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Abstract:

The IEA EBC Annex 72 project continued research already conducted under EBC Annex 56 and 57. It extends the scope of Annex
57, which focused on building-related "grey" components of an LCA, to include the operational impacts of building use. In addition
to primary energy demand and greenhouse gas emissions, Annex 72 considered other environmental impacts.

The project addressed, among other things, issues of standardization of methodological principles that arise when applying LCA
approaches to buildings. It serves as a platform for the exchange of experience and knowledge within the partner countries and
promotes the application of LCA to buildings in countries that have little experience.

The objectives of the IEA EBC Annex 72 were:

. Establish and standardize baselines for assessing life-cycle primary energy demand, greenhouse gas emissions, and
environmental impacts of buildings, and develop proposals for the development of national or institutional calculation and
assessment rules.

= Development of bases for the development, application and interpretation of environmental benchmarks for different building
types

= Derive regionally differentiated guidelines and tools to support design decisions for buildings, such as BIM for architects
= Collection and analysis of case studies to support evaluation of real-world application experiences

The results are available in the final and background reports of IEA EBC Annex 72, including the book “IEA EBC Annex 72
Background Information: Assessing life cycle related environmental impacts caused by buildings” collected here.

Kurzfassung:

Das Projekt IEA EBC Annex 72 fiihrte die bereits im Rahmen der EBC Annex 56 und 57 durchgefiihrten Forschungsarbeiten
fort. Es erweitert den Anwendungsbereich von Annex 57, der sich auf gebdudebezogene ,graue“ Anteile einer Okobilanz
konzentrierte, um die betriebsbedingten Auswirkungen der Gebaudenutzung. Zusatzlich zum Primarenergiebedarf und den
Treibhausgasemissionen wurden im Annex 72 weitere Umweltwirkungen beriicksichtigt.

Das Projekt behandelte u.a. Fragen der Vereinheitlichung methodischer Grundlagen, die sich bei der Anwendung von LCA-
Ansatzen auf Gebaude ergeben. Es dient als Plattform fir den Erfahrungs- und Wissensaustausch innerhalb der Partnerlander und
fordert die Anwendung von Okobilanzen fiir Geb&ude in Landern, die noch wenig Erfahrung haben.

Die Ziele des IEA EBC Annex 72 waren:
. Erstellung und Vereinheitlichung von Grundlagen zur Bewertung des lebenszyklusbasierten Primarenergiebedarfs, der
Treibhausgasemissionen und der Umweltauswirkungen von Geb&auden sowie Erarbeitung von Vorschlagen fiir die Erarbeitung

nationaler oder institutioneller Berechnungs- und Bewertungsregeln

- Entwicklung von Grundlagen fiir die Entwicklung, Anwendung und Interpretation von umweltbezogenen Benchmarks fiir
verschiedene Gebaudetypen

. Ableitung von regional differenzierten Leitlinien und Instrumenten zur Unterstiitzung von Entwurfsentscheidungen bei
Gebauden, wie z. B. BIM fiir Architekten

. Sammlung und Analyse von Fallstudien zur Unterstiitzung der Auswertung realer Anwendungserfahrungen

Die Ergebnisse sind in den End- und Hintergrundberichten des IEA EBC Annex 72 verfligbar, darunter im hier vorliegenden Buch
,IEA EBC Annex 72 Background Information: Assessing life cycle related environmental impacts caused by buildings“ gesammelt.
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This publication is an informal background report. It was developed as part of the international research
activities within the context of the project IEA EBC Annex 72. Its contents complement the report “Context-
specific assessment methods for life cycle-related environmental impacts caused by buildings” by
Litzkendorf, Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the
author(s).

Together with this report, the following background reports have been published on the subject of “Assessing
Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC Annex 72) and
can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

Survey on the use of national LCA-based assessment methods for buildings in selected countries
(Balouktsi et al. 2023);

Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf, Balouktsi, Rock, et al. 2023);

Basics and recommendations on modelling of processes for transport, construction and deconstruction in
building LCA (Soust-Verdaguer et al., 2023);

Basics and recommendations on influence of service life of building components on replacement rates
and LCA-based assessment results (Lasvaux et al., 2023);

Basics and recommendations electricity mix models and their application in buildings LCA (Peuportier et
al., 2023);

Basics and recommendations on influence of future electricity supplies on LCA-based building
assessments (Zhang 2023);

Basics and recommendations on assessment of biomass-based products in building LCAs: the case of
biogenic carbon (Saade et al., 2023);

Basics and recommendations on influence of future climate change on prediction of operational energy
consumption (Guarino et al., 2023);

Basics and recommendations on discounting in LCA and consideration of external cost of GHG emissions
(Szalay et al., 2023);

Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023);

Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international survey
(Satola et al. 2023).
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The practice of aggregating LCA-based building assessment results of multiple midpoint indicators into
single-score environmental performance indices is gaining ground, at least for comparing assessment results
and for communicating with non-LCA specialist groups of actors, like financial institutions. Indeed,
interpreting contradictory results of individual impact indicators is a challenging task, and a single
environmental index delivers a clearer message on a building’s overall performance. This report helps to
provide an improved understanding of the possibilities and limitations of partial or full aggregation of
environmental performance assessment results.

To illustrate application, the environmental single scores of five case buildings with varied constructive
characteristics were obtained through selected aggregation methods and different impact categories
groupings. In general, the performance ranking was maintained, regardless of the aggregation approach
used. However, rank reversals are possible, particularly when ecotoxicity categories are considered. This
exercise also highlights the importance of standardly reporting not only the same impact categories but also
the same building components and of including building services in the analysis, for metals directly influence
ecotoxicity results. There is no single best method for aggregating the environmental assessment results of
buildings.

If required to facilitate performance communication and report single score building results - in regions or
countries with data available to allow weighting - LCA practitioners should choose weighting approaches that
ensure coherence to the weighting logic, the underlying regional references used and the problem at hand.
The weighting factors shall be thoroughly justified. Sensitivity/uncertainty analyses shall be carried out to
assess results robustness, to detect potential ranking reversal risks. Such analyses are also useful to
consider the effect of different discount rates and geographic-driven weighting factors on the aggregated
result when applying monetization approaches. In all cases, weightings and overall aggregation procedure
shall be transparently described, and the result of selected indicators (at the minimum GHG emissions)
published in addition to the aggregated assessment result. In selected cases, in which partial aggregation is
an alternative to full aggregation, it is recommended that they shall be based on endpoint categories.

