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Abstract

Decarbonisation strategies are increasingly shifting from emission avoidance towards CO, removal and
storage, creating new opportunities for the building sector. To certify such projects, the European
Union has ratified the Carbon Removal and Carbon Farming Regulation (CRCF) in December 2024. This
framework enables certification of CO, storage in biogenic construction materials such as wood, hemp,
or mycelium.

This study addresses exclusively the “Quantification” criterion and the associated needed baselines as
reference values for quantified CO, storage in buildings. The objectives of the study are to evaluate
the quality of open data sources and to develop on that basis a methodological approach for deriving
standardized baselines, for different building types and on a national basis.

For the development of the standardized baselines regarding the German building sector, a top-down
approach was applied, combining primary and secondary sources, i.e. statistical and empirical
datasets. Industry-level data were hierarchically prioritised, and averages were employed to
approximate standard practices.

Findings demonstrate that statistical data alone are insufficient for robust baseline development under
the CRCF and should be complemented by empirical values. Insulation materials represent a key
optimisation point due to their significant emission potential, while the definition of reference
buildings per typology is essential since storage values cannot be reliably transferred across structures.
Data quality varies by material, and most datasets lack A4 or A5 modules being a necessity for CRCF
certification.

This study offers a methodological framework for baseline development and highlights existing data
constraints. The results support effective CRCF implementation in the building sector.

Keywords

Baselines for buildings in Germany, CRCF, top-down approach, quantification, CO, storage in
buildings, environmental data quality.

6. Introduction

6.1 Objectives and Background

The interrelation between the European Union's (EU) climate protection objectives and the building
sector has gained increasing prominence in recent years, primarily due to the sector's significant
contribution to global greenhouse gas (GHG) emissions. According to the United Nations Environment
Programme report (2024), the building sector accounts for 37% of global emissions [1]. In Germany,
data provided by RAMSEIER and FRISCHKNECHT (2020) indicate a similar trend: in 2014, 40% of total
GHG emissions were attributed to the construction and building sector, with 25.4% originating from
the production, construction, and renovation of buildings [2].

The EU has established a target to reduce CO, equivalent (CO,e) emissions by 55% by 2030 relative to
1990 levels [3,4,5]. However, achieving this objective necessitates the implementation of effective
CO,e reduction strategies. Within the building sector, mitigation measures such as the integration of
renewable energy sources during the operational phase play a critical role in decarbonization.
Concurrently, construction materials, particularly those derived from renewable sources, function as
carbon sinks or removal mechanisms.

On a global scale, emissions reductions are projected to constitute the primary mitigation strategy in
the coming years. Nevertheless, without consideration of CO, removals and storage, the targeted
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reduction levels will remain unattainable [6,7]. While measures such as the installation of photovoltaic
(PV) systems are already mandated for new buildings and renovations in Germany, CO, storage
facilitated by biogenic building materials have yet to be systematically quantified or incorporated into
national policy frameworks [8]. Nevertheless, various studies, some dating back decades, have already
reported high substitution factors for wood products [9,10].

To enhance the scale of carbon removals and storage within the EU and, among other objectives, to
promote sustainable construction practices, the European Commission has introduced the Carbon
Removal and Carbon Farming Certification Regulation (CRCF) [5]. This framework aims to incentivize
the construction sector by fostering the adoption of sustainable and innovative building materials and
technologies. CRCF may also influence Energy Performance of Buildings Directive (EPBD) certificates;
however, under the EPBD the declaration of carbon storage remains optional [11].

In addition to its interaction with existing EU policy instruments, the CRCF is closely linked to voluntary
carbon markets (VCMs), which have been so far the primary framework for certifying carbon removals
and storage in distinction to regulatory efforts regarding avoidance. While VCMs support voluntary
decarbonisation efforts by private actors, they have faced challenges related to credibility and
methodological consistency.

By introducing harmonised EU-wide quality criteria and robust certification requirements, the CRCF
may complement voluntary markets by increasing transparency, trust, and regulatory recognition of
carbon removal and storage activities. At the same time, overlaps with existing and emerging voluntary
methodologies are expected, making alignment of accounting rules and safeguards against double
counting essential. In this way, the CRCF is likely to influence the further development and
harmonisation of voluntary certification approaches rather than replacing them.

The CRCF delineates three primary categories of carbon removals: permanent CO, removals, CO,
storage through sustainable agricultural practices, and CO, storage in long-lived products (see Figure
1).
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Figure 1: CRCF categories, own figure based on data from the EU Commission, own figure

The CRCF category most relevant to the building sector — CO, storage in long-lived products —addresses
non-permanent storage in biobased materials derived from renewable resources, such as wood,
engineered wood products, hemp, mycelium, cellulose, or wood fibres. Specifically, this category
applies to structural components and may also include insulation materials used in construction;
however, at this stage, only structural components have been confirmed. Given that methodological
guidance in the form of a Delegated Act is currently under development, the conclusions rely on the
most recent available technical assessment paper [3].



CRCF certification considers projects that meet the QU.A.LITY criteria established within the EU
framework. These criteria stand for Quantification, i.e. measurement of storage and the emissions
generated by the project, with a comparison to a standardized baseline, Additionality, Long-term
Storage, and Sustainability.

In the context of this study, "projects" or "buildings" are understood as structures that incorporate
biobased materials in their structural components and insulation.

To assess an overall positive effect regarding removals or storage, a standardized baseline is necessary.
This baseline must account for comparable socio-economic, ecological, technological, geographical,
and regulatory aspects within the region [5]. Such aspects can play a crucial role in obtaining
representative values, as confirmed by the study of Spudus et al. (2024) [12]. At present, existing
baselineing approaches do not meet the CRCF's requirements, which complicates the precise
guantification of the relevant parameters.

Therefore, this study proposes a methodology for determining a standardized baseline that can serve
as a reference value for calculating the so-called Temporary Net Carbon Removal Benefit (TNCRB) for
buildings. In line with the current EU proposal, the reference value should cover the complete A phase
of a building, i.e. modules A1l to A5 of a life cycle assessment (LCA) (see Figure 2), considering only the
structural components and insulation of the building [13,14,15]. The inclusion of the complete A phase
is also required under the updated mandatory Construction Products Regulation (CPR) within its
Declaration of Performance (DoP) for the product [16].
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Figure 2: LCA modules in scope, own figure based on DIN EN 15978

6.2 Current Status of Baseline Development within the EU

Efforts to define a baseline for buildings have been conducted on different levels: for the complete EU,
as well as for country specific levels, e.g. Germany or the UK. However, existing methodologies often
exhibit limited transparency, e.g. regarding data sources, apply differing scopes, and rely on
geographical datasets from regions that are either too broad or not appropriately representative.
Table 1 presents a summary of key baseline approaches pertinent to Germany and the broader
European region [2,13,14,17,18,19,20,21,22,23,24,25,26].



Table 1: Overview of existing baseline approaches
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A comprehensive analysis conducted by the authors in June 2024 identified the following gaps in
existing baseline methodologies with respect to the compliance requirements for CRCF certification,
particularly in relation to scope, quantification accuracy, and regional applicability:

Scope limitations: Existing baseline frameworks do not comprehensively cover all CRCF-relevant and
required life cycle assessment (LCA) modules (Phase A), building typologies, or structural components.
This is a well-known practical issue arising from data gaps, uncertainties, and differing compliance
requirements across various assessment schemes [27,28]. For example, the study by BRAUNE et al.
(2021) is constrained to Modules A1-A3 due to data availability and predominantly focuses on massive
office buildings, which account for 46 of the 50 cases analysed [14]. Nevertheless, it represents a well-
researched and data-driven German baseline among the currently available studies, as it is based on
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real building data. Similarly, RAMSEIER/ FRISCHKNECHT (2020) provide an extensive industry overview;
however, their study lacks detailed assessments of structural components [2].

Deficiencies in quantification and data quality: Several baseline approaches, including the QNG
framework with its GWP evaluation table, rely on outdated datasets (DIN EN 15804+A1). Given that
future CRCF assessments are expected to conform to the updated standard DIN EN 15804 +A2 with
the corresponding impact categories, aligned with the Construction Products Regulation (CPR) and the
latest Product Environmental Footprint recommendations [16,29], methodological alignment will be
required to ensure consistency and accuracy [3,23,26]. According to, for example NIU/FINK (2025), the
uncertainties regarding carbon content values are demonstrably smaller when DIN EN 15804 +A2 is
implemented [30].

Challenges in regional representativeness: European baseline studies, such as ROCK ET AL. (2022),
employ bottom-up methodologies with representative building datasets (see Table 1). However,
geographical coverage remains heterogeneous, with notable gaps in representation for Germany [24].

The German Environment Agency (UBA) emphasizes that the effective implementation of the CRCF
framework is contingent upon its alignment with national and international compliance mechanisms,
its facilitation of voluntary carbon crediting (“contribution claims”), and the establishment of regionally
differentiated baselines [43]. Nevertheless, developing high-resolution baseline models poses
significant challenges, particularly concerning data acquisition, quality assurance, and continuous
monitoring. Moreover, ensuring comparability and reliability requires the establishment of
standardized system boundaries and harmonized methodological approaches.

The findings presented in this section highlight the critical need for an alternative, standardized
baseline framework that ensures regulatory compliance while maintaining practical applicability at the
national level.

The calculations for a baseline presented in this study are derived from publicly available datasets
collected in June 2024 and were specifically developed within the research project , Generierung
digitaler Emissionszertifikate fur klimapositive Holzsystembauten (GEFION)“ to support the country-
specific implementation of the CRCF framework.

7. Scope and Methodological Approach of the GEFION Project

7.1Scope of Study

For classification purposes, the study differentiates between non-residential buildings (NRB) and
residential buildings (RB), following the definitions outlined in the German Building Energy Act (GEG)
[32]. All results are presented in aggregated form. Example calculations were carried out for a single-
family house and for non-residential buildings to illustrate the methodology; the same approach,
however, was applied to all further building types (e.g. multi-family house, detached house and non-
residential building) within the project.

To establish the baseline, all LCA Modules A as defined by DIN EN 15978 were considered [33].
Depending on data availability, the minimum scope of the analysis includes LCA Modules A1-A3,
whereas the maximum scope extends to LCA Modules A1-AS5.

The baseline calculations focus exclusively on load-bearing structural components, floors, and roofs,
specifically: exterior walls, floor slab, ceilings, roof structures, including insulation.



Excluded components: Windows, doors, interior walls, and surface finishes were excluded, as they
primarily pertain to interior design rather than structural integrity and do not fulfil the CRCF minimum
lifetime requirement of 35 years, as defined in the BNB lifetime table [46].

The emission calculations and carbon storage capacities were analyzed at three hierarchical levels:
material, structural component, and building typology. Additionally, emissions were classified
according to DIN EN 15804+A2, including: GWPpiogenic, GWPsossii, GWPuiye and GWPiotal (0N @ material
level) [34].

This classification aligns with current EU-level considerations for Temporary Net Carbon Removal
Benefit (TNCRB) calculations [3].

7.2 Methodological Approach

The top-down approach, which relies primarily on the analysis of statistical data, serves as the
foundation for baseline development. In contrast, a bottom-up approach, based on real data from
individual buildings, was not applied due to the absence of publicly available, representative datasets.
At the national level (i.e., across Germany), no publicly accessible building database exists so far that
provides the necessary transparency for a bottom-up methodology. As a result, proprietary data
sources were also excluded from consideration (see Step 1, Figure 3).

Using a top-down approach, a correlation between building size and CO,e emissions per square meter
of usable floor area (UFA; NUF in German) was identified by the authors within the GEFION project.
The relationship does not follow a linear scaling pattern; in the modeled environment, CO, emissions
per square meter decrease as building size increases. Previous studies reported U-shaped scaling
effects for large-scale multi-storey buildings (GAN ET AL. (2017)) or provided only average values for
embodied carbon in residential and non-residential buildings, with lower intensities for the latter
(ROCK ET AL. (2022)), as well as consistent differences between single-family and multi-family houses
(DIMOVA/ GERVASIO (2018)) [24,35,36]. The findings regarding correlation should therefore be
regarded as a methodological showcase, indicating that a linear distribution of emissions across
building types is not feasible and yields misleading results.

