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The transition towards a Circular Economy (CE) in the built environment is vital to reduce resource consumption,
emissions and waste generation. To support the development of circular building components, assessment
metrics are needed. Previous work identified Life Cycle Assessment (LCA) as an important method to analyse the
environmental performance in a CE context. However, questions arise about how to model and calculate circular
buildings components. We develop an LCA model for circular building components in four steps. First, we
elaborate on the CE principles and LCA standards to identify requirements and gaps. Second, we adapt LCA
standards and propose the ‘Circular Economy Life Cycle Assessment’ (CE-LCA) model. Third, we test the model
by assessing an exemplary building component: the Circular Kitchen (CIK). Finally, we evaluate the CE-LCA
model with 44 experts. In the CE-LCA model, building components are considered as a composite of parts and
materials with different and multiple use cycles; the system boundary is extended to include these cycles,
dividing the impacts using a circular allocation approach. The case of the CIK shows that the CE-LCA model
supports an ex-ante assessment of circular building components in theoretical context; it makes an important step
to support the transition to a circular built environment.

1. Introduction

The building sector is said to consume 40% of global resources, and
to generate 33% of all emissions and 40% of waste globally (Ness and
Xing, 2017). The concept of the Circular Economy (CE) - originating
from several schools of thought and popularised by the Ellen MacArthur
Foundation (2013) - proposes an alternative to the linear economy of
‘take-make-use and dispose’. The CE aims to enable economic growth
without an ever-growing pressure on the environment (Pomponi and
Moncaster, 2017). We understand CE as “a regenerative system in which
resource input and waste, emission, and energy leakage are minimised
by slowing, closing and narrowing material and energy loops.” (Geiss-
doerfer et al., 2017 p. 759) Narrowing loops is reducing resource use (i.
e., increasing efficiency); slowing loops means prolonging the use of
(building) components, parts and materials by extending lifespans and
introducing multiple cycles; closing loops is to (re)cycle materials from
End-of-Life (EoL) back to production (Bocken et al., 2016). The cycles in
the CE can be divided into biological and technical material cycles
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(Ellen MacArthur Foundation, 2013). Value Retention Processes (VRPs)
— also called R-imperatives — are key in realising the cycles in a CE
(Potting et al., 2017; Reike et al., 2018; Wouterszoon Jansen et al.,
2020). Examples of VRPs are reduce, repair, re-use, and recycle; we refer
to the framework of Wouterszoon Jansen et al. (2020).

As the building sector has the highest share in resource consumption,
emissions and waste generation of all industries (Ness and Xing, 2017),
the transition towards a CE in the built environment is vital to create a
more sustainable society. The built environment can be made more
circular by integrating CE principles in building components. These
components can be placed in new buildings and in existing buildings
during maintenance and renovation to gradually make the existing stock
more circular. To integrate CE principles in building components, inte-
gral changes in their designs, supply chains, and business models are
needed (Bocken et al., 2016; Ellen MacArthur Foundation, 2013; Hart
et al., 2019; van Stijn et al., 2020; van Stijn and Gruis, 2020; Wou-
terszoon Jansen et al., 2020). Yet, there are many possible design al-
ternatives for (more) circular building components (van Stijn and Gruis,
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2020). A roof which is constructed with non-virgin materials, or
modular, or bio-based and biodegradable could be considered more
circular in its own respect. To transition to the ‘most’ circular built
environment, we need to assess which designs result in the most
environmentally-circular building components; so, an assessment
method is needed.

In previous research, two methods are often identified to support
assessment of environmental performance in the CE: in a Material Flow
Analysis (MFA), mass balances are calculated over time to identify the
state and changes of material flows within a defined system (Corona
et al., 2019). MFA can be used to analyse quality of resource flows (e.g.,
virgin, renewable, recycled) and the resource consumption of building
components in a CE (Elia et al., 2017; Pomponi and Moncaster, 2017).
Life Cycle Assessment (LCA) is the best-defined method to analyse
environmental impacts, and can be applied in a CE context (Pomponi
and Moncaster, 2017; Scheepens et al., 2016). The focus in this paper is
on applying LCA to assess environmental impacts in circular building
components.

In LCA, the environmental impacts of a building (component) are
assessed along (parts of) its life cycle. However, conventional LCA
studies focus on analysing the impact of a building for a single service
life (cycle) (Eberhardt et al., 2020; Hauschild et al., 2018; Suhariyanto
et al., 2017). Whereas in a CE, within the building (component) life-
cycle, parts and materials — potentially — have different and multiple
(use) cycles (Eberhardt et al., 2020; van Stijn et al., 2020; van Stijn and
Gruis, 2020; Wouterszoon Jansen et al., 2020). Methodological ques-
tions arise: how to apply LCA in circular building components with
multiple cycles?

Approaches to multiple cycles in LCA are discussed in standards (EN
15804, 2012; EN 15978, 2011; ISO 14040, 2006; ISO 14044, 2006), and
have been compared for short-lived, products (e.g., Allacker et al., 2017;
van der Harst et al., 2016), for re-use of building components (see De
Wolf et al. (2020)) and in a circular built environment context (see
Eberhardt et al. (2020)). Allacker et al. (2017) compared 11 allocation
approaches. Only the ‘Linearly Degressive’ (LD) approach included all
cycles of the product system within the product assessment. Ultimately,
Allacker et al. (2017) preferred to (only) include the previous and sub-
sequent cycle of the product within the assessment as they found pre-
dicting all cycles challenging. On the other hand, Eberhardt et al. (2020)
suggested the LD approach incentivizes narrowing, slowing and closing
cycles both now (i.e., downstream) and in the future (i.e., upstream).
They built upon the LD approach, presenting the CE LD approach. De
Wolf et al. (2020) posed that the allocation approaches they compared —
including LD - did not assess re-use of building components accurately,
concluding that further development is needed.

These studies focused on allocation, concluding with recommenda-
tions and/or (optimized) allocation formulas. Studies addressing CE
adoption in building LCA remain sparse (Hossain and Ng, 2018).
Comprehensive and practical guidance to apply LCA in circular building
components remains lacking. Doing such an LCA, we touch upon mul-
tiple methodological questions: how to set the system boundary and
model the system; how to apply an allocation approach which shares
impacts between all cycles; how to address system uncertainties? In
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turn, it influences how to define the object of the assessment, period of
assessment, functional unit, stages of assessment, modelling of the Life
Cycle Inventory (LCI), calculations of environmental impacts (LCIA),
and sensitivity analysis. Consequently, adaptations to LCA standards for
building products and buildings — such as EN 15978 (2011) and EN
15804 (2012) — are needed.

We built upon the aforementioned allocation studies; we depart from
the application perspective by exploring how these abovementioned
methodological questions can be addressed in multi-cycle LCAs — and
testing the (dis)advantages. By adapting existing building LCA stan-
dards, we aim to propose a model to apply LCA in the development of
circular building components.

2. Method

An iterative, stepwise approach was used to develop the model (see
Fig. 1). In step 1, we elaborated on key principles of CE in building
components and analysed how existing LCA standards deal with these;
we identified potential gaps in theory and current standards, and
defined requirements for LCA of circular building components. In step 2,
we built on the existing LCA standards, proposing the CE-LCA model for
building components. In step 3, we tested the CE-LCA model by applying
it in the assessment of an exemplary circular component: the Circular
Kitchen (CIK). In step 4, we evaluated the model with experts. Iterations
of refinement, test and evaluation were continued until the model ful-
filled the requirements and the evaluation step yielded no new remarks
by the experts. This paper is structured following these steps — pre-
senting the final iteration of the CE-LCA model.

3. Key principles, gaps and requirements for LCA of circular
building components

3.1. Integrate multiple levels in LCA: building component as a composite
of parts and materials

To cycle building components at their highest utility and value, we
should consider the building components as a composite of parts and
materials, each with their own — optimised — lifespan. Duffy coined the
concept of ‘shearing layers’, which was later elaborated on by Brand
(1994): a building consists of ‘layers’ with their own lifespan which
could be changed independently. Similarly, building components could
be regarded as a composite of parts and materials with different life-
spans. Per building component more levels (e.g., sub-components, re-
sources) or fewer could be identified.

To increase the overall lifespan of building components, parts and
materials might be exchanged at a different rate (Bocken et al., 2016;
Wouterszoon Jansen et al., 2020). Alternatively, parts or materials
might have longer lifespans than the building component. Consider a
facade with a 30-year lifespan and brick finishing with 75-year lifespan.
Commonly bricks are laid using mortar making them hard to separate
and re-use after 30 years. If during design the ‘layers’ were differentiated
based on lifespan, alternative finishing materials and — equally impor-
tant — joining-techniques could have been considered to prevent

Research : . .
Analysis i Refined Resultin
goal [ e principies ReEpUlremIcatS Ceven CE-LCA e, CE-LCA Evaluato CELCA
Development of CE-LCA and LCA CE-LCA model model initial model refined model
modl for building standards Model model model
components
Step 1 Step 2 Step 3 Step 4
Compare key principles Develop initial CE-LCA Test and refine CE-LCA Evaluate CE-LCA model
CE with existing LCA model model +Evaluate model in

standards
+Identify gaps in existing
LCA standards
«Identify requirements for
CE-LCA

*Adapt existing LCA
standards

* Apply in assessment of
circular building component
(Aug. 2019 - April 2020)

10 expert sesions
(March-May 2020)

Fig. 1. Iterative approach for developing, testing and evaluating the CE-LCA model based on Peffers et al. (2007).
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premature disposal.

Current European LCA standards focus on building (EN 15978, 2011)
and building product (EN 15804, 2012) assessment. An intermediate
link — on building component level - is missing (Liitzkendorf, 2019). In
the EN 15978 (2011), the building is considered as a composite of
components, parts and materials with different lifespans. Yet, different
levels of the building system are commonly not integrated into a single
LCA. How multiple levels are ‘connected’ can influence the lifespans and
cycles of each element in the system; optimising these is a key principle
to keep elements cycling at their highest utility and value. Therefore, a
multi-level LCA is required in CE-context. For a building component
LCA, this means including underlying levels such as parts and materials;
as the building component is installed in a building, the cohesion with
the building level should be considered.

3.2. Consider the interplay of different lifespans

Understanding the interplay of different types of lifespan is vital to
slow and close loops optimally. For example, Geraedts et al.(2009, p.
298) distinguish technical, functional and economic lifespan. The
technical lifespan is defined as “the maximum period during which it
can physically [perform]” (Cooper (1994, p. 5). The economic lifespan is
the period in which the benefits outweigh the costs (Geraedts et al.,
2009). The functional lifespan can be influenced by regulations and
changing user needs, including the function or appearance of the
building component (Geraedts et al., 2009; Méquignon and Ait Haddou,
2014). By analysing the interplay of different lifespans — in the entire
building component system — the leading lifespan can be identified. This
is ‘the weakest’ link determining the obsolescence — and replacement
rate — of (parts of) the system.

Assumptions on lifespan in LCAs are complex; how they are made
varies. When applying LCA, Reference Service Lifespans (RSL) of
building types are provided in national standards (e.g., Stichting
Bouwkwaliteit (2019, p. 37)). Building product and material RSL may be
found in reference lists which could be based on argued assumptions by
the producer (Stichting Bouwkwaliteit, 2019, p. 13) or calculated by
balancing the technical, functional, aesthetic and economic lifespan (e.
g., Aagaard et al. (2013)). For newly-designed circular components, an
estimated Service Life (SL) needs to be determined. ISO 15686, 2011
provides the standard for SL planning for buildings - including for
‘innovative’ components. It includes the ‘factor method’ in which the
‘Estimated SL’ of the component is calculated by multiplying its RSL by a
number of factors that affect the technical lifespan (e.g., ‘material
quality’ or ‘work execution level’). However, no functional or economic
lifespan factors are included. Previous work concluded that buildings or
components are replaced more frequently than assumed (Barras and
Clark, 1996; Seo and Hwang, 2001; Slaughter, 2001) indicating that the
functional or economic lifespan was shorter than expected. Junnila &
Horvath (2003) argue that the influence of obsolescence is insufficiently
considered in LCA. In CE-LCA, the interplay of the technical, functional
and economic lifespan should be considered for all elements of the
building component system.

3.3. Integrate VRPs in LCA system boundary

To slow and close cycles optimally, each element of the building
component system might have multiple and different use cycles,
requiring different VRPs. These cycles can be ‘open- or ‘closed loops’: In
recycling theory, closed loops refer to recycling for the same quality or
use (Huysveld et al., 2019). However, in circular supply chains, closed
cycles may refer to VRPs realised by the industry(partners) involved in
the original production (French and LaForge, 2006; Genovese et al.,
2017). Additionally, VRPs can take place ‘inside’ the assessed building
component, or ‘outside’. For example, windows can be refurbished and
re-installed in the same facade, or they can be re-installed elsewhere.

Guidelines for dealing with multiple cycles (also named
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‘multifunctionality’ or ‘secondary functions’) can be found in LCA
standards (EN 15804, 2012; EN 15978, 2011; ISO 14040, 2006; ISO
14044, 2006). The ISO 14044 (2006) includes a hierarchical procedure
explained well by Bjgrn et al. (2018, p. 90): dividing impacts between
cycles —i.e., allocation — should be avoided by (1) dividing the processes
between the cycles and ‘cutting off’ the processes of secondary cycles. If
this is not possible, then (2) ‘system expansion’ should be applied:
multiple cycles are included in the system boundary (e.g., through
displacement or avoidance of impacts). If system expansion is not
possible, (3) allocation should be used. The European building LCA
standards — EN 15804 (2012) and EN 15978 (2011) — handle multi-
functionality by combining approaches. Impacts from production, use
and waste disposal (module A-C) are calculated using the ‘cut-off’
allocation approach; the system boundary is extended to include re-use,
recycling and recovery potential of building products and materials in
one subsequent cycle. The net benefits and burdens are reported sepa-
rately in the informational module D.

In a CE-LCA, the abovementioned approach is problematic for two
reasons. First, it is difficult to standardize crediting of re-use, recycling
or recovery benefits (de Valk and Quik, 2017; Delem and Wastiels, 2019;
Eberhardt et al., 2020; Wastiels et al., 2013). Second, cycles prior to the
SL of the assessed building component or after one subsequent cycle
remain invisible: they are not included in the scope of the assessment. In
CE-LCA, the VRPs for all cycles in the building component system should
be included in the system boundary of the assessment; these include
VRPs inside and outside the assessed building component.

4. Towards a circular economy life cycle assessment model

We built upon EN 15804 (2012) and EN 15978 (2011) to develop a
Circular Economy Life Cycle Assessment (CE-LCA) model for building
components which fulfils the requirements identified in section 3. We
explore how the methodological questions mentioned in the introduc-
tion can be addressed. We present the CE-LCA model following the LCA
phases (adjusted from ISO 14040 (2006)): (1) goal and scope definition,
(2) CE Life Cycle Inventory (CE-LCI), (3) CE Life Cycle Impact Assess-
ment (CE-LCIA), and (4) interpretation of results.

4.1. Goal and scope definition

In phase 1, the goal and scope of the CE-LCA is defined, addressing
the object of assessment, functional unit, and system boundary.

4.1.1. Object of assessment in CE-LCA

In current standards, the object of assessment is ‘the building
(component) during its SL, including re-use and recycling potential’;
previous cycles and cycles after one future cycle are not considered. If
we consider all cycles, the object becomes ‘the entire building compo-
nent system including all use cycles’. This might be useful to assess the
impacts of entire circular systems. Yet, it hinders comparability of in-
dividual building components as impacts of multiple uses are integrated
into one assessment. In CE-LCA the purpose is to assess a building
component within a circular system. Herein we distinguish two possible
objects of assessments. Consider, a kitchen with fronts which can be re-
used once. A possible object of assessment could be to determine the
environmental impacts of an average kitchen within the circular system.
We then assume that half of the fronts are made with virgin material and
half with second-hand material. Such analysis is relevant to determine
Environmental Product Declarations (EPD) of standardized designs, to
assess a Product-Service System (PSS) or for LCAs in early-stage design.
However, in some cases, we need to determine the impact of a specific
kitchen within the circular system. For example, if we apply a kitchen
with second-hand fronts in a building, we should only declare impacts of
second-hand fronts. Such analysis is relevant in the context of LCAs for
building projects. See Fig. 2 for an overview.
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Object of Building component Specific building
assessment: for a single service component in a
life, including re-use circular system
or recycle potential
Usable for Linear or non Circular
assessing: multi-cycling building

building
components

components in a
building project

Average building A circular
component in a building
circular system component

system

Circular building
component EPDs, PSS,
mass-produced building
components, early-stage

designs

Circular systems

Fig. 2. Overview four ‘objects of assessment’ in CE-LCAs for building components.

4.1.2. Functional unit in CE-LCA

The functional unit (FU) of a CE-LCA for building components fol-
lows the template: “the use of an average/specific what, quality, in a cir-
cular system over a period of x years”. The template adapts the EN
standards and follows Suhariyanto et al. (2017) who concluded that the
FU of a multi-cycle LCA should be based on function or activity.

4.1.3. System boundary in CE-LCA

In EN 15978 (2011), the life cycle of a building (component) — and
system boundary of the LCA - is described in modules A, B, C, and D. We
have adapted this framework, applying elements of the butterfly model
of the Ellen MacArthur Foundation (2013) and the VRP framework of
Wouterszoon Jansen et al. (2020). We extended the system boundary to
include all use cycles on all levels of the building component lifecycle.
We identify four modules and 45 life cycle stages in a CE-LCA (see
Figure 3). Module CE-A ‘Production, construction and pre-use’ com-
mences with the extraction and supply of the virgin materials and ends
with the installation of the assessed building component in the building.
If non-virgin material is applied in the building component, module
CE-A also includes all the previous use cycles of this material. Module
CE-B is the use of the building component. Module CE-C reports all
following VRPs of the building component, parts and materials. Module
CE-D reports on the final disposal of the material back into the bio and
techno sphere.

4.1.4. Reference study period

In the LCA standards, the Reference Study Period (RSP) is aligned
with the SL of the building (e.g., 60, 75, 100 years). At t = 0 the building
(component) is constructed. At the end of the RSP, the building
(component) is (assumed to be) demolished and materials are re-used,
recycled or disposed. This approach increases comparability. In CE-
LCA, the RSP — and what happens when - is more precarious to deter-
mine. We assume that at t = 0 the building component is constructed and
taken into use. Yet, materials and parts could have been produced and
cycled prior to this moment (t<0); and they might cycle long after the
assumed SL of the building component has ended. To be able to assess if
‘loops are slowed’, the (functional, economic and technical) lifespans for
the building component, parts and materials need to be reported exact.
Therefore, the RSP should be determined by the longest, leading lifespan
within the assessed building component. To ensure comparability, the
impact may be calculated back to an impact/time unit (e.g., impact per x
year(s)).

4.2. Circular economy life cycle inventory

In phase 2 of the CE-LCA, the CE-LCI is made in accordance with the
system boundary described in section 4.1.3. See a model flowchart in
Fig. 3. Building components need to be inventoried as a composite of (e.
g.,) parts and materials. Materials with different use cycles within their
lifecycle and different lifespans should be distinguished; all VRPs and
use cycles are inventoried. Processes occurring ‘inside’ the assessed
building component are included in the ‘foreground system’; processes
occurring ‘outside’ are part of the ‘extended foreground system’. Note
that in the CE-LCIA (Section 4.3), impacts are allocated at the material
level. So, processes taking place on part or building component levels (i.
e., lifecycle stages CE-A.3.2 to CE-C.3.6) should be divided (e.g., based
on mass) over and modelled on the associated material level. For
example, a kitchen front (consisting of a coated board) is re-used. Then a
fraction of the processes of the re-use cycle is included in the lifecycle of
the board material and the remaining fraction in the lifecycle of the
coating material.

4.3. Circular economy life cycle impact assessment

In phase 3, ‘the CE-LCIA’, the environmental impacts are calculated
from the CE-LCL.

4.3.1. Allocation approach for CE-LCIA

When calculating the impacts, dividing burdens between cycles is a
leading consideration. As discussed in section 3.3, there are many
different allocation approaches and the approach applied in EN 15978
(2011) and EN 15804 (2012) is less suitable for CE-LCA as all cycles
should be included.

Alternative approaches can be found in previous works on ‘multi-
cycle LCA’ (mLCA) and research on allocation. In the mLCA method by
CE Delft et al. (2016), multiple subsequent cycles are included through
the avoidance of future primary production in the form of an ‘up-front
credit’. Already introduced in the introduction, the LD (Allacker et al.,
2017) or CE LD (Eberhardt et al., 2020) approach allocates impacts
between cycles: the largest share of initial production and disposal im-
pacts is allocated to the cycle where they occur, namely the first and last,
respectively. The share of impacts allocated to following or previous
cycles reduces linearly. The impacts of VRPs are divided evenly between
cycles.

Different approaches could have merit in different instances. For
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Fig. 3. CE-LCI Model.

short-cycling parts and materials when re-use and recycling avoids
primary production of the same ‘thing’, applying the same processes, an
equal distribution of impacts between all cycles could be reasonable
(and simple). A condition is that quality or value should be retained
throughout cycles. For example, for kitchens in which cabinets are re-
used twice, we could assume that for every cabinet only one-third of
material is virgin. On the other hand, CE LD allocation is preferable
when the building component, part or material is cascaded into some-
thing else (i.e., the value between cycles is not the same). In such in-
stances, equal distribution between all cycles is undesirable and it
becomes necessary to distinguish which cycle a building component,
part or material is in. Furthermore, CE LD is more suitable for long-
cycling parts and materials, when it becomes less certain if, and what,
impacts are avoided in the future.

In the CE-LCIA, the fraction of impact of the circular building
component system allocated to the assessed building component is
captured with parameter ‘allocation fraction’ (Af). In appendix 1, we
explain how to determine Af using an equal distribution or CE LD
approach.