A detailed summary of this report is available in the following publication: Gomes et al. (2022)".

! See: https://doi.org/10.1088/1755-1315/1078/1/012093
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Abbreviations

Abbreviations Meaning

ADP Abiotic Depletion Potential

AHP Analytic Hierarchy Process

AP Acidification Potential

AWARE Available Water Remaining

BAFU Bundesamt fur Umwelt

BDP Biodiversity Damage Potential

BE Belgium

BRE Building Research Establishment

CED Cumulative Energy Demand

CEN European Committee for Standardization

CH Switzerland

CML Centrum voor Milieuwetenschappen - Leiden (Center of Environmental Science)
CTU Comparative Toxic Unit

DALY Disability Adjusted Life Year

DM Determination Method

DSF Depleted Stock Fraction

DTT Distance-to-Target

EBP Environmental Building Performance

EC-JRC EU Commission’s Joint Research Centre’s Institute for Environment and

Sustainability

EN European Standard

EP Eutrophication Potential

EPD Environmental Product Declaration

eq. equivalent

FAETP Freshwater Aquatic Ecotoxicity Potential

FW Fresh Water

GDP Gross Domestic Product

GHG Green House Gases

GWP Global Warming Potential

HTP Human Toxicity Potential

HWD Hazardous Waste Disposed

IBO Austrian Institute for Healthy and Ecological Building
ILCD International Reference Life Cycle Data System
IPCC Intergovernmental Panel on Climate Change
ISO International Organisation for Standardization
LCA Life Cycle Assessment
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LCI
LCIA
MAETP
MJ
MMG
NHWD
NL
NMD
OoDP
PEF
POCP
POP
PPP
RoW
RTI
RWDHL
Sb
SBK
TETP
TNO-MEP
UBP
UK
WTP

Life Cycle Inventory Analysis

Life Cycle Impact Assessment

Marine Aquatic Ecotoxicity Potential

Mega-Joule (10E+6 Joule)

Milieugerelateerde Materiaalimpact van Gebouw(element)en
Non-hazardous waste disposed

Netherlands

National Environmental Database

Ozone Depletion Potential

Product Environmental Footprint

Photo-Oxidant Creation Potential (Photochemical oxidation)
Persistent Organic Pollutants

Purchasing Power Parity

Rest of World

Radiotoxicity index

Radioactive waste disposed — high level

Antimon

Stichting Bouwkwaliteit (Foundation for Building Quality)
Terrestrial Ecotoxicity Potential

TNO shadow prices (Harmelen, A.K. van, et al., 2004)

Umweltbelastungspunkten (environmental damage in eco-points)

United Kingdom
Willingness-to-Pay
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Within the framework of an environmental performance assessment, Life Cycle Assessment (LCA) results
are available for several impact categories among other information like inventories and/or aspects. Often,
drawing the correct conclusions based on a broad variety of environmental impact and/or aspect-related
indicators can be challenging. Sometimes, assessment methods choose to select a single LCA indicator
perceived as the most important to focus on. Indeed, optimization towards one variable is much more
straightforward than doing the same for more than a dozen indicators, and this partly explains the popularity
of single-issue approaches like carbon footprint. However, some assessment methods support their users in
interpreting disparate LCA results by applying aggregation methodologies to:
a. combine the assessment results of numerous indicators using weighting factors to form an overall result
(or several partial results/scores), which is dimensionless. Benchmarking happens at a mid-point level,
i.e., a score is assigned to each indicator based on whether given benchmarks were fulfilled
(assessment for individual indicators) and then the scores are weighted and combined to produce an
overall single score. This type of aggregation is typical for environmental performance assessment as
part of sustainability assessments; and
b. derive a fully aggregated indicator with a unit of measurement (e.g., eco-points) and check the fulfiiment
of benchmarks set at this aggregated level.

A difference between cases (a) and (b) is that in the former all individual indicators are determined and
assessed first and then aggregated, while in the latter only the aggregated indicator is used for the
assessment. In that case, all initial information is already transformed into this individual aggregated
indicator?. Special cases combine aggregated indicators with a few other essential indicators (see
Switzerland with its KBOB recommendation 2009/1 on Eco-points, Primary Energy and Greenhouse gas
emissions).

Aggregating indicator results into single indexes involves the optional LCIA steps of normalization and
weighting (ISO, 2006). In general and simple terms, each indicator result is normalised, i.e. divided by
normalisation factors connected to reference information which expresses the total impact of a certain region
in a reference year. Then, the normalised values can be multiplied by a weighting factor assigned to each
indicator. Once they are all expressed on the same basis, they can be added up into a single value. The
weighting applied may be equal for each indicator.

Various options are available for both normalisation and weighting. The purpose of weighting is to ensure
that the focus is on aspects considered or perceived most relevant. However, while normalisation can be
science-based, this is often not the case for weighting schemes, which inherently involve value choices that
depend on policy, value systems, and cultural and other preferences (Sala, Cerutti, & Pant, 2018). This
clouds its application for many multi-criteria approaches, including LCA. Additional controversy arises when
the partial results are usually no longer visible at the first look, and whether insufficiently robust indicators
should be included in external communications or in a weighted result until their robustness is improved (Sala
et al., 2018).

Several concepts are applied to weighting across impact categories in LCIA (Figure 1), but distance-to-target
(DTT), ‘monetization’, and the social and expert panel-based methods are most often used (Finnveden,
1996), also within the building sector. Some methods opt for equal weights to aggregate environmental
indicators (see e.g., IBO (2011)). Each approach has advantages and drawbacks, and the fittest approach
is defined by the application conditions and by preferences of individuals or organisations.

2 In some assessment schemes, such as the KBOB recommendation 2009/1, the initial information, the life cycle inventories, as well as
the life cycle inventory results remain accessible.
10/34
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Figure 1: Overview and taxonomy of weighting approaches used in LCIA (Sala et al., 2018)

1.2 Distance to Target

Distance to target (DTT) methods are widely used in LCIA. The ecological scarcity method formed the basis
for developing eco-factors for Switzerland (Ahbe, Braunschweig, & Miiller-Wenke, 1990; BAFU (Hrsg.),
2021), Germany (Ahbe, Schebek, Jansky, Wellge, & Weihofen, 2014), the European Union and its member
states (Ahbe, Weihofen, & Wellge, 2018; Muhl, Berger, & Finkbeiner, 2019).