To ensure representative CO, emission intensities per square meter, reference buildings were defined
for each type based on the most reliable data for the German building stock, namely Tabula/Episcope
and ENOB: dataNWG (Step 2, Figure 3).

Regarding structural components, within the GEFION project it was detected that the statistical
abstraction provided by the top-down approach alone was insufficient for accurate representation.
Consequently, a fixed definition of component composition was required. The structural components
and their properties were therefore empirically defined through data collection (Step 3, Figure 3).

Material demand and ecological impact calculations were based on fixed definitions of components
and material thicknesses, developed in collaboration with one of the lead architects of the architecture
and planning firm andOffice (see paragraph 2.2.1). Ecological impacts were assessed using available
EPDs from Okobaudat, including GWP-biogenic, GWP-fossil, GWP-luluc, as well as GWP total for
Modules A1-A5. In addition, the carbon content of building materials was considered. Calculations



were performed per material and structural element and subsequently consolidated at the building-
type level (Step 4, Figure 3).

5. Results:

3. Definition of Structural 4. Material Demand
components incl. Calculation:
Insulation:  Per Struktural Element

1. Definition of Data 2. Definition of Reference
Sources: Buildings:

* Primary * Residential Buildings

* Representation
* Validation

* Secondary * Non-Residential Buildings * Evaluation

* Exterior Walls  Per Material
 Floor Slab

* Ceiling

* Roof

Figure 3: Methodological steps

7.2.1 Step 1: Data Collection and Definition of Data Sources

Data collection was primarily conducted through expert interviews and collaboration with research
partners within the GEFION project, particularly with: The Institute for Resource Efficient and
Sustainable Energy Systems (IREES) and the architecture and planning firm andOffice.

The experts were selected based on their specific knowledge in the research field, availability, and the
information needs of the authors. The Institute for Resource Efficient and Sustainable Energy Systems
(IREES), an organisation specialised in research on resource and energy management as well as
ecological assessments, particularly in the building sector for both policy and private stakeholders, was
included. Its main office in Karlsruhe is located in Baden-Wirttemberg (Germany), a leading federal
state in sustainable construction. The organisation’s leading expert on energy transition, climate
policy, and building life-cycle assessment was interviewed regarding methodological approaches and
the availability of data sources. Several interviews were conducted to validate methodological steps
and results.

The architecture and planning firm andOffice in Stuttgart (Baden-Wirttemberg), an expert on
sustainable construction and optimisation processes in public and private wooden-based buildings,
was also consulted. The lead architect, who supported the GEFION project, was selected as an
interview partner. These interviews aimed to approximate reallife modelling of structurally relevant
components.

In addition to primary data sources, secondary sources were analyzed, including statistical datasets
such as Construction Completion Statistics [41] and insulation statistics by DEURER ET AL. (2021) [46],
as well as existing databases including Tabula [39], ENOB: dataNWG [40], and Okobaudat [43],
alongside relevant meta-studies. To determine CO, footprints and reference values for both materials
and building categories, empirical research and statistical approximation techniques — specifically
averages and confidence intervals — were applied [37].

Table 2 provides an overview of the data categories, subcategories, and corresponding sources
described below [32,38,39,40,41,42,43,46,47].

Table 2: Data sources

Category ‘ Subcategory Data Source

Building Classification [32, 38] UFA (NUF), Building Types DIN 277, GEG

Reference Buildings [39] Residential Buildings Tabula/Episcope

Reference Buildings [40] Non-Residential Buildings ENOB

Structural components [41, 42] Exterior Walls Construction Completion Statistics, ZukunftBau
Structural components [47] Floor Slab andOffice, Ubakus

Structural components [47] Ceilings andOffice, Ubakus




Category ‘ Subcategory Data Source

Structural components [47] Roof andOffice, Ubakus

Insulation Values [39, 46] Residential Buildings Tabula/Episcope, BBSR

Insulation Values [39, 46] Non-Residential Buildings MFH-Insulation values from Tabula, BBSR
CO; Footprint [43] Materials Okobaudat

GWP Average Values Materials WoodenValley gGmbH

Residential buildings were categorized using the Tabula project dataset, specifically covering newer
buildings (category 12, constructed from 2016 onwards) and three types: single-family houses (EFH),
row/semi-detached houses (RH/SDH), and multi-family houses (MFH). Non-residential buildings relied
on aggregated data from the ENOB: dataNWG project, covering category 12 buildings constructed
from 2010 onwards. These datasets were chosen for their representativeness of the German building
stock and their suitability for establishing a consistent baseline.

Structural components included external walls, roofs, ceilings, and floor slabs. Components were
selected based on load-bearing function and compliance with the CRCF minimum lifetime
requirement. Definitions were derived from construction completion statistics [41], research by THIEL/
RIEDEL (2011) [42], modeling of missing components using Ubakus [47], and empirical validation in
collaboration with andOffice.

Material data and CO, footprints were sourced from Okobaudat, providing standardized GWP values
according to DIN EN 15804+A2. This source ensures a consistent, reproducible, and publicly available
dataset for building material EPDs. Insulation values were transferred from the Tabula database for
category 12 and validated by andOffice. Insulation types were derived from statistical research by
DEURER ET AL. (2021) [46].

For the calculation of the CO, footprint of materials, the following data hierarchy from the Okobaudat
database was applied:

representative
average

generic

specific

Figure 4: Data hierarchy in Okobaudat

This hierarchical structure was established to ensure that nationally representative average values
serve as the primary baseline. In cases where such values are unavailable, industry association datasets
are prioritized as the next-best alternative.

Generic datasets are ranked lower in the hierarchy, as they rely primarily on literature-based estimates
rather than industry-specific data. If none of the aforementioned datasets are available, product- and
manufacturer-specific datasets are used as a final option [44].

All datasets were processed using a calculation tool developed by the GEFION project consortium
partner WoodenValley gGmbH. The software, built on a Power Bl platform with datasets from
Okoébaudat V:2024-1, facilitates EPD searches and computes simple averages with a 95% confidence
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interval for aggregated categories; currently it is not publicly available so far. Complete data tables per
material group are provided in Apendix B.1.

7.2.2 Step 2: Definition of Reference Buildings

For reference residential buildings (RB), all three building archetypes from the Tabula database (DB)
were analyzed: single-family house (SFH), terraced/semi-detached house (TH/SDH), and multi-family
house (MFH). [39] For each building type, the reference data were adopted from the Tabula

database. Descriptions for all reference building types can be found in the Apendix A.2 Reference

Buildings. The further explanations are based solely on the results for single-family house (SFH). The
SFH can be described as represented in Table 3 and Table 4.

Table 3: Reference residential building — RB — SFH

Building Type

Attribute Value
Year of Construction 2016
D Reference Area (m?) 264.7
Usable Floor Area (UFA / NUF) (m?) | 160.4
B Building Volume (BV/ BRI) (m?) 827.1
Heated Area (m?2) 186.8
Full Stories 2
D Number of Apartments 1
Classification Generic
D Urban Development Type Detached

Energy Standard

Minimum Requirements EnEV 2016

KfW Efficiency House 55

Nearly Zero-Energy Building (KfW Efficiency House
40)

Heating System

Structural

Gas
Electricity

Biomass

Table 4: Reference data RB - SFH

SC (Description)

SC Area (m?)

Reference Insulation Actual Insulation Thickness

component (SC)
Roof

Pitched roof with an average
of 22 cm external insulation,
16 cm between-rafter
insulation, and 6 cm internal
insulation

131.9

Thickness (m) (m) (AVG)
0.3 0.29

Wall

Masonry with an average of
12 cm external thermal
insulation composite system
(ETICS)

227.6

0.24 0.22

Ceiling

Reinforced concrete with an
average of 8 cm insulation and
cement screed

107.8

0.12-0.24 0.22
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Structural SC (Description) SC Area (m?) Reference Insulation Actual Insulation Thickness

component (SC) Thickness (m) (m) (AVG)

Floor slab Reinforced concrete with 22 107.8 - 0.30
cm perimeter insulation and 8
cm impact sound insulation
Windows Wooden windows with 42 ND ND
double-pane thermal
insulation glazing
Door Front door with enhanced 2.6 ND ND
thermal insulation

7.2.3  Step 3: Definition of Structural Component Composition and Insulation

Based on construction completion statistics from the Federal Statistical Office [41], which reflect the
predominantly used building materials, the distribution of cumulative material shares per cubic meter
of enclosed space (German: Umbauter Raum (UR)) was determined.

Although the term enclosed space (UR) is considered outdated and has been replaced by gross volume
(German: Brutto Rauminhalt (BRI)) according to DIN 277, it remains relevant in specific contexts,
including statistical analyses, building permit fees, and property valuation calculations [45]. The
enclosed space measurement refers to the raw construction dimensions (length x width x height) and
excludes elements such as plaster, floor slabs, ceilings, and roof coverings; additionally, unused attic
spaces are considered at one-third of their actual volume.

As a result, construction completion statistics primarily capture the materials used for exterior walls.
Consequently, the statistical abstraction level was applied exclusively to the composition of exterior
walls.

7.2.3.1 Exterior Wall (Structural Component incl. Insulation)
Using statistical data on construction completions, a top-down approach was applied to determine
cumulative material shares per cubic meter of enclosed space, as follows:

e Definition of the accumulation period for statistical data: 2016-2021 (the last five years with
available data);

e Aggregation of data;

e Calculation of percentage distributions;

e Application of these distributions to the exterior wall composition (see Figure 5).
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Enclosed Space by
Predominantly Used Building
Material: SFH (2016-2021)

Steel
1.50%

—\ 0.05%
M Reinforced Concrete

291% . 11.71% 15.24% M Brick

M Sand-Lime Brick
Aerated Concrete

m Lightweight
Concrete/Pumice

Wood

Other Materials

Figure 5: Enclosed space distribution for SFH 2016-2021

e Additional consideration of insulation for environmental impact assessment: The type of
insulation was determined based on DEURER ET AL. (2022) and the statistical analysis of
insulation materials installed in 2019, as shown in Figure 6 [46]. As a minimum requirement,
WLG 035 (thermal conductivity class) insulation from the Tabula database was adopted.

Distribution of Total Installed Insulation
Materials by Application Area (2019)

5% 4%
BE— [rm—

8%

6%

Exterior Walls Floor Slab

Mineral M Fossil ™ Renewable

Figure 6: Distribution of different types of insulation in 2019, own representation based on DEURER ET AL., 2022

e Additional consideration of exterior and interior plaster for environmental impact assessment:
Plaster was only included for materials that are typically coated. The decision-making basis
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was the final report of the research project Standardized Component Assemblies by THIEL /
RIEDEL (2011) [42].

The results of the exterior wall composition determination, including statistical data aggregation and
share calculation, are summarized in Table 5 as an example for SFH.

Table 5: Statistical data on construction completions and material share calculation for SFH, categorized by construction
method based on building permit forms

Completion Period Total m3 Predominantly Used Building Material

Steel Reinforced Brick Sand- Aerated Lightweight | Wood Other

Concrete Lime Concrete Concrete/ Materials
Brick Pumice

SFH eclosed space | 2016-

in 1000 m? 2021 840531 426 128096 244370 | 199288 | 132875 24460 98442 12575

0,05% 15,24% 29,07% | 23,71% | 15,81% 2,91% 11,71% | 1,50%

7.2.3.2 Further Structural Components

The methodology applied to the exterior walls could not be directly transferred to all structural
components, as no statistical data were available for individual building elements. However, an
attempt was made to simplify the approach by converting the total surface area of all structural
components based on enclosed space statistics. The results of this analysis are presented in Section 3:
Results.

The composition of the further structural components within the study scope (floor slab, ceiling, roof)
was defined in collaboration with the architectural and planning firm andOffice. Validation was carried
out with The Institute for Resource Efficient and Sustainable Energy Systems (IREES) and the
architecture and planning firm andOffice to ensure accuracy.

A detailed breakdown of the structural composition, including Ubakus [47] (modeling software
application) modeling, can be found in Appendix A.3: Reference Structural Components.