4.3.2. Impact calculation
The impact calculation follows the hierarchy of the CE-LCI model: in
a series of sums, the impacts on each building component system level
are added to determine the impact of the assessed building component.
The total impact of a building component is calculated using Eq. (1):

n
Ibui[din componentx — Imrz. k
4 P! part, 1
pa @
= Ipart.l + Ipurt.2 + 1parr.3 + ...+ Ipart.m 2+ Ipart,n1—1 + Ipurt,n.

which is the sum of the impacts of all its parts, where n; is the number of
parts in this building component. Likewise, the impact of a part is the
sum of the impacts of all the materials, where n; is the number of ma-
terials with different use cycles and a different lifespan. The impact of a

part can be calculated using Eq. (2):

m
Ipzm,y = § Imalerial,l
=1

= Lyateriat,n + Dnateriat2 + Inateriat3 + -+ + Dnateriatny—2 + Dnateriatng—1 + Dnaterial.ny

(2)

To calculate the impact of a material (Inaeriarz) for all the life cycle
stages within that materials life cycle, allocated to the assessed building
component during the RSP, we use Eq. (3):

n3
Imalerial,z = E Plifz cycle smge.m'Aflife cycle stage, m'AIlt_'fe cycle stage,m ‘R life cycle stage,m

m=1
3

where ng is the number of different life cycle stages (as defined in 4.1.3)
for this material. P represents the probability of a life cycle stage to
occur. Integrating a chance could be relevant for VRPs when assessing
an average building component in a circular system. For example, in an
EPD of a mass-produced circular facade, repair of parts might only occur
for x% of the building components. The allocation fraction (Af) is the
fraction of impact of a life cycle stage which is allocated to the material
in the use cycle of the assessed building component. Al represents the
absolute environmental impacts (i.e., before allocation) from completing
a life cycle stage once. For example, to determine how much impact of a
future remanufacturing cycle is allocated to the assessed building
component, we need to know the absolute impact of the remanufacturing
cycle. This is a sum of absolute impacts of the material, transport, process
and energy in this life cycle stage as described in Eq. (4):

AIIifm‘ycle stage Almalermls + Allmn:port + Alpmcess + Alznergy (4)

In Eq. (3), R is the rate — the number of times — in which a life cycle
stage occurs in the RSP and following chain of cycles of the material. To
find R for a life cycle stage of a material, relevant R values on each
building component level need to be multiplied as shown in Eq. (5):
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Rliﬁ' cycle stage — Rbui]ding component Rpart *Ryaterial (5)

For example, to determine the remanufacturing-rate for the coating
material of a kitchen, the replacement rates of the building component
needs to be multiplied with the remanufacturing rate of the to-be-
recoated parts. The rate of life cycle stages on different building levels
can be determined using different equations. How often the assessed
building component is replaced (Rpuiding componen:) €an be calculated by
dividing the RSP by the leading lifespan (Lieqding) of the building
component using Eq. (6):

RSP

Rhuilding component, x — (6)
Lleading. building component x

Re-use takes place when the functional lifespan of a component, part
or material is reached prior to its technical lifespan; the R for re-use can
be calculated by dividing these. Note that ‘one instance’ might need to
be subtracted, as VRPs often do not take place at installation, end of use
or EoL. For example, the R for re-use of a part can be determined using
Eq. (7):

mehniml
part
Rieuse part = <7 -1 7)

Lunctionat.part

Repair, refurbishing and remanufacturing take place when the Lieqding
of the higher system level is longer than that of the lower system level.
For example, the R of repair of a part could be calculated as shown in Eq.
(8):

Roopatr s = (Lleuding,building component l) 8)
Lleading. part
The Lieqding is determined differently for each VRP: for the repair, the
Lieading is equal to the technical lifespan whilst for refurbishment, the
functional lifespan might be leading.

4.4. Interpretation of results

In phase 4 of an LCA, we interpret the results from the LCIA. A
sensitivity analysis is needed to test the robustness of results and influ-
ence of assumptions, methods and data (Junnila and Horvath, 2003).
Sensitivity analysis is not always included in building (component)
LCAs. Common are sensitivity analysis of variations in grid mix, influ-
ence of material selection and lifespans. As CE-LCA includes all cycles on
all building component system levels, additional analysis is needed.
CE-LCA could be complemented with an LCA following EN 15804
(2012) and EN 15978 (2011) standards and/or the sensitivity of as-
sumptions on the cycles could be tested.

4.4.1. Sensitivity of number of cycles for each material applied in the
building component

The number of use cycles (Nyces) for all materials applied in the
building component is difficult to predict. Neyces influences how much
impact is allocated to the assessed building component (through
parameter Af). If assumptions are optimistic, impacts might be spread
over too many cycles and vice versa. So, the effects of adding or sub-
tracting cycles should be tested. A distinction can be made between (1)
known cycles, (2) likely past or future cycles, and (3) uncertain past or
future cycles. The uncertainty is larger for cycles far into the future, for
future cycles which are yet to be organised, when the partners who
manufacture the building component are not involved in past or future
cycles, or when materials are not traced through cycles (e.g., material
passport). The analysis should focus on testing the most uncertain
cycles.

4.4.2. Sensitivity of the cycle number in which the material is in when
applied in the building component

If Af is determined using the CE LD approach (Eberhardt et al.,
2020), the influence of varying the cycle number (Cpymper) should be
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tested. The Cpymper influences how much impact is allocated to the
assessed building component (represented by parameter Af). For
example, the impact allocated to cotton insulation is higher if the cotton
had only one previous use cycle (e.g., fast fashion) than if it had three (e.
g., as new clothing, second-hand clothing and cleaning cloths). Most
relevant is to test materials with uncertain past cycles.

4.4.3. Sensitivity of impact of the cycle

The absolute impact of a life cycle stage is determined by the abso-
lute impact of materials (Alngterials), transport (Alyansport), energy (Al
nergy)> and processes (Alyrocesses) Of that life cycle stage. A cycle with a
very low absolute impact is a local, direct, re-use cycle whilst (e.g.)
remelting material at great distance has a much higher absolute impact.
Correctly assuming the absolute impacts of each cycle — some far in the
future - is trying. Additional sensitivity analysis could include varying
amounts and types of processes, materials, energy and transport per
cycle.

4.4.4. Sensitivity of varying lifespans

How often life cycle stages take place is expressed in R, which is
influenced by the Lieding of the material, part, and building component.
The effects of varying the technical, functional or economic lifespan, or a
combination should be tested. Consider a kitchen door which is re-used.
If only the technical lifespan varies, the number of re-use cycles in-
creases or reduces — resulting in a similar analysis as varying Neyces. If
only the functional lifespan is altered, more or fewer replacements of the
door take place and the number of re-use cycles might increase or
decrease proportionally. If both lifespans are increased or decreased in
parallel, more or fewer (re)placements of the doors take place — whilst
maintaining the same number of re-use cycles.

4.4.5. Sensitivity of probability of a cycle

P represents the probability that life cycle stages take place. A
sensitivity analysis could determine the effect of varying the probability
of (in particular) uncertain cycles.

5. Testing the CE-LCA model: the case of the circular kitchen

To test (and illustrate) the CE-LCA model, we compared the envi-
ronmental impacts of two design variants of a Circular Kitchen (CIK) - to
a business-as-usual (BAU) kitchen. First, we describe the kitchen vari-
ants (5.1). Following, we elaborate on the test following the CE-LCA
phases: goal and scope definition (5.2), CE-LCI (5.3), CE-LCIA (5.4),
and interpretation of the results (5.5).

5.1. Description of the circular kitchen design variants

We developed variants of the CIK in co-creation with Dutch industry
partners and social housing associations. The housing associations are a
logical primary target group owning 30% of the nation’s housing stock;
they have a substantial interest in implementing CE principles. Their
kitchens are basic, have a similar layout and, usually, no appliances are
provided. Therefore, the design variants focussed on redesign of the
cabinetry. For each variant, the same countertops options were possible;
therefore it was left outside of the scope of this assessment.

Fig. 4 visualises the technical models of the kitchen variants. The
BAU kitchen represents the current practice. It is made of melamine-
coated chipboard. Static joints are glued and movable joints are made
with metal hinges and drawer slides. The kitchen is replaced every 20
years. The manufacturer sells the BAU kitchen to housing associations.
Due to the low cost price, BAU kitchens are rarely repaired, refurbished,
or re-used. At EoL, the kitchen is demolished and separated into waste
flows. The chipboard is incinerated for energy recovery.

The ‘Reclaim! kitchen’ is based on substituting virgin materials with
non-virgin alternatives. In this design variant, we assumed a similar
technical, industrial and business model as the BAU kitchen. We assume
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Fig. 4. Technical model of the design variants showing materialisation and lifespan.
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Fig. 5a. Simplified CE-LCI flowchart of the BAU kitchen.

the materials are directly re-used (i.e., in a secondary use cycle) and
have a reduced lifespan of 10 years.

The Plug-and-Play (P&P) kitchen slows and closes loops by
combining circular design strategies. It is a modular design, in which
parts are separated based on their functional and technical lifespan. The
cabinets consist of a construction (frame) with a long lifespan of 80
years. Infill parts, (e.g., drawers and shelves) have a medium lifespan
between 20 and 40 years. The finishing parts (e.g., fronts) have shorter
use cycles of 20 years. Parts are joint with de- and remountable con-
nections, which facilitate future adjustments and re-use. The kitchen is
made from plywood, to allow for a longer technical lifespan and mul-
tiple use cycles of parts. The kitchen manufacturer sells the kitchen to
housing associations with a take-back guarantee and maintenance sub-
scription. Extra kitchen modules and finishing-updates are offered to
tenants through lease and sale-with-deposit contracts. At end of use,
returned parts are sorted locally, to be re-used or sent back to the kitchen
manufacturer where they are sorted to be remanufactured, recycled or
recovered.

5.2. Test of CE-LCA model: goal and scope definition

We compared the environmental impacts of the CIK variants and the
BAU variant. The functional unit was ‘the use of a specific configuration of

a lower kitchen cabinet in a circular system over a period of 80 years’. The
system boundary included life cycle stages CE-A to CE-D (as defined in
4.1.3). Yet, none of the variants had processes in stage CE-B and CE-D. In
the foreground system, we excluded capital goods.

5.3. Test of CE-LCA model: CE-LCI

The CIK design variants were developed to the level of concept or
prototype. As these remain ‘theoretical” designs for which suppliers and
VRP-partners were unknown, estimations were made on transport dis-
tances, production, VRPs and disposal processes. We also estimated the
number of use cycles, and functional and technical lifespans. The as-
sumptions were based on the expectations on how various circular
design strategies could perform (compared to the BAU variant). For
example, if directly re-used materials were applied in the Reclaim!
variant, we expect a lower technical lifespan than in the BAU kitchen.
Additionally, the assumptions were based on experience of the housing
associations and industry partners involved in the development.
Furthermore, assumptions were aligned between variants (e.g., similar
distance between manufacturer and user, similar recycling scenarios).
For materials recycled in infinite ‘open loops’, we set Nyes at 10.

The CE-LCI of each design variant has been summarised in a flow-
chart (see Fig. 5a-c). See appendix 2, for the detailed CE-LCI.
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Table 1
CE-LCIA results for the BAU and CIK variants over 80 years

BAU Reclaim! P&P

Savings to Savings to

Impact category Unit Baseline Baseline BAU [%] Baseline BAU [%]
Global warming potential kg CO2 eq 1,48E+02 1,50E+02 -1% 6,40E+01 57%
Ozone layer depletion potential kg CFC-11 eq 1,32E-05 1,12E-05 15% 6,92E-06 48%
Photochemical oxidation potential kg C2H4 eq 5,10E-02 4,71E-02 7% 2,54E-02 50%
Acidification potential kg SO2 eq 5,99E-01 5,34E-01 11% 2,99E-01 50%
Eutrophication potential kg PO4--- eq 2,22E-01 1,98E-01 11% 1,05E-01 53%
Abiotic depletion potential for elements kg Sb eq 1,55E-03 1,24E-03 20% 9,77E-04 37%
Abiotic depletion potential for fossil fuels MJ 1,81E+03 1,56E+03 14% 7,88E+02 56%
Fresh water aquatic ecotoxicity potential kg 1,4-DB eq 8,30E+01 = 9,37E+01 -13% 3,73E+01 55%
Human toxicity potential kg 1,4-DB eq 1,82E+02 = 2,37E+02 -30% 9,11E+01 50%
Marine aquatic ecotoxicity potential kg 1,4-DB eq 1,70E+05 1,71E+05 -1% 7,62E+04 55%
Terrestrial ecotoxicity potential kg 1,4-DB eq 4,93E-01 4,94E-01 0% 2,81E-01 43%

Note: The colour shows a gradient between the highest (red) and lowest (green) value per impact category.

5.4. Test of CE-LCA model: CE-LCIA

The CE-LCIs were modelled in openLCA version 1.9 software; the
background system was modelled with the Ecoinvent 3.4 APOS database
(Wernet et al., 2016), using system processes to get aggregated results.
The CE-LCIA was calculated using characterization factors from the
Centre for Environmental Studies (CML)-IA baseline (Guinée et al.,
2001). CML includes 11 environmental, resource-depletion and toxi-
cology midpoint impact categories and is commonly used by the
building sector. We excluded biogenic carbon (e.g., in wood) from the
impact assessment. As we consider all cycles, it is assumed that carbon
uptake equals carbon emission over the lifecycle of the material; we
question the fairness to give first cycles a benefit from carbon uptake
occurring prior to initial use cycles. Therefore, we applied the ‘0-0 rule’
to biogenic carbon. The CE-LCIA parameters were determined for each
material (see appendix 3). The value differs between cycles, so we
applied the CE LD approach to determine Af. As the object of assessment
was a specific configuration of a lower kitchen cabinet, P is set at 1: each
inventoried VRP is assumed to occur.

The results of the CE-LCIA are summarised in Table 1. The Reclaim!
kitchen has a lower environmental impact than the BAU on 6 of the 11
impact categories. P&P realises a significant impact reduction in all
indicators in comparison to the BAU case. We refer to appendix 4 for
further analysis on the impact distribution between ‘production, con-
struction and pre-use’ and ‘value retention post-use’, allocation of im-
pacts to the kitchen over the RSP, and the distribution of impacts
between use cycles of materials applied in the kitchen over time.

5.5. Test of CE-LCA model: interpretations of the results

For the purpose of testing and illustrating the CE-LCA model, we
extensively tested the sensitivity of assumptions on cycles. Comparing
CE-LCA (using CE LD allocation) to an LCA following the EN 15978
(2011) and EN 15804 (2012) standards was not part of the scope of this
study. We refer to Eberhardt (2020) for such a comparison.

Testing the effects of the following ‘what if” questions was considered
most relevant for the kitchens: what if the kitchens are re-used (more);
what if the future cycles of the P&P kitchen are not realised; what if the
kitchens are used longer or shorter; what if the finishing of the P&P
kitchen is exchanged more or less often? Following these questions, we
analysed the sensitivity of varying Ncyes and lifespans of (parts of) the
kitchen variants. A detailed description of all sensitivity scenarios is
included in appendix 5.

We analysed the sensitivity of the N¢yes by adding one cycle (‘C+1),
two cycles (‘C+2") and subtracting (up to) three cycles (‘C-1’, ‘C-2/, ‘C-3")
from the baseline scenario. When cycles were added, we assumed local,
direct re-use for the entire kitchen cabinet; when cycles were subtracted,

we removed the ‘outer’ cycles (i.e., recycling) first, followed by rema-
nufacturing and re-use, respectively. Only the industry standard incin-
eration for energy recovery and open-loop recycling were retained. For
the P&P kitchen, scenario ‘C-3’ can be considered a linear scenario.

We tested the sensitivity varying Lgunctional @nd Leechnicat Of (parts of)
the kitchen variants. In the BAU and Reclaim! kitchen, all parts have the
same lifespan and the Lncrionat and Liechnical are equal. Any changes to
either results in the replacement of the entire kitchen. On the other
hand, P&P kitchen parts have different lifespans and Lyechnicqr Of finishing
parts is longer than Lgnctional - S0, we varied both Lancriona Of finishing
parts and Lguncrional and Leechnical Of all parts in parallel. To make the
scenarios comparable, lifespans were varied between +7 and 80 years.
Note that such a long lifespan is unlikely for the BAU and Reclaim!
kitchens as their materials have shorter lifespans, and these kitchens are
not adaptable.

5.5.1. Results of the sensitivity analysis

The results of the sensitivity analysis are included in appendix 6.
Table 2 summarizes the percentual savings of each scenario compared to
the baseline scenario of the same design variant.

For the BAU, adding two cycles (C+2) reduced impacts between 31%
and 47% compared to its baseline scenario; for the Reclaim! kitchen, the
reduction is only between 10% and 20%. The deviation is less as the
difference between Af is larger when adding a re-use cycle to virgin
material then to material in a second use cycle. From the P&P variant we
found that additional cycles do not necessarily lead to less allocated
impact: removing the outer recycling processes in scenario C-1 resulted
in impact savings between —4% and 73% compared to the baseline
scenario. So, adding cycles with relatively high impact processes does
not reduce impacts. The most beneficial cycles are the direct, local re-use
cycles of scenarios C+1 and C+2 which lead to significant savings in all
variants on all impact categories.

We found that varying Lfunctional @nd Liechnical in parallel results in
significant deviations from the baseline scenarios: a proportional rela-
tionship is visible. For the P&P, we found that only varying Lamctiona iS
less impactful: although more finishing parts need to be placed (i.e., R
increases), they are also re-used more often. Therefore, the Af of fin-
ishing parts decreases and less impact is allocated to the kitchen. If all
variants are compared on a 20-year Lechnicar (See appendix 6,
Table A6.2), the Reclaim! variant decreases environmental impacts be-
tween 35%—60% compared to the BAU. The P&P results in a —38% to
10% reduction compared to the BAU. This has two reasons: finishing
parts are still replaced every 10 years; the circular design principle of the
P&P design - facilitating partial replacements to keep the whole of the
kitchen in use longer — is nullified in this scenario.



A. van Stijn et al.

Resources, Conservation & Recycling 174 (2021) 105683

Table 2
Percentual reduction per scenario compared to the baseline scenario of that design variant
BAU Reclaim!
Impact category Baseline C+1 C+2 L7 L40 L80 Baseline C+1 C+2 L7 L20 L40 L80
Global warming potential 0% 30% 44% -200% 50% 75% 0% 7% 19% -50% 50% 75% 88%
Ozone layer depletion potential 0% 32% 47% -200% 50% 75% 0% 1% 11% -50% 50% 75% 88%
Photochemical oxidation potential 0% 29% 42% -200% 50% 75% 0% 1% 12% -50% 50% 75% 88%
Acidification potential 0% 30% 45% -200% 50% 75% 0% 3% 13% -50% 50% 75% 88%
Eutrophication potential 0% 30% 45% -200% 50% 75% 0% 3% 14% -50% 50% 75% 88%
Abiotic depletion potential for elements 0% 31% 46% -200% 50% 75% 0% 2% 10% -50% 50% 75% 88%
Abiotic depletion potential for fossil fuels 0% 31% 46% -200% 50% 75% 0% 3% 13% -50% 50% 75% 88%
Fresh water aquatic ecotoxicity potential 0% 27% 40% -200% 50% 75% 0% 10% 20% -50% 50% 75% 88%
Human toxicity potential 0% 21% 31% -200% 50% 75% 0% 6% 14% -50% 50% 75% 88%
Marine aquatic ecotoxicity potential 0% 29% 43% -200% 50% 75% 0% 7% 18% -50% 50% 75% 88%
Terrestrial ecotoxicity potential 0% 27% 40% -200% 50% 75% 0% 4% 12% -50% 50% 75% 88%
Note: The colour shows a gradient between the highest percentual savings (green) and lowest percentual savings (red) for all scenarios per design variant, per impact category.
P&P
Lf=80-40-7-40, Lf=80-40-4040, Lt=7-7-7-7,  Lt=20-20-20-20, Lt=40-20-20-20, Lt=80-80-80-80,
Impact cats y Baseli Cc-3 C-2 c-1 C+1 C+2 Lt=80-40-40-40 Lt=80-40-4040  Lf=7-7-3,5-7  Lf=20-20-10-20 Lf=40-20-10-20 Lf=80-80-40-80
Global warming potential 0% -49% -12% 3% 18% 30% -23% 22% -527% -109% -99% 47%
Ozone layer depletion potential 0% -11% -24% -4% 18% 31% -25% 25% -527% -109% -99% 46%
Ph hemical oxidation p ial 0% -65% -23% -3% 17% 28% -21% 21% -532% -111% -100% 46%
Acidification potential 0% -62% -19% -1% 18% 29% -23% 22% -531% -110% -100% 46%
Eutrophication potential 0% -55% -16% 2% 17% 29% -23% 22% -533% -111% -100% 46%
Abiotic depletion potential for elements 0% 61% 69% 73% 16% 27% -37% 23% -556% -119% -100% 45%
Abiotic depletion potential for fossil fuels 0% -61% -18% -1% 18% 30% -23% 23% -528% -109% -99% 46%
Fresh water aquatic ecotoxicity potential 0% -3% 16% 23% 17% 27% -22% 18% -540% -113% -100% 46%
Human toxicity potential 0% 7% 5% 10% 14% 22% -12% 10% -545% -115% -100% 46%
Marine aquatic ecotoxicity potential 0% -12% 13% 24% 17% 28% -24% 20% -538% -113% -100% 46%
Terrestrial ecotoxicity p ial 0% -26% 3% 16% 16% 27% -23% 19% -540% -113% -100% 46%

Note: The colour shows a gradient between the highest percentual savings (green) and lowest percentual savings (red) for all scenarios per design variant, per impact category.

5.5.2. Conclusions from the CE-LCA

From the CE-LCIA and sensitivity analyses, we conclude the
following: First, applying non-virgin material, can reduce the environ-
mental impact. However, if the lifespan of the kitchen is reduced -
resulting in a higher replacement rate — reductions in impact can be
nullified. Additionally, the impacts of initial production and construc-
tion of non-virgin materials remain visible, so using non-virgin is less
attractive if these materials had a high(er) initial production and con-
struction impact. Second, facilitating multiple cycles results in a lower
(allocated) environmental impact, particularly for direct, local re-use
cycles. High-impact recycling cycles are less attractive. Third, we
found that the P&P kitchen resulted in the least environmental impacts
through longer use of parts, introducing more use-cycles of components,
parts and materials and facilitating partial replacement of parts. Yet
further environmental impact reduction is possible by combining vari-
ants: a P&P kitchen in which non-virgin materials are applied, but only if
these materials do not lower the technical lifespan of the kitchen.

6. Evaluation of the CE-LCA model

In 10 semi-structured expert sessions, we evaluated the CE-LCA
model with 44 experts and practitioners from academia, industry and
government in the field of LCA, circular design, and the circular built
environment. The CE-LCA model was presented and the following
questions were asked: what are your initial impressions on the CE-LCA
model; what are the potential (dis)advantages; how would you
improve the model? The answers and discussion following these ques-
tions were documented in minutes and analysed using an emergent
coding technique (Dahlsrud, 2008; Kirchherr et al., 2017).

Table 3 shows the resulting advantages, disadvantages and
improvement points of the CE-LCA model.

The experts and practitioners acknowledged the challenges in
capturing the environmental burdens and benefits of the CE concept
applying EN 15978 (2011) and EN 15804 (2012). They saw the ability to
assess multiple cycles as a main advantage of the CE-LCA model. They
found that CE-LCA incentivises narrowing, slowing and closing cycles,
not only today but also in the future; CE-LCA moves LCA away from a
linear “efficiency” focus to a more ideal circular mindset. CE-LCA was
considered more suitable in ex-ante assessments in which ‘theoretical’,
multi-cycling scenarios are explored to identify ‘ideal’ circular building
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components. For example, in the context of design or policy making.

The experts and practitioners suggested CE-LCA in ex-ante, ex-post
and certification assessments in practice poses challenges that will
require further development and rigorous testing. Determining all use
cycles on all levels of a building component is complex: it extends
beyond the control of building component manufacturers and the scope
of building projects. Including multiple cycles — some far into the future
— increases uncertainty. Burdens could be shifted to cycles which might
not come to pass, making CE-LCA sensitive to misuse. Furthermore,
including future cycles might undermine efforts to reduce impacts today.
Therefore, several experts posed the EN15804 and EN15978 approach
remains preferable. If applied, the experts and practitioners suggested
CE-LCA should be combined with extensive sensitivity analysis, include
peer reviewing, and/or be done in parallel with a ‘standard’ LCA.