In distance to target (DTT) methods like the ecological scarcity, critical flows are derived from statistics and
policy targets. Weights stem from how far society’s activities are from achieving the desired targets. The
underlying assumption is that a correlation exists between the seriousness of an effect and the distance
between the current and target levels. So, if for achieving a sustainable society impact “A” must be reduced
by a factor of 2, and impact “B” must be reduced by a factor of 6, then impact “B” is regarded as three times
as serious. An outstanding example in this group is the Swiss eco-factors 2021 method (UBP’21) (BAFU
(Hrsg.), 2021), which has been generally applied in Switzerland’s policymaking for years and in several
applications, including in the building sector. Expressing policy targets in quantitative terms is not always
straightforward, though (Castellani, Benini, Sala, & Pant, 2016).

1.3 Monetization

Another way to derive weighting factors in LCA of buildings is through the ‘monetary valuation’ or
‘monetization’ of impacts (Pizzol et al., 2016). Monetization is the practice of determining the economic value
of non-market goods - i.e., goods for which no market exists - by converting measures of social and
biophysical impacts caused by releases of environmentally harmful substances or the use of natural
resources into monetary units, based on consideration of external effects that lead to associated (external)
costs to society (Arendt, Bachmann, Motoshita, Bach, & Finkbeiner, 2020).

11/34



Monetary valuation is applied in cost-benefit analysis to enable the cross-comparison between different
impacts and/or with other economic costs and benefits. Such application suggests a great potential to be
also applied in the weighting phase of LCA (Pizzol et al., 2016). Indeed, valuing health and environmental
impacts as external cost in monetary units for policy-oriented decision support has found increased
acceptance worldwide over the past years (Sonnemann, G.; Tsang, 2019).

Monetization is most often based on ‘prevention’ (aka. ‘control or abatement’) or ‘damage’ cost methods.
Prevention cost methods value an impact based on marginal cost to securing the relevant policy target for
an impact. Doing so requires policy objectives clearly expressed quantitatively (e.g., emission concentration
in the air), and cost-effectiveness analyses of all potential prevention measures to enable ranking in monetary
terms per prevention (control or abatement) unit, like €/kg emission. The costs of the least cost-efficient
measure to meet a given target indicates the value that society is willing to pay or impose on citizens or firms
to control that environmental problem (De Nocker & Debacker, 2018). In the construction context, this kind
of approach has been used e.g., in the Netherlands by the Dutch Ministry of Public Works’ DuboCalc (for
infrastructure works), for comparing the environmental profiles of buildings using GreenCalc, and for LCA of
buildings and parts using the Dutch Determination Method (Stichting Bouwkwaliteit, 2019).

As quantitative policy objectives are not always available, and at times defined more on political than on
scientific grounds (Castellani et al., 2016), damage cost methods are sometimes preferred, like in
environmental priority strategies — EPS (Steen, 1999), the Uniform World Model — UWM (Rabl, Spadaro, &
McGavran, 1998), the Environmental prices handbook 2017 (CE Delft, 2018), and — specifically in the
building sector - the Belgian ‘Environmental Material Performance of Building Elements’ (MMG) assessment
framework (Debacker et al., 2012; Allacker et al., 2020) version valid until July 2021 (MMG2014).

Damage cost methods calculate how emissions or use of resources damage human health and the economy,
in terms of additional costs, loss of ecosystem services, reduced income or loss of well-being for current or
future generations. Ecosystem damage valuation is based on two elements: first, the damages on nature
(say, biodiversity losses) are quantified, then, a value for the loss of biodiversity is needed. Such valuation
attempts to estimate the 'demand function' for environmental quality, which is usually determined by how
much of their income people are willing to give up for one additional unit of environmental quality or their
‘willingness-to-pay’ (WTP) for damage avoidance.

Similarly, two elements are needed for human health damage valuation: first, the damages on human health
are quantified in terms of, e.g. disability-adjusted life years (DALY). Second, a value of life needs to be
determined to monetize the damages, expressed in monetary units/DALY for a certain region. Individual
indicators results are hence aggregated by multiplying their respective characterization values (e.g., X kg
CO2eq or Y DALY) by a monetization factor (e.g., Z€/kg COzeq or W €/DALY) that indicates the extent of the
damage to the environment and/or humans - or the external environmental cost - in monetary terms.

MMG2014 (De Nocker & Debacker, 2018), for example, uses valuation procedures to express eutrophication
impacts in €/kg (POa4)3-q that combine various costing methods: willingness to pay for eutrophication impacts
avoidance; impacts on biodiversity estimated by fate and impact modelling; and 'restoration costs' and
'prevention costs' to meet the objectives for freshwater quality, as required by the European water framework
directive. To account for spatial variability, the value is adjusted for differences in GDP per capita (PPP)
between Europe and the rest of the world. That same assessment framework expresses impacts on human
health in CTUh (comparative toxic units human health) according with the USEtox method (Rosenbaum et
al., 2008). Quantification of loss of life expectancy considers that 1 CTUh cancer case equals 11.5 DALY.
The valuation follows Equation 1.

12/34



(medical care + loss of production)* + loss of life expectancy**
€51,429.60* + (11.5 x €53,363.50***)
€665,11

Costs of 1 CTUh cancer

Where:
* Estimated based on an EU study (Luengo-Fernandez, Leal, Gray, & Sullivan, 2013)
** Loss of life expectancy = number of DALY x Value of a life year lost / DALY
**W-Europe estimate, assuming 1 DALY related to cancer corresponds to 1 YOLL (year of life lost)

Finally, in a panel weighting exercise, a number of experts express their perceived severity of a given impact
relatively to others in the local/regional/national/global context. In LCIA, a panel approach has been used, for
instance, in damage-oriented (endpoint) methods like eco-indicator 99 (Goedkoop & Spriensma, 1999) and
ReCiPe (Goedkoop et al., 2013), which combine a series of individual midpoint indicators into three
standardized endpoints - human health, ecosystems quality, and resource scarcity - based on scientific
factors. As such, value judgment is applied close to the end of the cause-effect chain. In the context of
building LCA, the panel-based approach has been used by UK’s BRE EN Ecopoints (Abbe & Hamilton, 2017)
to convey single-scores of normalised values of indicators mostly based on EN15804+A1.
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The Swiss Eco-factors (UBP) according to the ecological scarcity method were first published in 1990 (Ahbe
et al., 1990) and last updated in 2021 (BAFU (Hrsg.), 2021). Based on Swiss environmental policy, it allows
for a complete picture of the environmental impacts of the use of energy and material resources, land and
freshwater use, of emissions in the air, water bodies and soil, of the deposits of residues from waste
treatment, of traffic noise and of marine fish (wild catch), expressed in eco-points. It meets the requirements
of a true and fair view in terms of environmental information (BAFU (Hrsg.), 2021).