7.2.4 Step 4: Material Demand and Environmental Impact Calculations

The material demand was calculated based on square meters (m?), cubic meters (m2), and kilograms
(kg), using the standard reference units from Okobaudat. The material thicknesses and typical batten
spacings were defined in collaboration with andOffice. Bulk densities, such as those for steel, were
sourced from Okobaudat to determine environmental impacts. Calculations were performed for each
material used in the structural components.

Special allocations applicable for all building types within the study:

e Exterior Wall: linterior plaster was applied to all building materials except steel and exterior
plaster was applied to all materials except steel and concrete;

e Ceiling: Wooden constructions were considered as potential lightweight structures. The
environmental impact calculations for the component were based on the percentage
distribution of the predominantly used materials. This means that the environmental impact
of the beam ceiling corresponds to the percentage of wood (wooden buildings) in the
respective statistic.

e Roof: In contrast to SFH, only for non-residential buildings (NRB) the environmental impacts
of the roof were also determined proportionally. The percentage distribution of different
roof constructions was transfered from the final report of ENOB: dataNWG and incorporated
into this analysis [40].
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In the calculation of the environmental impacts of building components, all wood materials potentially
used were aggregated in accordance with the approach applied to exterior walls. Specifically, all wood-
based construction materials were summed up, and the total volume was assigned an average Global
Warming Potential (GWP 100) value corresponding to potentially used wood materials. A detailed
breakdown of these calculations is provided in Appendix B.1: Environmental Impact on Material Level
— Average Values. Similarly, reinforced concrete was consistently considered as reinforced concrete
with a 2% steel content across all analyses.

Calculations of the total environmental impact were conducted based on the GWP and carbon content
values of the building materials. The material volumes, weights, or surfaces were multiplied by
representative average values from predefined material EPDs, following the methodological data
hierarchy. For baseline considerations, only biogenic building materials were included. These values
were aggregated per structural element and subsequently per building type.

The service life of the building components was determined according to the BNB guidelines [49]. In
cases where no data were available, average service life values for the most suitable materials were
used. For materials with a service life of less than 35 years, the GWP values were applied multiple times
to account for replacements.

Table 6 presents an example of material demand calculation for beam ceilings, based on the total
ceiling area of the reference building.

Table 6: Material demand for beam ceiling in SFH

Material OSB Upper OSB Lower Beams Bound Wood Fiber PE Foil Cement Gypsum
Layer Layer (mm) Wood Insulation Screed Board
Granulate
Height (mm)
20 24 120 120 80 0,5 60 20
Width (mm) } ) 100 ) ) ) ) }
Spacing (mm) R B 600 B B R R B
Quantity (pieces) _ _ 16 _ - _ - -
Material Demand
(m?) 215,60 215,60 32,80 215,60 215,6 215,6 215,6 215,60
Material Demand
(m?) 4,31 5,17 3,94 25,87 17,248 0,1078 12,936 4,31
Ceiling
Dimentions
Width inm 10
Length in m 10,78

An exemplary calculation of the environmental impact of the beam ceiling can be found in Table 7.

The environmental impact of the reference building was quantified by normalizing total emissions to
the usable floor area (UFA). Further detailed exemplary calculations for concidered SFH stuctural
components can be found in Appendix A.4 Example Calculations for Structural Components: Single
Family House (SFH)

15



Beam Ceiling

Table 7: Environmental impact of beam ceiling in SFH

Impact Sound Bound Cement Total
Layer Wood Gypsum Board P X Wood PE Foil | Volume
Insulation Screed
Granulate m3
Volume
distribution in 17,90% 7,19% 23,00% 34,51% 17,25% 0,14% | 100,00%
%
Per SC area in
i 464 215,6 215,6 215,6 215,6 215,6
. material
Width S materia 0,03 0,08 0,12 0,06 0,001
demand
Conversion m3 m2 m3 m3 Bulk density m2
factor kg/m3
Conversion s. material
1 0,08 0,12 2400 1
value demand
Units m3 m2 m3 m3 kg m2
Material
demand 13,42 215,6 17,25 25,872 31046,4 215,6
values
Data set representativ generic representative specific generic generic
C content
(biogenic in 243,38 ND 64,64 75,5 ND ND
scope)
C tenti
contentin 892,39 ND 237,01 276,83 ND ND
CO2e
GWP Biogenic
-895,1 -1,19 -162,71 -281,08 0 0,03
(A1-A3)
GWP Fossil
134,52 4,37 60,63 73,05 0,18 4,09
(A1-A5)
GWP Luluc
0,41 0 0 0,16 0 0
(A1-A5)
GWP Total
-760,58 3,18 -102,08 -207,38 0,19 4,12
AVG (A1-A3)
GWP Total
4,08 0 9,42 16,37 0 0
(A4-A5)
GWP Total 756,5 3,18 92,66 191,01 0,19 4,12
(Okobaudat) ’ ! ! ’ ’ ’
Notes A1-A3, A5 Al-A3 A1-A3, A5 A1-A5 A1-A3 A1-A3

Total related
to %
lightweight
construction

Total in

kg CO2e
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https://app.powerbi.com/groups/0bc5af0f-5b53-43ac-8870-6257f7445267/reports/d5689c3c-4850-48fd-9fba-069bfef30261/ReportSection2290fd49d390c487568e?experience=power-bi&bookmarkGuid=c00fdcac-e524-44b4-811f-22118d73b31e
https://app.powerbi.com/groups/0bc5af0f-5b53-43ac-8870-6257f7445267/reports/d5689c3c-4850-48fd-9fba-069bfef30261/ReportSection2290fd49d390c487568e?experience=power-bi&bookmarkGuid=af484584-e5c4-461e-ac6d-4bc9b8b4cdbe
https://app.powerbi.com/groups/0bc5af0f-5b53-43ac-8870-6257f7445267/reports/d5689c3c-4850-48fd-9fba-069bfef30261/ReportSection2290fd49d390c487568e?experience=power-bi&bookmarkGuid=3255c6a0-2996-4a4f-896c-633f6faa435f
https://app.powerbi.com/groups/0bc5af0f-5b53-43ac-8870-6257f7445267/reports/d5689c3c-4850-48fd-9fba-069bfef30261/ReportSection2290fd49d390c487568e?experience=power-bi&bookmarkGuid=3255c6a0-2996-4a4f-896c-633f6faa435f
https://app.powerbi.com/groups/0bc5af0f-5b53-43ac-8870-6257f7445267/reports/d5689c3c-4850-48fd-9fba-069bfef30261/ReportSection2290fd49d390c487568e?experience=power-bi&bookmarkGuid=af484584-e5c4-461e-ac6d-4bc9b8b4cdbe
https://app.powerbi.com/groups/0bc5af0f-5b53-43ac-8870-6257f7445267/reports/d5689c3c-4850-48fd-9fba-069bfef30261/ReportSection2290fd49d390c487568e?experience=power-bi&bookmarkGuid=af484584-e5c4-461e-ac6d-4bc9b8b4cdbe

Environmental

impact (GWP -10154,046 685,608 -1598,2 -4941,811 | 5898,816 | 888,272 | -9221,36 | -1079,995
total)

CR baseline

(Ceiling) 11978,06 ND 4088,01 7162,23 ND ND 23228,3 |2720,470912

Lif i
ifespan in 43,8 50 40 50 50 50 AVG BNB
years
Total w/o
insulation
Repl t Total
: eplacemen 0 0 0 0 0 0 . ota VY/O related to %
in 35 years insulation | . .
lightweight
construction
Dat lit
ata quality 3 4 3 1 4 4 -7623,16 | -892,816
category
8. Results
8.1 Findings

The findings of this study indicate that statistical data at the material level within the top-down
approach are insufficient to determine reliable average values for material consumption per building
component. However, publicly avaliabe statistical data on building completions in Germany allow for
an indirect approximation of commonly used construction methods and the composition of exterior
wall materials.

The analysis further revealed that emissions from individual building components cannot be
proportionally distributed based on component area or usable floor space. Consequently, calculations
should be conducted at the reference building level for each building category, even if construction
elements are identical. For example, the environmental impact of gable roofs differs between single-
family homes (SFH) and semi-detached houses (SDH), as illustrated in Table 8.

Table 8: Comparison of the environmental impact of gable roofs with identical construction across different building types

Environmental impact in

kg CO2e 3165,94 3729,03
Per m? roof area 41.82 2827
Per m” UFA 18,90 23,25

The detailed investigation of potential total emissions underscored the critical importance of insulation
materials in the assessment of reference buildings. Table 9 illustrates that insulation materials must
not be neglected in such calculations. However, it is important to note that the computed total
emissions only account for the emissions within the specific scope of this study. Therefore, the
percentage values presented are not directly comparable to those of other studies if their scope differs
from that of the presented study.
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Table 9: Contribution of insulation materials to total environmental impact

SFH NRB
% of total emissions 19,17% 18,29%

The reference buildings were defined as modern, insulated structures whose U-values for building
components slightly exceed the minimum requirements of the German Building Energy Act (GEG).
However, a significant reduction in total emissions is expected if more efficient insulation materials
with lower material input at comparable U-values, or bio-based insulation materials with negative
emissions in modules A1-A5, are incorporated.

8.2 Data Quality

The analysis of data quality in the Okobaudat datasets revealed that in 100% of cases, the available
datasets for building materials include Modules A1-A3. However, Module A4 is only available for
"concrete" in the selected generic datasets, while the remaining generic datasets do not contain either
Module A4 or A5. The average representative and specific datasets include either both Modules A4
and A5 or only Module A5 in addition to A1-A3.

Furthermore, the evaluation of data quality concerning total material consumption demonstrated that
deviations depend on both the building type and the material volume. As examples, NRB and SFH were
analyzed, as they differ significantly in their characteristics.

The summary analysis shows that the proportion of datasets with complete data coverage (A1-A5) is
only 31.54% and 18.45%, respectively. The analysis of the unfiltered individual datasets used for
calculations indicates that 51% of the total datasets include only Modules A1-A3, asiillustrated in Figure
8.

The findings also suggest that the overall data quality needs improvement. In 22% (SFH) and 24% (NRB)
of the datasets, based on material volume, only Modules A1-A3 are available, while Modules A4 and/or
A5 are missing. Further categories are shown in Figure 7, as well as the total number of datasets used
with the respective A Modules included in Figure 8.

This results in uncertainties in baseline determination. According to ROCK ET AL. (2022), Modules A4-
A5 account for approximately 7% of total emissions [24], and according to LOLI/LAUSSELET (2025) they
account 4% and 5% for A4 and A5 accordingly [48].

Based on these insights, a general uncertainty factor can be derived, e.g. as approx. 4% for SFH
modeled in this study. However, for a well-founded calculation of the TNCRB value, project-specific
analyses are required to determine precise uncertainty factors.
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Figure 7: Data quality in relation to total material volume

Data Quality: Total Number of Used
Datasets incl. Duplicates
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Figure 8: Total number of datasets used, including duplicates

An attempt to establish a percentage correlation between Modules A4-A5 and total material emissions
produced ambigous results, as the share of emissions from Modules A4-A5 varied between 1% and
13% in the analyzed datasets, without showing a significant correlation with total emissions.

The distribution of total emissions from Modules A1-A5 in relation to usable floor area (UFA) is
illustrated in Figure 9. Among the building components, ceilings contribute the highest emissions, due
to their large surface area. In contrast, roofs have the lowest emissions, especially in the case of a
green flat roof of an NRB, which achieves very low values of 0.76 kg CO,e per m? roof area. In
comparison, emissions from a gable roof in NRB amount to approximately 31 kg CO,e per m2.
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Figure 9: Greenhouse gas emissions of structural components, incl. Insulation

Wood and concrete have the greatest influence on the results. Due to its high global warming potential
(GWP total), concrete contributes the highest emissions in Modules A1-A5 and dominates the overall
environmental impact, accounting for 47.6% of total emissions in NRB. In contrast, wood contributes
to a reduction in total emissions due to its negative biogenic GWP, accounting for 13.52% of total
emissions in NRB (see Figure 10).
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Figure 10: Emissions from individual materials relative to total emissions (GWP (100) total of the reference building NRB)

Further findings of this study include average emission values, as presented in Table 10. The results
show that the mean values per square meter of UFA are relatively close for both building types, with
a difference of 62,24 kg CO,e per m? UFA.