The majority of the improvement opportunities were concerned with
reducing uncertainty, preventing misuse, and improving ease of use and
implementation. To refine the accuracy of CE-LCA, the experts posed to
differentiate between types of cycles, such as known or unknown cycles,
certain or uncertain cycles, short-term or long-term cycles, open or
closed cycles, and equal-value or downgrading cycles. Different types of
cycles could benefit from different allocation approaches. Additionally,
factors for material quality and the market situation could be included in
the allocation approach. The experts and practitioners suggested to
develop templates and regulations for cycles to reduce the complexity
and ensure fair use. Finally, several experts stressed that circular
assessment encompasses more than environmental impact assessment,
and should include value, costs, material flows, and/or social perfor-
mance criteria. If and how improvement points were implemented in the
CE-LCA model is shown in column 3 of Table 3.

7. Discussion and conclusion

In this paper, we explored how multiple cycles could be included in
the LCA of building components by developing and testing a Circular
Economy Life Cycle Assessment (CE-LCA) model for building compo-
nents. This model builds on existing LCA standards applied in the
building sector (EN15804 and EN15978). In CE-LCA, building compo-
nents are considered as a composite of parts and materials with different
and multiple use cycles; the system boundary is extended to include
Value Retention Processes on all building component system levels, both
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Category

Remarks

Implementation of improvements

Advantages Applicability

Incentives CE
Levels

Fair accounting impacts

Ease of use

Instrument for discussion

Disadvantages = Non-applicability

Uncertainty in assumptions

Greenwashing impacts

Challenging to implement

Difficulties in use
Urgency

Improvements  Improvements ease of use

Improvement accuracy and
certainty in allocation
approach

Suitable for ex-ante assessment (e.g., in
policymaking, early-stage design)

Suitable to assess multiple cycles

Most suitable for (reproducible) building component
or product level

Supports determining more ideal CE (e.g., ideal
vision for back-casting)

Also suitable when materials cannot be re-used or
recycled at same value

Method incentivises not only narrowing, but also
slowing and (high-value) closing cycles

CE-LCA introduces 'missing’ building component
level in LCA

The linear degressive method divides burden fairly
between cycles; no double crediting possible

All cycles are included; impacts from other cycles (e.
g., production, disposal) remain visible in all cycles
The allocation formula is understandable and
transparent (more than the PEF)

Method stimulates (re)discussing problems and
incentives in current LCA standards

Method shows how we could include CE in LCA
Method shows how complex CE in design and the
built environment is

Less suitable for ex-post assessments and certification
Less suitable for building scale (too complex,
uncertain, no control by producing supply chain)
Difficult to determine and guarantee future cycles;
leads to not-accurate results

Uncertainty in assumptions far in the future (cycles,
processes, energy mix are unknown)

Sensitive to assumptions on functional, technical and
economic lifespan

Burdens can be shifted towards [non-existent] cycles
in the future, diluting impacts

Easy to mis-use by industry by adding future cycles
Requires transition in building industry to determine
all cycles (i.e., from one-off projects to a (closed-
loop) component-wise industry)

Difficult to implement a new LCA methods in
practice, it is easier to adapt the current LCA standard
All cycles need to be documented and kept tracible
over long-term (e.g., government regulation is
needed)

Current LCA tools in practice cannot do a CE-LCA
calculation

Method is complex

Method is time consuming

Virgin production burdens should be in first cycles to
reduce our impacts now

Make the method understandable and simple to use,
(e.g., include a manual, concrete examples, clarify
terms, single indicator system)

Make method affordable and fast to use

Provide (more) background data; make data
accessible to industry

Shift burden of proof for CE-LCA from building level
to component level (i.e., component-EPD’s)
Translate to a design synthesis tool (e.g., guidelines,
flowchart) and practice assessment tool

Differentiate between different objects of assessment
in CE-LCA

Differentiate different cycles (i.e., known or
unknown, high-value or low-value, open or closed)
Prefer mLCA approach (i.e., equal distribution) for
known cycles, mass production, direct re-use and
recycling

Include market situation and material quality factors
in allocation approach

Add probability factor for cycles to CE-LCA

Include (use) time in allocation approach
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Method has been described extensively in paper including
description of terms and concrete examples

Challenges relevant for all LCAs - not addressed in this paper
Challenges relevant for all LCAs - not addressed in this paper

The scope of CE-LCA has been shifted from buildings to building
components

Future research could focus on measuring different building
components to develop design guidelines: Direction for future
research included in discussion

We distinguished *average’ and ’specific’ building components in a
circular system as objects of assessment

Section 4.3.1 states different allocation approaches should be used
for different types of cycles

Section 4.3.1 suggests different allocation approaches have merit in
different instances: equal distribution approach should be preferred
in instances mentioned on the left

Direction for future research mentioned in Section 6

Probability factor was included in equation 3

(continued on next page)
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Category

Remarks

Implementation of improvements

Improvement ease of
implementation in practice

Improvement of certainty and
prevention of misuse

Widen scope CE assessment

Differentiate LCA levels (do not interlink them)

Develop rules, template or regulation for cycles (i.e.,
amount, division of impact, types of cycles, system
boundary)

Prefer an LCA 'tax’ system: producer takes initial
production and EOL impacts; cycles can be added
over time

Test the method in a real-life case with stakeholders
Use CE-LCA as an additional informational module
"circular potential" next to standard LCA

Obligatory peer review of CE-LCA

Include a sensitivity analysis on influence of varying
future cycles

Assessment on other criteria should be part of CE
assessment (i.e., value, costs, material flow, social

Use time was included in equation A1.1b (equal distribution
approach). Use time is not yet included in the CE-LD approach:
direction for future research included in Section 7

One of the requirements for CE-LCA is considering the link between
levels of the building. However, the scope of CE-LCA has been limited
to building components instead of buildings as a whole

Direction for future research mentioned in Section 7

Proposed tax approach was considered unfavourable to incentivise
design for multiple future cycles - comment was not further included
in the CE-LCA model

Direction for future research mentioned in Section 7

Suggestion is mentioned in Section 7

Suggestion is mentioned in Section 6

Use of and need for sensitivity analysis in CE-LCA is discussed in
Sections 4.4 and 6

Direction for future research mentioned in Sections 6 and 7

factors)

in- and outside of the assessed building component; the impacts of all
cycles can be divided using an ‘equal distribution’ or CE LD allocation
approach. The model has been tested in the case of the Circular Kitchen
and evaluated with 44 experts.

Our findings corroborate Allacker et al. (2017): including multiple
cycles within the scope of the assessed product results in the best
‘physical realism’ for multi-cycling products [or building components]
within the circular system. Like Eberhardt et al. (2021), we found the
CE-LCA approach suitable in ex-ante assessments in which ‘theoretical’
scenarios are explored to identify ‘ideal’ circular building components.
However - as concluded by Allacker et al. (2017), De Wolf et al. (2020)
and Eberhardt et al. (2021) — we found that all cycles of the building
component system are difficult to determine in a practice setting; this
increases uncertainty, makes the approach sensitive to mis-use and
could hinder reducing environmental impacts both in the short and long
term.

Yet, our recommendation differs from Allacker et al. (2017). They
suggested to not include all cycles; we suggest that applying CE-LCA, or
equivalent multi-cycling LCA, is necessary to transition to a ‘truly’ cir-
cular built environment. Without including all cycles within the
assessment, we cannot get an accurate overview of the burdens and
benefits of circularity. Yet, we urge the utmost care with CE-LCA in
practice. We propose two pathways to manage the disadvantages of
CE-LCA. First, the CE-LCA approach could be developed further to
reduce uncertainty, improve accuracy, usability and fair-use: the CE LD
allocation approach does not yet incorporate length of use cycles; reg-
ulations (or ‘templates’) on how to approach various types of cycles for
different materials could be developed; CE-LCA should be tested with
industry. Alternatively, LCA which does not include all cycles could be
optimised to incentivise narrowing, slowing and closing (all) cycles now
and in the future. Consider, for example, the ‘Circular Footprint For-
mula’ as part of the Product Environmental Footprint method (Zampori
and Pant, 2019). Yet, blending approaches could also increase
complexity and cloud the (dis)advantages of each approach. A second
pathway is to exercise awareness of the value and limitations of CE-LCA
and use the model appropriately. A CE-LCA should include extensive
sensitivity analysis and/or could be done in parallel to standard LCA —
functioning as a ‘circular potential’ informational module. To increase
transparency within reporting, the distribution of impacts between cy-
cles could be reported (in line with De Wolf et al. (2020)).
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Future research could also focus on CE-LCA for the building level.
Although, the testcase in this paper does not support building CE-LCA,
theoretically, this model could be applied to buildings. Especially if
the building is considered as a composite of building components. Un-
doubtedly, this increases the complexity of CE-LCA. Additionally, more
knowledge is needed on which design variants for circular buildings and
components perform best environmentally to support the transition to a
‘truly’ circular built environment. Finally, this research focused on
environmental impact assessment in a CE. Yet, holistic CE assessment
should include more criteria. Future research could focus on combining
CE-LCA with Material Flow Analysis (MFA), (functional) value and
economic performance assessment (e.g., through CE Life Cycle Costing
(Wouterszoon Jansen et al., 2020)).

We conclude that the CE-LCA model can successfully support LCAs of
circular building components — especially in theoretical setting; the step-
by-step description of the model and example case can provide practical
guidance for future assessments. However, we see the presented model
not as a ‘ready for practice’ approach to LCA of circular building com-
ponents, but rather as a tool for further research and discussion. As such
it makes an important step to support the assessment of circularity in the
built environment and, subsequently, to the transition to a CE in the
built environment.
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Appendix 1. Determining the allocation fraction in CE-LCA using an equal distribution or CE LD allocation approach

In this appendix we explain how to determine the allocation fraction — parameter Af — in a Circular Economy Life Cycle Assessment (CE-LCA) of a
building component following an equal distribution approach or using the Circular Economy Linearly Degressive (CE LD) approach (Eberhardt et al.,
2020). As discussed in section 3.4.1 of this paper, Af determines the fraction of impact of the building component system that is allocated to the
assessed building component. In CE-LCA, the impacts are calculated on material level using Eq. (3). There, the Af specifies how much impact of each
lifecycle stage within a material’s life cycle is allocated to the use cycle where the material is applied in the assessed building component.

Al.1. Equal distribution approach

Af is influenced by the total number of use cycles within a material’s lifecycle, captured by parameter Ny . For example, before wood is applied
in the assessed building component — a facade — it had a previous use cycle in another building (use cycle 1); after use in the facade (use cycle 2), the
wood is chipped for OSB production (use cycle 3); after that use cycle, the wood is incinerated for energy production (use cycle 4). In this case the
number of use cycles within the wood lifecycle (Ncy.s) is 4. If impacts are distributed equally between cycles and we assume the cycles are of equal
length, the value of Af equals a fraction of Ny, (see equation Al.1a):

1
Af = (Al.1a)
4 Neyetes

If impacts are distributed equally and the cycles are not of equal length, the length of the current cycle (Atcment ¢ycle ) can be divided by the length
of all use cycles within the material’s lifecycle (At ces) using equation Al.1b.

. Alcurrcm cycle
Af = ——— (A1.1b)
j Atall cycles

A1.2. Circular Economy Linearly Degressive approach

The CE LD approach divides impacts from initial production and construction (all life cycle stages before the first use), VRPs (all life cycle stages
after first use and prior to disposal), and disposal differently. The majority share of the impact is allocated to the use cycle where the impacts occur. For
the initial production and construction this is cycle number (Cyymper) 1. The share of impact allocated to subsequent cycles decreases linearly (see
Fig. A1.1). For disposal impacts the majority share is allocated to the last cycle and impacts are allocated to previous cycles in a linearly degressive
manner. The impacts of VRPs are allocated equally over all use cycles. Note that the impacts from initial production and construction, VRPs and
disposal allocated per use cycles should add up to 100% of the impacts generated throughout the entire lifecycle (represented by the grey area in
Figure A1.1). In other words, impacts over the entire lifecycle do not ‘disappear’.

The CE LD approach consists of a series of equations: how the impacts are divided between cycles depends on two parameters. First, on the total
number of use cycles within the materials lifecycle - parameter Nc,.;s. Second, a factor (F) determining how much more impact of initial production
and construction should be allocated to the first cycle versus the last cycle; vice versa for the disposal impacts. To apply the CE LD approach in the CE-
LCA of a building component, the Afof initial production and construction, VRPs and disposal of each material (with different use cycles) applied in
the building component needs to be determined.

A.1.2.1. Determining the allocation fraction of initial production and construction impacts for a material

To calculate the amount of initial production and construction impacts allocated to each use cycle of a material (see Figure A1.1), equations A1.2-
Al1.5 can be applied. These equations were derived from Eberhardt et al. (2020, pp. 9 & Supplementary material S3).

The percentage of initial production and construction impacts of a materials allocated to its first use cycle (V7) can be calculated using equation
Al1.2:

Percentage of 60% T Ncycles -1
impact allocated } } i
to a use cycle
50% T S -
40% T 1
30% T V1 _V
n
20% + V3
100%
10% T
V”____
number,1 number,2 number,3 number,n

Number of use cycles

Fig. A1.1. Explanatory figure illustrating the CE LD equations to determine the percentage of impact of initial production and construction impacts allocated to each
use cycle of a material (adapted from Eberhardt et al. (2020)).
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Table Al.1
Precalculated CE LD allocation fractions for F = 50.
1 1 100% N/A 100%
2 1 98% 50% 2%
2 2% 50% 98%
3 1 65% 33% 1%
2 33% 33% 33%
3 1% 33% 65%
4 1 49% 25% 1%
2 33% 25% 17%
3 17% 25% 33%
4 1% 25% 49%
5 1 39% 20% 1%
2 30% 20% 10%
3 20% 20% 20%
4 10% 20% 30%
5 1% 20% 39%
6 1 33% 17% 1%
2 26% 17% 17%
3 20% 17% 13%
4 13% 17% 20%
5 7% 17% 26%
6 1% 17% 33%
7 1 28% 14% 1%
2 23% 14% 5%
3 19% 14% 10%
4 14% 14% 14%
5 10% 14% 19%
6 5% 14% 23%
7 1% 14% 28%
8 1 25% 13% 0%
2 21% 13% 4%
3 18% 13% 7%
4 14% 13% 11%
5 11% 13% 14%
6 7% 13% 18%
7 4% 13% 21%
8 0% 13% 25%
9 1 22% 11% 0%
2 19% 11% 3%
3 16% 11% 6%
4 14% 11% 8%
5 11% 11% 11%
6 8% 11% 14%
7 6% 11% 16%
8 3% 11% 19%
9 0% 11% 22%
10 1 20% 10% 0%
2 17% 10% 3%
3 15% 10% 5%
4 13% 10% 7%
5 11% 10% 9%
6 9% 10% 11%
7 7% 10% 13%
8 5% 10% 15%
9 3% 10% 17%
10 0% 10% 20%

The percentages in this table have been rounded of to the nearest whole number.

\% :ﬁ -100% (Al1.2)
Where F is the factor determining how much more impact is allocated to the first use cycle versus the last use cycle. Eberhardt et al. (2020) propose in
their CE LD approach to set the F on 50; we applied this in the case of the circular kitchen. The value for Ny is determined by the number of use
cycles for the material, represented by Cpymper, » in Figure A1.1. This value should be found in the CE-LCI of the building material. Please note that
VRPs indicate the start of a new use cycle, for example, re-use, remanufacturing, recycling, composting, or recovery; we do not consider the final
disposal of a material as a use cycle.

Likewise, the percentage of initial production and construction impacts of a material allocated to its last use cycle (V,) can be calculated using
equation Al1.3:

2
Vi=——— -100% (A1.3)
Neyetes'(F + 1)
To determine the amount of the initial production and construction impacts allocated to intermediate use cycles, we first need to calculate the A;
(shown in orange in Figure A1.1). A; expresses the decrease in percentage of impacts allocated between cycle 1 and cycle 2 (represented by Ciumper1
and Cpymber2, respectively, in Figure A1.1). The A, can be calculated using equation Al.4:
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Vi—V,
A =——" Al.4
! Nz‘ycles -1 ( )
in which we subtract V, from V; and divide this by the number of cycles (N.s) minus 1 (i.e., the number of spaces between the cycles). These
expressions are shown in blue in Figure A.1.1. The percentage of impact of initial production and construction allocated to use cycle 2 of a material can
be calculated using equation Al.5:

Vo, =V, — A (A1.5)

In which the A, is subtracted from the percentage of impact of initial production and construction allocated to use cycle 1 (V;). Likewise, the
impacts allocated to cycle 3 can be calculated by subtracting A; from V, and so on. Now that the percentage of impacts of initial production and
construction allocated to each use cycle is determined (i.e., V; to V,,), the Af value for use in the CE-LCA can be selected. The Afcan be V;,V,,V_to V,
depending on the cycle number (Cpymper) in which the material is when applied in the assessed building component. So, for virgin material the Af is V;.
But for non-virgin material it could be values V, to V,. Which cycle number the material is in should be found in the CE-LCI of the building component.

A.1.2.2. Determining the allocation fraction of disposal impacts for a material

To determine the Afof disposal impacts of each material (with different use cycles) applied in the building component, equations A1-A5 can be
applied in a similar manner. Only, in this case V; refers to the impacts allocated to the last use cycle (i.e., where disposal occurs) and V,, refers to the
first use cycle (i.e., cycle furthest from disposal).

A.1.2.3. Determining the allocation fraction of VRP impacts for a material
To determine the Afof VRP impacts of each material (with different use cycles) applied in the building component, the fraction of VRP impacts
allocated to each use cycle of a material (Vygp) should be calculated using equation Al.6:

1
Virp = m (Al.6)
To support the ease of use of the CE LD approach in the CE-LCA model, we provided the allocation fractions for initial production and construction,
VRPs, and disposal impacts for an F of 50 and N,y values between 1 and 10 in Table A1.1.
For more information on the background, development and evaluation of the CE LD allocation approach we refer to Eberhardt et al. (2020, pp. 9 &
Supplementary material S3).

Appendix 2. Detailed CE-LCI of the kitchen variants

In this appendix we have provided the detailed CE-LCI of the kitchen variants.

Table A2.1
Detailed CE-LCI for the Business-As-Usual (BAU) kitchen
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My A1.1-A1.2 Particle board production 0.037 m3 uncosted uncasted | APOS, S - RER Initial production and construction
Particle 11 A32 Lony from material supplier to panel coater 24017200  kg*km  vansport fieght lorry 16-32 metic on, EUROS | iansport. reight lory 16-32 melric ton, EUROS | APOS, S~ RER Inital production and construction
board Tiiz A33 Loy from panel coater to kitchen manufacturer 24.01*50 kg*km v . freight I port,freight,lorry \ EUROS| APOS, $- RER Initial production and construction
Tiis A34 Loy from kitchen manufacturer to user 24.01*200 kg*km transport, freight, lorry. sport, freight, lorry , EUROS5 | APOS, S - RER Initial production and construction
panels TiatPii; €62 Transport user to incineration plant + Incineration for energy recovery 24.01 kg nireated, S-CH Value retention processes
[ A1.1-A1.2 Coating with melamine paper 2.41 m2 coating ser 14P0S, S-RER Initial production and construction
Melamine 12! A32 Lomy from material supplier to panel coater 472200 kgtkm  wensgort, freight lorry port freight lorry  EUROS| APOS, § - RER Initial production and construction
coating Ti22 A33 Loy from panel coater to kitchen manufacturer 4.72*50 kg*km L t, freight, I 1 freight lorry EUROS| APOS, S - RER Initial production and construction
Ti2s A34 Lony from kitchen manufacturer to user 4.72*200 kg*km  transpor, reight, lorry port freight lorry. \ EUROS| APOS, § - RER Initial production and construction
TipatPipy  C62 Transport user to incineration plant + Incineration for energy recovery 4,72 kg plastic, mixture, muricipal plastc, mixture | APOS, S- Value retention processes
[ A1.1-A1.2 MDF board production 0.0014 m3 medium ensty fie board producton,uncoed | mecium densiy fitxeboard | APOS, S - RER Initial production and construction
Tias A32 Loy from material supplier to panel coater 09°200  kg'km  tansport eight i | ransgort feight lory EUROS| AP0S, S RER Initial production and construction
MDF Ty, A33 Lory from panel coater to kitchen manufacturer 0950 kg*km  vansport. freight I EUROS | anspor freigh & EUROS| AP0S, S- RER Initial production and construction
Tias A34 Lony from kitchen manufacturer to user 09°200  kgtkm tansport eight i I ransgert feight lory EUROS| AP0S, S- RER Initial production and construction
Back-panel TisatPisr  C62 Transport user to incineration plant + Incineration for energy recovery 0.9 kg urteated rirested| APOS, S- CH Value retention processes
Miqq A.1.1-A1.2 Coating with melamine paper 0.23 m2 ‘coating sers |APOS, S - RER Initial production and construction
- Melamine 141 A32 Lorry from material supplier to panel coater 0.45'200  kg'km  transport eight i I ransport. reignt lory EUROS| A0S, S- RER Initial production and construction
i
g coating Tiaz A33 Lomy from panel coater to kitchen manufacturer 0.45*50 kg*km transport, freight, lorry 16-32 metric ton, EUROS | transport, freight, lorry 16-32 metric ton, EUROS | APOS, S - RER Initial production and construction
c S Tias A34 Loy from kitchen manufacturer to user 0.45'200  kgtkm  transport fright i l fragnt i EURO5| APOS, 5- RER Initial production and construction
[T TiactPre;  C62 Transport user to incineration plant + Incineration for energy recovery  0.45 kg plsiic, mixture, municipal | mixture | APOS, S - Value retention processes
-g P Mis A1.1-A1.2 Spruce lath production 052 kg haning lath softwood, u=10% | sawnwood, ah sofwoad, dricd (u=10%), planed | APOS, S CH Initial production and construction
£ S giuctallath Spruce 1 A32 Lony from material supplier to kitchen manufacturer 052200  kgkm  transport freight lory 16-32 melric ton, EUROS| ransport. right oy 16-32 meticton, EUROS| APOS, S~ RER Initial production and construction
9 ﬁ Tis2 A34 Lomy from kitchen manufacturer to user 0.52*200 kg*km transport, reight, lorry port, freight.lorry \ EUROS| APOS, S - RER Initial production and construction
o £ TisstPrs;  C62 Transport user to incineration plant + Incineration for energy recovery 0,52 kg plstic, mixture, muricipal | waste lasic,mixire | APOS. S - Value retention processes
< - M1 A.1.1-A1.2 PP production 0.40 kg polypropylene production, granulate | polypropylene, granulate | APOS, S - RER Initial production and construction
m g Tisn A32 Loy material supplier to part manufacturer 0.40'400  kg'km trnsport eight i I ransport. reignt lory EUROS| 4POS, S- RER Initial production and construction
2 Pig1 A32 Part production using injection moulding 040 kg injection moulding| nfection moulding | APOS, S - RER Initial production and construction
- Tisz A33 Loy from part manufacturer to kitchen manufacturer 0.40'200  kgtkm  tansport reight i | wansget freigt lorry EUROS| AP0S, S- RER Initial production and construction
Feet F°'3If' Ties A34 Lony from kitchen manufacturer to user 0.40'200  kg'km  transport feight lory 16-32melric ton, EUROS| ransport. reight ory 16-32 meticton, EUROS| APOS, S- RER Initial production and construction
ropylene
propy Tiss c57 Lony from user to material recycler 0.40°400  kg*km transport feight I I wansport, reight lory EUROS| APOS. $- RER Value retention processes
eranuiste, amorphous. sae, amorp -
Pis2 cs57 Recycling plastics 0.40 kg APOS, $- Europe without Switzerland Value retention processes
Tiss cs7 Lony from material recycler to user 040%400  kg'km transpor freght lory 16-32 melric on, EUROS| ransport, reight oy 16-32 mebic on, EUROS| APOS, $- RER Value retention processes
TisstPies  C62 Transport user to incineration plant + Incineration for energy recovery 0,40 kg plastc, mixure, municipal plastic, mixture | APOS, S- Value retention processes
M7 A1.1-A1.2 Production hot rolled stainless steel 1.83 kg stoe producton,chvomium steel 8/, ot rlled ] stee, hvomium steel 1878, ot raled | APOS, S~ RER Initial production and construction
Connectors Tiz1 A32 Container ship from material supplier to part manufacturer 1832500 kgkm  ® . freight, freight, POS, S GLO Initial production and construction
(cs;::i"e’ f Stainless 1172 A32 Loy material supplier to part manufacturer 183400  kg'km  transport, freight lory 16-32 melrc ton, EUROS | ransport, freght orry 16-32 mefrc ton, EUROS| APOS, S- RER Initial production and construction
" . 173 A33 Lorry from part manufacturer to kitchen manufacturer 1.83*200 kg*km  transport, freight lorry port freight. lorry. \ EUROS| APOS, § - RER Initial production and construction
hinges & steel
drawer Tiza A34 Loy from kitchen manufacturer to user 1.83°200  kg'km  ransport freight lorry 16-32 metric ton, EUROS| transport fright lory 16-32 metic ton, EUROS | APOS, S - RER Initial production and construction
slides) Tizs c5.7 (10 times) Loy from user to material recycler 10°1.83%400 kg'km  transport freight I port,freight, lorry EUROS| APOS, § - RER Value retention processes
Pi7iTize  C57 (10 times) Recyciing metals + transport from recycler to user (in dataset) 101.83 kg stee producton, converter, uraloyed | tesl, unalloyed | APOS, S RER Value retention processes
[ A1.1-A1.2 PVAC production 0.10 kg yurethane production, flexiie foam | plyurethane, bl foam | APOS, S - RER Initial production and construction
Glue pvac Tt A32 Loy material supplier to kitchen manufacturer 010200 kgtkm  transport eight i port, reight lory EUROS| AP0S, S- RER Initial production and construction
Tisz A34 Lony from kitchen manufacturer to user 010200  kgrkm  transport feight lory 16-32 melric ton, EUROS| ranspart. reight lory 16-32 meticton, EUROS| APOS, S- RER Initial production and construction
Tiss*tPia:  C62 Transport user to incineration plant + Incineration for energy recovery  0.10 kg pastic, mbcire, muricipd | waste s. Value retention processes