The ecological scarcity method uses the information on the current annual emissions of pollutants and
extraction of resources (current flow, see equation below) in or of a country (here Switzerland) and the
maximum allowed annual emissions and extractions (critical flow, see Equation 2) according to
environmental legislation in that country.

For every environmental pressure, the eco-factor expresses the distance to target and is defined as follows:

C

1-UBP F\2

Eco-factor = K . (— .
R

constant

F o Fn Fi
Characterization —_— -
(if applicable) ~ Normalization Weighting

Where: Kis the characterization factor of a pollutant or a resource
Flow is the load of a pollutant, quantity of a resource consumed or level of a characterized environmental pressure
Fn. is the normalization flow: Current annual flow, with Switzerland as the system boundary
F is the current flow: Current annual flow in the reference area
Fy is the critical flow: Critical annual flow in the reference area
c is a constant (10'%/a)
UBP is ecopoint, the unit of the assessed result

Environmental pressures may be individual substances emitted to air, water or soil, radioactive and non-
radioactive wastes deposited underground, individual resources extracted, or characterised flows to and from
the environment. Characterization factors are determined for pollutants and resources that can be allocated
to a specific environmental impact (e.g., global warming potential to quantify the greenhouse gas emissions).
Here, the effect of a certain pollutant (e.g., the global warming potential of methane) is placed in relation to
the impact of a reference substance (carbon dioxide). Table 1 shows the environmental impacts for which
characterisation is used. All other emissions of pollutants and resource extractions are normalised and
weighted directly, i.e., without characterisation.
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Table 1: Characterization methods used in the 2021 version of the ecological scarcity method (BAFU (Hrsg.), 2021)

Eco-factor N

Environmental impact (UBP/ref. Reference unit Sl Ul L LR

. model

unit)
Global warming potential GWP 1000 kg CO.-eq. (IPCC, 2013)
Ozone depletion potential ODP 25000000 kg R11-eq. (UNEP, 2007)
Acidification potential AP 8300 kg SO,-eq. (Guinée et al., 2001)
Ecotoxicity potential of heavy metals emitted to air 59'000°000 kg Cd-eq. (Fantke et al., 2018)
Carcinogenic potential of PAH, dioxin, furan and CTU 2.6 *10" CTUh (Fantke et al., 2018)
benzene emissions to air
Carcinogenic potential of radioactive emissions to 110000 GBq C-14-eq.  (Frischknecht, Braunschweig,
air Hofstetter, & Suter, 2000)
Human toxicity potential of heavy metals emitted 6°'200°000 kg As-eq. (Fantke et al., 2018)
to surface water
Carcinogenic potential of radioactive emissions to 29'000 GBq U-235-eq. (Frischknecht et al., 2000)
surface waters
Carcinogenic potential of radioactive emissions to 150'000'000 GBq C-14-eq.  (Frischknecht et al., 2000)
seas
Oestrogenic potential of endocrine disruptors 8'700°000°00 kg E2-eq. (Rutishauser et al., 2004)
0
Bioconcentration factor of persistent organic POP 59'000°000 kg 2,4,6- (Ruiz, Ng, Scheringer, &
pollutants tribromphenol-eq. Hungerbuhler, 2012)
Human toxicity potential of heavy metals emitted 2'800°000 kg Zn-eq. (Fantke et al., 2018)
to sall
Impact potential of plant protection products 280’000 kg glyphosate-eq. (Fantke et al., 2018)
2000-watt society primary energy resources 8.3 MJ oil-eq. -
Biodiversity damage potential through land use  BDP 630 m2a settlement (Chaudhary & Brooks, 2018;
area-eq. Chaudhary, Verones, De Baan, &
Hellweg, 2015)
Freshwater consumption AWARE 22  m3 water-eq. (Boulay et al., 2017)
Abiotic depletion potential ADP 150000 kg Sb-eq. (van Oers, Guinée, & Heijungs,
2019)

Depleted Stock Fraction DSF 1000 kg PS-eq. (Hélias, Langlois, & Fréon, 2018)
Radiotoxicity of radioactive waste RTI 54000 cm® HAA-eq. (NAGRA, 2014)

2.2 The Determination Method — NL (monetization, prevention costs
approach)

The ‘Determination Method of Environmental Performance of Buildings and Civil engineering works’—
together with the National Environmental Database (Nationale Milieudatabase — NMD) and the calculation
rules — is managed by the Stichting Bouwkwaliteit (SBK - Building Quality Foundation), in the Netherlands.
The NMD database was set up to provide a uniform calculation of the environmental performance of buildings
and civil engineering works in the Dutch context. It contains products and activities cards that refer to
environmental profiles drawn up in accordance with the Determination Method. These product cards and
environmental profiles are used in the various tools to calculate the environmental performance of buildings
and civil engineering works.

The Determination Method calculates the material-related environmental performance of buildings and civil
engineering works over their entire life cycle in a clear and verifiable manner. The method serves both as
PCR that gives instructions for drafting EPDs and the resulting basic profiles and product cards, in a format
compatible with EN15804+A1:2013 and suitable for inclusion in the National Environmental Database, and
as the calculation rules setting for the computational tools.
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The ‘Determination Method of environmental performance of buildings and civil engineering works’
(Castellani et al., 2016), hereafter ‘Determination Method’, focuses on the environmental performance of an
entire building (or infrastructure work) — the unit to which the performance relates (i.e., the functional
equivalent) - instead of on that of individual products. The design and the intended service life define the
building products and installations used and the number of replacements over the service life (NMD
Foundation, 2020).

The method is structured after the EN 15804:2012 + Amendment A1 standard (CEN, 2013), developed for
product-level environmental product declarations (EPDs). Specific rules for drafting and using EPDs for the
material-related assessment at building and civil engineering structure level are considered for the Dutch
context. The method’s monetization approach uses weighting factors (Table 2) to convert the calculated
emission values into monetized costs or ‘shadow prices’, as developed in the RWS report by TNO-MEP
(Harmelen, 2004), which supposedly represent the estimated costs that actions to prevent or solve the impact
in question would have, i.e., the highest permissible cost level for the government (prevention cost) per unit
of emission control.