Table 10: Average GHG emissions per building type

AVG SFH AVG NRB

Total in kg COze 49134,65 Total in kg COze 249748,43
Kg COe per m? UFA 306,33 Kg CO.e per m? UFA 244,09

Based on these results, a procedure to simplify calculations was executed:

e The material composition of the enclosed space was applied to all building components, without
incorporating specific detailed construction.

e Insulation was distributed proportionally over the structural components based on insulation
statistics. The insulation thickness was included in the calculation as the average of the available
insulation thicknesses of the structural components.

This simplification led to significant deviations in GWP (100) total values for RB, while only minimal
differences were observed for NRB, as shown in Tables 11 und 12.

When applying the simplified method, it is important to note that deviations cannot be traced back to
their source without a detailed analysis, which excludes the possibility of targeted adjustments.
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Table 11: Simplified vs. granular calculation of environmental impact for NRB

Total Simplified Total Granular Difference

e i e 251118,18 249748,43 1369,75
kg COze
Per m? UFA 245,43 244,09 1,34

Table 12: Simplified vs. granular calculation of environmental impact for SFH

Total Simplified Total Granular Difference

Environmental impact
in kg CO2e

39069,47 49134,65 -10065,18

Per m? UFA 243,58 306,33 -62,75

The significant deviations in final values for SFH indicate that this approach cannot be considered a
valid method for calculating the total environmental impact of SFH. However, since the NRB values are
highly comparable, this approach may be used for preliminary assessments, but not as a baseline.

8.3 Final Results

The final calculation of storage capacity and associated emissions produced the results shown in Figure
11.

The CR baseline represents the total carbon content within the scope per m? UFA, based on the carbon
content of biogenic building materials. The GWP associated baseline indicates the corresponding
emissions based on GWP luluc and GWP fossil.

Environmental Impact and Carbon
Reduction Effects per m? of UFA

13.47 9.55

_;___
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*ENVIRONMENTAL IMPACT (LCA MODULES A1-A5, EN 15804)

W SFH mNRB

Figure 11: Comparison of storage capacity and emissions under Baseline
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When simplifying the carbon content calculations for biogenic materials, the comparison is as follows
(see Table 13).

Table 13: Simplified vs. granular calculation of carbon content and associated emissions

Per m2 NUF CR baseline simplified CR baseline granular Difference

Per m? NUF GWP associated simplified GWP associated granular Difference

The significant deviation in final values demonstrates that this approach cannot be considered a valid
method for calculating carbon storage capacity.

The initial validation of the results from the granular approach was conducted in collaboration with
the architecture and planning firm andOffice and the Institute for Resource Efficiency and Energy
Strategies (IREES). A further validation was carried out by comparing the results with the German
Sustainable Building Council (DGNB) study. Detailed validation results are provided in Appendix C.1
Validation.
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9. Discussion and Conclusion

9.1 Discussion

A central research question of this study is how the proposed approach can be transferred to other
countries and on what grounds its implementation can be justified. Although a single EU-wide baseline
might be an efficient evaluation metric, it cannot adequately represent the differing levels of
sustainable construction across Member States.

The results indicate that Nordic countries are already leading in sustainable construction, whereas
many Eastern European countries are still in the process of developing and adopting such practices. A
uniform baseline would therefore risk slowing progress in advanced regions while offering insufficient
guidance for those less developed. Instead, each Member State should establish and regularly update
its own reference baseline to reflect evolving national practices and sustainability objectives.

A key difficulty in developing national baselines is securing high-quality data. The most effective
solution is to draw on existing national databases containing LCA information or IFC files from recently
completed construction projects, following a bottom-up approach. This enables the production of
accurate, fully representative values for each country.

Where LCA, BIM or IFC standards are not mandatory—as in Germany and several other EU nations—
the necessary data infrastructure is often absent. In such cases, national construction-completion
statistics can serve as an initial source for applying the proposed approach, with the reliability and
precision of the resulting baselines determined by the level of detail in these statistics.

The proposed methodology for applying this approach consists therefore of the following steps:

1. Evaluation of available statistical data to assess the quality and comprehensiveness of the
data;

2. Definition of building typologies to be considered in the analysis;

3. Identification of the scope of the assessment, including the structural components to be
incorporated;

4. Modeling of reference buildings for each typology based on available statistical or empirical
data (e.g., the EU Tabula database for residential buildings);

5. Definition of data sources for LCA to ensure comprehensive evaluation of environmental
impacts;

6. Specification of materials or material groups used in the construction of reference buildings;

7. Determination of the lifespan of structural components to evaluate long-term environmental
impacts;

8. Calculation of average emission values for materials or material groups based on LCA data;

9. Estimation of material demand based on reference data for each building typology;

10. Calculation and aggregation of carbon storage and emissions, taking into account the lifespan
of structural components within the defined scope.

The statistical analysis of construction completion data, in conjunction with an assessment of
commonly used materials, is critical to this approach. This ensures that each reference baseline is
founded on representative information reflecting national building practices. Applying the
methodology typically requires about one person-month (PM) of effort, depending on the availability
and complexity of national data sources.

By adopting this process, EU Member States can establish their own national baselines for building
environmental assessments, thereby supporting the implementation of country-specific CRCF
regulations and advancing the EU’s sustainability objectives.
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9.2 Conclusion

This study has shown that the proposed top-down approach offers a distinct advantage over current
baseline calculation methods by reducing reliance on proprietary databases and enabling the
derivation of country-specific average emission values per square metre of usable floor area (UFA).
This localisation capability strengthens environmental impact assessments by making them more
relevant to national conditions.

A key finding of this study emphasizes the importance of precisely defining reference buildings for each
building category. The analysis also revealed that emissions from individual structural components can
not simply be scaled by surface area or UFA, underlining the necessity of conducting calculations at
the reference-building level for each specific building category.

Data quality emerged as a decisive factor in assessing environmental impacts. Deviations in emission
values were found to be strongly influenced by building type and material composition. This suggests
that a more precise statistical approximation necessitates a higher level of data granularity, which
could improve the accuracy and applicability of the findings.

Additionally, this study identifies insulation materials as a significant factor influencing the overall
emissions of reference buildings. Among all materials, timber and reinforced concrete exert the
greatest influence due to their specific emission profiles and material characteristics.

The initial validation of the emission calculations showed that, for most structural components, the
distribution of emission values was broadly consistent with findings reported in existing literature,
although some differences in absolute values were observed. The presented simplified method (s.
Tables 11, 12 and 13) should not be applied for all building types, as it proved inadequate for accurately
estimating carbon storage capacity, leading to significant discrepancies.

These results show that current statistical data lack the necessary granularity to estimate material
consumption at the component level, making it insufficient on its own for establishing reliable
baselines. Integrating empirical data is therefore essential to improve the accuracy and robustness of
baseline calculations.

From a broader European perspective, this study underscores the significant challenges EU Member
States face in establishing reliable national baselines for building environmental assessments.
However, the proposed methodology shows that credible, region-specific baselines can still be
established even in the absence of comprehensive data infrastructures such as LCA, Building
Information Modeling (BIM), or Industry Foundation Classes (IFC). By systematically combining
available statistical data with empirical inputs, this approach directly addresses existing weaknesses in
data practices and baseline calculation methods, thereby helping to bridge the gap between limited
data availability and the urgent need for reliable, country-specific environmental impact assessments
in building design and construction.
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Appendix

A.1 Definition and Description of Data Sources

The categorization of buildings was defined in accordance with the German Building Energy Act (GEG),
considering only the overarching categories of residential buildings (WG) and non-residential buildings
(NWG). A more detailed granularity was excluded to minimize the administrative effort in project
evaluation.

For residential buildings, data from the "Tabula" project was used. The dataset was specifically
considered for Germany and focused on newer buildings, i.e., category 12, which represents buildings
constructed from 2016 onwards. Three building types were taken into account: single-family houses
(EFH), row houses/semi-detached houses (RH/SDH), and multi-family houses (MFH). The final results
for residential buildings were derived using the average values across all three building types.

For non-residential buildings, aggregated data from the ENOB: dataNWG project was utilized. This
research project conducted a study covering 21 million non-residential buildings through screening
and in-depth surveys, compiling the results into a research database. Data extraction from ENOB:
dataNWG was limited to category 12, which includes non-residential buildings constructed from 2010
onwards.

Structural components were defined as non-separable building components, including external walls,
roofs, ceilings, and floor slabs. However, doors, windows, basements, and interior walls were excluded
from the analysis. The reason for this exclusion is that the determination of interior wall areas is not
feasible within a top-down approach. Statistical limitations prevent accurate screening of these
elements, as only the values of the external building envelope can be reliably provided. For the same
reason, basement spaces were excluded. Windows and doors were omitted because they do not serve
a load-bearing function and are considered movable or detachable parts of the external wall
construction.

Two methodological approaches were applied for defining the composition of structural components:
statistical approximation and fixed composition definitions based on empirically collected data. The
determination of composition was constrained by data availability, while also accounting for different
construction methods. Therefore, the statistics on building completions by building type and
predominant construction materials were used to establish the composition of external walls. This
approach indirectly considered variations in construction techniques. The category "other building
materials" was not explicitly defined or included in the overall calculations, ensuring a conservative
emissions assessment by compensating for uncertainties.

Additional building components were predefined in collaboration with the architectural firm andOffice
due to the absence of overarching statistical data. The floor slab remained uniform across all building
types, while two variants were defined for ceilings, reflecting both solid and lightweight construction
methods. Similarly, two roof types were considered: pitched and flat roofs.

Real insulation values for residential buildings were sourced from the "Tabula" database and averaged
across all WG types. Missing insulation values, such as those for floor slabs, were defined in
collaboration with the architectural firm. However, no insulation data was available for non-residential
buildings. Consequently, the insulation values for multi-family houses (MFH) were applied to non-
residential buildings, as the net floor areas of the two reference buildings are comparable, and the
thermal transmittance values (U-values) of MFH components, including insulation, align with the GEG
standards for NWG. This step was validated by the architectural firm andOffice.
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For the calculation of the CO, footprint of materials, data from the "Okobaudat" database was used.
All datasets contain at least the total GWP (100) values for modules A1-A3. The datasets will be
updated as new data becomes available. A detailed assessment of data quality is provided in section

3. Results.

It was decided to use the Okobaudat datasets without modification to ensure a consistent data basis.

Consequently, estimates for A4 and A5 values were omitted, supporting a conservative baseline
calculation. It should be noted that the datasets represent an average of possible material variations.
For instance, wood includes multiple forms such as solid structural timber, cross-laminated timber,
plywood, and glued laminated timber. The data was processed using a calculation tool based on
Okobaudat, developed by the project consortium partner "Gefion" — WoodenValley gGmbH. All
datasets used for calculating the average values are available in the appendix.

A.2 Reference Buildings

Table A.2.1: Reference Building - TH / SDH

Building Type

TH/SDH

T

0o
=

Usable Floor Area (UFA / NUF)

Heated Area (m?)

Classification

Attribute Value

Year of Construction 2016

Reference Area (m?) 239

(m2) 167,5

Building Volume (BV/ BRI) (m®) | 747
195,8

Full Stories 2
Generic
1

Number of Apartments

Urban Development Type

Semi-detached

Energy Standard

Structural SC (Description)

component (SC)

Minimum requirements EnEV 2016

KfW Efficiency House 55

Near-zero energy house (KfW Efficiency House
40)

Heating System

Gas
Biomass

Electricity

Table A.2.2: Reference Data TH/SDH

SC Area (m?)