*For processes not available in the Ecoinvent Database, we selected the closest available process
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Table A2.2
Detailed CE-LCI for the Reclaim! kitchen.
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Mz1s IXEl Particle board production 0037 m3 uncoste, paricetoard. S-RER Initial production and construction
Tara A12 Lony from material supplier to panel coater 24017200  kg'km  tansport freigh fory ransport, freight lorry EUROS| APOS, S- RER Initial production and construction
Particle Ta1z A12 Lorry from panel coater to kitchen manufacturer 240150  kg'km  transport freight, lorry 16-32 melric on, EUROS | ransport,freight, lorry 16-32 metrc ton, EUROS | APOS, S - RER Initial production and construction
board  T213 A13 Lony from kitchen manufacturer to user 24.01°200  kg'km  tansport freigh lory | ransport feigt lorry EUROS| APOS, S~ RER Initial production and construction
Ta1a A23 Lorry from user to kitchen manufacturer for re-use materials 24.01%200  kg'km  tansport freight lorry ransport,freight lorry EUROS5|APOS, $ - RER Value retention processes.
Tais A34 Lony from kitchen manufacturer to user 24.01°200  kg'km  tansport freigh lorry | ransport feigt lerry EUROS| APOS, S~ RER Value retention processes
pancls Tp16tPars  C62 Transport user to incineration plant + Incineration for energy recovery 24,01 kg mentot rivted  uirealed| APOS, 5- CH Value retention processes
Mz IXEl Coating with melamine paper 241 m2 coatngser |APOS, S~ RER Initial production and construction
Tazs A12 Loy from material supplier to panel coater 4727200 kg'km  wansport reigh lory ranspert feight lorry EUROS| APOS, S RER Initial production and construction
Melaming 1222 A2 Loy from panel coater to kitchen manufacturer 472'50  kg'km  tansport fregh lory | ranspor feiht orry EUROS| APOS, S RER Initial production and construction
:o:rt?rll;e Tazs A13 Lorry from kitchen manufacturer to user 472200 kg'km  wansport freght lorry ransport freght lorry \ EUROS | APOS, S - RER Initial production and construction
224 A23 Loy from user to kitchen manufacturer for re-use materials 472°200  kg'km  tansport freigh lorry | ranspor feight orry EUROS| APOS, S RER Value retention processes
Tazs A34 Lony from kitchen manufacturer to user 4727200 kg'km  tansport reigh fory ranspor, freight lorry EUROS | APOS, S RER Value retention processes
Ta26tPa2i  C62 Transport user to incineration plant + Incineration for energy recovery  4.72 kg plastc, mixtre, pastc mixture | APOS, Value retention processes
Mo A1 MDF board production 0.0014 m3 uncoated | | APOS, S - RER Initial production and construction
Taas A12 Loy from material supplier to panel coater 09200 kg'km tansport reigh fory ransport, freight lorry EUROS| APOS, $- RER Initial production and construction
Tasz A2 Lony from panel coater to kitchen manufacturer 08'50 kg'km  ransport feight lorry | ranspor feigt orry EUROS| APOS, S RER Initial production and construction
MDF Ty A13 Lony from kitchen manufacturer to user 09200 kg'km  wansport eigh fory ransport, freight lrry \ EUROS | APOS, S- RER Initial production and construction
Tosa A23 Lorry from user to kitchen manufacturer for re-use materials 0.9°200 kg*km  tansport, freight, lorry | transport,freight lorry EUROS| APOS, S - RER Value retention processes.
Tass A34 Lony from kitchen manufacturer to user 097200 kg'km  tansport freigh lorry 16-32meric ton, EUROS | ranspor freght ary 16-32 metic on EUROS| APOS, S- RER Value retention processes
Back , TaastPaan  C62  Transport user to incineration plant + Incineration for energy recovery 0.9 kg imentofwaste wood,unrested  unrested | APOS, S- CH Value retention processes
ack-panel
Mzas IXEl Coating with melamine paper 023 m2 coatngser |APOS, 5- RER Initial production and construction
Taa1 Al2 Lorry from material supplier to panel coater 045'200  kg'km tansport freigh forry ransport, freight loxry EUROS| APOS, $- RER Initial production and construction
Tz A2 Lony from panel coater to kitchen manufacturer 045°50  kg'km  tansport freigh lory | ransport feigt orry EUROS| APOS, S~ RER Initial production and construction
c M:;:'t'i'r:"e Toas A13 Lorry from kitchen manufacturer to user 045200  kg'km  wansport freght lorry ransport freght lorry \ EUROS | APOS, S RER Initial production and construction
2 I A23 Lorry from user to kitchen manufacturer for re-use materials 045200  kg'km  transport freight lory | transport freight lorry EUROS|APOS, S- RER Value retention processes
] Taas A34 Lony from kitchen manufacturer to user 0457200 kg'km  tansport reigh forry ranspor, freight lorry EUROS | APOS, S RER Value retention processes
E TyestPre; 62 Transport user o incineration plant + Incineration for energy recovery 0,45 ‘o reotmentof waste lasic mixt . mixture | APOS, Value retention processes
Mazss IXEl Spruce lath production 052 ) ianing I, sofwood, u=10% | sawmood, i, softwood,dried (:=10%),planed | APOS, S- CH Initial production and construction
[ Tas1 A12 Lorry from material supplier to kitchen manufacturer 0527200 kg'km tansport reigh forry ransport, freight lorry EUROS| APOS, $- RER Initial production and construction
'S Structural o Tasz A13 Lony from kitchen manufacturer to user 052200 kg'km  tansport freigh lorry 16-32meric o, EUROS | ranspor, freght oy 16-32 meti on EUROS| APOS, S- RER Initial production and construction
° 5 lath Tass A23 Lorry from user to kitchen manufacturer for re-use materials 052°200  kg'km  wansport freight lorry transport,freight, lorry EUROS| APOS, S - RER Value retention processes
o = Tase A34 Lony from kitchen manufacturer to user 052'200  kg'km  tansport freigh lorry | ranspor feight orry EUROS | APOS, S RER Value retention processes
['4 3 T255+Pas1 C6.2 Transport user to incineration plant + Incineration for energy recovery 052 kg plastic, mixture, plastic, mixture | APOS, Value retention processes
Moo IXEl PP production 0.40 kg S-RER Initial production and construction
Tae1 Al12 Lonry material supplier to part manufacturer 0.40°400  kg'km  tansport reigh forry ransport, freight lorry EUROS| APOS, S RER Initial production and construction
Pies A2 Part production using injection moulding 0.40 kg inecton maiding inction mouling | APOS, - RER Initial production and construction
Tae2 A12 Lony from part manufacturer to kitchen manufacturer 0407200 kg'km  wansport freight lorry 1632 meric fon, EUROS | ranspor, freght oy 16-32 metic on EUROS | APOS, S- RER Initial production and construction
To6s A13 Loy from kitchen manufacturer to user 040200  kg*km transport, freight,lorry 16-32 melric fon, EUROS | transport, freight lorry 16-32 metic ton, EUROS | APOS, S - RER Initial production and construction
Feet Poly- T, A23 Lorry from user to kitchen manufacturer for re-use materials 0.40°200  kg'km  wansport freight, lorry | transport freight lorry EUROS| APOS, - RER Value retention processes.
propylene 1 A34 Lorry from kitchen manufacturer to user 0.40200  kg’km  tansport freight lorry 16-32melric ton, EUROS | transport, freight lorry 16-32 metic ton, EUROS | APOS, § - RER Value retention processes.
Taee cs7 Loy from user to material recycler 0.40°400  kg'km  tansport freigh lorry 16-32meric fon, EUROS | ranspor, freght oy 16-32 meti on EUROS| APOS, S- RER Value retention processes
Jea,amcrphes e, amorphous,recycied
Pasz cs7 Recycling plastics 040 kg APOS, S Europe withaut Switzeland Value retention processes
Taez c5.7 Lorry from material recycler to user 0.40°400  kg'km  wansport freight lorry transport freight lorry EUROS| APOS, - RER Value retention processes.
TrostPoes  C62 Transport user to incineration plant + Incineration for energy recovery 0,40 9 eamentof waste lasc, mixt . mistre]| APOS, Value retention processes
Wz7.0 Add Produiction hot rolled stainless steel 1.83 kg ervomium siet 187, 185, otrailed | APOS, S- RER initial production and construction
Taza At2 Container ship from material supplie to part manufacturer 1.832500  kg'km  transport, feig, sea, ranscosanic ship| ranspor, feigt sea, ranscceanic ship| APOS, S+ GLO Iniial production and construction
Connectors Ta72 A12 Lomy material supplier to part manufacturer 1.83"400 kg*km [ t, freight freignt lorry EUROS| APOS, S - RER Initial production and construction
L:hr‘:i"e’: Staintess 127 Al2 Lony from part manufacturer to kitchen manufacturer 183200 kg'km  wansport, feignt lorry reigntlory EUROS| APOS, §- RER Inital production and construction
hinges & steel | T274 A13 Lony from kitchen manufacturer to user 183200 kg'km  wanspor et I et oxry EUROS | APOS, S- RER Inital production and construction
drawer 275 A23 Lony from user to kitchen manufacturer for re-use materials 183200 kg'km  wransport feight orry right lory EUROS | APOS. S- RER Value retention processes
slides) Tare A34 Lony from kitchen manufacturer to user 183200 kg'km  transpor, et I et orry EUROS| APOS, S- RER Value retention processes
Tarz cs7 (10 times) Lorry from user to material recycler 10°1.83'400 kg'km  transport, feight orry . gt lory EUROS| APOS, S- RER Value retention processes
TaretPazs  C57 (10 times) Recycing metals + transport from recycler to user (in dataset) 10'1.83 kg stest producion,converter, nalloyed | seel,uraloyed | APOS S - RER Value retention processes
Mze1 A1.1-A12 PVAC production 0.10 kg solyurethane producton, flebe foam | polyurethane e foam | APOS, S- RER Iniial production and construction
Glue pvac  Teot A32 Lony material supplier to kitchen manufacturer 010200 kg'km  wanspor, eight oy rightlory EUROS | APOS. S- RER Inital production and construction
Tzs2 A34 Lony from kitchen manufacturer to user 0107200 kg'km ranspont, fright reignt lory EUROS| APOS, S- RER Iniial production and construction
TyestPias  C62 Transport user to incineration plant + Incineration for energy recovery 0,10 kg mixure, 1P0S. S- Value retention processes

*For processes not available in the Ecoinvent Database, we selected the closest available process
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Table A2.3
Detailed CE-LCI for the Plug-and-Play (P&P) kitchen.
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Ma11 A1.1-A1.2 Plywood production 0.011 m3 Plywood praducton, fo ndoor use | pywasd, o indoor Use | APOS, S - RER Inital production and construction
Tas11 A32 Freight ship from material supplier to kitchen manufacturer 7.86'2500  kg'km  transport. fright. sea, ransgort feigh sea POS, $- 6LO Inital production and construction
Tarrz A32 Loy from material supplier to kitchen manufacturer 7.86'800  kg'km  transpor freigh lory I ranspert freignt forry \ EUROS| APOS, S- RER Initial production and construction
Tai1s A34 Lomy from kitchen manufacturer to user 786200  kg'km transpor, freigh lory I ransport feigt lorry EUROS | APOS, S RER Initial production and construction
Frame &feet  Plywood c26 Lomy from user to kitchen manufacturer 7.86'200  kg'km  transpor freigh, lory I ranspert freignt forry \ EUROS| APOS, S- RER Value retention processes
c ) . - post.consumer, from post- measired as cry mass |
5 Ta115*Parss C57 Transport kitchen manuf. to recycler (incl. in data) + chipping for OSB prodi7.86 kg APOS, S~ CH Value retention processes
35 Tar1e cs7 Lomy from OSB producer to user 7.86'400  kg'km transpor, freght lorry I ransport feigt lorry EUROS | APOS, S~ RER Value retention processes
H Ta117+Paria C62 Transport user to incineration plant + Incineration for energy recovery  7.86 kg po— | itreated | APOS, S - CH Value retention processes
k] M 121 A1.1-A1.2 Production hot rolled stainless steel 013 kg Steel prodction, converter, chromium steel 1873 stee, chromim steel 188 APOS, 5 - RER Inital production and construction
5 Ta121 A32 Container ship from material supplier to part manufacturer 0132500  kg'km  trensport fright. sea, e, POS, 5 - 6LO Initial production and construction
o Tarz2 A32 Loy material supplier to part manufacturer 013400 kg'km transpor, fregh lory | ranspert freigt lorry EUROS | APOS, S RER Initial production and construction
Feetextender StAiniess  Taizs A33 Lomy from part manufacturer to kitchen manufacturer 013200 kg'km transpor, freght lory wanspor feigt lory \ EUROS | APOS, S- RER Initial production and construction
steel Ta124 A34 Lony from kitchen manufacturer to user 013200  kg'km  transport,freight, lorry port, freight,lorry. \ EUROS| APOS, S - RER Initial production and construction
Taizs c26 Lomy from user to kitchen manufacturer 013200 kg'km transport, freigh lory | ranspert freight lorry EUROS | APOS, S RER Value retention processes
Tai26 cs57 (10 times) Lorry from kitchen manufacturer to material recycler 10°0.13°400 kg'km transport freight lorry por freignt lary \ EUROS| APOS, S- RER Value retention processes
Ta127+Parzs C5.7 (10 times) Recyciing metals + transport from recycler to user (in dataset) 10'0.13 kg steel produciion, converte, unslloyed | stes, unaloyed | APOS, § - RER Value retention processes
Ms214 A1.1-A1.2 Trplex board production 0.003 m3 Plywood praducton, fo ndoor use | pywasd o indoor use | APOS, S - RER Inital production and construction
Taz211 A32 Freight ship from material supplier to panel supplier 2242500 kg'km  ransport freight sea, transport, freight, sea POS, $- GLO Initial production and construction
Taz12 A32 Lony from material supplier to panel supplier 224'800  kg'km transport freight lory | ranspert freight lorry EUROS | APOS, S RER Initial production and construction
Back and Taz213 A33 Loy from panel supplier to kitchen manufacturer 22450 kg'km transport reight lory | ranspert freight lorry \ EUROS| APOS, S- RER Inital production and construction
side panels  Triplex  Taz1s A34 Lomy from kitchen manufacturer to user 224'200  kg'km transport freight lory I ranspert freight lorry EUROS | APOS, S RER Initial production and construction
(thin) Taz21s c26 Loy from user to kitthen manufacturer 2.24°200 kg*km transport, freight,lorry transport, freight, lorry \ EUROS| APOS, S - RER Value retention processes
Ta216tPazts C5.7 Transport kitchen manuf. to recycler (included in dataset) + chipping for 059.68 kg A0S 6ot e from postamer ™! Value retention processes
Taz17 c5.7 Lony from OSB producer to user 9.68*400 kg*km transport, freight, lorry. port, freight lorry EUROS| APOS, S - RER Value retention processes
Ts215*Paziz C62 Transport user to incineration plant + Incineration for energy recovery 224 kg ! unwreated, | itrested | APOS, S - CH Value retention processes
[T A1.1-A1.2 Triplex board production 0.013 m3 ‘piywood production,for indoor use | plywood, for indoor use | APOS, S - RER Initial production and construction
Tazz21 A32 Freight ship from material supplier to panel coater 9682500  kg'km  transport. fright. sea, transport. freight POS 5 -6LO Initial production and construction
Taz22 A32 Lony from material supplier to panel coater 9.68"800 kg*km transport, freight,lorry transport, freight. lorry \ EUROS| APOS, S - RER Initial production and construction
z Tazzs A33 Lomy from panel coater to kitchen manufacturer 968'50  kg'km transpor freigh lory ) | ranspot freigt lory \ EUROS| APOS, S- RER Initial production and construction
£ Taz2s A34 Lomy from kitchen manufacturer to user 968200  kg'km transpor. freght lory wanspor freigt lory \ EUROS| APOS, S- RER Initial production and construction
Plywood  Taz2s c26 Lony from user to kitchen manufacturer 9.687200  kg'km  transport, freight, lorry . transport, freight,lorry. \ EUROS| APOS, § - RER Value retention processes.
Taz2z6 ca4 Lomy from kitchen manufacturer to refurbisher 968'50  kg'km transpor,freight lorry I ransport feigt forry EUROS| APOS, S RER Value retention processes
® Bo::;nwza;el, Tazar Ca44 Lony from refurbisher to user 9.68°200  kg'km transport, freight oy port, freight, lorry \ EUROS| APOS, - RER Value retention processes.
S drawer Ts226+Paz21 C57 Transport userto recycler (included in dataset) + chipping for OSB product 9.68 kg s st from pest ™1 Value retention processes
q:,) '8 panels (thick) Taz220 cs7 Lomy from OSB producer to user 968400  kg'km transpor. freght lory wanspor feigt lorry \ EUROS | APOS, S- RER Value retention processes
< £ T32210+P3222 C62 Transport user to incineration plant + Incineration for energy recovery 968 kg nireated, | untreated | APOS, S - CH Value retention processes
L c Ms231 A1.1-A12 Coating with melamine paper 071 m2 coating senice, 1APOS, S - RER Inital production and construction
g 2 Ts231 A32 Lony from material supplier to panel coater 211200 kg'km transpor, freght lorry EUROS | ranspor, freight lory  EUROS | APOS, S- RER Initial production and construction
o 3} HPL coating 19232 A33 Lomy from panel coater to kitchen manufacturer 214150 kg'km  transport reigh lory por freignt lary \ EUROS| APOS, S- RER Initial production and construction
= Tazas A34 Loy from kitchen manufacturer to user 211200 kg'km  transpor, freght lory wanspor feigt lory \ EUROS | APOS, S- RER Initial production and construction
o3 - Taz34 c26 Lony from user to kitchen manufacturer 2.11°200  kg'km transport,freight, lorry port, freight,lorry. \ EUROS | APOS, S - RER Value retention processes.
o q;’ TapastPazss C62 Transport user to incineration plant + Incineration for energy recovery 2,11 kg  mist Mure| APOS, S - Value retention processes
o Mss11 A1.1-A1.2 Trplex board production 0016 m3 Plywood praducton, fo ndoor use | pywasd, o indoor use | APOS, S - RER Inital production and construction
- Taata A32 Freight ship from material supplier to panel coater 12192500  kg'km  wenspor freigh sea transport, reigh, sea P0S,5-6L0 Initial production and construction
Tazrz A32 Lony from material supplier to panel coater 12.1°800  kg'km  tansor feignt lory por freight lary \ EUROS| AROS, $- RER Initial production and construction
Taz13 A33 Lony from panel coater to kitchen manufacturer 12.1°50 kg*km  transport,freicht, lorry 3 transport,freight,lorry. \ EUROS| APOS, $ - RER Initial production and construction
Taare A34 Lomy from kitchen manufacturer to user 1219200 kg'km  tanspor reign lory I ranspert freight lrry EUROS | APOS, S RER Initial production and construction
Plywood  Tssis c26 Lomy from user to kitchen manufacturer 121200  kg'km  trnsport feight lorry wanspor freigt lory \ EUROS| APOS, S- RER Value retention processes
o Taate ca4 Lony from kitchen manufacturer to refurbisher 121°50  kg'km  transpert et lory . | reight I EUROS| APOS, § - RER Value retention processes
£ Fronts, Tas17 Ca4 Lony from refurbisher to user 1217200 kg*km  Wansport, freight lorry 3 I transport freight lorry  EUROS| APOS, S - RER Value retention processes
G paneis& TyarstPagts C57  Transport userto recycler (ncluded in dataset) + chipping for OSB product12.1 kg o o rompestemmaner Value retention processes
£ plints Tas10 cs.7 Lony from OSB producer to user 121400 kgkm  tanspot freight lorry | freight I EUROS| APOS, § - RER Value retention processes
w Ta3110*P3s12 C6.2 Transport user to incineration plant + Incineration for energy recovery 12.1 kg | untreated, ) unirested | APOS, § - CH Value retention processes
Ma321 A1.1-A1.2 Coating with melamine paper 1.03 m2 coating se 14P0S, S- RER Initial production and construction
Taaz1 A32 Loy from material supplier to panel coater 2023200  kg'km transport, freight lorry . | freight I EUROS| APOS, S - RER Initial production and construction
HPL coating 19322 A33 Lony from panel coater to kitchen manufacturer 2.023'50  kgtkm  tansport feigh lory | reght i EUROS| APOS, § - RER Initial production and construction
Taazs A34 Lony from kitchen manufacturer to user 2.023'200  kg*km L , freight, | transport, freight, lorry EURO5| APOS, S - RER Initial production and construction
Tssza c26 Lony from user to kitchen manufacturer 2023200  kg'km  bansport feigh lory . ] right I EUROS| APOS, S - RER Value retention processes
Tas05+Paszs C62 Transport user to incineration plant + Incineration for energy recovery 2.023 kg entof « ipal incineration| ixture | APOS, S - Value retention processes
[T A1.1-A1.2 Production hot rolled stainless steel 1.83 kg 1818, hot rolled | stee!, 18/, ot rolled | APOS, - RER Initial production and construction
Connectors Taan1 A32 Container ship from material supplier to part manufacturer 183'2500  kg'km  tansport freigt sea ransport, reight sea, s-alo Initial production and construction
(shelve Taarz A32 Lony material supplier to part manufacturer 183°400  kg'km  wansport fent lory 16-32metric ton, EUROS| transport.freght, oty 16-32 meticon, EUROS | APOS, § - RER Initial production and construction
carrier, Stainless  Tasq3 A33 Lony from part manufacturer to kitchen manufacturer 1.83"200 kg*km L , freight I | freigh, I EURO5| APOS, S - RER Initial production and construction
hinges & steel Ty, A34 Lomy from Kitchen manufacturer to user 1837200  kg'km  Wansport freigh lory 16-32 metric ton, EUROS| ranspor.freght lorry 16-32 metc ton, EUROS| APOS, S - RER Initial production and construction
d'?‘”e’ Taa1s c26 Lony from user to kitchen manufacturer 1.83'400  kg'km U . freight I | freight I EURO5| APOS, S - RER Value retention processes
[ slides) Taa1s c5.7 (10 times) Loy from kitchen manufacturer to material recycler 10*1.83%400 kgkm  transport, freight, lory 16-32metrc ton, EUROS | transport. reigh, orry 16-32 metrc ton, EUROS| APOS, § - RER Value retention processes
% Tag17+Paa1s C5.7 (10 times) Recycling metals + transport from recycler to user (in dataset) 10*1.83 kg steel production, converter, unalloyed | steel, unalloyed | APOS, S - RER Value retention processes
@ Msa21 A1.1-A12 PE production 0.064 kg polyetiylene procucton, low density, randate| polyethylene, low density, grandate | APOS, S~ RER Initial production and construction
E Taaz21 A32 Lomy material supplier to part manufacturer 0.064*400  kg*km transport, freigh, lorry 3 |transport freight, lorry EUROS| APOS, § - RER Initial production and construction
8 Taazz A33 Lony from part manufacturer to kitchen manufacturer 0.064'200  kg'km  transpor fregh,lory 16-32 metrc on, EUROS | ranspart, reight oy 16-32 metricon, EUROS| APOS, $- RER Initial production and construction
Taazs A34 Lony from kitchen manufacturer to user 0.064200  kg'km transport, freight lorry . transport, freight,lorry EUROS| APOS, S - RER Initial production and construction
Click P°"I" Taaza c26 Lomy from user to kitchen manufacturer 0.064*200  kg'km transport freght lorry | reight I EUROS| APOS, § - RER Value retention processes
connector  propylene ¢ . cs7 (2 times) Lony from kitchen manufacturer to part manufacturer 270.064"200 kg'km  transpor fregh,lory 16-32 metrc on, EUROS| ransport, reight ory 16-32 metic on, EUROS| APOS, $- RER Value retention processes
Paaz1 c5.7 (2 times) Closed loop recycling PE 2°0.064 kg T%mﬁmﬁ;ﬁ:fmm amrpus. feoycled | pelyetylens erepiralae. grandate, amarphas. /el e retention processes
Taaze cs57 (2 times) Lony from part manufacturer to user 270.064"200 kg'km  transpor fregh,lory 16-32 metric on, EUROS| ransport, reight ory 16-32 metic on, EUROS| APOS, $- RER Value retention processes
427*Psazs C62 Transport user to incineration plant + Incineration for energy recovery 0,064 ™ cure, muricipa | waste s- Value retention processes