Each characterized effect score is multiplied by the weighting factor for the corresponding unit, without prior
normalization. Once all emission values are collectively expressed in monetary terms, they can be added up
into the Environmental Building Performance (EBP), a single score expressed in €/ m*GFA*year of lifespan.
These weighting factors are determined on a member state level and indicate the (relative) severity of the
environmental effects in the country (NMD Foundation, 2020). Only the factor for abiotic depletion (€ 0.16)
differs from the original RWS report by TNO-MEP (Harmelen, 2004), which set it to zero.

Until January 1st, 2021, the building environmental profile comprised eleven environmental impact categories
(or ‘set 1") in accordance with EN 15804+A1 (Table 2). In July 2020, the Determination Method was updated
and included a new set of indicators - ‘set 2° (NMD Foundation, 2020) to align with EN15804+A2 (CEN, 2019)
(Table 3), but the corresponding weighting factors were not found in the searched literature at the time of
writing.

Indicators describing environmental impact and respective weighting factors (‘set 1’) within the Dutch
Determination Method (Stichting Bouwkwaliteit, 2019)

Climate change - GWP 100 yr kg CO2¢q 0,058

Ozone layer depletion - ODP kg CFC11eq 30,00

Photochemical ozone creation - POCP kg C2Haeq 2,00

Acidification — AP kg SO2¢q 4,00

Eutrophication — EP kg (PO4)seq 9,00

Human toxicity - HTP 1,4-DCBeq 0,09 emissions
Ecotoxicological effects, aquatic (freshwater) — FAETP 1,4-DCBeq 0,03
Ecotoxicological effects, aquatic (marine) — MAETP 1,4-DCBeq 0,0001
Ecotoxicological effects, terrestrial - TETP 1,4-DCBeq 0,06

Depletion of abiotic resources (excluding fossil energy carriers) kg Sbeq 0,16 raw materials*
- ADP

Depletion of fossil fuels - ADPs kg Sbeq® 0,16

3 Each country has its own damage cost values: the Dutch DM factor is about 25% of the German Federal Environment Agency (UBA)
estimate, for example.
4 The factor for abiotic depletion was set as € 0.16 in the DM, whereas the RWS report set it as € 0.
5 If ‘depletion of fossil energy carriers’ is available in MJ, the conversion factor of 4.81E-4 kg of antimony/MJ can be used [CMLIA, Part
2b: Operational Annex, page 52], as indicated in Stichting Bouwkwaliteit (2019).
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Indicators describing environmental impact (‘set 2’, valid after January 13t, 2021) within the Dutch Determination
Method (NMD Foundation, 2020).

Climate change - total GWP - total kg COzeq
Climate change — fossil GWP - fossil kg CO2¢q
Climate change - biogenic GWP - biogenic kg COzeq
Climate change — land use and change to land use GWP - luluc kg CO2eq
Ozone layer depletion ODP kg CFC11eq
Acidification AP mol H+eq
Freshwater eutrophication EP-freshwater kg (PO4)3eq
Seawater eutrophication EP-seawater kg Neq
Land eutrophication EP-land Mol Neq
Photochemical ozone formation POCP kg NMVOCeq
Depletion of abiotic raw materials - minerals and ADP minerals and metals kg Sbeq
metals

Depletion of abiotic raw materials - fossil fuels ADP-fossil MJ, net cal. val.
Water use WDP m?3 world eq deprived
Fine particulate emissions lliness due to PM lliness incidence
lonizing radiation Human exposure kBq U235¢q
Ecotoxicity (freshwater) CTU ecosystem CTUe
Human toxicity — carcinogenic CTU human CTUh
Human toxicity — non-carcinogenic CTU human CTuUh
Land use-related impact/soil quality Soil quality index Dimensionless

The Belgian MMG assessment framework follows a hierarchical structure in its calculation model, which
allows four levels of analysis: materials (e.g., bricks and mortar), work sections (e.g., a masonry wall), building
elements (external / internal wall) and whole buildings (Allacker et al., 2020). This way, a simplified evaluation
of at building level can be obtained as the sum of material impact of their building elements, as only databases
for selected material, work section and element levels are operational.

The MMG assessment framework considers indicators for environmental impacts and external environmental
costs. In the MMG2014 version, valid until July 2021, 14 environmental indicators are divided in two subsets
(De Nocker & Debacker, 2018). The seven mandatory environmental impact categories for EPDs expressed
in the CEN/TC 350 standard EN 15804+A1 (CEN, 2013): Climate change, ozone depletion, acidification for
soil and water, eutrophication, photochemical ozone creation, depletion of abiotic resources (elements and
fossil fuels) are called ‘CEN indicators’ (Table 4). Other seven indicators (named ‘CEN+’) are aligned with
recommendations by the ILCD Handbook (EC-JRC, 2011) and the Product Environmental Footprint (PEF)
Guide (EC, 2013). Categories like terrestrial and marine ecotoxicity are not yet translated to environmental
costs, due to the lack of reliable monetary values in the literature.

The request of Belgian authorities for aggregated building score outputs stem from the inherent difficulty to
make decisions when multiple individual impact scores are offered. As the CEN/TC 350 standards do not
consider weighting nor aggregation, the MMG developers opted for an environmental external cost-based
weighting method (Allacker et al., 2020). Three optional aggregated environmental scores, expressed in

6 with the update to CEN/TC 350 standard EN 15804+A2 (CEN, 2019) in July 2021, the MMG assessment approach changed, mainly
to be in line with end the European initiatives for LCA of buildings and building products, and to support integration of specific B-EPD
data in the TOTEM tool. The current framework considers 19 impact indicators grouped in 12 main impact categories and moved from
the previous monetisation approach to adopt the JRC’s PEF weighting procedure (Sala et al., 2018). For each individual environmental
indicator, the characterised values are first normalised by dividing them with their respective normalisation factors. These factors
represent the global impact per capita for a given reference year and allow to express all the results in a dimensionless unit. The
normalised results are then multiplied by their respective weighting factors to reflect the perceived relative importance of the
environmental impact categories considered. After weighting, the results of the different environmental indicators can be summed up to
obtain a single overall score. For details, please see Lam & Trigaux (2021).
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monetary value (€) are used: for CEN indicators, for CEN+ indicators, and for an overall single score, which
is the sum of both.

Information on damage costs is available for most impact categories, though at different amount and quality.
Categories such as terrestrial and marine ecotoxicity are not yet translated to environmental costs, while
others like land use impacts on biodiversity, ecotoxicity require proxies such as the costs of typical measures,
amount of environmental taxes, or restoration costs (e.g., ecosystems and biodiversity) or configure multi-
source and multi-effect problems (e.g., acidification, ozone formation, particulate matter) that complicate
prevention cost assessment for single effects, whose targets often reflect short term compromises instead of
long term policy objectives, and are seldom used as indicators for social costs (De Nocker & Debacker,
2018).