Pitched roof with an average of 22

Roof

cm external rafter insulation, 16 cm

75,7

between-rafter insulation, and 6 cm

Reference Insulation | Actual Insulation
Thickness (m) Thickness (m) (AVG)

03 0,30
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internal
insulationZwischensparrenddmmung
und 6 cm Innendammung

Masonry with an average of 12 cm

Wall 1 external thermal insulation 137,8 0,24 2z
composite system
Masonry with an average of 12 cm 0.22
Wall 2 external thermal insulation 69,7 !
composite system
Reinforced concrete, 22 cm 0.22
Ceiling perimeter insulation, 8 cm impact 67,8 0,24 ’
sound insulation
Windows Wooden.wmdo.ws W|th.d0uble-pane 28,1
thermal insulation glazing
Front door with enhanced thermal
Door X . 2,7
insulation
Table A.2.3: Reference Building - MFH
Building Type Attribute Value
Year of Construction 2016
Reference Area (m?) 1611
Usa;ble Floor Area (UFA / NUF) 1219
(m?)
Building Volume (BV/ BRI) (m®) | 5371 1
Heated Area (m2) 1305
Full Stories 4
Classification Gerare
Number of Apartments 17
Urban Development Type Detached

Structural

component (SC)

Roof

Energy Standard

Minimum requirements EnEV 2016

KfW Efficiency House 55

Near-zero energy house (KfW Efficiency House
40)

Heating System

Gas
Biomass

Electricity

Table A.2.4: Reference Data MIFH

SC (Description)

Flat roof with an average of 20 cm

. A 321,05
insulation

SC Area (m?)

Reference Insulation | Actual Insulation
Thickness (m) Thickness (m) (AVG)

03 0,26

Wall 1

Masonry with an average of 12 cm
external thermal insulation
composite system

1193,16

0,12-0,24 0,199881725

Ceiling

Reinforced concrete, 8 cm impact

. . 321,05
sound insulation, cement screed

0,12-0,24 0,203423922
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Windows Wooden‘wmdo'ws W|th'double—pane 23,6
thermal insulation glazing
Door .Front dpor with enhanced thermal 47,85
insulation
Table A.2.5: Reference Building - NRB
Building Type Attribute Value
Year of Construction 2010
Usable Floor Area (UFA / NUF) (m?) 1023,20
Building Volume (BV/ BRI) (m?) 4608,65
Full Stori
ull Stories 2
Classification Generisch

Table A.2.6: Reference Data NRB

Structural SC (Description) SC Area (m?) Reference Actual Insulation Structural SE
component (SC) Insulation  Thickness component (Description)
Thickness  (AVG) (SC)
(m)
Roof 676,61 0,17 0,20/0,35
Pitched Roof 47%
Steildach Sloped roof with an average of 22 | 318,01 0,29
cm insulation
Flat Roof 53%
Flachdach Flat roof with an average of 20 cm | 358,61 0,26
insulation
Facade 699,86 0,20 0,20 0,28/0,35
0,65
Masonry with an average of 12 cm
external thermal insulation 457,59
composite system
Ceiling Reinforced concrete, 8 cm impact | go ) | g 59 0,20 0,20/0,35
sound insulation, cement screed
Reinforced concrete, 20 cm
Base Plate insulation, 8 cm impact sound 680,52 0,20 0,35
insulation
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A.3 Reference Structural Components

Floor Slab

The design of the floor slab was determined in collaboration with the architectural firm. The following
composition was used for all reference buildings:

Outside Cement screed (60mm)

gg e N .®— T Foil, PE (0,2mm)

T Wood fiber insulation boards (80mm)

200 (1)

Reinforced concrete (2%) (200mm)
Foil, PE (0,2mm)

860 4

Extruded polystyrene (XPS 035) (220mm)

Insid-e gravel (300mm)

E - R [ Condensate: 0,019 kg/m* sd-value: 101 m  Thickness: 86,04 cm  temp. amplitude damping (1/TAV): =100
U-value wimK) N
- ! : b Weight: 1281 kgim? e ——

moisture content of wood: +0,0 % Interior surface: 19,3°C (52%) phase shift: -
GEG 2020/24 Bestand U < 0.24 K2 L e —

Contribution to the greenhouse effect: Drying time: 45 Days Drying reserve: 17 g/ma Heat storage capacity: 743 kJ/im*K
. _ _ I

ellent nsufficient  ins nt
Figure A.3.1: Floor Slab, own modeling in Ubakus

The insulation material was selected based on statistical data and empirical values.

Ceiling

Two types of ceilings were considered: timber beam ceilings and reinforced concrete ceilings. Timber
beam ceilings represent typical lightweight construction, whereas reinforced concrete ceilings are
used in traditional solid construction.

Therefore, the beam ceiling was considered in the calculations for potential lightweight construction.
The beam ceiling was designed with the following specifications:
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a . 600 ) 100

Inside

= Cement screed (60mm)

T - - Foil, PE (0,2mm)

] ‘Wood fiber insulation boards (80mm)
80
o f20 0SB (20mm)
a1 : AR Trockenschitiung DUORAAB (120mm)
T Spruce (120x100mm?)
| 3 & o & ) & ) & & &
oo T T T T T T T T TS T T S T T T T T T T T T T T T T T oS82

Gypsum board (25mm)

Outside

U-value: 0’305 Wi N I(‘,undensale: 0,0062 kg/m? sd-value: 29 m Thickrjess-: 32,5_2 cn: temp. amplitude damping (1/TAV): =100
Weight: 247 kgim? e —

moisture content of wood: +0,0 % Interior surface: 18,1°C (56%) phase shift: 16 h

1 I

GEG 2020/24 Bestand U < 0.3 £
Contribution to the greenhouse effect Drying time: 5 Days Drying reserve: 149 g/m*a Heat storage capacity: 153 kJ/im*K
- — |

insufficient

Figure A.3.2: Timber beam ceiling , own modeling in Ubakus

The reinforced concrete ceiling was constructed as follows. :

Inside

S N . Cement screed (50mm)
& DTN AT
e T & — e Foil, PE (0,2mm)

Insulation/Polystyrene (EPS 035) (80mm)

Reinforced concrete (2%) (200mm)

| 200

L > (5= = Lime-gypsum plaster (10mm)
Outside

U-value: 0 362 wimig N Condensate: 0,043 kg/m? sd-value: 49m  Thickness: 3502 cm  temp. amplitude damping (1/TAV): 32,8
- ] . - Weighli 617 kgfm’ e

moisture content of wood: +0,0 % Interior surface: 17,7°C (58%) phase shift: 11 h
1 I

GEG 2020/24 Bestand U < 0.5 &1

Contribution to the greenhouse effect: Drying time: 59 Days Drying reserve: 23 g/m*a Heat storage capacity: 126 kJim?K
I e

ent er ne en nsufficient Nt insufficient

Figure A.3.3: Reinforced concrete ceiling, own modeling in Ubakus

The insulation material was selected based on statistical data and empirical values.

Roof

For the structural component of the roof, it was decided to incorporate two types of roofing: a pitched
roof and a flat roof. To simplify the model, a symmetrical gable roof with intermediate and underside
insulation was adopted for the pitched roof. The roofing material consists of tiles.

In modeling the flat roof, a green flat roof with sloped insulation was selected, in compliance with the
applicable regulations [51].

The flat roof was constructed as follows:
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Soil (50mm)
Filterviies (10mm)

Drainagematte

PVC-P Abdichtungsbahn (1,5mm)

Extruded polystyrene (XPS 035) (200mm)
0SB (24mm)
Spruce (260x80mm?)

260 @ @ @ : mineral wool 035 (260mm)
=

J‘ ! ! \ | ! \ 0SB (24mm)
i WW!‘WWFWWF@@WWWWW Spruce (30x60mm?#)
I = e (1) R T Stationary air (unventilated) (30mm)
nside Gypsum board (25mm)

.
Q 60, 700
80 ' 700

U-value: 0’079 WIHMK) We: 0,27 kg/m* sd-value: 83 m Thickrless_: 64.4_5 cn: temp. amplitude damping (1/TAV): =100

= Weight: 164 kgim? = Tr——
moisture content of wood: +1,7 % Interior surface: 19,4°C (52%) phase shift: 17 h

GEG 2020/24 Bestand U < 0.2 [ ———

Contribution to the greenhouse effect: Drying time: 47 Days Drying reserve: 326 g/m®a Heat storage capacity: 76 kJim*K
L — — I

Figure A.3.4: Green flat roof with sloped insulation, own modeling in Ubakus.

The pitched roof was constructed as follows:

Outside

_~ Roofing tiles (clay)
" Spruce (30x60mmz)

— Rear ventilated level (outside air) (30mm)
" Breather membrane sd=0,1m (0,5mm)

479

Spruce (260x60mmZ)
mineral wool 035 (260mm)

— Vapor retarder sd=5m (0,5mm)
Spruce (60x30mm?)

~ mineral wool 035 (60mm)

Inside * Gypsum board (25mm)

.
30 700
T

Q 60 o 700 )
"60 " 300 '

U-value: 0’ 1 24 Wi I(‘,Dndensale: 0 kg/m® sd-value: 5,7 m Thid\'l:lESi-i 47,_9 cn: W[:1HAV] 128
Weight: 89 kg/m'
moisture content of wood: +0,0 % Interior surface: 18,8°C (54%) phase shift: 7,9 h

Contribution to the greenhouse effect: Drying time: - Drying reserve: 13757 g/mfa Heat storage capacity:
I 1 e I

in it

Figure A.3.5: Pitched roof, own modeling in Ubakus.
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A.4 Example Calculations for Structural Components: Single Family House (SFH)

All calculations for the various structures and building types were carried out using the same
procedure.

SFH: Percentage data from Table 5 were used to estimate the environmental impact of the structural
component Wall, thereby enabling approximate assessments across different building typologies.
Variations in ceiling and roofing systems were determined by the specific building structure. For single-
family houses (SFH), specifying only the ceiling type is sufficient, as the roofing configuration remains
constant across all constructions and consists of a pitched roof. A “beam ceiling” was assumed for
11.71 % of the structures (see Table 5 — Wood), and a “concrete ceiling” was applied to the remaining
structures accordingly.

The final results, presented in Tables 10 and 12 and Figure 11, represent accumulated values for all
structural components. All further building typologies were considered equally, with differences
arising from surface areas, the proportion of lightweight constructions, and the corresponding ceiling
and roofing configurations.

Exterior Wall

For the calculation of the environmental impact and carbon storage values of exterior walls, the
statistical data from Table 5 were applied at the material level. For example, the volume distribution
section specifies the percentage share of each material to be considered in the overall ecological
evaluation of the structural component. In the next step, the area of the structural element was
multiplied by the corresponding material percentages to obtain the square metres of exterior wall
surface represented by each specific material. The section “other materials” was excluded because,
despite its wide variety of possible materials, it has only a minor influence on the overall result.

Insulation (EPS, WLG 035) was assumed to cover 100 % of the structural component’s surface, while
plaster was only included for combinations that are technically plausible with the main material, based
on THIEL/RIEDEL (2011). Subsequently, the thickness of each material was defined in consultation with
architects, and densities were taken from the most appropriate Environmental Product Declarations
(EPDs). This was necessary for materials whose ecological assessment is based on volume or mass.
After conversion, the required quantities per material were determined.

Appropriate datasets for the environmental assessment, compliant with EN 15804 +A2 and following
the hierarchy shown in Figure 4, were then selected on the basis of the WoodenValley-developed
dashboard (data source: Okobaudat; 95 % confidence interval). All datasets used are listed in Appendix
B.1. “C content” denotes the carbon content per unit of material within the scope, and the “C content
in kg COe” is calculated using the conversion factor 44/12.