*For processes not available in the Ecoinvent Database, we selected the closest available process
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Appendix 3. Detailed overview CE-LCIA parameters of kitchen variants

In this appendix we have provided the CE-LCIA parameters for the baseline and all sensitivity scenarios of the kitchen variants. For a further
clarification on the sensitivity analysis scenarios, we refer to appendix 5.

Note that, in the P&P kitchen variant, when finishing and infill parts with re-use cycles are (re)placed, we assume virgin and re-used parts are
alternated. As the Cpymper Of the virgin and re-used parts vary, these parts have multiple sets of CE-LCIA parameters.

Table A3.1
Detailed CE-LCIA for the Business-As-Usual (BAU) kitchen
Baseline N cycies |C+1 N cycies | C+2 L technical = L functional \\T L technical = L functional |L40 L technical = L functional 1180
g i i g
s 2 H 3 3 3 i 3 £
£ 5 & 8 : H : : : :
2 s 3 3 3 H H 3 3 H
H 4 ] ] ] ] ] g
> E a 2 = < H - H - H - H - H - H
5 ¢ 3 5 s i f : i i T i i £ 1 3 i : I i £ 1 i i ! 1 ¥
i 28 £ g ;S S SR B SRS T BN I N A R I D 0 A D O A R D O R
Q@ @ [ = 2] f z O & I T & z 0 & I T & z 0o & I I 4 z o € < < 4z o & I I d z O & I <
M1 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
Particle T+ 12 1 8020 98% 13 1 8020 65% 14 1 8020 49% 12 1 8067 98% 12 1 8040 98% 12 1 80/80 98%
board Ti12 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
Tiaa 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
Panels T114+P111 1 2 1 80/20 50% 1 3 1 80/20 33% 1 4 1 80/20 25% 1 2 1 80/6,7 50% 1 2 1 80/40 50% 1 2 1 80/80 50%
Mi21 1 2 1 80220 98% 13 1 8020 65% 1 4 1 80120 49% 12 1 8067 98% 1 2 1 8040 98% 12 1 80/80 98%
Melamine Ti21 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
coating 1122 12 1 80220 98% 13 1 8020 65% 14 1 80220 49% 12 1 8067 98% 12 1 8040 98% 12 1 8080 98%
Tizs 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
Ti26+P12s 12 1 8020 50% 13 1 80/20 3% 14 18020 25% 12 1 8067 50% 1 2 1 80M0 50% 1 2 18080 50%
Miay 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
Tia1 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
MDF T3, 12 1 8020 98% 13 1 8020 65% 14 1 80120 49% 12 1 8067 98% 12 1 8040 98% 12 1 8080 98%
Tias 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
o | Tia4tP1as 12 1 8020 50% 1 3 1 80/20 33% 1 4 1 8020 25% 12 1 807 50% 1 2 1 8040 50% 1 2 1 80/80 50%
i Migs 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
- Melamine 141 12 1 8020 98% 13 1 8020 65% 14 1 8020 49% 12 1 8067 98% 12 1 8040 98% 12 1 8080 98%
c coating Tia2 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
c B Tias 12 1 8020 98% 13 1 8020 65% 14 1 80120 49% 12 1 8067 98% 12 1 8040 98% 12 1 8080 98%
O © T144+P141 1 2 1 80/20 50% 1 3 1 80/20 33% 1 4 1 80/20 25% 1 2 1 80/6,7 50% 1 2 1 80/40 50% 1 2 1 80/80 50%
% : Mis+ 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
- [} Tis1 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
& g Stucturallath Spruce . 12 1 8020 98% 13 1 8020 65% 14 1 80120 49% 12 1 8067 98% 12 1 80M40 98% 12 1 80/80 98%
i 152 3 . b 3
: E T153+P151 1 2 1 80/20 50% 1 3 1 80/20 33% 1 4 1 80/20 25% 1 2 1 80/6,7 50% 1 2 1 80/40 50% 1 2 1 80/80 50%
< o Mg 13 1 8020 65% 14 1 8020 49% 15 1 80120 39% 13 1 8067 65% 13 1 8040 65% 13 1 80/80 65%
m o Tie1 1 3 1 80/20 65% 1 4 1 80/20 49% 1 5 1 80/20 39% 1 3 1 80/6,7 65% 1 3 1 80/40 65% 1 3 1 80/80 65%
% Piss 13 1 8020 65% 14 1 8020 49% 15 1 8020 39% 13 1 8067 65% 13 1 8040 65% 13 1 80/80 65%
-1 Tie2 1 3 1 80/20 65% 1 4 1 80/20 49% 1 5 1 80/20 39% 1 3 1 80/6,7 65% 1 3 1 80/40 65% 1 3 1 80/80 65%
Feet Poly- Ties 1 3 1 80/20 65% 1 4 1 80/20 49% 1 5 1 80/20 39% 1 3 1 80/6,7 65% 1 3 1 80/40 65% 1 3 1 80/80 65%
propyiens 164 1 3 1 80/20 3% 1 4 1 80/20 25% 1 5 1 80/20 20% 1 3 1 80/6,7 33% 1 3 1 80/40 3% 1 3 1 80/80 33%
Pis2 1 3 1 80/20 33% 1 4 1 80/20 25% 1 5 1 80/20 20% 1 3 1 80/6,7 33% 1 3 1 80/40 3% 1 3 1 80/80 33%
Tiss 13 1 8020 3% 1 4 1 80120 25% 1 5 1 80120 20% 13 1 8067 3% 13 1 8O0MO 3% 13 1 8080 33%
Ti66+P163 1 3 1 80/20 33% 1 4 1 80/20 25% 1 5 1 80/20 20% 1 3 1 80/6,7 33% 1 3 1 80/40 33% 1 3 1 80/80 33%
Mi74 1 1 1 80/20 18% 1 12 1 80/20 16% 1 13 1 80/20 15% 1 11 1 80/6,7 18% 1 1 1 80/40 18% 1 1 1 80/80 18%
Connectors Tiz1 1 11 1 80120 18% 1 12 1 80120 16% 113 1 80/20 15% 111 1 80/6,7 18% 1 11 1 80/40 18% 1 11 1 80/80 18%
(She_lve . Tiz2 1 1 1 80/20 18% 1 12 1 80/20 16% 1 13 1 80/20 15% 1 11 1 80/6,7 18% 1 11 1 80/40 18% 1 1 1 80/80 18%
hf:;::'& s‘:::':f’ Tizs 111 1 8020 18% 112 1 80/20 16% 113 1 80120 15% 11 1 8067 18% 111 1 8040 18% 111 1 8080 18%
drawer Tiza 1 1 1 80/20 18% 1 12 1 80/20 16% 1 13 1 80/20 15% 1 11 1 80/6,7 18% 1 11 1 80/40 18% 1 1 1 80/80 18%
slides) Tizs 1 1 1 80/20 9% 1 12 1 80/20 8% 1 13 1 80/20 8% 1 1 1 80/6,7 9% 1 " 1 80/40 9% 1 1 1 80/80 9%
Pi71T176 1 11 1 80/20 9% 1 12 1 80/20 8% 1 13 1 80/20 8% 1 11 1 80/6,7 9% 1 11 1 80/40 9% 1 11 1 80/80 9%
Mg+ 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
Glue PVAC Tis1 1 2 1 80/20 98% 1 3 1 80/20 65% 1 4 1 80/20 49% 1 2 1 80/6,7 98% 1 2 1 80/40 98% 1 2 1 80/80 98%
Tisz 12 1 8020 98% 13 1 8020 65% 14 1 80120 49% 12 1 8067 98% 12 1 8040 98% 12 1 80/80 98%
T183+P1g1 1 2 1 80/20 50% 1 3 1 80/20 33% 1 4 1 80/20 25% 1 2 1 _80/6,7 50% 1 2 1 80/40 50% 1 2 1 80/80 50%
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Table A3.2