For most impact indicators, MMG’s central estimate is based on damage cost approach and a 3% p.a.
discount rate is applied, whilst the low and high estimates account for uncertainty and information from other
sources and methods, including that based on prevention costs. External environmental costs may vary
regionally, meaning that weight sets derived for Belgium might not apply to other locations. Hence, monetary
values have been determined for three regions — Flanders/ Belgium, Western Europe. As most processes
related to the life cycle of building products are related to Western Europe (Table 4), only those values are
considered for the publicly available version of the method. The monetary values for Flanders/Belgium and
the ‘rest of the world’ are determined for sensitivity analyses sake. MMG explicitly declares that Worldbank’s
purchasing power parity (PPP7) is used to adjust monetary values for differences in GDP/capita between
Western Europe and the ‘rest of the world’ (RoW= 40% of Western Europe values) in cases like acidification
of land and water sources, eutrophication, human toxicity and particulate matter impacts (De Nocker &
Debacker, 2018).

" PPPs enable to compare the output of economies and the welfare of their inhabitants in ‘real’ terms, as they control price level
differences across nations. The PPP concept is used by multilateral institutions like the UN, Worldbank and IMF, policymakers and
private sector agents, among others.
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Table 4: “CEN” and “CEN+” environmental indicators used in the MMG assessment framework, respective units and
monetary values estimates for the aggregated environmental score: the square root of the uncertainty bandwidth (VBW)
is used to calculate the low and high estimates from the central value for Western Europe (Allacker et al., 2020)

Estimates (€/unit)

Environmental indicator (CEN)

Central
Global warming kg COa¢q 2 0.025 0,05 0.10
Ozone depletion kg CFCi1eq 2 25 49.1 100
Acidification for soil and water kg SOzq 2 0.22 0.43 0.88
Eutrophication kg (PO4)3eq 3 6.60 20 60
Photochemical ozone creation kg ethene ¢ 2 0 0.48 6.60
Depletion of abiotic resources: elements kg SBeq 4 0 1.56 6.23
Depletion of abiotic resources: fossil fuels MJ, net calorific value / 0 0 0.0065
. - Estimates (€/unit)
Environmental indicator (CEN+)
Central

Human toxicity: cancer effects CTUh 4 166,277 665,109 2,660,434
Human toxicity: non-cancer effects CTUh 5 28,816 144,081 720,407
Particulate matter kg PM2.5, 2.6 12.70 34 85
lonizing radiation: human health effects kg U235, 3 3.2E-04 9.7E-04 2.9E-03
Ecotoxicity: freshwater CTUe 5 7.39E-06 3.7E-05 1.8E-04
Water resource depletion m? watereq 3 0.022 0.67 0.20
Land use occupation: soil organic matter kg C deficit 4 3.4E-07 1.4E-06 0.6E-05
Land use occupation: biodiversity flows, loss m2yr 4
of ecosystems service

e  from urban 0.07 0.30 2.35

. agricultural 1.5E-03 6.0E-03 2.4E-02

e forestry 5.5E-05 2.2E-04 8.8E-04
Land use transformation: soil organic matter kg C deficit 4 3.4E-07 1.4E-06 0.6E-05
Land use transformation: biodiversity flows m? 4

e  from urban land

e from agricultural land n/a n/a n/a

e from forest n/a n/a n/a

e  from tropical rainforest n/a n/a n/a

6.90 27 110

2.4 UK BRE EN Ecopoints (panel approach)

In 2015, UK BRE assembled an expert group weighting exercise to create a set of weightings for an
aggregated metric (BRE EN Ecopoints) to be reported in addition to the parameters required by EN 15804
standard. The derived weightings can be used in communicating the environmental performance of
construction products in BRE decision making tools and building level assessment tools (Abbe & Hamilton,
2017).

The panel assessed the relative importance of eleven EN 15804+A1 environmental indicators (CEN, 2013),
preselected as representative of the overall environmental impact of the construction products assessed,
whilst ensuring that it reflects the relative importance of the underlying issues within the Western European
context (Abbe & Hamilton, 2017). Human and ecotoxicity impacts are excluded, and waste and freshwater
use - relevant environmental pressures for construction activities - are counted in (Table 5).
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Table 5: Panel-based weighting set derived for the BRE EN Ecopoints aggregation procedure (Abbe & Hamilton, 2017).

Environmental indicator Indicator LG AR
Global warming potential (climate change) GWP 241
Net use of fresh water (parameter describing resource use) FW 15,2
Depletion potential of the stratospheric ozone layer ODP 13,5
Acidification potential of soil and water AP 8,4
Eutrophication potential EP 8,2
Radioactive waste disposed — high level (parameter describing waste categories) RWDHL 7,0
Abiotic depletion potential for non-fossil resources (elements) ADP-E 6,6
Formation potential of tropospheric ozone POCP 58
Hazardous waste disposed (parameter describing waste categories) HWD 50
Abiotic depletion potential for fossil resources ADP-F 4,0
Non-hazardous waste disposed (parameter describing waste categories) NHWD 2,1

The characterised data for the eleven environmental indicators are referenced to the impact of one European
citizen per year, using appropriate normalisation factors. The normalised impact values are then multiplied
by the weighting factors for each indicator and their summation gives the single score. The highest BRE EN
Ecopoints score indicate the highest environmental impacts. The derived weightings can be used in
communicating the environmental performance of construction products in BRE decision making tools and
building level assessment tools (Abbe & Hamilton, 2017).

In parallel, a stakeholder panel went through the same survey and procedure used for the expert panel. A
multi-criteria decision-making method was used to generate the weights and subsequent prioritisation of the
issues in terms of their impact. The chosen option was the analytic hierarchy process (AHP), which uses
fuzzy logic to make sense of value judgements, through pairwise comparisons. A detailed description of the
weighting exercise consistency, reliability, sensitivity analyses for both the expert and stakeholder panels is
provided by (Abbe & Hamilton, 2017).
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3. Method

The four approaches for aggregating LCA indicator values into single score results of buildings described in
Chapter 2 - distance-to-target Swiss Eco-factors (UBP) 2021 (CH); monetization methods MMG2014 (BE)
and Dutch Determination Method (NL); and panel-based weighting method BRE EN Ecopoints (UK) - are
examined (Table 6).

