDS1

25. Eurostat. (2025d). Treatment of waste by waste category, hazardousness and waste management operations
(Env_wastrt) [Dataset]. https://doi.org/https://doi.org/10.2908/ENV_WASTRT

26. Eurostat. (2026a). Establishments, bedrooms and bed-places in tourist accommodation (Tour_cap_nat)
[Dataset]. https://doi.org/https://doi.org/10.2908/TOUR_CAP_NAT

27. Eurostat. (2026b). Gross domestic product (GDP) and main components (output, expenditure and income)—
Annual data (Nama_10_gdp) [Dataset]. https://doi.org/https://doi.org/10.2908/NAMA_10_GDP

28. Eurostat. (2026c). HICP - annual data (average index and rate of change) (Prc_hicp_aind) [Dataset].
https://doi.org/https://doi.org/10.2908/PRC_HICP_AIND

Page 12/20



29. Eurostat. (2026d). Municipal waste by waste management operations (Env_wasmun) [Dataset].
https://doi.org/https://doi.org/10.2908/ENV_WASMUN

30. Eurostat. (2026e). Population on 1 January (Demo_gind) [Dataset].
https://doi.org/https://doi.org/10.2908/TPS00001

31. Eurostat. (2026f). Sold production, exports and imports (Ds-059358) [Dataset].
https://ec.europa.eu/eurostat/databrowser/view/ds-059358/legacyMultiFreq/table?lang=en&category=prom

32. Eurostat. (2026g). Statistics on the production of manufactured goods (prom) Reference Metadata. European
Commission. https://ec.europa.eu/eurostat/cache/metadata/en/prom_esms.htm

33. Faraca, G., Palma Ranea, A., Spiliotopoulos, C., Rodríguez-Manotas, J., Sanye Mengual, E., Amadei, A. M.,
Maury, T., Pasqualino, R., Wierzgala, P., Pérez-Camacho, M. N., Alfieri, F., Bernad Beltran, D., Lag Brotons, A.,
Delre, A., Perez Arribas, Z., Arcipowska, A., La Placa, M. G., Ardente, F., Mathieux, F., & Wolf, O. (2024).
Ecodesign for sustainable products regulation: Study on new product priorities. European Commission.
https://doi.org/10.2760/7400680

34. Forrest, A., Hilton, M., Ballinger, A., & Whittaker, D. (2017). Circular Economy Opportunities in the Furniture
Sector. European Environmental Bureau (EEB).
https://circulareconomy.europa.eu/platform/sites/default/files/eeb_-
_ce_in_the_furniture_sector_final_high_res.pdf

35. Gaulier, G., & Zignago, S. (2010). BACI: International Trade Database at the Product-Level (the 1994–2007
Version). SSRN Electronic Journal. https://doi.org/10.2139/ssrn.1994500

36. Hoxha, E., & Jusselme, T. (2017). On the necessity of improving the environmental impacts of furniture and
appliances in net-zero energy buildings. Science of The Total Environment, 596–597, 405–416.
https://doi.org/10.1016/j.scitotenv.2017.03.107

37. Hsu, W.-T., Domenech, T., & McDowall, W. (2021). How circular are plastics in the EU?: MFA of plastics in the
EU and pathways to circularity. Cleaner Environmental Systems, 2, 100004.
https://doi.org/10.1016/j.cesys.2020.100004

38. Huber, P. J. (1964). Robust Estimation of a Location Parameter. The Annals of Mathematical Statistics, 35(1),
73–101. https://doi.org/10.1214/aoms/1177703732

39. Huisman, J., Habib, H., Baldé, K., Straalen, V. van, Chancerel, P., Chanson, C., Söderman, M., & Kushnir, D.
(2017). Prospecting Secondary raw materials in the Urban mine and Mining waste—Product Stocks and Flows
(Deliverable 3.3). United Nations University.

40. Ikenze, N., Rizos, V., & Nipius, L. (2024). Improving Waste Wood Circularity in the EU: Classification Frameworks
and Policy Options. CEPS. https://cdn.ceps.eu/wp-content/uploads/2024/11/2024-14_ERCC_Wood2Wood.pdf

41. Krych, K., & Pettersen, J. B. (2021). A Stock-Driven Model for Assessing Environmental Benefits of Product
Lifetime Extension in Norwegian Households. https://doi.org/10.31880/10344/10222

42. Kulakovskaya, A., Knoeri, C., & Bening, C. R. (2024). Everything mattress, but who chairs? Circular economy
implementation in the Swiss furniture industry. Journal of Cleaner Production, 470, 143139.
https://doi.org/10.1016/j.jclepro.2024.143139