Detailed CE-LCIA for the Reclaim! kitchen

Resources, Conservation & Recycling 174 (2021) 105683

Baseline N ycies |C+1 N cycies | C+2 L technical = L functionat \W\T L technical = L functional |L20 L technical = L functional |L40 L technical = L functional | L8O
H £ H H £ H H
g g i g g g g
H H H H H H £ H
. 3 i i i i i i i
= H 3 H H H H 3 H H
s H = H H H H H H §
H g S H H H H H H H
:of g E . . s 1 . 1 . ;b
5 8 T i 1 s ¥ i £ s ¥ H s F i f s ¥ i 2 3 ¥ i § s F H s F
B 3 s . LI ] £ 2 ] £ ] L Z § £ E i z z £ 2
: 3 £ : | I T RN S SRR SN N I U T R B R 0 R N D 0 R D O R D O I
a @ o = o fd z O ¢ 4 I & z O & < I a4 z 0o €& I I d z O €& I I d z © < I o z 0o & I I d =z O < <
My 13 2 8010 33% 1 4 2 800 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 1 3 2 8040 33% 18 2 80/80 33%
Taaa 13 2 8010 33% 14 2 8010 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 3% 13 2 80/80 33%
particle 1212 13 2 80/0 33% 14 2 8010 33% 15 2 800 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 3% 13 2 80/80 3%
board 1213 13 2 8010 33% 14 2 80M0 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 33% 13 2 80/80 33%
Ta1e 13 2 800 ¥ 1 4 2 8010 2% 15 2 8010 20% 13 2 8067 Wk 13 2 8020 3% 13 2 8040 3% 13 2 8080 33%
Tas 13 2 800 /% 1 4 2 8010 25% 15 2 8010 20% 13 2 8067 /% 13 2 8020 3% 13 2 8040 3% 13 2 8080 33%
Panels Ta16tPa1s 13 2 soro %14 2 8010 2% 15 2 8010 20% 13 2 8067 3% 13 2 8020 3% 13 2 8040 3% 13 2 8080 33%
Mz 13 2 8010 33% 14 2 8010 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 33% 13 2 80/80 33%
Taze 13 2 8010 33% 14 2 8010 33% 15 2 800 30% 13 2 8067 33% 13 2 8020 33% 13 2 8040 33% 13 2 80/80 33%
Melamine 1222 13 2 8010 33% 14 2 80M0 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 3% 13 2 80/80 33%
Ta2s 13 2 80M0 33% 14 2 800 3% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 33% 13 2 8080 33%
coating
Tazs 13 2 800 /% 1 4 2 8010 2% 15 2 8010 20% 13 2 8087 3% 13 2 8020 3% 13 2 8040 ¥% 13 2 8080 33%
Tazs 13 2 800 ¥ 1 4 2 8010 2% 15 2 8010 20% 13 2 8067 W% 13 2 8020 3% 13 2 8040 3% 13 2 8080 33%
Ta26+Pass 13 2 800 3% 14 2 8010 26% 15 2 8010 20% 13 2 807 3% 13 2 8020 3% 13 2 8040 3% 13 2 8080 33%
My 13 2 8010 33% 1 4 2 800 33% 1 5 2 8010 30% 13 2 8067 33% 13 2 8020 33% 13 2 8040 33% 13 2 80/80 33%
Toa1 13 2 8010 33% 14 2 800 3% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 3% 13 2 80/80 3%
Tas2 13 2 80M0 33% 14 2 8010 33% 15 2 80M0 30% 13 2 8067 33% 13 2 8020 33% 13 2 8040 3% 13 2 80/80 33%
MDF  Tp34 13 2 8010 33% 14 2 80M0 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 3% 13 2 80/80 33%
Taas 13 2 800 ¥ 1 4 2 8010 25% 15 2 8010 20% 13 2 8067 WK 13 2 8020 3[% 13 2 8040 3¥% 13 2 8080 33%
Taas 13 2 800 /% 1 4 2 8010 2% 15 2 8010 20% 13 2 8067 3% 13 2 80120 3% 13 2 8040 3¥% 13 2 8080 33%
Back-panel Ta36+Pass 13 2 soro /% 142 8010 2% 15 2 8010 20% 13 2 8087 3% 13 2 8020 3% 13 2 8040 3% 13 2 8080 33%
Ma.s 13 2 8010 33% 14 2 800 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 33% 13 2 80/80 3%
Taer 13 2 8010 33% 14 2 8010 33% 15 2 80M0 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 33% 13 2 80580 33%
- Melamine 1242 13 2 8010 33% 14 2 80/0 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 3% 13 2 80/80 33%
c 2 coating 1243 13 2 8010 33% 14 2 8010 33% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 3% 13 2 80/80 33%
_d:) 5 264 13 2 8010 3% 1 4 2 8010 25% 1 5 2 8010 20% 13 2 8067 3% 13 2 80120 3% 13 2 8040 3% 13 2 80/80 33%
[T) g Taus 1 3 2 8010 33% 1 4 2 8010 25% 1 5 2 80/10 20% 1 3 2 80/6,7 33% 1 3 2 8020 33% 1 3 2 80/40 33% 1 3 2 80/80 33%
E c ToagtPras 13 2 80/M0 3% 142 800 2% 15 2 800 20% 13 2 8o 3% 13 2 8020 33% 13 2 8oM0 33% 13 2 om0 33%
= o My 13 2 8010 33% 1 4 2 800 33% 1 5 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 33% 13 2 80/80 33%
£ 5 Tast 13 2 8010 33% 14 2 800 3% 15 2 8010 30% 13 2 8067 33% 13 2 8020 3% 13 2 8040 33% 13 2 80/80 3%
= E Structural Tasz 13 2 80M0 33% 14 2 8010 33% 15 2 8010 30% 13 2 8067 33% 13 2 80220 33% 13 2 80Mo 33% 13 2 80/80 33%
' X Spruce
= lath Toss 13 2 800 W®% 1 4 2 8010 2% 1 5 2 8010 20% 13 2 8067 W% 13 2 8020 3% 13 2 8040 3% 13 2 8080 33%
8 g Tase 13 2 8o 3B% 1 4 2 8010 25% 1 5 2 80M0 20% 1 3 2 8067 3% 1 3 2 8020 38% 1 3 2 80M0 3B% 13 2 8080 33%
¥ o Tys5+Pass 13 2 8o 3% 14 2 800 26% 15 2 8010 20% 13 2 8087 3% 13 2 800 3% 13 2 8040 /% 13 2 8080 33%
- 261 14 2 8010 33% 15 2 8010 30% 16 2 8010 26% 14 2 8067 33% 14 2 8020 3% 1 4 2 8040 33% 14 2 80/80 33%
Tast 1 4 2 80/10 33% 1 5 2 80/10 30% 1 6 2 80/10 26% 1 4 2 80/6,7 33% 1 4 2 80/20 33% 1 4 2 80/40 33% 1 4 2 80/80 33%
Piss 14 2 8010 33% 15 2 800 30% 16 2 8010 26% 14 2 8067 33% 14 2 8020 3% 14 2 8040 33% 14 2 80/80 33%
Tas2 14 2 8010 33% 15 2 8010 30% 16 2 8010 26% 14 2 8067 33% 14 2 8020 3% 14 2 8040 33% 14 2 80580 3%
Tass 14 2 8010 33% 15 2 80/0 30% 16 2 8010 26% 14 2 8067 33% 14 2 8020 3% 14 2 80M0 33% 14 2 8080 3%
Feet r:""l"'m 264 14 2 800 2% 1 5 2 8010 20% 1 6 2 8010 7% 1 4 2 8067 25% 1 4 2 8020 2% 1 4 2 8040 25% 1 4 2 80/80 25%
propy| Tass 14 2 8oMo 25% 1 5 2 8010 20% 1 6 2 8010 7% 1 4 2 soe7 25% 1 4 2 8020 2% 1 4 2 8040 25% 1 4 2 80/80 25%
Toss 14 2 sono 25% 1 5 2 8010 20% 16 2 8010 7% 1 4 2 8067 25% 1 4 2 8020 26% 1 4 2 8040 25% 1 4 2 80580 25%
Pasz 14 2 800 25% 1 5 2 8010 20% 16 2 8010 7% 1 4 2 8067 25% 1 4 2 8020 25% 1 4 2 8040 25% 1 4 2 80/80 25%
Ta67 14 2 8010 25% 15 2 8010 20% 16 2 8010 7% 1 4 2 8067 25% 1 4 2 8020 2% 1 4 2 8040 25% 14 2 80580 25%
Ta65*Pass 14 2 soro 25% 15 2 8010 20% 16 2 8010 7% 14 2 8oe7 25% 1 4 2 8020 2% 14 2 8040 25% 14 2 8080 25%
Mazy 1 12 2 8010 15% 1 13 2 8010 14% 1 14 2 80/10 13% 1 12 2 80/6,7 15% 1 12 2 80/20 15% 1 12 2 80/40 15% 1 12 2 80/80 15%
Taza 112 2 8010 15% 113 2 80M0 14% 114 2 80M0 13% 112 2 8067 15% 112 2 8020 15% 112 2 8040 15% 112 2 80/80 15%
Connectors Toz2 112 2 80/10 15% 113 2 80/10 14% 1 14 2 8010 13% 112 2 8067 15% 1 12 2 80/20 15% 112 2 80/40 15% 1 12 2 80/80 15%
hel
L‘a:l:r Stainless 127 112 2 80M0 15% 113 2 80M0 14% 114 2 8010 13% 112 2 8067 15% 112 2 80/20 15% 112 2 8040 15% 112 2 80/80 15%
hinges & steel 1274 112 2 8010 15% 113 2 80M0 14% 114 2 8010 13% 112 2 8067 15% 112 2 8020 15% 112 2 8040 15% 112 2 80/80 15%
drawer 275 112 2 8010 8% 1 13 2 8010 8% 1 14 2 8010 7% 1 12 2 8067 8% 1 12 2 80220 8% 1 12 2 8040 8% 1 12 2 8080 8%
slides) Tars 112 2 800 8% 1 13 2 80/10 8% 1 14 2 80M0 % 1 12 2 8067 8% 1 12 2 8020 8% 1 12 2 8040 8% 1 12 2 8080 8%
Tozz 112 2 800 8% 1 13 2 8010 8% 1 14 2 8010 % 1 12 2 8067 8% 1 12 2 80220 8% 1 12 2 8040 8% 1 12 2 8080 8%
T278+Pars 112 2 8010 8% 1 13 2 8010 8% 1 14 2 8010 7% 112 2 8067 8% 1 12 2 80/20 8% 1 12 2 80/40 8% 1 12 2 80/80 8%
My 12 1 8010 98% 13 1 8010 65% 14 1 8010 49% 12 1 80067 98% 12 1 8020 98% 12 1 8040 98% 12 1 80580 98%
Gle pvac  Teet 12 1 8010 98% 13 1 8010 65% 14 1 8010 49% 12 1 8067 98% 12 1 8020 98% 12 1 8040 98% 12 1 80/80 98%
Tas2 12 1 80M0 98% 13 1 80M0 65% 14 1 8010 49% 12 1 8067 98% 12 1 8020 98% 12 1 8040 98% 12 1 80/80 98%
T205+P1ss 12 1 8oro 50% 1 3 1 8010 3% 14 1 800 25% 12 1 807 50% 1 2 1 80120 50% 12 1 8040 50% 12 1 8080 50%
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Table A3.2 (continued)
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Baseline N cyetes |©-3 N gpetes | €2 N epetes | €1 N cyetes | C+1
i H H H H 3 3 H
- 1 H H H H H H H
5 i i i i i i i
. £ H H H H H H H H
£ H H H H b H 1 H H
H 2 £ H H H § H H H H
2 3 3 3 3 3 g H 3 3 3
H k] = 5 P N H - | . . ¥ | - 3 H - | . % H - F | . ¥ i
i H 3 F i [ i I i I it i i i [ I ii I i H [ ]
] H = 3 - | I LR R LI R | I I LR I LIS N PR . LR I P I
3 & H 3 @ 2 & %X T & S & X T &z 6 & X T &z 6 & X T &z S d X T az &% LS T TS E L& S & %%
[ T a1 som0 65w T2 1 om0 sew T2 1 eomo sew T2 1 eum0 s T4 1 som0 4%
Tans 1 1 somo esk 1z 1 om0 sew 1z 1 somo sew 12 1 somo sek 14 1 somo 4ok
Tauz 18 1 somo esk 12 1 eomo ee 12 1 eomo ee% 12 1 eumo se% 14 1 om0 0%
Taus 1a o som 6% 12 1 om0 s 1z 1 eomo sew 12 1 om0 sew 141 om0 dom
Frame & feet  Plywood Tarsa 1 3 1 80/80 33% 1 2 1 8o/s0 50% 1 2 1 80/80 50% 1 2 1 soso 50% 1 4 1 B0/80 25%
TostPan 13 1 sum0 3% 14 1m0 2
Tause 1 1 sum 3 14 om0 2%
TarsrtPasa 1 3 1__80/80 33% 1 2 1__80/80 50% 1 2 1 80/80 50% 1 2 1_80/80 50% 1 4 1_80/80 25%
Moz T 1 somo ew T 1 om0 8% T 1 eomo ew T 1 somo e% Tz 1 somo tow
Tasze 1 " 1 80/80 18% 1 " 1 80/80 18% 1 " 1 80/80 18% 1 " 1 80/80 18% 112 1 80/80 16%
122 11 som0 1% 11 eomo te% 11 eomo 1e% 111 somo ek 12 1 e 1%
Feet extender Stainless  Tyzs 1 " 1 80/80 18% 1 1" 1 80/80 18% 1 " 1 80/80 18% 1 " 1 80/80 18% 112 1 80/80 16%
steol Ty 4 1 somo 1% 11 om0 e 11 somo e 11 om0 e 1z 1 somo ek
Taszs 1 1" 1 80/80 9% 1 1" 1 80/80 % 1 1" 1 80/80 9% 1 1 1 8080 9% 112 1 8080 8%
Tarze Tom 1 som oo Tt 1 som % 1 11 1 sw0 o 11 sm oo 1oz s ew
TyePyas 1111 som0 9% 1m0 sws  e% 1 m 1 swso  o% 1m 1 sum % 1z s ew
Maus T 5 1 soz0 5% T2 1 oz se% T2 1 oo e T2 1 soz0 ok T4 1 ooz 4om
Tazns 131 som0 6% 12 1 e se% 12 1 ooz saw 12 1 oo % 141 s 4w
Taziz 13 1 s esk T2 1 oz s Tz 1 sz sew 12 1 s sew 14 1 sonodsk
Back and 18 1 sz esu 12 1 oo s 12 1 eomo eew 12 1 ez sek 14 1 om0 0%
side pansls  Triplex  Tazis 18 so20 6% 12 1 oz sew 12 1 oz sew 12 1 om0 sew 14 1 om0 dom
(thin) 3218 1 3 180720 33% 1 2 1 8020 50% 1 2 180120 50% 1 2 1 8020 50% 1 4 1 80/20 25%
TuePiy 1 3 1 B % 14 1 e 2
Taarr PR R e s 2%
TaastPaa 13 1 820 3% 12 1 s s 1 2 1 s so% 12 1 s so% 14 1 s 2w
M2z T4 1 somo 4wk T4 2 somo 3w T2 1 oo s T2 1 oo sew T s 1 s 6% T3z somo s T 5 1 somo aow T 5 2 somoaon
Tazzy 1 4 1 80/80 49% 1 4 2 80/80 33% 1 2 1 80/40 98% 1 2 1 80/40 98% 1 3 1 80/80 65% 1 3 2 80/80 33% 1 5 1 B0/B0 39% 1 5 2 80/80 30%
Taazz 141 som0 4% 14 2 somo 3% 12 1 om0 sa% 12 1 eomo sa% 18 1 soe 6% 18 2 som sk 15 1 som0 3% 15 2 somo s0%
= Taazs 1 1 somo avk 14 2 somo % 12 1 oo sa% T2 1 oo saw 131 eweo es% 13 2 som 3k 151 som0 3% 15 2 somo a0%
£ Tasss 11 somo ask 14 2 somo 3w 121 oo s 1z 1 somo sew 13 1 somo esk 13z somo 3% 1 s 1 somo ok 1 s 2 somo 0%
Plywood Tazzs 14 1 s 2% 1 4 2 sWe0  25% 1 2 1 8040 S0% 1 2 1 60M0  50% 13 4 ewed % 1 3 2 BUB0 3% 1 5 1 60D  20% 1 5 2 6080 20%
Tazze 14 1 osom 2% 1 4 2 swe 2% 13 1 sum0 % 1 3 2 6D % 1 5 1 s 20% 1 5 2 eom0  20%
© Bottom :-:BL Tszar 14 1 som % 1 4 2 om0 2% 13 1 somo 3% 1 3 2 sUso 3% 1 5 1 80K 20% 1 5 2 o0 20%
<3 e TustPiay 1 4 1 BWED  25% 1 4 2 eom0 25 15 1m0 2% 1 5 2 om0 20%
3 panels (thick) Taszo 14 1 s 2% 1 4 2 s 2% 1 s s 2% 1 5 2 somo 2%
c € TazawtPazza 1 4 1 80/80 25% 1 4 2 8080 2% 12 1 8040 50% 12 1 8040 50% 13 1 s 3% 13 2 8080 3% 15 1 8080 20% 15 2 8080 20%
S ¢ Moz Tz 1 soao sew T2 1 oo s T2 1 oo sew T2 1 eoo s T a1 souo ew
£2 Tazas 121 somo sew 12 1 oo se% 121 s sew 1z 1 swao ek 13 1 souo sk
S HPL Tazaz 1 2 1 80/M0 98% 1 2 1 80/40 98% 1 2 1 80/40 98% 1 2 1 80/40 98% 1 3 1 80/40 85%
o = coating  Tyga 12 1 somo se% 12 1 somo se% 12 1 somo se% 12 1 somo e 13 1 somo es%
H TastPazs 12 1 8040 0% 12 1 sod0  so% 1 2 1 sodo  so% 12 1 soao 50% 13 1 soM0 3%
° Masyy 15 1 8040 39% T 5 2 8040 30% 12 1 8020 9a% 13 1 6040 65% 1T 3 2 8040 33% T 4 1 8040 49% 1 4 2 soMo 33% T 6 1 8040 33% 1 6 2 80Mo 26%
= Tasns 1 s 1 souo 3o 1 s 2 somo a0k 12 1 so0 s 13 1 soko es% 13 2 souo 141 sok0 4% 14z somo 3% 16 1 somo 3w 1 e 2 souo 2e%
Taarz 15 1 soMo se% 15 2 a0 a0% 12 1 e ee% 15 1 eoMo 6% 15 2 a0 s 14 a0 4% 14 2 s s 16 1 soM0 3% 16 2 soo 26%
Tasis 151 somo ae% 15z om0 0% 12 1 oz s 1s 1 somo es 15 2 somo 3au 141 oo asn 14 2 sou0 s 161 sow0 aw 16 2 souo 2o%
Taane 151 somo 3wk 1 s 2 soko 0% 121 oz s 13 1 somo es 13 2 somo 1w 1 oo 4e 14z somo 3% 16 1 souo 3k 16 2 souo 2s%
Plywood Ta 15 1 s 20% 1 5 2 M0 20% 1 2 1 8020 5% 1 5 1 800 3% 1 3 2 MO 3% 1 4 1 UMD 28% 1 4 2 6MO  28% 1 6 1 8040  ATH 1 6 2 soM0 7%
Taas 15 1 s 2% 1 5 2 swo  20% 14 4 swa0 2% 1 4 2 B0 2% 1 6 1 BMD 7% 1 6 2 80d0 7%
Taaer 1 5 1 80/40 0% 1 5 2 8040 20% 1 4 1 80/40 5% 1 4 2 80M0 25% 1 6 1 804D 7% 1 6 2 8oMo 7%
TugtPasy 15 1 B 2% 1 5 2 ava  20% 16 1M % 1 6 2 sdo %
Taare 1 s 1 s 2% 1 s 2 swo 2% 16 My % 1 6 2 Mo aw
TaarwtPases 1 5 1__80/40 20% 1 5 2 80/40 20% 1 2 1_80/20 50% 1 3 1 80/40 3% 1 3 2 80/40 3% 1 4 1__80/40 28% 1 4 28010 25% 1 6 1_80M40 17% 1 6 2_80/M0 17%
Masz T s 1 soe0 o% T s 2 soko 3% T2 1 ez sen T a1 oo 65 T3z somo 3w T3 1 soa0 6% T3z soa0 s T4 1 somo 4om T4 2 sodo 3w
Tasar 1 3 1 80/40 65% 1 3 2 80/40 33% 1 2 1 80/20 98% 1 3 1 80/40 €5% 1 3 2 80/40 33% 1 3 1 80/40 65% 1 3 2 80/40 33% 1 4 1 BOMD 49% 1 4 2 80/d0 33%
HPL Taszz 1 3 1 80/M0 65% 1 3 2 80/40 33% 1 2 1 80/20 98% 1 3 1 80/40 65% 1 3 2 80/40 33% 1 3 1 80/40 65% 1 3 2 80M0 33% 1 4 1 80/40 49% 1 4 2 80MO 33%
coating Ty, 18 1 somo esu 13z om0 3% 12 1 oz s 18 1 somo es 1 2 somo 3au 18 1 oo esw 13 2 eo0 s 141 s 4o 14 2 souo s
Tasss 43 4 s 3 1 3 2 SO 3 1 2 18U S% 1 3 1 s0M0 3% 1 3 2 SMO 3% 1 3 1 040 3% 1 3 2 SO 3% 1 4 1 80D 2% 1 4 2 soM0  25%
TaaatPasae 13 1 BOMO S 13 2 80M0 3% 1 2 1 6020 S 13 1 B0MO _ S3% 1 3 2 BOMD 3% 1 3 1 60MO 3% 13 2 BOMD 3% 1 4 1 6OMD _ 28% 1 4 2 6oMD 2%
[ T 1 1 8040 1a% 11 1 8040 1a% 11 1 sw4o 1a% T 11 1 swko 18% T 12 1 sodd 16%
Connectors Taass 111 1 soko 18% 11 1 soo 1% 1 1 soko 18% 111 1 soko 18% 112 1 BoMD 16%
(sheive Taarz 1M1 somo te% 11 e 1% 11 eomo e 1A 1 om0 1e% 12 1 e 1%
carrier,  Stainless Tauis T sow0 % 11 e 1% Tt ek ta% T 1 oo 1e% A
hinges & steel Ty, 11 1 800 18% 11 1 8040 18% 11 1 soko 18% 111 1 somo 8% 112 1 804D 16%
drawer Taas, 1 1" 1 80/40 9% 1 1" 1 80/40 8% 1 1" 1 80/40 9% 1 1 1 80/40 9% 112 1 80M0 8%
@ sides) Tosrs on 1 s e LI R TR 7" S 1o 1 s % 1oz e ew
£ TautPsans 1111 s % 1 n 1 s % 1 11 somo % 1111 soao % 112 1 sowo %
g Masay 1 4 1 80/40 49% 1 4 1 80/40 49% 1 4 1 80/40 49% 1 4 1 80/40 49% 1 5 1 80/40 39%
£ Taszt 1 a1 somo svn T4 1 oo as% T4t eomo 4% 141 oo 4en 151 s se%
3 Taaz 11 somo ask 141 oo ae% 14 1 somo esn 141 oo 4e 1 s 1 souo 3ok
Taszs 1 4 1 80/40 49% 1 4 1 80/40 49% 1 4 1 80/40 49% 1 4 1 80/40 49% 1 5 1 80/40 39%
Click Taazs 14 1 somo 25% 14 1 swéo 25% 1 4 1 8040 25% 1 4 1 s 25% 15 1 souo 20%
connector  propylene Taazs 1 4 1 80/40 25% 1 4 1 80/40 28% 1 4 1 80/40 25% 1 4 1 8040 26% 1 5 1 B0M0 20%
Pacar 14 1 s 2w P R R 7 B 14 1 oswo 2w 15 1 s 2%
Taas 1 1 s 2w T s 2% 1 4 1 s 2% 1a 1 oswo 2w 15 s 2%
TaartPass 141 s 28w 14 S0 2s% 1 4 1 om0 2s% 14 1 swo 2% 15 1 somo 20
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Table A3.3
Detailed CE-LCIA for the Plug-and-Play (P&P) kitchen

N eyeles | C+2 L functionas (finishing parts) | Lf=80-40-740, Lt=80-40-40-40 L functional| LI=80-40-40-40, Lt=80-40-40-40 L tochnical= L functional | LA=T-7-1-7, Li=T-7-3,5-7
- M - o o - M - o
; g § 3 § é g § i
H % H % H H H
s i g 1] 8 1 8 8 3 2
H 1 H 1 1 1] 1] i 1 3
H i H H H H i H H H
2 3 i i i H i i i i H
K} £ 3 & .- 3 a 3 | S 3 s H a 9 | ¥ a 9 & = T a
» £ < I S H Fd i 3 3 [ 3 i 7 H i 3 S H [ 3 3 7
g FARNS SR U SR I NS U5 SOV I SO S SO I SRS 5 S I S N SR I S O NN I SRS S SR I NS B N I I
& 2 3 @ F 6 4 % %L 7S d % % a6 &% % 426 &% ¢ 26 & % % a2 6 I % & F 64 %2 26 & % % S & % %
[ T s 1 som0 ae% "5 1 somo s 15 1 om0 esk 15 1 soe7 6%
Tars 15 1 8080 39% 13 1 80580 65% 13 1 80/80 65% 13 1 8067 65%
Tansz 1 5 1 80/80 39% 1 3 1 80/80 65% 1 3 1 80/80 65% 1 3 1 80/8.7 65%
Tara Vs somo sew T s 1 somo s Ts 1 somo sk 1s 1 soe7 esw
rame & feet  Plywood ' 15 1 s0se 20% 13 1 somo 3% 13 1 somo 33% 13 1 80T 33%
S 5 1 s 0% 1os 1 s s Tos 1 s s 1os o ser saw
Tasss 15 1 8080 20% 13 1 800 33% 13 1 0o 33% 13 1 80T 33%
TawrtPaiia 15 1 8080 20% 13 1 8080 33% 13 18080 33% 1.3 1 807 33%
Ma2 113 1 80/80 15% 111 1 8080 8% 111 1 8080 18% 111 1 8ol 18%
Taszs 113 1 8080 15% 111 1 B0/BD 18% 111 1 B0/80 18% 11 1 8067 18%
To1e 1 soso s 1o somo e Tt 1 somo e% toM 1 som7 te%
Vo1 somo 1% T somo ek T somo ek T som7 1w
set extender
Tore 1 om0 s 1o somo ek 1o 1 somo ek o1 o7 e
Tote 1 somo  ew 1o som e% T smo ew o1 somr ew
Tarzs Tota 1 osom0 ex oo em ex T eme ew o1 esr ew
TyaPass 1 131 soso ok 1o som  ew 1o sme ew i1 sosr  ew
laz1s 15 1 8020 39% 13 1 80020 65% 13 1 8020 65% 13 1 8067 65%
Taznn 15 1 8020 39% 13 1 8020 65% 13 1 8020 65% 13 1 8067 65%
Tazrz 15 1 8020 39% 13 1 80/20 65% 13 1 80/20 65% 13 1 8067 65%
Back and Tazs 105 1 8020 0% 13 1 s0R065% 18 1 8020 65% 13 1 s0mT 65%
side panels  Triplox  Tazta Tos 1 03 151 somoesk T8 1 sonoesk toa 1 o7 es
(thin) Tyzts 15 1 8020 20% 13 1 so0 33% 13 1 sor0 3% 13 1 soe7 33%
TongtPas 15 1 80z 0% 1s 1o s Tos 1 s s a1 emsr s
Taans 15 1 8020 20% 13 1 so20 33% 13 1 8020 33% 13 1 80T 3%
TazistPaziz 15 1 80120 20% 13 1 800 33% 13 1 800 33% 13 1 80T 33%
5221 "6 om0 1 6 2 sosazwe 1 4 1 somoasw 1 4 2 8omo 3w T4 1 smodsw 1 4 2 swmosmk 1 4 1 sumssdsk 1 4 2 80733 5w
Tazzs 16 1 80/8033% 1 6 2 8080 26% 14 1 8080 49% 14 2 somo33% 14 1 8080 49% 14 2 8080 33% 14 1 soM33a9% 14 2 80133 33%
Taazz 16 1 80/8033% 16 2 80/80 26% 14 1 808D 49% 14 2 8080 33% 14 1 8080 49% 14 2 808D 33% 14 1 80133 49% 14 2 80/13.3 33%
Taras "6 1 ausosw 1 6 2 um2s% 1 4 1 som0as% 1 4 2 s0m03% T4 1 smoask 1 4 2 0T 1 4 1 somsadsk 1 4 2 80133 3%
Tazze 16 1 80/8033% 1 6 2 8080 26% 14 1 8080 49% 14 2 800 33% 14 1 8080 49% 14 2 80080 33% 14 1 BoN33 a9 14 2 80133 33%
Pywood Tazss " 1 suso 1T 1 o 2 68 ™% 1 4 1 808D 2% 1 4 2 somo 2% T4 1 s 2% 1 4 2 sUB0 2% 1 4 1 SUMS3 5% 1 4 2 80433 25%
Tazzo \ e taue 7% 1 6 2 im0 1% 1 4 1 som0 2% 1 4 2 somo  26% T4 1 s 2% 1 4 2 U0 2% 1 4 1 sUiss 2% 1 4 2 a3 2%
ottom panel, Tazer 16 1 8080 7% 1 6 2 80/80 7% 1 4 1 B0/BO 26% 1 4 2 8080 25% 14 1 8080 2% 1 4 2 80/80 26% 1 4 1 80A33 25% 1 4 2 80133 25%
shelve & TosastPazay ! 6 1 B0BO  17% 1 6 2 800 17% 1 4 1 80O 25% 1 4 2 6080  25% 14 1 8080 25% 1 4 2 SUB0  25% 1 4 1 8OM33  25% 1 4 2 80133 25%
anels (thick) Tazze 16 1 8080 7% 1 6 2 8080 7% 1 4 1 soso 2% 1 4 2 800 26% 14 1 somo 2% 1 4 2 800 6% 1 4 1 80133 26% 1 4 2 80133 25%
TszzwtPazzz 16 1 80i80 7% 16 2 80i80 7% 14 1 8080 25% 14 2 8080 25% 14 1 somo 25% 14 2 8080 25% 14 1 80M33 25% 1 4 2 80M3.3 25%
Mzt T4 1 s ame T2 1 sodo oen T2 1 somo ek T2 1 o7 sew
Tazas 14 1 80k 49% 12 1 80M0 88% 12 1 80M0 98% 12 1 8067 98%
Tazaz 1 4 1 80/40 49% 1 2 1 80/40 98% 1 2 1 80/M0 98% 1 2 1 80/6.7 98%
coating  Tyyq, 14 1 8040 40% 12 1 800 98% 12 1 800 98% 12 1 som7 98%
Tazas T4 1 s040 7% 12 1 souo 50% 12 1 souo 50% 12 1 8T 50%
TazastPazas 1 4 1 8040 17% 12 1 8oM0 50% 12 1 50% 12 1 80T 50%
Mears "7 v somoaek 1 7 2 soaaawe 1 8 1 somozsw 1 8 2 om0 iew 1 8 2 emo ik 1 4 1 souoasw T s 1 s a1 5 2 8067 so%
Taans 17 1 8ok 28% 17 2 80i023% 18 1 80120 25% 18 2 80120 18% 18 2 8020 11% 14 1 800 49% 15 1 807 39% 15 2 8067 30%
Tasz 17 1 80140 28% 17 2 8040 28% 18 1 8020 25% 18 2 8020 18% 18 2 8020 11% 14 1 B0MO 49% 105 1 8067 39% 15 2 8067 30%
Toans © 7t sownasw 1 7 2 soao2we 1 8 1 somozs% 1 8 2 2018% 1 8 2 820 1% 1 4 1 60MD 9% tos 1 soe7aew 1 5 2 a0e7 so%
Taara 17 1 8ok 28% 17 2 80i4023% 18 1 80120 25% 18 2 8020 18% 18 2 8020 11% 14 1 80M0 49% 15 1 807 39% 15 2 8067 30%
Plywood Taass 1 7 1 80/40 14% 1 7 2 80/40 14% 1 8 1 80/20 13% 1 8 2 80/20 13% 1 8 2 8020 13% 1 4 1 80/M40 25% 1 5 1 8067 20% 1 5 2 8067 20%
e Y7t sowo  we% 1 7 2 Bod0  1e% 1 8 1 s 13% 1 8 2 @0 3% 1 8 2 820 1% 1 4 1 soup  25% tos 1 swsr 2% 1 5 2 mer 0%
“ronts, sido Toanr T 7 1 somo 4% 1 7 2 soAc  1a% 1 8 1 somo 1% 1 8 2 820 1% 1 8 2 S0 1% 1 4 1 sowo  26% 15 o s 0% 1 s 2 soer 0%
panals & TatPaas 17 1 SAD  tew 1 7 2 soMo w1 8 1 sed 13 1 8 2 B % 1 8 2 se0  an 1 4 1 sod0 2% tos o1 sws7 2% 1 5 2 mer 0%
a Tyste 17 1 eo4g 1% 17 2 8040 1% 18 1 80120 13% 18 2 8020 13% 18 2 8020 13% 1 4 1 souo 2% 15 1 8T 20% 1 5 2 8067 20%
TasitPass 17 1 80MO _ 14% 1 7 2 8040 14% 1 8 1 som0 1% 1 8 2 820 1% 1 8 2 sp0 1% 1 4 1 soMy 5% t s 1 ser 20w 1 s 2 woer  oo%
Msaat T 5t somoswe 1 5 2 soaosow 1 5 1 somosw 1 6 2 2oz 1 5 2 20 7% T2 1 somo sen s 1 s w1 s 2 w067 s
Tasas 15 1 8040 39% 15 2 804030% 16 1 802033% 16 2 80120 20% 18 2 8020 7% 12 1 800 98% 13 1 80067 5% 13 2 8067 33%
WL Tosss © st soMossw 1 5 2 s0d03o% 1 6 1 somoa% 1 8 2 82020% 1 8 2 8020 7% 12 1 soMossx t s 1 somTess 1 3 2 woe7 sa%
coating  Tyz, 151 a00 3e% 15 2 800 30% t6 1 so2033% 16 2 8020 20% 16 2 820 7% 12 1 somo sa% 13 1 8067 5% 13 2 s067 3%
Toses 15 1Mo 0% 1 5 2 8040 0% 1 6 1 s % 1 6 2 820 1% 1 6 2 820 1% 1 2 1 soMD 0% Toa 1 swsr  w% 1 3 2 soer %%
ToasgtPrgzy 1 S 1 G0M0 0% 1 5 > s0M0 _ 20% 1 s 1 820 7% 1 8 2 820 1T 1 8 2 om0 17% 1 2 1 soMo 5o t o 1 swer s 1 s 2 woer s
Maers A9 1 oo 1% TN 1 soa0 e T 1 oo te% T 1 o7 e
Somnactors o Toas 1 souo s T sowo ek T 1 sowo sk T 1 o7 e
pirwrivy Tocrs 101 soko s 11 sod en 1ot 1 sodo s% Tt 1 som7 te%
carrier,  Stainless Tiys 113 1 8040 15% 111 1 80MD 18% 111 1 800 18% 111 1 8067 18%
ninges . Toes Toas 1 soao s T sowo ek 1o 1 sowo ek T o7 e
drawer Tasrs 113 1 80M0 8% 11 1 soM0 9% 111 1 8oM0 % 111 1 80T 9%
slides) Taars 1131 sos0 e 111 M0 9% 1+ 1 soM0 9% o1 sy %
ToPrasy 11 1 somo 8% ©n o swe  ew P smo  ew 1 sosr  ew
Maszy 1 6 1 80/40 33% 1 4 1 80/40 49% 1 4 1 80/M0 49% 1 4 1 80/6.7 49%
Tare, 161 s 141 w00 s T4 1 souo sk T4 1 o7 as
Toees it 1 souoswe 141 sowoas T4 1 sowoas toa 1 o7 ass
Taazs 1 6 1 80/40 33% 1 4 1 80/40 49% 1 4 1 80/M0 49% 1 4 1 80/6.7 49%
Click poly- T 1osum 1w 141 smo 2sw T4 1 smo 2s% toa 1 oemr 2w
connector  propylene . 16 1 sod0  17% 14 1 B0 25% 14 1 soM0 26% 14 1 soe7 2%
Pruns T 1osam 1w 141 o 2sw T4 1 smo 2s% toa 1 oemr oz
Taazs 16 1 8040 1T% 14 1 soM0 25% 14 1 soM0 6% 14 1 soeT 25%
TooetPags 161 soo 1% 14 1 Mo 2w t4 1 Mo 25w t 4 1 smr o