The assumed service life was based on the average values from the BNB lifetime data for cost groups.
For exterior walls this has no influence on the environmental assessment, as the replacement values
over 35 years are zero. Totals for exterior walls were calculated per structural component and
normalised to square metres of usable floor area (UFA).
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Table A.4.1 Exterior Wall — Carbon Storage and Environmental Impact Calculation (SFH)

Exterior Wall

Layer Predominant Material Used Insulation Interior
Plaster
Enclosed
Space of . . .
Calcium Lightweight
Component Steel Reinforced Concrete Brick Silicate g Concrete / Wood Other EPS Gypsum
(excl. Brick Concrete Pumice Material Plaster
Window/Door)
in m3
Reinforcing | Concrete
Steel (2% | (98 % of
of total total
volume) volume)
Volume
distribution in 0,05% 15,24% 29,07% | 23,71% | 15,81% 2,91% 11,71% 1,50% 100,00% 98,45%
%
Per SCarea in
m? 0,12 34,69 66,17 53,96 35,98 6,62 26,66 ND 227,60 224,08
Width 0,01 0,20 0,37 0,37 0,37 0,48 0,15 ND 0,22 0,01
Conversion Bulk Bulk Bulk
factor m?2 density density m3 density m3 m3 m3 ND m3 m3
kg/m3 kg/m3 kg/m3
Conversion 2300
1,00 7850,00 0,37 |1800,00| 0,37 0,48 0,15 ND 0,22 0,01
value (C25-30)
Units m2 1000 kg m3 m3 1000 kg m3 m3 m3 ND m3 m3
Material
demand 0,12 1,09 6,80 24,15 35,45 13,13 3,18 4,00 ND 49,48 2,24
values
Dataset average | average generic | average | average | generic generic | representativ ND average generic
C content
(biogenic in ND ND ND ND ND ND ND 243,38 ND ND ND
scope)
C content in ND ND ND ND ND ND ND 892,39 ND ND ND
CO2e
GWP Biogenic - ) 3,83 0,80 024 | o001 | -327 0,48 -895,10 ND 0,24 2,78
(A1-A3)
(GAV;/_Z;?SS" 16,77 | 469,95 | 25567 | 129,20 | 126,00 | 172,40 63,23 134,52 ND 67,64 194,01
GWP Luluc 0,01 0,21 0,08 007 | 009 0,05 0,07 0,41 ND 0,03 0,12
(A1-A5)
GWP Total
AVG (A1-A3) 16,79 473,98 256,55 129,50 | 126,00 169,18 63,78 -760,58 ND 67,89 196,92
G reite] 0,00 0,00 2,09 4,97 6,97 0,00 0,00 4,08 ND 0,48 0,00
(A4-A5)
G..WP WLz 16,79 473,98 258,64 134,47 | 132,97 169,18 63,78 -756,50 ND 68,37 196,92
(Okobaudat)
Al-A3,
Notes Al1-A3 Al1-A3 Ad Al-A5 A1-A5 A1-A3 Al1-A3 A1-A3, A5 ND Al1-A3, A5 A1-A3
Link Link
Environmental
impact (GWP 1,94 516,24 1758,35 | 3247,77 | 4714,32 | 2221,79 202,77 -3024,82 ND 3382,899427 | 441,2580294 | 13.
total)
f\;{/:l?)se""e ND ND ND ND ND ND ND 3568,18 ND ND ND
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Lifespan in
years

45,7

45,7 50

50 50

50 50

43,75

ND

50

50

Replacement
in 35 years

ND

Data quality
category

Ceiling

The ceiling types were already fully modelled in collaboration with the architects; however, the
calculation procedure remained the same as described for the exterior wall. All timber-based
constructions—11.71 % in this study—were classified as lightweight structures with beam ceilings. The
remaining share was considered solid construction and modelled with concrete ceilings accordingly.
All totals for the ceiling structural component represent the sum of the respective totals for the
lightweight and solid construction shares.

Concrete

Ceiling

Table A.4.2 Concrete Ceiling — Carbon Storage and Environmental Impact Calculation (SFH)

Impact Sound

Total Volume

Layer Reinforced Concrete Cement Screed | Interior Plaster )
Insulation m3
Reinforcing Steel
Concrete (98 % of
(2 % of total ( } Gypsum Plaster|EPS Rigid Foam
total volume)
volume)
Volumen in % 1,14% 56,00% 17,14% 2,86% 22,86% 100,00%
Per SC area in
m2 215,6 215,6 215,6 215,6
Width 0,2 0,06 0,01 0,08
Conversion Bulk density
m3 Bulk density kg/m3 m3 m3
factor kg/m3 y ke/
c -
onversion 7850 02 2400 0,01 0,08
value
Units 1000 kg m3 kg m3 m3
Material
demand 6,76984 42,2576 31046,4 2,156 17,248
values
Dataset average generic generic generic average
C content
(biogenic in ND ND ND ND ND
scope)
C content in
ND ND ND ND ND
CO2e
GWP Biogenic
3,83 0,80 0,00 2,78 0,24
(A1-A3)
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GWP Fossil
469,95 255,67 0,18 194,01 67,64
(A1-A5)
GWP Luluc
0,21 0,08 0,00 0,12 0,03
(A1-A5)
GWP Total
473,98 256,55 0,19 196,92 67,89
AVG (A1-A3) ! ! ! ! !
SO Vet 0,00 2,09 0,00 0,00 0,48
(A4-A5)
GWP Total
L 473,98 258,64 0,19 196,92 68,37
(Okobaudat)
Notes Al1-A5 Al-A3, A4 Al-A3 Al-A3 Al1-A3, A5
. Total related to
Total in kg X
% solid
CO2e i
construction
Environmental
impact (GWP 3208,80 10929,51 5898,82 424,56 1179,25
total) 21640,93 18782,63
s ND ND ND ND ND ND ND
(Wall)
Lifespan in
45,7 50 50 50 40 AVG BNB
years
Total w/o
T Total w/o insulation
in 55 cars 0 0 0 0 0 insulation in kg| related to %
R CO2e solid
construction
Data quality 1 5 4 4 3
category 20461,68 17759,13

Beam Ceiling see Table 7.

Floor Slab

The floor slab was designed in collaboration with the architects and applied as a uniform structural
component across all building types. The calculation procedure was identical to that used for the
exterior wall.

Floor Slab

Table A.4.3 Floor Slab — Carbon Storage and Environmental Impact Calculation (SFH)

I t Sound Total
Layer Reinforced Concrete Cement Screed | Insulation Gravel mpac f)un Foil ota
Insulation Volume
Reinforcing
Concrete (98 %
Steel (2 % of Bl XPS Wood Fibre | Two layers
of total volume)
total volume)
Volume
distribution in 0,46% 22,78% 6,97% 25,49% 34,87% 9,30% 0,12% 100,00%
%
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Per SC area in

Environmental

2 107,80 107,80 107,80 107,80 107,80 215,60
Width 0,20 0,06 0,22 0,30 0,08 0,00
Conversion Bulk density m3 Bulk density m3 Bulk density m3 m2
factor kg/m3 kg/m3 kg/m3
5;:‘;”5'0" 7850,00 0,20 2400,00 0,22 1850,00 0,08 1,00
Units 1000 kg m3 kg m3 kg m3 m2
Material
demand 3,38 21,13 15523,20 23,64 59829,00 8,62 215,60
values
Data set average generic generic average generic |representative] generic
C content
(biogenic in ND ND ND ND ND 64,64 ND
scope)
(S ND ND ND ND ND 237,01 ND
CO2e
GWP Biogenic
3,83 0,80 0,00 0,24 0,00 -162,71 0,03
(A1-A3) , ’ , 2 ) ) )
clie 469,95 255,67 0,18 67,64 0,02 60,63 4,09
(A1-A5)
GWP Luluc
0,21 0,08 0,00 0,03 0,00 0,00 0,00
(A1-A5)
GWP Total
473,98 256,55 0,19 67,89 0,02 -102,08 4,12
AVG (A1-A3) ’ ’ ’ ’ ’ ! ’
GWP Total
0,00 2,09 0,00 0,48 0,00 9,42 0,00
(A4-A5)
GWP Total
. ota 473,98 258,64 0,19 68,37 0,02 -92,66 4,12
(Okobaudat)
Notes A1-A5 Al-A3, Ad A1-A3 A1-A3, A5 A1-A3 A1-A3, A5 A1-A3

Total in kg
CO2e per

Total in kg

CO2e
m2 UFA

in 35 years

impact (GWP 1604,40 5464,75 2949,41 1616,29 1196,58 -799,10 888,27 12920,60 80,55
total)
R ND ND ND ND ND 2044,00 ND 204400 | 12,74
(Ceiling)
Lifespan in
45,7 50 50 40 50 40 40 AVG BNB
years
Total

Replacement UL 'nc; aIa\t,\'lc/)z

2 0 0 0 0 0 0 OO irsulation in oo o

in kg CO2e
per m2 UFA

kg CO2e




Data quality
category

12103,41

75,46

Roof

The roof was designed in collaboration with the architects and applied as a uniform structural
component for all single-family house (SFH) types. The roof build-up was first defined, and for
modelling purposes the pitched roof was simplified and treated as a gable roof. Because some

materials are installed from the attic side, assumptions regarding the attic-side roof surface area were
necessary. Consequently, the surface area varies between materials depending on their area of
application. On the basis of these data, material demand was calculated and the environmental

assessment performed. The calculation procedure was identical to that used for the exterior wall.

Build-up (in mm)

Pitched Roof

Table A.4.4 Roof — Carbon Storage and Environmental Impact Calculation (SFH)

Rafters
Vv Mi | KVH Underl
Gypsum |Mineral wool| Vertical SlHelr inera ( ey Counter- |Interlocking| 3-layer
Layer lasterboard|(A-group 035)| battens retarder, | wool (A- | structural imembrane, battens | clay tiles board
P £roup sd=5m [group 035)| timber, [sd=0.1m v
spruce)
Thickness 12,50 60,00 30,00 0,25 235,00 235,00 0,50 30,00 70,00 30,00
Width - 60,00 - - - 60,00 - - 60,00 169,05
Spacing - 700,00 - - - 700,00 - 300,00 - -
Pitched Roof = Total Area | Area per SC L(m) B (m) H (m) Roof Slope
Gable Roof (m?) (m?2) (assumed) Width (m)
Roof 131,90 65,95 10,99 6,00 ND ND
Attic Room (DG) 107,80 107,80 10,78 10,00 3,00 5,83
V. Mi | Raft Underl
i Gypsum |[Mineral Wool| Vertical apour inera arters 3-Layer naeriay Counter- |Interlocking|
T Plasterboard|(A-group 035)| Battens GEEICEA il (%5 Board Membrane Battens | Clay Tiles
et sd=5m |group 035)| (Spruce) sd=0.1m y
Relevant roof slope
. 5,83 5,83 5,83 5,83 5,83 6,00 6,00 6,00 6,00 6,00
width (m)
Relevant roof slope
10,78 10,78 10,78 10,78 10,78 10,99 10,99 10,99 10,99 10,99
length (m)
Spacing (m) - - 0,70 - - 0,70 - - 0,30 -
Material unit m? (1
si:e;e”a unit m( 62,86 62,86 0,35 62,86 | 62,86 0,36 1,86 65,95 0,36 65,95
Thickness (mm) 0,03 0,06 0,03 0,00 0,24 0,24 0,03 0,00 0,03 0,07
Pieces (1 side) - - 16,40 - - 17 - - 38 -
Material unit m? 1,57 3,77 0,01 0,02 14,77 0,08 0,06 0,03 0,01 4,62
Total m? 125,72 125,72 11,48 125,72 | 113,69 12,03 3,72 131,90 27,10 131,90
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Environmental

Link

Total m3® 3,14 7,54 0,34 0,03 26,72 2,83 0,11 0,07 | 0,81 ‘ 9,23 |
Gypsum |Mineral Wool Vapour | Underlay |Interlockin Total
Layer ypsu : Wood i v . -
Plasterboard|(A-group 035) Retarder |[Membrane| Clay Tiles | Volume
Vol distributi
ino;me SIBUHON| 6 18% 67,40% 8,06% | 006% | 0,13% | 1817% | 100,00%
(]

Units m2 m3 m3 m2 m2 m2
Material d d

aterial deman 125,72 34,26 4,09 12572 | 131,90 | 131,90
values
Data set generic average |representativ| generic | generic average
.C content (biogenic 24338
in scope)
C content in CO2e 892,39
GWP Biogenic (Al-

-1,19 -8,27 -809,63 0 0 -0,11

A3)
GWP Fossil (A1-A5) 4,37 119,04 86,74 0,49 0,77 13,35
GWP Luluc (A1-A5) 0 0,1 0 0 0 0,01
GWP Total AVG (A1-
e 3,18 110,86 -724,85 0,48 0,77 12,33
GWP Total (A4-A5) 0 17,12 5,56 0 0 1,05
GWP Total

. 3,18 127,98 -719,29 0,48 0,77 13,38
(Okobaudat) ! ! ! ! ! !
Notes Al1-A3 A1-A5 A1-A3, A5 Al-A3 Al1l-A3 Al1-A5

Totalin ke Total in k
Total in kg CO2e per g

CO2e per
2 2
CO2e m2 roof m2 UFA

199,89 4384,59 -2945,34 121,94 203,13 1764,82
impact (GWP total) 3729,03 28,27 23,25
CR baseline (Roof) 3654,16 3654,16 | 27,70 22,78
Lifespan in years 50 50 50 30 20 50 AVG BNB
Total
. ota V\_I/O Total w/o
O Total w/o insulation | lati
insulation
e:rs ! 0 0 0 1 1 0 insulation in kg CO2e
V in kg CO2e per m2
roof area
Data quality
4 1 3 4 4 1
category -655,56 -4,97 -4,09
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B.1 Environmental impact at the material level: Average values

Datasets used in the GEFION Project (mid- to late 2024) were derived from the WoodenValley
software for transparency.