43. Lanoë, T., Simões, C. L., & Simoes, R. (2013). Improving the environmental performance of bedding products
by using life cycle assessment at the design stage. Journal of Cleaner Production, 52, 155–164.
https://doi.org/10.1016/j.jclepro.2013.03.013

Page 13/20



44. Lase, I. S., Tonini, D., Caro, D., Albizzati, P. F., Cristóbal, J., Roosen, M., Kusenberg, M., Ragaert, K., Van Geem, K.
M., Dewulf, J., & De Meester, S. (2023). How much can chemical recycling contribute to plastic waste recycling
in Europe? An assessment using material flow analysis modeling. Resources, Conservation and Recycling, 192,
106916. https://doi.org/10.1016/j.resconrec.2023.106916

45. Leipold, S., Petit-Boix, A., Luo, A., Helander, H., Simoens, M., Ashton, W. S., Babbitt, C. W., Bala, A., Bening, C. R.,
Birkved, M., Blomsma, F., Boks, C., Boldrin, A., Deutz, P., Domenech, T., Ferronato, N., Gallego-Schmid, A.,
Giurco, D., Hobson, K., … Xue, B. (2023). Lessons, narratives, and research directions for a sustainable circular
economy. 27, 6–18. https://doi.org/10.1111/jiec.13346

46. Linkosalmi, L., Husgafvel, R., Fomkin, A., Junnikkala, H., Witikkala, T., Kairi, M., & Dahl, O. (2016). Main factors
influencing greenhouse gas emissions of wood-based furniture industry in Finland. Journal of Cleaner
Production, 113, 596–605. https://doi.org/10.1016/j.jclepro.2015.11.091

47. Mhatre, P., Panchal, R., Singh, A., & Bibyan, S. (2021). A systematic literature review on the circular economy
initiatives in the European Union. Sustainable Production and Consumption, 26, 187–202.
https://doi.org/10.1016/j.spc.2020.09.008

48. Milios, L., García-Gutiérrez, P., Walker, A. M., Albizzati, P. F., Piñero Mira, P., Besler, M., Pedauga, L., & Tonini, D.
(2025). Environmental and socio-economic impacts of the circular economy transition in the EU plastics sector:
Analysing plastics material flows with life cycle based and macroeconomic assessment models. Joint Research
Centre. https://doi.org/10.2760/4574657

49. Müller, E., Hilty, L. M., Widmer, R., Schluep, M., & Faulstich, M. (2014). Modeling Metal Stocks and Flows: A
Review of Dynamic Material Flow Analysis Methods. Environmental Science & Technology, 48(4), 2102–2113.
https://doi.org/10.1021/es403506a

50. Nakajima, K., Daigo, I., Nansai, K., Matsubae, K., Takayanagi, W., Tomita, M., & Matsuno, Y. (2018). Global
distribution of material consumption: Nickel, copper, and iron. Resources, Conservation and Recycling, 133,
369–374. https://doi.org/10.1016/j.resconrec.2017.08.029

51. Napolano, L., Foschi, J., Caldeira, C., Huygens, D., & Sala, S. (2025). Understanding textile value chains:
Dynamic Probabilistic Material Flow Analysis of textile in the European Union. Resources, Conservation and
Recycling, 212, 107888. https://doi.org/10.1016/j.resconrec.2024.107888

52. Pauliks, N., Fishman, T., Istrate, R., Steubing, B., & Tukker, A. (2026). Assessing historic material losses in
European waste from electrical and electronic equipment. Resources, Conservation and Recycling, 234,
109034. https://doi.org/10.1016/j.resconrec.2026.109034

53. Pei, X., Italia, M., & Melazzini, M. (2024). Enhancing Circular Economy Practices in the Furniture Industry
through Circular Design Strategies. Sustainability, 16(15), 6544. https://doi.org/10.3390/su16156544

54. Planells, O., Bodo, E., Cimadomo, S., Gaertner, M.-J., & Nahtigal, N. (2025). Targets for Reuse & Preparing for
Reuse in the European Union—Research report with policy recommendations.
https://cdn.nimbu.io/s/zx3wipv/channelentries/ih6hn2s/files/1764164804580/202511_research-
report_reuse-targets-in-the-eu_rreuse.pdf?tps0xv0

55. Rostek, L., & Loibl, A. (2025). Linking regional MFA models: Understanding disparities within the global zinc
cycle. Journal of Industrial Ecology, 29(1), 173–184. https://doi.org/10.1111/jiec.13588

56. Russell, J. D., Huff, K., & Haviarova, E. (2023). Evaluating the cascading-use of wood furniture: How value-
retention processes can contribute to material efficiency and circularity. Journal of Industrial Ecology, 27(3),
856–867. https://doi.org/10.1111/jiec.13284