(continued on next page)
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Table A3.3 (continued)
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L technical - L functional | Lt=20-20-20-20, Lf=20-20-10-20

L technical - L functional | L1=40-20-20-20, Lf=40-20-10-20

L technical - L functional | L1=80-80-80-80, Lf=80-80-40-80

- -3 - o - o
é % K 5 $
F i i i
]
5 8 8 8 8 8 8
H H H H H ] H
2 H c H P H b
= s s K3 s K3
5 3 3 3 3 3 3
g 3 3 3 3 3 3
2 - H M H - H o H - 2 M H
H £ i ! i i 3 I i ! i i ! : 3 . : i il : 3
2 K] C € H E € H E = E E
5 = 3 T R NV T R T R R O T T B R A . T T
o = Q a =z o -4 < < a z o o < < a =z (3] [-4 < < a =z (3] -4 < < a =z o (-4 < < a z o o < <
[ 13 1 8020 65% 13 1 80/40 65% 13 1 80/80 65%
LEXET] 13 1 80/20 65% 13 1 80/40 65% 13 1 80/80 65%
Tati2 18 1 8020 65% 13 1 80/40 65% 18 1 80/80 65%
) Tatia 13 1 80120 65% 13 1 80/40 65% 13 1 80/80 65%
rame & feet  Plywood Tatss 13 1 8020 33% 13 1 80/40 33% 13 1 8080 33%
Tor1s*Paris 13 1 80120 33% 13 1 8040 33% 13 1 8080 33%
Tssss 13 1 8020 33% 13 1 80/40 33% 13 1 8080 33%
TosaztPassz 18 1 80120 33% 1.3 1 80/40 33% 1.8 1 8080 33%
Mg 2 111 1 80120 18% 111 1 80/40 18% 111 1 80/80 18%
Ttz 11 1 8020 18% 111 1 80/40 18% 111 1 B0/B0 18%
Tas22 111 1 80120 18% 111 1 80/40 18% 111 1 80/80 18%
Stainless Tga 111 1 8020 18% 111 1 80/40 18% 111 1 80/80 18%
set extender
teel Ty, 111 1 8020 18% 111 1 80/40 18% 111 1 B0/B0 18%
Taszs 111 1 80120 9% 111 1 80/40 9% 111 1 80180 9%
Ta1z6 111 1 8020 9% 111 1 8040 9% 111 1 8080 9%
Ta2+P3121 111 1 80120 9% 1111 80/40 9% 111 1 8080 9%
Maz1s 13 1 80i20 65% 1 3 1 8010 65% 13 1 80/80 65%
Taz1s 13 1 80120 65% 13 1 8010 65% 13 1 80/80 65%
T:”_‘_z 1 3 1 80/20 65% 1 3 1 80110 65% 1 3 1 80/80 65%
Back and Taz213 1 3 1 80/20 65% 1 3 1 80/10 65% 1 3 1 80/80 65%
side panels  Triplex Tazis 13 1 80120 65% 13 1 80/10 65% 13 1 8080 65%
(thin) Tazts 13 1 8020 33% 13 1 8010 33% 13 1 8080 33%
Tez1s#Pazan 13 1 8020 33% 13 1 8010 33% 13 1 8080 33%
Tazer o 13 1 8020 33% 13 1 8010 33% 13 1 8080 33%
TazsgtPaziz 1 3 1 8020 33% 13 1 8010 33% 13 1 800 33%
Mazzs 14 1 80/40 49% 14 2 80/40 33% 14 1 80/40 49% 14 2 8040 33% 14 1 80/80 49%
Tazzg 14 1 B0/40 49% 14 2 B80/40 33% 14 1 80/40 49% 14 2 B0/40 33% 14 1 B0/B0 49%
Tazzz 14 1 80/40 49% 1 4 2 80/40 33% 14 1 80/40 49% 14 2 80/40 33% 14 1 80/80 49%
Taz20 14 1 80/40 49% 14 2 80/40 33% 14 1 80/40 49% 14 2 80/40 33% 14 1 80/80 49%
Tazzs 14 1 B0/40 49% 14 2 B0/40 33% 14 1 B0/M4O 49% 14 2 B0/MO0 33% 14 1 80/80 49%
Plywood Taz26 14 1 8040 25% 1 4 2 80/40 25% 1 4 1 80/40 25% 1 4 2 80/40 25% 1 4 1 80/80 25%
Tazze 14 1 8040 25% 1 4 2 80/40 25% 1 4 1 80/40 25% 1 4 2 80/40 25% 1 4 1 8080 25%
ottom panel, Tazar 1 4 1 80/40 25% 1 4 2 80/40 25% 1 4 1 80/40 25% 1 4 2 80/40 26% 1 4 1 80/80 25%
shelve & 1 4 1 8040 25% 1 4 2 80/40 25% 1 4 1 80/40 25% 1 4 2 80/40 25% 1 4 1 8080 25%
drawer Ta226*P3221
anels (thick) Tazz0 14 1 80/40 25% 1 4 2 B80/40 25% 1 4 1 80/40 25% 1 4 2 80/40 25% 1 4 1 80/80 25%
Taz210+Pa222 1 4 1 80/40 25% 1 4 2 80/40 25% 1 4 1_80/40 25% 1 4 2 80/40 25% 1 4 1 80/80 25%
Mazas 12 1 80120 98% 12 1 80120 98% 12 1 80/80 98%
Tazay 12 1 80/20 98% 12 1 80/20 98% 12 1 80/80 98%
HPL  Tasss 12 1 8020 98% 12 1 8020 98% 12 1 80/80 98%
coating  Ty,q, 12 1 80120 98% 12 1 80/20 98% 12 1 80/80 98%
Tizas 12 1 8020 50% 12 1 80120 50% 12 1 8080 50%
Taza5+Pa231 1 2 180120 50% 1 2 180120 50% 1 2 1_80/80 50%
Masrs 15 1 80120 39% 15 2 80/20 30% 15 1 80/20 39% 15 2 80/20 30% 15 1 80/80 39% 15 2 80/80 30%
T”"; 15 1 8020 39% 15 2 80/20 30% 15 1 B0/20 39% 15 2 80/20 30% 15 1 80/80 39% 15 2 80/80 30%
Tazs2 1 5 1 80/20 39% 1 5 2 80/20 30% 1 5 1 80/20 39% 1 5 2 80/20 30% 1 5 1 80/80 39% 1 5 2 80/80 30%
Tasis 15 1 8020 39% 15 2 80120 30% 15 1 80120 39% 15 2 80/20 30% 15 1 80/8039% 15 2 80/80 30%
Taase 15 1 80/20 39% 1 5 2 80/20 30% 15 1 80/20 39% 15 2 80/20 30% 15 1 80/80 33% 1 5 2 B80/B0 30%
Plywood Taats 1 5 1 80120 20% 1 5 2 80120 20% 1 5 1 8020 20% 1 5 2 80/20 20% 1 5 1 80/80 20% 1 5 2 80/80 20%
Tears 15 1 8020 20% 1 5 2 80120 20% 1 5 1 80120 20% 1 5 2 8020 20% 1 5 1 8080 20% 1 5 2 8080 20%
_ . Taas 15 1 80120 20% 1 5 2 80/20 20% 1 5 1 80120 20% 1 5 2 80/20 20% 1 5 1 80/80 20% 1 5 2 8080 20%
“ronts, side 3317
panels & Taui 4P, 5 1 80120 20% 1 5 2 80120 20% 1 5 1 80/20 20% 1 5 2 80/20 20% 1 5 1 8080 20% 1 5 2 8080 20%
331877331
plints Tyste 15 1 8020 20% 1 5 2 8020 20% 15 1 8020 20% 1 5 2 80/20 20% 1 5 1 80/80 20% 1 5 2 8080 20%
Ta.;‘ 10*+Paata 1 5 18020 20% 1 5 2 80120 20% 1 5 1_80/20 20% 1 5 2 80/20 20% 1 5 1 80/80 20% 1 5 2 80/80 20%
Mu;‘ - 13 1 80120 65% 13 2 80120 33% 13 1 80/20 65% 13 2 80/20 33% 13 1 80/80 65% 13 2 80/80 33%
Tysas 13 1 8020 65% 13 2 80/20 33% 13 1 80/20 65% 13 2 80/20 33% 13 1 80/80 65% 13 2 80/80 33%
HPL Taszz 1 3 1 80/20 65% 1 3 2 80/20 33% 1 3 1 80/20 65% 1 3 2 80/20 33% 1 3 1 80/80 65% 1 3 2 80/80 33%
coating  Tyy,q 13 1 80120 65% 13 2 80120 33% 13 1 80/20 65% 13 2 80/20 33% 13 1 80/80 65% 13 2 80/80 33%
Toazs 13 1 80120 33% 1 3 2 80/20 33% 1 3 1 80120 3% 1 3 2 80/20 33% 1 3 1 80/80 33% 1 3 2 8080 33%
T:;;azr +Pasas 1.8 1 80120 33% 1 8 2 80120 33% 1 8 180120 33% 18 2 80/20 33% 1 8 1 80/80 33% 1 8 2 80/80 33%
Masss . 1 " 1 8020 18% 1 1" 1 80/20 18% 1 " 1 80/80 18%
. . T3;1; 111 1 80/20 18% 111 1 80/20 18% 111 1 80/80 18%
sonnectors 4
111 1 80120 18% 111 1 80/20 18% 111 1 80/80 18%
(shelve Taat2
carrier, Stainless Tssys 111 1 80/20 18% 111 1 80/20 18% 111 1 80/80 18%
hinges & steel Ty, 111 1 80/20 18% 111 1 80/20 18% 111 1 80/80 18%
drawer Tg; '(, 1 11 1 8020 9% 1 11 1 8020 9% 1 11 1 80/80 9%
slides) Tesss 111 1 8020 9% 111 1 8020 9% 111 1 8080 9%
3416
111 1 80120 9% 111 1 80i20 9% 111 1 8080 9%
Taa1.tPsars
Masar 14 1 80120 49% 14 1 80/20 49% 14 1 80/80 49%
T 14 1 80/20 49% 14 1 80120 49% 14 1 80/80 49%
3421
Taszz 14 1 8020 49% 14 1 80/20 49% 14 1 80/80 49%
Taszs 1 4 1 80/20 49% 1 4 1 80/20 49% 1 4 1 80/80 49%
Click Poly- L 14 1 8020 25% 14 1 80120 25% 14 1 8080 25%
2.
connector  propylene TM ‘ 14 1 8020 25% 14 1 8020 25% 14 1 8080 25%
3425
P 14 1 80120 25% 14 1 80120 25% 14 1 8080 25%
r“z' 14 1 8020 25% 14 1 8020 26% 14 1 8080 25%
3426
1.4 1 80120 25% 14 1 8020 25% 14 1 8080 25%
Tas27+Paaza

Note thal, in the P&P Kitchen variant, when finishing and Infill parts with re-use cycles are (re)placed, we assume virgin and re-used parts are altemated. As the Cnumber of the virgin and re-used parts vary, these paris have multiple sets of CE-LCIA parameters.
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Appendix 4. Analysis of the CE-LCIA results

This appendix includes a deeper analysis of the CE-LCIA results of the BAU, Reclaim! and P&P kitchen variants.
A4.1. Impact distribution between ‘production, construction and pre-use’ and ‘value retention post-use’ for the lower kitchen cabinet and its subcomponents

Table A4.1 shows the impact distribution between modules CE-A (i.e., production, construction and pre-use) and CE-C (i.e., value retention post-
use) for the lower kitchen cabinet and its subcomponents per impact category in percentage.

Which life cycle stages contribute most to the results varies per design variant and impact category. In the BAU kitchen the materials have a low
number of use cycles; a higher share of impacts originates from production, construction and pre-use, namely between 71%—99%. In the Reclaim!
kitchen, materials have one more use cycle than in the BAU kitchen: between 59%—98% of impacts originate from production, construction and pre-

Table A4.1
Contribution of impacts for modules CE-A and CE-C for the lower kitchen cabinet and subcomponents
S 5§ % s € g g - ©® 3§ =&
5 = 3 g g 8 8 28 £ 9 2
s 5 ° ¢ 2 s g5 25 3 8 &
2 g 5 8 g 2 2,38 =z g 3
E 5 £ § % 2L 3% s> ¢ % ¢
§ 7- 8- ® & &3 8- §5 & T E_
= o2 88 & § gf 2% Zx = £ 3E
O Oac aa < U <& <& weo I =8 Fa
CE-A | Production, construction and pre-use
Lower kitchen cabinet 72% 94% 84% 88% 79% 99% 93% 71% 91% 78% 93%
Panels 64% 89% 76% 78% 71% 96% 83% 47% 35% 63% 67%
Structural lath 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 1%
Glue 1% 0% 1% 1% 1% 0% 2% 1% 0% 1% 0%
Feet 2% 1% 1% 2% 1% 3% 5% 1% 0% 1% 1%
2 Connectors 5% 3% 4% 6% 5% 0% 4% 23% 55% 12% 25%
m CE-C | Value retention post-use
Lower kitchen cabinet 28% 6% 16% 12% 21% 1% 1% 29% 9% 22% 7%
Panels 17% 1% 1% 3% 11% 0% 0% 22% 6% 11% 2%
Structural lath 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Glue 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Feet 0% 0% 0% 0% 1% 0% 6% 2% 0% 5% 1%
Connectors 10% 5% 15% 8% 9% 1% 0% 5% 3% 6% 4%
CE-A | Production, construction and pre-use
Lower kitchen cabinet 59% 88% 69% 79% 68% 98% 87% 63% 90% 68% 89%
Panels 46% 80% 57% 62% 55% 76% 70% 28% 19% 43% 46%
Structural lath 0% 1% 1% 0% 0% 0% 0% 0% 0% 0% 1%
Glue 3% 0% 2% 3% 2% 0% 4% 1% 0% 3% 1%
—E. Feet 2% 2% 2% 2% 2% 0% 6% 1% 0% 1% 1%
© Connectors 8% 6% 8% 11% 9% 22% 7% 33% 70% 20% 41%
E CE-C | Value retention post-use
Y Lower kitchen cabinet 41% 12% 31% 21% 32% 2% 13% 37% 10% 32% 11%
Panels 22% 1% 1% 4% 13% 0% 1% 25% 6% 14% 3%
Structural lath 0% 0% 0% 2% 0% 0% 0% 0% 0% 0% 0%
Glue 1% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0%
Feet 1% 1% 0% 0% 1% 0% 1% 3% 0% 8% 1%
Connectors 17% 10% 30% 16% 18% 2% 12% 8% 4% 10% 7%
CE-A | Production, construction and pre-use
Lower kitchen cabinet 61% 76% 70% 73% 66% 23% 74% 53% 79% 54% 68%
Construction 6% 8% 8% 8% 7% 2% 7% 5% 7% 5% 7%
Infill 23% 31% 27% 28% 25% 6% 30% 11% 8% 17% 19%
Finishing 26% 35% 31% 32% 29% 7% 33% 12% 9% 18% 21%
% Connectors 6% 3% 5% 6% 5% 8% 5% 25% 55% 14% 21%
o CE-C | Value retention post-use
Lower kitchen cabinet 38% 23% 30% 26% 33% 77% 25% 47% 21% 46% 32%
Construction 2% 2% 2% 2% 3% 9% 2% 4% 2% 4% 3%
Infil 1% 7% 5% 7% 10% 29% 7% 16% 7% 15% 11%
Finishing 14% 9% 6% 9% 11% 37% 9% 21% 9% 19% 14%
Connectors 12% 5% 16% 8% 10% 1% 7% 6% 3% 8% 4%

Note: The colour shows a gradient between the highest (red) and lowest (green) percentual contribution of impact;
percentages
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use. Introducing multiple use cycles results in higher shares of impact originating from ‘value retention post-use’: in the P&P kitchen, only 53-79% of
impacts originate from production, construction and pre-use. An exception is the ‘abiotic depletion for elements’ category, where only 23% are
production, construction and pre-use impacts. This is due to the high abiotic depletion potential of ‘wood chipping for OSB production’ during
recycling of wooden parts. The effect of including multiple cycles is also visible in the stainless-steel connectors: the assumed 10 recycling cycles for
virgin stainless steel result in an Af of 0.18 for initial production and construction impacts and an Af of 0.09 for impacts of each recycling cycle. As
such the share of impacts of value retention post-use is larger than the share of impacts of production, construction and pre-use: double or triple for the
first five impact categories. However, the distribution of impacts also greatly depends on impacts emanating from production versus recycling pro-
cesses. For example, in the toxicity categories, the impacts from initial production and construction of stainless steel still contribute the majority share.

Which materials or processes contribute most to the results varies per impact category. From the CE-LCI, we see that the panels form the bulk of the
material in the BAU and Reclaim! kitchens and the infill and finishing parts in the P&P kitchen. Their initial production and construction contribute
significantly in nearly all impact categories; in the P&P kitchen the recycling process ‘chipping for OSB production’ results in high share of impacts,
especially in the abiotic depletion for elements category. However, considering the limited mass of the stainless steel and coatings (i.e., melamine), we
found that these materials contribute significantly to the total impacts, especially for the toxicity categories. When normalising the results (see also
appendix 6, Table A6.3), we found these are most significant. Finally, most of the impact originates from material production and VRPs; transport
played a limited role.

A4.2. Impact allocation over the RSP

To illustrate how impacts are allocated to the kitchen over the RSP we plotted the (allocated) GWP over time in Figure A4.1. The y-axis shows the
years within the RSP when impact is allocated to the kitchen. For the BAU and Reclaim! variants, impacts are allocated to the kitchen when the entire
kitchen cabinet is placed and replaced every 20 or 10 years, respectively. For the P&P kitchen the largest shares of impact are allocated at initial
placement (t = 0), and the replacement of the finishing, infill and connectors (t = 40). The replacement of the finishing and part of the infill at t = 20
and t = 60 result in a modest increase in allocated impact, showing the benefit of facilitating partial replacements.

This graph shows tipping points for the GWP: prior to t = 7, the Reclaim! variant has the lowest allocated GWP compared to the other variants.
When t>7 years, the P&P variant continues to have the lowest (allocated) GWP. If a similar analysis is done for other impact categories, the y-values on
which impacts are allocated to the kitchen would remain the same. However, how much impact is allocated per (re)placement might differ per impact
category — changing the tipping points.

A4.3. Impact between use cycles of materials applied in the kitchen in relation to the RSP

The above mentioned results merely show the impacts of the circular system allocated to the kitchen. Neither Table A4.1 nor Figure A4.1 provides
insight into the distribution of impacts between the use cycle in the kitchen and the use cycles happening ‘outside’ of the assessed kitchen. Reporting
the impacts allocated ‘inside’ and ‘outside’ of the use cycle of the assessed kitchen does not necessarily lead to more transparency. First, impacts which
have already occurred in the use cycle of the kitchen are allocated to cycles occurring ‘outside’ of the assessed kitchen. Likewise, some of the impacts of
cycles which are yet to occur have already been allocated to the use cycle of the kitchen. Second, depending on which materials are applied, impacts
‘outside’ of the assessed kitchen could compile impacts of multiple use cycles. For metals used in the kitchen, impacts outside the use cycle of the
kitchen include impacts of 10 recycling cycles. Whilst for particle boards in the BAU variant, it only includes impacts of one use cycle (e.g., recovery of
particle board for energy). To increase the transparency of multi-cycling LCAs, the impacts could be reported per use cycle — per material.

Figures A4.2a-c report the distribution of impacts between use cycles of materials applied in the kitchen variants plotted over the RSP. It shows the
cohesion between the parameters Ncyces, Crumbers R — and the resulting Ay values per use cycle. Showing the impact distribution could increase
transparency and comparability between CE-LCAs; it could support deeper analysis of the CE-LCIA results. However, reporting impacts per cycle could
also (further) complexify CE-LCA. Interpretation of impacts reported per cycle might be feasible and insightful for building materials or simple
building components. Yet, for more complex composites — as is the case in the kitchens - it results in extensive CE-LCIA datasets. We question if this
supports decision-making: comparing environmental impact performance of sets of individual cycles between kitchen variants is more a comparison of
circular systems than a comparison of circular building components (in a circular system).

GWP allocated to kitchen variants in time
1,60E+02
1,40E+02 —

1,20E+02 —/—/
1,00E+02

8,00E+01 —/—/

6,00E+01

4,00E+01 /—/

2,00E+01 7

0,00E+00
0 5 10 15 20 256 30 35 40 45 50 655 60 65 70 75 80

Global Warming Potential [kg CO.eq]

Time [years]
—BAU —Reclaim! P&P

Fig. A4.1. Global Warming Potential allocated to kitchen variants over 80 years.
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Fig. A4.2a. Distribution of impacts between use cycles of materials applied in the BAU kitchen in relation to the RSP. (the green and red colour highlight the use
cycles when the material is applied in the assessed kitchen).
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Fig. A4.2b. Distribution of impacts between use cycles of materials applied in the Reclaim! kitchen in relation to the RSP. (the green and red colour highlight the use
cycles when the material is applied in the assessed kitchen).
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Fig. A4.2c. Distribution of impacts between use cycles of materials applied in the P&P kitchen in relation to the RSP (the green and red colour highlight the use
cycles when the material is applied in the assessed kitchen).
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Appendix 5. Sensitivity analysis scenarios

This appendix includes a detailed description of the sensitivity scenarios for the BAU, Reclaim! and P&P kitchen variants. Table A5.1 shows the
‘what if question’ tested per scenario; it gives the assumed Neyces and Leechnicat @0d Lncrionat for (parts of) the kitchen variants, as well as the processes
and parameters varied per scenario.