Assuming a simplified evaluation at building level as the sum of material impact of their building elements,
calculations were illustratively applied to five cases - concrete and masonry school building, a steel-framed
laboratory, a concrete-framed and masonry residential high-rise, an office passive building, and a wood-
framed building - to shed light on key points to consider when aggregating building scores. These cases had
been previously assessed in accordance with the EN15804+A1 (CEN, 2019) and EN15978 (CEN, 2011)
standards and using CML-IA baseline and CED methods. Hence, only the corresponding indicators values
were available for use, which limited our application. Inventories, LCA assumptions and methodological
decisions were the same in all cases, and are not herein detailed, given the focus on aggregation through
different perspectives.

Table 6: Aggregation approaches adopted by selected methods used in the building sector

Approach Determination BRE EN Ecopoints
il *
UBP’21 (CH) MMG2014 (BE) Method (NL) (UK)
Application
TOTEM tool BREEAM rating tool
Weighting
damage costs prevention costs
. ) environmental areas “CEN”, “CEN+” and
Partial/total aggregation and total total* total total
yes
Normalization yes (Flanders, Western no yes

Europe, RoW) (Western Europe)

yes, for env. impacts

Characterization in Table 1 yes yes yes
distance to target monetization expert/stakeholder panel
product level element level building level

Note: “CEN” and “CEN+” indicators refer to the terminology used by the MMG2014 assessment framework. See Table 4, in section 2.3.
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Environmental impact categories considered, indicators within them and weighting/monetization factors used
in the different methods vary. Some categories — ODP, AP, EP, POCP — are most often used, but only GWP
is present in all selected methods. Hence, Table 7 displays all impact factors (1 unit of impact) relatively to
the impact of the emission of 1 kg COz2-eq.

The Swiss Eco-factors method has been generally applied in the country’s policymaking for long, and
specifically addresses the renowned Swiss 2000-watt society goal. The Swiss Eco-factors (UBP) 2021
weighs ODP much heavier than any other approach: one ODP reference unit is about 25,000 times as serious
as one GWP reference unit, which is about 25 to 42 times higher than that assigned by monetization
approaches used in the building sector. It notably details assessment of impacts on human health. BRE EN
Ecopoints, the panel-based method examined, weighs climate change much heavier than any other impact.
Regardless of the approach chosen, panel-based weighting sets incorporate values and subjectivity. Users
should be aware and encouraged to routinely carry out sensitivity analyses to test the effects of changes in
the weighting set on the environmental impact scores.

Though contrasting factors across methods based on different grounds is not meaningful, comparisons within
the same aggregation approach reveals variations to some extent expected, as both criticality perception
translated into policy goals and mitigation valuation can vary regionally. For example, MMG2014 applies a
factor to abiotic depletion potential excluding fossil energy carriers between 10 times higher than its
neighbour Dutch DM, which in turn weighs acidification heavier by about the same factor. In this regard, the
SBK value attributes all the prevention costs of reducing SO2 emissions to ‘acidification’, whereas these
costs should be shared with health impacts from secondary particles. Other divergences of the kind are
noticeable. The Dutch DM breaks down ecotoxicity into terrestrial, marine and freshwater, while MMG2014
considers only the latter, while distinctively attempts to address built environment specifics like land use
occupation and transformation.

Aggregated scores were calculated for the four individual midpoint impact categories for which all methods
selected provide a quantitative assessment (GWP, ODP, AP, ADP resources); for the seven CEN midpoint
categories (MMG2014 and Determination Method) (Table 8). In general, the performance ranking was
maintained, regardless of the aggregation approach used. However, rank reversals are possible, particularly
when ecotoxicity categories are considered (marked in yellow). Uncertainties on results of this environmental
impact indicators, in LCI data and in impact and damage assessment are high, and experience with them is
still limited, as disclaimed in EN 15804+A2. One possibility is to aggregate results with and without those
categories for now, as recommended by (Sala et al., 2018) for PEF aggregated scores.
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Table 7: Relative single score impact factor of the emission of 1 unit of an impact compared to the impact of the emission

of 1 kg COz2q in the methods examined.

Environmental impact

Global warming potential
Ozone depletion potential

Acidification potential

Human toxicity potential

Human toxicity: non-cancer effects
Human toxicity: cancer effects

Carcinogenic potential of PAH, dioxin, furan and

benzene emissions to air

Carcinogenic potential of radioactive emissions to

air

Carcinogenic potential of radioactive emissions to

surface waters

Carcinogenic potential of radioactive emissions to

seas
Oestrogenic potential of endocrine disruptors

Bioconcentration factor of persistent organic
pollutants

Impact potential of plant protection products
2000-watt society primary energy resources

Depletion of abiotic resources: fossil fuels

Depletion of abiotic resources: fossil fuels
Abiotic depletion potential (excluding fossil
energy carriers)

Mineral resource extraction

Non-hazardous waste disposed
Hazardous waste disposed

Radioactive waste disposed (higher level)

Radiotoxicity of radioactive waste
Eutrophication

Photochemical ozone creation
Particulate matter

lonizing radiation: human health effects
Terrestrial ecotoxicity

Marine aquatic ecotoxicity
Freshwater aquatic ecotoxicity
Ecotoxicity: freshwater

Net use of fresh water

Water resource depletion

Biodiversity damage potential through land use

Land use occupation: soil organic matter
Land use occupation: biodiversity flows. loss of
ecosystems service

from urban

agricultural

forestry

Land use transformation: soil organic matter
Land use transformation: biodiversity flows
from urban land

from agricultural land

from forest

from tropical rainforest

Original
reference unit
kg CO,-eq.
kg R11-eq (CFC-
11-eq)
kg SO,-eq.
1.4-DCB-eq
CTUh
CTUh

CTUh
GBq C-14-eq.
GBq U-235-eq.

GBq C-14-eq.

kg E2-eq.
kg 2,4,6-

tribromphenol-eq.
kg glyphosate-eq.