Steel
Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 0,00667014 3,6144908 0,00172784
Stainless Steel
generic dataset 0,00667014 3,6144908 0,00172784

Name Ref. URL uuliD
Stainless 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/649f | 649fd5c6-2c2d-47d9-
steel sheet d5c6-2c2d-47d9-9ala-a567673c9fd0?version=20.23.050 9ala-a567673c9fd0

Reinforcement steel

Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 3,82657376 469,949284 0,20849166
Steel and Iron
average dataset 3,82657376 469,949284 0,20849166
Name Ref. URL uuIbD
Reinforcing 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/b14811fa- | b14811fa-c9ad-4073-
steel in coils c9ad-4073-9d8f-68ad1fcd4d1d?version=00.02.000 9d8f-68ad1fcd4dld
and
reinforcing
bar steel
Concrete
Modul Al-A3 Ad
::c?rtiZigr?;?; 5 Type GWPbiogenic GWPfossil GWPluluc| GWPbiogenic GWPfossil GWPluluc
Total 0,80012119 255,670422 0,08418343 0,01058565 2,064269 0,012398
Mortar and .
concrete g‘;‘:sr; 0,80012119 | 255,670422 | 0,08418343|  0,01058565| 2,064269| 0,012398
Name Ref. URL UuID
Recycled 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/6739667a- | 6739667a-49d1-4a9c-
ready-mix 49d1-4a9c-a4b2-eb542167710c?version=20.23.050 adb2-eb542167710c
concrete
C20/25
Recycled 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/899ad6d2- | 899ad6d2-c598-4831-
ready-mix €598-4831-bc0a-8638aa034a69?version=20.23.050 bc0a-8638aa034a69
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concrete

C25/30

Recycled 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/b38f2dac- | b38f2dac-fa08-4a9c-
ready-mix fa08-4a9c-ae8d-017f6e2f169f?version=20.23.050 ae8d-017f6e2f169f
concrete

C30/37

Recycled 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/5c89cce2- | 5c¢89cce2-688c-4fed-
ready-mix 688c-4fed-aa02-eda80ffba5f7?version=20.23.050 aa02-eda80ffba5f7
concrete

C50/60

Ready-mix 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/923el1c71- | 923e1c71-f172-4902-
concrete f172-4902-a5f5-c4ale8a773bc?version=20.23.050 a5f5-c4ale8a773bc
C20/25

Ready-mix 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/d2ael721- | d2ael721-bb2a-
concrete bb2a-4386-9d9f-abb1c774b0a8?version=20.23.050 4386-9d9f-

C25/30 abb1c774b0a8
Ready-mix 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/258b377e- | 258b377e-ec3b-4e8¢c-
concrete ec3b-4e8c-b3fd-ddaleb370f7d?version=20.23.050 b3fd-ddaleb370f7d
C30/37

Ready-mix 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/079ed601- | 079ed601-8b92-49cd-
concrete 8h92-49¢d-9c09-ab8e067366cf?version=20.23.050 9c09-ab8e067366¢f
C50/60

Brick

Modul Al1-A3 A4 A5

Category . . . . . . . . .
(original).2 Type GWPbiogenic | GWPfossil | GWPluluc | GWPbiogenic | GWPfossil | GWPluluc | GWPbiogenic [ GWPfossil GWPlulu
Stones Total 0,2355 129,2| 0,06565 0,00166 4,13 0,0173 -0,0039 0,83 -0,0013:
and average ,
elements | gatasct 0,2355 129,2| 0,06565 0,00166 4,13| 00173 -0,0039 0,83| -0,0013:
Name Ref. URL uuIibD

Masonry 2021 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/cceel | cceel3d3-le5b-

bricks 3d3-1e5b-41e2-a867-0d844ee6clbf?version=00.03.000 41e2-a867-

(filled 0d844eebclbf

with

insulation

)

Masonry 2021 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/3051 30514538-fcb4-

bricks 4538-fch4-483b-b5d5-c108d2037536?version=00.04.000 483b-b5d5-

(unfille) ¢108d2037536

Calcium: silicate brick

Modul Al1-A3 A4 A5

Category . . . . . . . . .
(original).2 Type GWPbiogenic | GWPfossil | GWPluluc | GWPbiogenic | GWPfossil | GWPluluc | GWPbiogenic | GWPfossil | GWPluluc
Stones Total 0,00665 126 0,0863 0,00157 3,92 0,0164 -0,00781 3,04 0,00451
and average

elements | garasct 0,00665 126| 0,0863 0,00157 3,92 00164 -0,00781 3,04 0,00451
Name ‘ Ref. ‘ URL uuID
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Calcium 2021
silicate
brick

https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/ccOd
7baa-755a-4ada-baf3-4fe53d68a041?version=00.02.000

cc0d7baa-755a-4a4a-
baf3-4fe53d68a041

Aerated concrete

generic dataset

Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total -3,2720128 172,399237 0,04799015
Stones and elements
-3,2720128 172,399237 0,04799015

Name Valid URL uuliD

Aerated 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/9 | 907545ae-8eac-47a7-
concrete 07545ae-8eac-47a7-9b1b-47a474a16749?version=20.23.050 9b1b-47a474a16749
aggregate

Aerated 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/df | dfac45db-fd07-4dcb-
concrete ac45db-fd07-4dcb-9359-2b8b4e882d62?version=20.23.050 9359-2b8b4e882d62
P2 04

unreinforc

ed

Aerated 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/3 | 34aa0d55-ab02-41f0-
concrete 43a0d55-ab02-41f0-84e1-f8a28cc6280e?version=20.23.050 84e1-f8a28cc6280e
P4 05

reinforced

Aerated 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/3 | 3c6051d0-2062-4a92-
concrete ¢6051d0-2062-4292-9f4¢c-0d48c911978d?version=20.23.050 9f4c-0d48c911978d
P4 05

unreinforc

ed

Lightweight concrete / Pumice

Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 0,47785822 63,2303775 0,06781197
Stones and elements
generic dataset 0,47785822 63,2303775 0,06781197
Name Ref. URL uuliD
Pumice block 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/8aa75 | 8aa75389-
(SFK-4) 389-7865-41ad-9763-6252c5ab1fe5?version=20.23.050 7865-41ad-
9763-
6252c5abi1fe
5
Lightweight 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/da067 | da067al0-
concrete block a10-d690-4308-831d-ada8ad78b8ad?version=20.23.050 d690-4308-
made of 100% 831d-
natural ada8ad78b8a
pumice d
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Wood (solid wood products such as SSW, sawn timber, Glulam, as well as wood-based materials
such as plywood, 3-layer/5-layer boards)

Modul Al (AVG) A1-A3 (AVG) A5 (AVG)
Category . . . . . . . . .
(original).2 Type GWPbiogenic | GWPfossil | GWPIuluc | GWPbiogenic | GWPfossil | GWPluluc | GWPbiogenic | GWPfossil | GWPIul
Wood- Total -892,3622 44,5533 0 -895,0954 | 134,5165 0 2,7332 1,3504
based '892,3622 | 44,5533 0| -8950954| 134,5165 0 2,7332| 1,3504
materials | representative
& solid dataset
wood
Name Ref. URL uuliD
3- and 5-layer 8be9edb5-c5b9-
solid wood https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/8b | 4bel-bfb8-
panel 2021 | e9edb5-c5b9-4bel-bfb8-b096f24a183b?version=00.00.028 b096f24a183b
8d170605-120e-
Laminated https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/8d 457b-811d-
timber beams 2021 | 170605-120e-457b-811d-921f076298e2?version=00.00.026 921f076298e2
Glued
laminated
timber — https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/da da69ac98-1dfa-4fd3-
special shapes 2021 | 69ac98-1dfa-4fd3-89ce-219c4cc6f385?version=00.00.027 89ce-219c4cc6f385
Glued
laminated
timber —
standard https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/c36 | c364d223-fd4c-48e7-
shapes 2021 | 4d223-fd4c-48e7-ba60-9940aa74d098?version=00.00.024 ba60-9940aa74d098
Cross-
laminated https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/d8 | d8d40f2d-fd1c-4239-
timber (CLT) 2021 | d40f2d-fd1c-4239-ba9f-cle33fd6f28f?version=00.00.024 ba9f-cle33fd6f28f
6bb6bd94-d9a8-
Veneer https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/6b | 4174-a8f3-
plywood 2021 | b6bd94-d9a8-4174-a8f3-f1625cbeb118?version=00.00.024 f1625cbeb118
https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/4ef | 4ef9fd61-0Oaae-45e0-
Planed timber 2021 | 9fd61-0aae-45e0-abch-7573b4b05408?version=00.00.041 abcb-7573b4b05408
Structural solid https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/d1 | d1050c0d-a62f-4347-
timber 2021 | 050c0d-a62f-4347-8ae6-2f31532caeec?version=00.00.029 8ae6-2f31532caeec
Hardwood d0485b79-3e6b-
sawn timber — https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/d0 | 4dce-af89-
dried 2021 | 485b79-3e6b-4dce-af89-d2a56357e02b?version=00.00.033 d2a56357e02b
Softwood sawn https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/58 58088752-877f-436d-
timber — fresh 2021 | 088752-877f-436d-a52e-ec299b42dd9d?version=00.00.040 a52e-ec299b42dd9d
Softwood sawn https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/98f | 98fe03e2-385d-4b49-
timber — dried 2021 | e03e2-385d-4b49-924c-624165c724b0?version=00.00.031 924¢-624165c724b0
Oriented db4edb8d-1c88-
Strand Board https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/db | 45e3-893a-
(OSB) 2021 | 4edb8d-1c88-45e3-893a-97881c3b3ffl?version=01.00.022 97881c3b3ffl
Hollow core https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/14c | 14c2041c-c6e5-4al6-
particleboard 2021 | 2041c-c6e5-4a16-a853-dcd88eabb6c75?version=00.00.025 a853-dcd88eab6c75
7a51d348-79b5-
Particleboard, https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/7a 4b1d-9367-
raw 2021 | 51d348-79b5-4b1d-9367-cb84ccl76cad?version=00.00.022 cb84ccl76cad
EPS (non-load-bearing)
Modul Al1-A3 A5
(C;;Z?:gl\;z Type GWPbiogenic GWPfossil GWPluluc| GWPbiogenic| GWPfossil| GWPIuluc

47



Expanded Total

0,23550817 67,6446667 0,02668333 0,096

0,37966667

2,5167E-05

polystyrene
(EPS)

average
dataset

0,23550817 67,6446667 0,02668333 0,096

0,37966667

2,5167E-05

Name Ref.

URL

uuiD

EPS rigid
foam
(grey, bulk
density 15
kg/m?)

2022

https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/bd
7ae84e-54c4-4dee-bf0e-8c22cecbcf75?version=00.02.000

bd7ae84e-54c4-4dee-
bfOe-8c22cechcf75

EPS rigid 2022
foam
(grey, bulk
density
20-25

kg/m?)

https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/30
452630-b12d-43bf-b140-58e0db0ba549?version=00.02.000

30452630-b12d-43bf-
b140-58e0db0ba549

EPS rigid 2022
foam
(bulk
density 15

kg/m?)

https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/20
5b761d-e344-49c3-a3a9-bb1bfd59b916?version=00.02.000

205b761d-e344-49c3-
a3a9-bb1bfd59b916

EPS rigid
foam
(bulk
density 20
kg/m?)