Table A5.1
Scenarios sensitivity analysis kitchen variants

Lifespan Lifespan Number of future,

technical technical local,
Design Type of sensitivity kitchen kitchen re-use cycles
variant Scenario scenario What if ion for scenario [years] [years] entire kitchen What pr / parameters are varied
Baseline 20 20 0
C+1 Neycles What if the entire BAU kitchen would be re-used once locally? 20 20 1 Decrease allocation fractions for all materials*
BAU C+2 Neycles What if the entire BAU kitchen would be re-used twice locally? 20 20 2 Decrease allocation fractions for all materials*
L7 L technical - Lfmctiona  What if the BAU kitchen would already be replaced after 7 years? 7 7 0 Increase replacement rate for all materials*
L40 Litechnical - Lamctionas  \What if the BAU kitchen would only be replaced after 40 years? 40 40 0 Decrease replacement rate for all materials*
L80 Ltechnical - Lfunctionss  \What if the BAU kitchen would only be replaced after 80 years? 80 80 0 Decrease replacement rate for all materials*
Baseline 10 10 0
C+1 Neycles What if the entire Reclaim! kitchen would be re-used once locally? 20 20 1 Decrease allocation fractions for all materials*
C+2 Neycles What if the entire Reclaim! kitchen would be re-used twice locally? 20 20 2 Decrease allocation fractions for all materials*
Reclaim! L7 Ltechnical - Lanctionss  What if the Reclaim! kitchen would already be replaced after 7 years? 7 7 0 Increase replacement rate for all materials*
L20 L technical - Lfunctionat  What if the Reclaim! kitchen would last as long as the BAU kitchen? 20 20 0 Decrease replacement rate for all materials*
L40 Ltechnical - Lfmctiona  What if the Reclaim! kitchen would only be replaced after 40 years? 40 40 0 Decrease replacement rate for all materials*
L80 Ltechnical - Lfnctionss  What if the Reclaim! kitchen would only be replaced after 80 years? 80 80 0 Decrease replacement rate for all materials*
*For the values of each varied parameters per sensitivity scenario, we refer to the attachment 3
Lifespan technical  Lifespan functional Number of
kitchen parts [years] kitchen parts [years] additional
direct,
local re-
$ e 8 £ Numberof use
] 2 3 3 2 3 future cycles
Design Type of sensitivity  _ 8§ £ 2 _ & £ cycles entire
variant Scenario scenario What if question for scenario 38 £ & 3 3 £ [ 8 removed _ kitchen What processes / parameters are varied
Baseline 80 40 40 40 80 40 20 40
Increase allocation fractions for materials of which future cycles are
C-3 Neyeles What if all of the outer (uncertain) future cycles of materials wouldr 80 40 40 40 80 40 0 40 3 0 removed*; remove processes of removed outer cycles*
Increase allocation fractions for materials of which future cycles are
C-2 Neyeles What if the two most-outer (uncertain) future cycle of materialswou 80 40 40 40 80 40 20 40 2 0 removed*; remove processes of removed outer cycles*
Increase allocation fractions for materials of which future cycles are
C-1 Neyeles What if the most-outer (uncertain) future cycle of materialswouldn 80 40 40 40 80 40 20 40 1 0 removed*; remove processes of removed outer cycles*
What if the entire P&P kitchen has one local re-use cycle
Cc+1 Neyeles additional to the baseline scenario? 80 40 40 40 80 40 20 40 0 1 Decrease allocation fractions for all materials*
What if the entire P&P kitchen has two local re-use cycles
C+2 Neycles additional to the baseline scenario? 80 40 40 40 80 40 20 40 0 2 Decrease allocation fractions for all materials*
Increase replacement rate for all finishing materials*; decrease
P&P Lf=80-40-740, L functional What if the finishing parts of the kitchen would be already be allocation fractions for all finishing materials (as the number of re-
Lt=80-40-40-40  (finishing parts) (ex)changed after 7 years? 80 40 40 40 80 40 7 40 0 0 use cycles of the finishing parts increases)*
Decrease replacement rate for all finishing materials*; Increase
Lf=80-40-40-40, L functional What if the finishing parts of the kitchen would only be allocation fractions for all finishing materials (as the number of re-
Lt=80-40-40-40  (finishing parts) (ex)changed after 40 years? 80 40 40 40 80 40 40 40 0 0 use cycles of the finishing parts decreases)*
Lt=7-7-7-7, Whatif the entire kitchen lasts only 7 years and the finishing
LF=7-7-3,5-7 Ltechnical - Linceionat PATts are refurbished after +3,5 years? 7 7 7 1 17 7 35 7 0 0 Increase replacement rate for all parts of the kitchen*
Lt=20-20-20-20, What if the P&P kitchen lasts as long as the BAU kitchen (with
Lf=20-20-10-20 L ¢echnicar - Lfnceionss  ONE refurbishment of the finishing parts at 10 years)? 20 20 20 20 20 20 10 20 0 0 Increase replacement rate for all parts of the kitchen*
Lt=40-20-20-20, Whatif the P&P kitchen lasts half as long and the finishing parts
Lf=40-20-10-20 [ rechnicar - Lfnctionst  @re (eX)changed twice as fast as the P&P baseline scenario? 40 20 20 20 40 20 10 20 0 0 Increase replacement rate for all parts of the kitchen*
Lt=80-80-80-80, What if the entire kitchen lasts 80 years and the finishing parts. Decrease replacement rates for infill, finishing and connector parts
Lf=80-8040-80 [ technical - Limctionas  @re refurbished after 40 years? 80 80 80 80 80 80 40 80 0 0 of the kitchen*

*For the values of each varied parameters per sensitivity scenario, we refer to the attachment 3

Appendix 6. Results CE-LCIA sensitivity analysis

This appendix includes the results of the CE-LCIA for the sensitivity analysis of the BAU, Reclaim! and P&P kitchen variants. These results are
discussed in Section 5.5.1 of this paper.

Table A6.1 presents the results per impact category for all sensitivity scenarios for all design variants. Table A6.2 shows the percentual reduction
per scenario compared to the BAU baseline scenario for each impact category. Table A.6.3 shows the normalized values.

As an additional analysis, we illustrate how impacts are allocated to the kitchen over the RSP, for the sensitivity analysis on Ny in Figure A6.1
and for the sensitivity analysis on lifespan in Figure A6.2. Although this graph shows tipping points for the GWP, these tipping points can differ for
other impact categories. Finally, for further clarification on each of the sensitivity scenarios, we refer to appendix 5.
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Table A6.1
LCIA for all kitchen variants for all scenario
BAU Reclaim!
Impact cat y Unit B lii C+1 C+2 L7 L40 L80 B i C+1 C+2 L7 L20 L40 L80
Global warming potential kg CO2 eq 148E+02 1,03E+02 825E+01 4,44E+02 741E+01 3,70E+01 [ 1,50E+02 1,39E+02 1,22E+02 2,24E+02 7,48E+01 3,74E+01 1,87E+01
Ozone layer depletion potential kg CFC-11eq| 1,32E-05 9,01E-06 7,00E-06 3,96E-05 6,60E-06 3,30E-06 | 1,12E-05 1,10E-05 9,99E-06 1,68E-05 559E-06 2,79E-06 1,40E-06
Pt ical oxidation i kg C2H4 eq | 5,10E-02 3,62E-02 2,94E-02 1,53E-01 2,55E-02 1,27E-02 | 471E-02 4,65E-02 4,17E-02 7,07E-02 2,36E-02 1,18E-02 5,89E-03
Acidification potential kg SO2 eq 599E-01 4,18E-01 3,32E-01 1,80E+00 2,99E-01 1,50E-01 | 5,34E-01 5,20E-01 4,67E-01 8,02E-01 267E-01 1,34E-01 6,68E-02
Eutrophication potential kg PO4---eq | 2,22E-01 1,54E-01 1,23E-01 6,65E-01 1,11E-01 554E-02 | 1,98E-01 1,92E-01 1,71E-01 297E-01 9,92E-02 4,96E-02 248E-02
Abiotic i tential for el it kg Sb eq 1,65E-03 1,07E-03 8,35E-04 4,65E-03 7,76E-04 3,88E-04 | 1,24E-03 1,22E-03 1,11E-03 1,86E-03 6,20E-04 3,10E-04 1,55E-04
Abiotic depletion potential for fossil fuels MJ 1,81E+03 1,25E+03 9,76E+02 543E+03 9,05E+02 4,52E+02 | 1,56E+03 1,52E+03 1,37E+03 2,35E+03 7,82E+02 3,91E+02 1,96E+02
Fresh water aquatic ecotoxicity potential kg 1,4-DBeq | 8, 30E+01 6,04E+01 4,95E+01 249E+02 4,15E+01 2,08E+01|9,37E+01 848E+01 751E+01 1,40E+02 4,68E+01 234E+01 1,17E+01
Human toxicity potential kg 14-DBeq | 1,82E+02 145E+02 1,26E+02 546E+02 9,10E+01 4,55E+01 | 2,37E+02 2,22E+02 2,03E+02 3,55E+02 1,18E+02 5,92E+01 2,96E+01
Marine aquatic ecotoxicity potential kg 14-DBeq | 1,70E+05 1,21E+05 9,71E+04 5,10E+05 8,51E+04 4,25E+04 | 1,71E+05 1,59E+05 1,41E+05 257E+05 8,56E+04 4,28E+04 2,14E+04
Terrestrial icity potential kg 14-DBeq | 493E-01 3,59E-01 2,95E-01 148E+00 247E-01 123E-01 | 4,94E-01 4,75E-01 4,33E-01 742E-01 247E-01 1,24E-01 6,18E-02
P&P
Lf=80-40-7-40, Lf=80-40-40-40, Lt=7-7-7-7,  Lt=20-20-20-20, Lt=40-20-20-20, Lt=80-80-80-80,
Impact category Unit Baseli c-3 c-2 c-1 c+1 C+2 Lt=80-40-40-40 Lt=80-404040  Lf=7-7-3,57  Lf=20-20-10-20 Lf=40-20-10-20 _Lf=80-80-40-80
Global warming potential kg CO2 eq 6,40E+01 9,51E+01 7,13E+01 6,22E+01 5,22E+01 4,50E+01 7,85E+01 5,00E+01 4,01E+02 1,34E+02 1,28E+02 3,41E+01
Ozone layer depletion potential kg CFC-11eq | 6,92E-06 1,18E-05 8,57E-06 7,23E-06 5,65E-06 4,80E-06 8,62E-06 5,22E-06 4,34E-05 1,45E-05 1,38E-05 3,73E-06
P ical oxidati i kg C2H4 eq 2,54E-02 4,19E-02 3,13E-02 2,62E-02 2,10E-02 1,83E-02 3,07E-02 2,00E-02 1,60E-01 5,34E-02 5,06E-02 1,37E-02
Acidification potential kg SO2 eq 2,99E-01 4,84E-01 3,57E-01 3,01E-01 2,46E-01 2,12E-01 3,67E-01 2,32E-01 1,89E+00 6,30E-01 5,97E-01 1,61E-01
Eutrophication potential kg PO4-—-eq 1,05E-01 1,64E-01 1,22E-01 1,03E-01 8,69E-02 7,49E-02 1,30E-01 8,20E-02 6,67E-01 2,22E-01 2,10E-01 5,67E-02
Abiotic i ial for kg Sb eq 9,77E-04 3,83E-04 2,98E-04 266E-04 8,25E-04 7,09E-04 1,34E-03 7,52E-04 6,41E-03 2,14E-03 1,95E-03 5,37E-04
Abiotic depletion potential for fossil fuels MJ 7,88E+02 1,27E+03 9,27E+02 7,92E+02 6,43E+02 549E+02  9,69E+02 6,05E+02 4,94E+03 1,65E+03 1,57E+03 4,23E+02
Fresh water aquatic ecotoxicity potential kg 1,4-DBeq | 3,73E+01 3,84E+01 3,12E+01 2,86E+01 3,11E+01 2,72E+01  4,56E+01 3,08E+01 2,39E+02 7,96E+01 7,46E+01 2,01E+01
Human toxicity potential kg 1,4-DBeq 9,11E+01 9,79E+01 8,64E+01 8,17E+01 7,85E+01 7,10E+01 1,02E+02 8,23E+01 5,88E+02 1,96E+02 1,82E+02 4,93E+01
Marine aquatic ecotoxicity potential kg 1,4-DBeq 7,62E+04 8,55E+04 6,60E+04 583E+04 6,32E+04 547E+04  9,48E+04 6,09E+04 4,86E+05 1,62E+05 1,52E+05 4,10E+04
Terrestrial ici i kg 1,4-DB eq 2,81E-01 3,53E-01 2,73E-01 2,36E-01 2,36E-01 2,05E-01 3.45E-01 2,27E-01 1,80E+00 6,00E-01 5,62E-01 1,52E-01
Table A6.2
Percentual reduction per design variant scenario compared to the BAU baseline scenario
BAU Reclaim!
Impact cat y Baseli C+1 C+2 L7 L40 L80 Baseline CH+1 C+2 L7 L20 L40 L80
Global warming potential 0% 30% 44% -200% 50% 75% -1% 6% 18% -51% 50% 75% 87%
Ozone layer depletion potential 0% 32% 47% -200% 50% 75% 15% 16% 24% -27% 58% 79% 89%
Photochemical oxidation potential 0% 29% 42% -200% 50% 75% 7% 9% 18% -39% 54% 7% 88%
Acidification potential 0% 30% 45% -200% 50% 75% 1% 13% 22% -34% 55% 78% 89%
Eutrophication potential 0% 30% 45% -200% 50% 75% 1% 14% 23% -34% 55% 78% 89%
Abiotic depletion ial for el 0% 31% 46% -200% 50% 75% 20% 21% 28% -20% 60% 80% 90%
Abiotic depletion potential for fossil fuels 0% 31% 46% -200% 50% 75% 14% 16% 24% -30% 57% 78% 89%
Fresh water aquatic ecotoxicity potential 0% 27% 40% -200% 50% 75% -13% 2% 9% -69% 44% 72% 86%
Human toxicity potential 0% 21% 31% -200% 50% 75% -30% -22% -12% -95% 35% 67% 84%
Marine aquatic ecotoxicity potential 0% 29% 43% -200% 50% 75% -1% 7% 17% -51% 50% 75% 87%
Terrestrial ecotoxicity potential 0% 27% 40% -200% 50% 75% 0% 4% 12% -50% 50% 75% 87%
P&P
Lf=80-40-7-40,  Lf=80-40-40-40, Lt=7-7-77, Lt=20-20-20-20, Lt=40-20-20-20, Lt=80-80-80-80,
Impact gory Baseliny c-3 c-2 c-1 C+1 C+2 Lt=80-40-40-40  Lt=80-40-4040  Lf=7-7-3,5-7 Lf=20-20-10-20  Lf=40-20-10-20 _ Lf=80-80-40-80
Global warming potential 57% 36% 52% 58% 65% 70% 47% 66% -171% 10% 14% 7%
Ozone layer depletion potential 48% 10% 35% 45% 57% 64% 35% 60% -229% -10% -4% 2%
Ph hemical oxidation p ial 50% 18% 39% 49% 59% 64% 40% 61% -214% -5% 1% 73%
Acidification potential 50% 19% 40% 50% 59% 65% 39% 61% -216% -5% 0% 73%
Eutrophication potential 53% 26% 45% 54% 61% 66% 41% 63% -201% 0% 5% 74%
Abiotic depletion potential for elements 37% 75% 81% 83% 47% 54% 14% 52% -313% -38% -26% 65%
Abiotic depletion potential for fossil fuels 56% 30% 49% 56% 64% 70% 46% 67% -173% 9% 13% 7%
Fresh water aquatic ecotoxicity potential 55% 54% 62% 66% 62% 67% 45% 63% -188% 4% 10% 76%
Human toxicity potential 50% 46% 53% 55% 57% 61% 44% 55% -223% -8% 0% 73%
Marine aquatic ecotoxicity potential 55% 50% 61% 66% 63% 68% 44% 64% -186% 5% 1% 76%
Terrestrial icil i 43% 28% 45% 52% 52% 58% 30% 54% -265% -22% -14% 69%

Note: The colour shows a gradient between the highest percentual savings (green) and lowest percentual savings (red) over all design variants and scenarios, per impact category.
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Table A6.3
Normalised impacts for each sensitivity scenario per impact category
BAU Reclaim!
Impact category Baseli Cc+1 C+2 L7 L40 L80 Baseline Cc+1 C+2 L7 L20 L40 L80
Global warming potential 354E-12 2,47E-12 197E-12 1,06E-11 1,77E-12 8,86E-13 | 3,58E-12 3,32E-12 2,92E-12 537E-12 1,79E-12 8,95E-13 447E-13
Ozone layer depletion potential 581E-14 397E-14 3,08E-14 1,74E-13 291E-14 145E-14 | 492E-14 4,87E-14 440E-14 7,38E-14 246E-14 1,23E-14 6,15E-15
Photochemical oxidation potential 139E-12 9,83E-13 7,98E-13 4,16E-12 6,93E-13 346E-13 | 1,28E-12 1,26E-12 1,13E-12 1,92E-12 641E-13 3,20E-13 1,60E-13
Acidification potential 2,50E-12 1,75E-12 1,39E-12 7,51E-12 1,25E-12 6,26E-13 | 2,24E-12 2,17E-12 1,95E-12 3,35E-12 1,12E-12 5,59E-13 2,80E-13
Eutrophication potential 140E-12 9,78E-13 7,78E-13 421E-12 7,02E-13 3,51E-13 | 1,26E-12 1,21E-12 1,09E-12 1,88E-12 6,28E-13 3,14E-13 1,57E-13

Abiotic depletion potential for elements 742E-12 5,11E-12 399E-12 2,23E-11 3,71E-12 1,86E-12 | 593E-12 5,84E-12 532E-12 8,90E-12 297E-12 1,48E-12 7,42E-13
Abiotic depletion potential for fossil fuels  4,76E-12 3,28E-12 2,57E-12 1,43E-11 2,38E-12 1,19E-12 | 412E-12 4,01E-12 3,60E-12 6,18E-12 2,06E-12 1,03E-12 5,15E-13
Fresh water aquatic ecotoxicity potential ~ 3,52E-11 256E-11 2,10E-11 1,06E-10 1,76E-11 8,79E-12 | 3,97E-11 3,59E-11 3,18E-11 595E-11 1,98E-11 9,92E-12 4,96E-12

Human toxicity potential 7,05E-11  5,60E-11 4,90E-11 2,12E-10 3,53E-11  1,76E-11 | 9,18E-11 8,61E-11 7,89E-11 1,38E-10 4,59E-11 2,29E-11 1,15E-11
Marine aquatic ecotoxicity potential 8,77E-10 6,23E-10 5,01E-10 2,63E-09 4,39E-10 2,19E-10 | 8,82E-10 8,17E-10 7,27E-10 1,32E-09 441E-10 221E-10 1,10E-10
Terrestrial ecotoxicity potential 4,52E-13 3,30E-13 2,71E-13 1,36E-12 226E-13 1,13E-13 | 4,54E-13 4,36E-13 3,97E-13 6,80E-13 227E-13 1,13E-13 5,67E-14

Note: The colour shows a gradient between the highest (red) and lowest (green) value per scenario per design variant.

P&P

Lf=80-40-740, Lf=80-40-40-40, Lt=7-7-7-7, Lt=20-20-20-20, Lt=40-20-20-20, Lt=80-80-80-80,

Impact cat y B li C-3 C-2 Cc-1 C+1 C+2 Lt=80-40-40-40 Lt=80-40-40-40 Lf=7-7-3,5-7 Lf=20-20-10-20 Lf=40-20-10-20 Lf=80-80-40-80
Global warming potential 153E-12 2,28E-12 1,71E-12 149E-12 1,25E-12 108E-12 | 188E-12  120E-12  959E-12 _ 3,20E-12 _ 3,05E-12 _ 8,17E-13
Ozone layer depletion potential 3,05E-14 522E-14 3,78E-14 3,18E-14 2,49E-14 211E-14 | 380E-14  230E-14  191E-13  637E-14  606E-14  1,64E-14
Phot ical oxidation potential 6,89E-13 1,14E-12 850E-13 7,13E-13 571E-13 498E-13 | 835E-13  544E-13  435E-12 145612  1,38E-12  3,72E-13
Acidification potential 125E-12 2,02E-12 149E-12 126E-12 1,03E-12 885E-13 | 154E-12  972E-13  7,90E-12  2,63E-12  250E-12  6,75E-13
Eutrophication potential 6,66E-13 104E-12 7,72E-13 6,50E-13 550E-13 474E-13 | 823E-13  519E-13  422E-12  141E-12  1,33E-12  3,50E-13
Abiotic depletion potential for elements 467E-12 1,83E-12 143E-12 127E-12 395E-12 339E-12 | 641E-12  3,60E-12  3,07E-11  1,02E-11  935E-12  257E-12
Abiotic depletion potential for fossil fuels 207E-12 334E-12 244E-12 208E-12 169E-12 144E-12 | 255E-12  159E-12  130E-11  434E-12  413E-12  1,11E-12
Fresh water aquatic ecotoxicity potential 158E-11 1,63E-11 1,32E-11 121E-11 1,32E-11  1,15E-11 | 193E-11  130E-11  1,01E-10  3,37E-11  3,16E-11  851E-12
Human toxicity potential 353E-11 3,79E-11 3,35E-11 3,17E-11 3,04E-11 2,75E-11 | 3,95E-11  3,19E-11  228E-10  7,59E-11  7,06E-11  1,91E-11
Marine aquatic ecotoxicity potential 3,93E-10 441E-10 3,40E-10 3,00E-10 3,26E-10 282E-10 | 4,89E-10  3,14E-10  251E-09  836E-10  7,85E-10  2,11E-10
Terrestrial icity potential 2,58E-13  324E-13 2,51E-13  2,17E-13 2,16E-13  1,89E-13 | 3,7E-13  209E-13 _ 165E-12  550E-13 _ 516E-13 _ 1,40E-13

Note: The colour shows a gradient between the highest (red) and lowest (green) value per scenario per design variant.
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Fig. A6.1a. Sensitivity analysis on the number of cycles for the BAU kitchen (GWP over 80 years).
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Fig. A6.1b. Sensitivity analysis on the number of cycles for the Reclaim! kitchen (GWP over 80 years).
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Fig. A6.1c. Sensitivity analysis on the number of cycles for the P&P kitchen (GWP over 80 years).
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Fig. A6.2a. Sensitivity analysis on the Liechnical @1d Lunctional for the BAU kitchen (GWP over 80 years).
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Fig. A6.2b. Sensitivity analysis on the Liechnical @1d Leunctional for the Reclaim! kitchen (GWP over 80 years).
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Fig. A6.2c. Sensitivity analysis on the Lgynctional for the finishing of the Plug-and-play kitchen (GWP over 80 years).
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