Page 14/20



57. Saltarelli, F., Cimini, V., Tacchella, A., Zaccaria, A., & Cristelli, M. (2020). Is Export a Probe for Domestic
Production? Frontiers in Physics, 8, 180. https://doi.org/10.3389/fphy.2020.00180

58. Stahel, W. (2016). The circular economy. Nature, 531, 435–438. https://doi.org/10.1038/531435a

59. Tercero Espinoza, L. A., & Soulier, M. (2016). An examination of copper contained in international trade flows.
Mineral Economics, 29(2–3), 47–56. https://doi.org/10.1007/s13563-016-0087-2

60. Thongsri, T., & Samart, K. (2022). Development of Imputation Methods for Missing Data in Multiple Linear
Regression Analysis. Lobachevskii Journal of Mathematics, 43(11), 3390–3399.
https://doi.org/10.1134/S1995080222140323

61. van Hees, M., Oskam, I., & Bocken, N. (2025). Motives, drivers and barriers to urban upcycling: Insights from
furniture upcycling in the Netherlands. Journal of Cleaner Production, 486, 144485.
https://doi.org/10.1016/j.jclepro.2024.144485

62. Wagner, A., Walker, A. M., Albizzati, P. F., Milios, L., Besler, M., Pedauga, L., Rostek, L., Keramidas, K., Piñero
Mira, P., Christis, M., Fonteyn, P., Petsinaris, F., Zibell, L., & Tonini, D. (2025). Environmental and socio-economic
impacts of the circular economy transition in the EU steel sector: Analysing steel material flows with life cycle
based and macroeconomic assessment models. Publications Office. https://doi.org/10.2760/7855491

63. Wagner, J., Steinmetzer, S., Theophil, L., Strues, A.-S., & Kösegi, N. (2022). Evaluation of the collection and
recovery of selected waste streams for the further development of circular economy.

64. Walker, A. M., Albizzati, P. F., Milios, L., Piñero Mira, P., Christis, M., Besler, M., Pedauga, L., & Tonini, D. (2025).
Environmental and socio-economic impacts of the circular economy transition in the EU cement and concrete
sector: Analysing cement and concrete material flows with life cycle-based and macroeconomic assessment
models. Joint Research Centre. https://doi.org/10.2760/6579506

65. Wind, B., Dewilde, C., & Doling, J. (2020). Secondary property ownership in Europe: Contributing to asset-based
welfare strategies and the ‘really big trade-off.’ International Journal of Housing Policy, 20(1), 25–52.
https://doi.org/10.1080/19491247.2019.1573961

66. Wiprächtiger, M., Rapp, M., Hellweg, S., Shinde, R., & Haupt, M. (2022). Turning trash into treasure: An approach
to the environmental assessment of waste prevention and its application to clothing and furniture in
Switzerland. Journal of Industrial Ecology, 26(4), 1389–1405. https://doi.org/10.1111/jiec.13275

67. World Customs Organization. (2022). HS Nomenclature 2022 edition.
https://www.wcoomd.org/en/topics/nomenclature/instrument-and-tools/hs-nomenclature-2022-edition/hs-
nomenclature-2022-edition.aspx

68. Yang, D., & Vezzoli, C. (2024). Designing Environmentally Sustainable Furniture Products: Furniture-Specific
Life Cycle Design Guidelines and a Toolkit to Promote Environmental Performance. Sustainability, 16(7), 2628.
https://doi.org/10.3390/su16072628

69. Yang, D., Vezzoli, C., & Su, H. (2025). Comprehensive life cycle assessment of 25 furniture pieces across
categories for sustainable design. Scientific Reports, 15(1), 13968. https://doi.org/10.1038/s41598-024-
84025-8

Figures

Page 15/20



Figure 1

Methodology to calculate furniture stocks and waste treatment including data cleaning.

Page 16/20



Figure 2

Sankey diagram of furniture MFA for EU27 in 2024.
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Figure 3

Overview of furniture stock results. On top, the total stock in the EU27 from 2020 to 2024 for each category
considered (a). Then, the country’s stock breakdown by product in 2024 (b) and the total per capita stock in the
same year (c).
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Figure 4

Overview of furniture waste results. On top, furniture waste composition (a) and treatment (b) in the EU27 from
2020 to 2024. Below, furniture waste composition (c) and treatment (d) in 2024 per country. Finally, waste amount
produced in total (d) and per capita (e). ‘Energy recovery’ means incineration with energy recovery, while
‘incineration’ means without.
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