2022

https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/75
7297f1-9325-4df4-af51-96510be76bf3?version=00.02.000

757297f1-9325-4df4-
af51-96510be76bf3

EPS rigid 2022
foam
(bulk
density 25

kg/m?)

https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/cb
582d00-b984-4bb8-ab2e-5302678a721d?version=00.02.000

cb582d00-b984-4bb8-
ab2e-5302678a721d

EPS rigid
foam
(bulk
density 30
ke/m?)

2022

https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/4e
83c488-bh36-40b0-bfd4-b2aa7f1c0f04 ?version=00.02.000

4e83c488-bb36-40b0-
bfd4-b2aa7f1c0f04

XPS (pressure-resistant, used on flat roofs and floor slabs)

Modul Al-A3

Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Extruded polystyrene | Total 0,55335884 93,4598248 0,01511281
(XPS) generic dataset 0,55335884 93,4598248 0,01511281

Name Ref. URL uuID

Extruded 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/ | 37f50a3e-5445-4bce-
polystyrene 37f50a3e-5445-4bce-8eda-98f01dbad41f?version=20.23.050 8eda-98f01dbad41f
insulation

(XPS)

Mineral wool

Modul

Al-A3 A4

A5
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f;ﬁ;?:;l‘; , Type | GWPbiogenic | GWPfossil | GWPIuluc | GWPbiogenic | GWPfossil | GWPIuluc | GWPbiogenic | GWPfossil | GWPIuluc
Mineral wool Total -8,2747 | 119,0369 0,0954 -0,0033 1,9959 0,0161 8,8209 6,2833 0,0025
average -8,2747 | 119,0369 0,0954 -0,0033 1,9959 0,0161 8,8209 6,2833 0,0025
dataset
Name Ref. URL uuID
Mineral wool | 2023 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/ 155a3b83-ed73-4462-
insulation in 155a3b83-ed73-4462-a4f1-69ce64e24981?version=00.07.000 a4f1-69ce64e24981
the high-
density range
Mineral wool | 2023 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/ | 699e3d57-72b4-402d-
insulation in 699e3d57-72b4-402d-a0ee-cebb06f3cdf1?version=00.07.000 alee-cebb06f3cdfl
the medium-
density range
Mineral wool | 2023 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/f | f721d148-f727-4a55-
insulation in 721d148-f727-4a55-b2e6-52ech90e09be?version=00.08.000 b2e6-52ech90e09be
the low-
density range
Wood fiber insulation (as rigid boards, flexible mats, or loose blow-in material)
Modul A1-A3 A5
(C;rtiZigr?;I\; 5 Type GWPbiogenic GWPfossil GWPIuluc | GWPbiogenic| GWPfossil | GWPIluluc
Wood fiber | Total -162,7099 60,6318 0 8,2084 1,2113 0
representative -162,7099 60,6318 0 8,2084 1,2113 0
dataset
Name Ref. URL uuliD
Wood fiber 2023 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processe | eeOc4b18-f9c9-44d1-
insulation s/ee0c4b18-f9c9-44d1-8766-36db08856a2f?version=00.00.061 8766-36db08856a2f
flexible mat
(average DE)
Wood fiber 2021 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processe | 34633906-b5d4-48d8-
insulation dry s/34633906-b5d4-48d8-adf4-90037a7499d9?version=00.00.054 | adf4-90037a7499d9
process (average
DE_2022_A2)
Wood fiber 2023 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processe | 5488d3f3-1e39-4a71-
insulation board s/5488d3f3-1e39-4a71-b357-ef605b65ed9c?version=00.00.062 b357-ef605b65ed9c
dry process
(average DE)
Wood fiber 2023 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processe | 5Sbfeefee-ad4c-474e-
blow-in s/5bfeefee-ad4c-474e-8efe-fbed20dc776a?version=00.00.064 8efe-fbed20dc776a
insulation
(average DE)
Dry loose fill (mineralized wood or similar)
Modul Al-A3 Ad A5
Category . . . . . . . . .
(original).2 Type GWPbiogenic | GWPfossil | GWPluluc | GWPbiogenic | GWPfossil | GWPluluc | GWPbiogenic | GWPfossil GWPIuls
Aggregates | Total -281,08 73,05 0,16 -0,098 7 0,0642 0,00032 9,41 0,000009:
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specific -281,08 73,05 0,16 -0,098 7 0,0642 0,00032 9,4 | 0,0000009:
dataset

Name Ref. URL uuiD

Dry loose fill — 2023 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processe | 2904609f-ecc4-49c3-

Cemwood GmbH
— Leveling fill CW

s/2904609f-ecc4-49¢3-8de0-82cdc697640e?version=00.00.004

8de0-82cdc697640e

Cement screed

Modul

Al-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 0,00103903 0,18407331 2,8863E-05
Mort d t
Orar ane CONCTete | eneric dataset 0,00103903 0,18407331 2,8863E-05
Name Ref. URL uuliD
Cement 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/abc6 | abc6d78d-f274-
screed d78d-f274-4400-8f31-fe8d4c2949¢9?version=20.23.050 4400-8f31-
fe8d4c2949¢c9
Lime-cement plaster
Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total -8,7338 357,0574 0,1233
Mortar and concrete
generic dataset -8,7338 357,0574 0,1233
Name Ref. URL uuliD
Lime- 2022 | https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/cf3357 | cf335713-922c-446a-
cement 13-922c-446a-ba90-f225534bfc03?version=20.23.050 ba90-f225534bfc03
plaster
mortar
Lime gypsum plaster
Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 2,7834 194,0097 0,1228
Mortar and concrete
generic dataset 2,7834 194,0097 0,1228
Name Ref. URL uuID
Lime- 2024 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/4906f | 4906fae7-6013-
gypsum ae7-6013-4d08-a765-642314c0bfd2?version=20.23.050 4d08-a765-
642314c0bfd2
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interior
plaster

Gypsum plasterboard

Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Stones and Total -1,1872 4,3694 0,0015
elements generic dataset -1,1872 4,3694 0,0015
Name Ref. URL uuliD
Dry screed 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/9 | 93a02bbc-e268-
(gypsum 3a02bbc-e268-4d2f-a8c4-7cdad73b7eab?version=20.23.050 4d2f-a8c4-
plasterboard, 7cdad73b7eab
25 mm)
Gravel/Crushed stone (gravel on flat roof, crushed stone under floor slab)
Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 2,6486E-05 0,0177 1,1096E-05
Aggregates
generic dataset 2,6486E-05 0,0177 1,1096E-05
Name Ref. URL uuliD
Gravel 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/ed8d | ed8da770-fc78-
(grain size a770-fc78-40cd-acb1-40f062330f9c?version=20.23.050 40cd-acb1-
2/32) 40f062330f9c
Gravel 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/6b10 6b1052ed-f1f0-
2/32 52ed-f1f0-4f35-919b-3884df8da950?version=20.23.050 4f35-919b-
(dried) 3884df8da950
PE foil (used as separation layers)
Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 0,0252 4,0915 0,0007
Films and fleeces
generic dataset 0,0252 4,0915 0,0007
Name Ref. URL UuID
PE bubble 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/0Odbc | Odbcalff-d043-
foil for alff-d043-408f-9511-6aeddf8e5f70?version=20.23.050 408f-9511-
sealing 6aeddf8e5f70

Vapor barrier
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Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total -0,0009241 0,48579154 8,6043E-05
Films and fleeces
generic dataset -0,0009241 0,48579154 8,6043E-05
Name Ref. URL uuID
Vapor barrier PA | 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/d | d6eec5bf-7727-
(Polyamide) 6eec5bf-7727-46ab-blde-62ac94b90016?version=20.23.050 46ab-blde-
62ac94b90016
Vapor barrier PE 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/7 | 7b949ae4-3793-
(Polyethylene) b949ae4-3793-4670-86d8-241578803aa2?version=20.23.050 4670-86d8-
241578803aa2
Vapor barrier PET | 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/b | b86a5061-4138-
reinforced with 86a5061-4138-4a1a-889d-0c53f4868f49?version=20.23.050 431a-889d-
mesh 0c53f4868f49
Underlayment
Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 0,0032 0,7689 0,0003
Films and fleeces
generic dataset 0,0032 0,7689 0,0003
Name Ref. URL UuID
PE fabric- 2022 | https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/ela3f | ela3feae-f090-
reinforced eae-f090-41d7-8697-dfd5b28e0607?version=20.23.050 41d7-8697-
underlayment dfd5b28e0607
PP 2022 | https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/9¢35 | 9c355dal-8e97-
underlayment 5dal-8e97-448e-b66b-10e04316bf20?version=20.23.050 448e-b66b-
10e04316bf20
PUR 2022 | https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/d4dc | d4dc2df9-deda-
underlayment 2df9-deda-4b02-bb0d-952ce44d2fe6?version=20.23.050 4b02-bb0d-
on PET fleece 952ced4d2feb
Drainage mat/Retention element
EPD - https://epd-online.com/EmbeddedEpdList/Download?id=15832
Extensive substrate
Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total -0,13351 0,09122233 8,031E-05
Stones and elements
generic dataset -0,13351 0,09122233 8,031E-05
Name ‘ Ref. | URL uuID
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Vegetation 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/4673fe2 | 4673fe2d-2d7b-
substrate d-2d7b-40f6-906b-269fd056236e?version=20.23.050 40f6-906b-
269fd056236e
Filter fleece or felt
Modul Al1-A3
Category (original).2 | Type GWPbiogenic GWPfossil GWPluluc
Total 0,00190008 0,27222261 4,3648E-05
Films and fleeces
generic dataset 0,00190008 0,27222261 4,3648E-05
Name Ref. URL uuliD
Glass 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/49ffodfl | 49ff9df1-d12d-
fleece -d12d-48f6-a391-0d72d695ffcf?version=20.23.050 48f6-a391-
0d72d695ffcf
PE/PP 2022 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/e80981a | e80981a3-c7c4-
fleece 3-c7c4-4267-b669-0f31cfab1f06?version=20.23.050 4267-b669-
0f31cfa61f06
Ceramic roof tiles
Modul Al-A3 A4 A5
Category . . . . . . . . .
(original).2 Type GWPbiogenic | GWPfossil | GWPIuluc | GWPbiogenic | GWPfossil | GWPluluc | GWPbiogenic | GWPfossil | GWPIluluc
Stones and | Total -0,1078 | 12,4270 0,0080 0,0003 0,7830 0,0033 0,1230 0,1380 | 4,52E-06
elements
average
dataset -0,1078 | 12,4270 0,0080 0,0003 0,7830 0,0033 0,1230 0,1380 | 4,52E-06
Name Ref. URL uuliD
Roof tiles 2021 https://www.oekobaudat.de/OEKOBAU.DAT/resource/processes/a6d60 | a6d60a75-7ade-
(including a75-7a4e-4dfc-87cc-fd40f68d279a?version=00.01.000 4dfc-87cc-
accessories) fd40f68d279a




C.1 Validation

The initial validation of the results was carried out in collaboration with the architectural and planning
firm andOffice, as well as the Institute for Resource Efficiency and Energy Strategies (IREES). An
additional validation was performed through comparison with the DGNB study [14].

Distribution of GHG Emissions
Across Structural Components
Comparison

43.57% 42.93%

® GEFION AVG
B DGNB Study

Figure C.1.1: Distribution of GHG emissions across structural components

In Figure C.1.1, the distribution of emissions across the building components—when considering only
the averages from this study, hereafter referred to as “GEFION averages”—shows a high degree of
similarity between the GEFION and DGNB values. The former are derived from statistical data and
modelling, whereas the latter are based on 50 real projects.

The “GEFION average” calculations for validation were carried out for non-residential buildings
following the same scheme described in Appendix A.4 for single-family houses. The distribution was
based on GWP (100) total values per structural component relative to the total number of emissions
across all components.

The next step is the validation based on the GEFION demonstrator, where the ratio of emissions to
components serves as the key criterion.
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