MJ oil-eq.
MJ, net calorific
value

kg Sb-eq
kg Sb-eq
tonnes
m3

m3

m? high level
waste

cm® HAA-eq.
kg (PO4)s-eq
kg (CzH.)-eq
kg PM2.5-eq
kg U235-eq
1.4-DCB-eq
1.4-DCB-eq
1.4-DCB-eq
CTUe
m3
m?® water-eq
mZ2.a settlement
area-eq.
kg C deficit

m2yr

kg C deficit
mZ

UBP21
CH

25,000
8.3

2.6 *108
110
29

150,000
8.710°
59,000

285
0.0083

0.15

54

0.63

MMG2014
BE

1
982
8.60

2,881,620
13,302,180

0.02

31.2

400
9.6

680

0.02

134

0.12

n/a
n/a
n/a
540

DM
NL

600

80
1.8

3.2
3.2

180
40

1.2

0.6

BRE EN Ept
UK

0.56
0.35

0.17

0.27
0.09
0.21

0.29

0.34
0.24

0.63
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Table 8: Environmental LCA single scores of five building cases, considering four categories common to all methods (or
seven categories, for MMG2014, Determination Method and BRE EN Ecopoints). The higher the score, the worse (in
red) is the performance.

Swiss

. MMG2014 I .
Ecopoints Determination Method BRE EN Ecopoints
Methods and categories weighted 282; (Western Europe) fnatl poi
4 common 4 common 7 common 4 common 7 common @4 common 7 common
Weighted score .
(per m*GFA.year) UBP € Ecopoints
School building, concrete-frame,
masonry 51,533.15 2.57 4.93 3.63 4.77 1,178.17 3,381.32
Laboratory building, steel-framed,
metal cladding 42,061.40 2.10 4.66 2.94 4.16 962.44 2,742.79
Residential high-rise building, 18,046.26 0.90 174 1.25 166 41492 114487
concrete-framed, masonry
Office passive building 14,010.69 0.70 0.99 0.89 1.04 326.49 974.58
Residential building, wood-framed 8,962,94 0.45 0.66 0.60 0.72 206.69 662.94

4 common categories: GWP, ODP, AP, ADP resources | 7 common categories: GWP, ODP, AP, EP, POCP, ADP resources, ADP ffuels

The adherence of the Determination Method to the available pre-assessed indicators allowed its aggregated
score to be fully calculated. When the additional ecotoxicity categories were computed, the school concrete
building and the steel-framed laboratory reversed ranks. This is not an inconsistency of the method itself or
of the monetization approach, as the methods general structures herein examined are not fully comparable,
but rather an expression of how the buildings’ materiality (considerably more steel in the lab building) is
described by the ecotoxicity indicators added, which also bear high uncertainties, as previously mentioned.
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Monetization approaches may involve discounting after conversion of impacts into financial units, a common
practice in economics. Certain impacts take time to manifest themselves into damages that can emerge after
years or decades, like air pollutants impacts on human health, while carbon emissions impacts will extend
over generations. Hence, in the context of policymaking the costs of mitigation measures taken today are
often contrasted with the benefits produced by these actions in the future. Given this short/longer-term trade-
off, the way such benefits are valued — i.e., how much guarding against future damage is worth to today’s
society — guides current policy design and development of cost-effective solutions.

Costs and future benefits differ in their distribution over time and must be brought to a common point in time
to become comparable. A centrepiece to do so is discounting, which uses discount rates to put a present
value on costs and benefits that will occur at a later date. At an analytic level, the discount rate is therefore
a major determinant of the valuation outcomes (i.e., present value of costs and benefits). Its choice greatly
influences valuation outcomes when impacts and mitigation measures spread over very long time periods,
as for climate change. GHGs long lifespan in the atmosphere requires that the damages expected of their
emissions today are valued centuries into the future.

Discounting (using positive discount rates) always gives a lower numerical value to damages in the future
than to those happening in the present. This means that using a high discount rate implies that people put
less weight on the future and therefore that less investment is needed now to guard against future costs.
Contrastingly, when using a low discount rate, more importance is given to future generations’ wellbeing in
cost-benefit analyses, which supports the view to act now to protect future generations. The notion of
discounting ultimately represents a key ethical issue in impact valuation, and becomes critical for issues
involving intergenerational equity, such as those referring to environmental degradation and, specially,
climate change. Another key ethical parameter is the ‘purchase power parity’, which indicates if a life-year
lost by any world citizen causes the same economic damage regardless of where he/she lives. There is a
strong case for using ‘social discount rates’ (SDR) that factor in both ethical issues (intergenerational and
income) equity-and age-weighting. For reflecting the perspective of society, social discount rates are lower
than those used by private investors (IPCC, 2007).

There are two reasons for discounting the future. First, because — if the future is wealthier — society may
place less weight on future net benefits, and a dollar today is worth more than a dollar received later. This is
captured in the ‘wealth effect’ component (n x g, or elasticity of the marginal utility times forecasted growth)
in the simple Ramsey Rule for discount?® (Equation 3).

SDR=§+1nXxg

Where:
O is a rate of pure preference for the present (or rate of impatience)
n is the absolute value of the ‘elasticity of marginal utility of consumption’, i.e. the change in the value of an additional
dollar as society grows wealthier, also referred to as ‘intergenerational inequality aversion’
g is the is the growth rate of per capita consumption

Second, to account for people’s attitudes to time: human propensity to prefer income today rather than
tomorrow, expressed as the pure time preference (0) component of the discount rate. While g is observable

8 Please, see ISO 14008:2019 (I1SO, 2019).
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(ex post) and determined by the performance of the economy, & and n require an ethical judgment (National
Academies of Sciences Engineering and Medicine, 2017). In an intergenerational framework, the ‘pure time
preference rate’ characterizes the ethical attitude towards future generations.

The Intergovernmental Panel on Climate Change (IPCC) Second Assessment Report (AR2) notes
recommended, as early as 1996, a discount rate of 2-4%, by considering fair to account for a pure time
preference rate equal to zero, and a growth rate of GDP per capita of 1-2% per year for developed countries
and a higher rate for developing countries that anticipate larger growth rates (IPCC, 2007, p.136). ISO
14008:2019 (ISO, 2019) also suggests that the pure rate of time preference should be set to zero. IPCC’s
ARS5 (Kolstad et al., 2014) reinforced the case for a zero or near-zero pure rate of time preference, suggesting
a broad consensus, and citing 2% as the largest value among the approaches reviewed. One argument for
a PTP-rate (8) equal to 0 is that, holding consumption constant, all generations are given equal weight when
calculating social welfare. That view stems from the classical impartial utilitarian philosophy, and is supported
by luminaries of economics (Drupp, Freeman, Groom, & Nesje, 2018).

Despite the debate regarding the appropriate societal pure time preference rate and social discount rate to
apply (De Nocker & Debacker, 2018; Sonnemann, G.; Tsang, 2019), and even on the ethical framework for
intergenerational decision-making (Drupp et al., 2018), it is now widely accepted in environmental economics
that SDRs must drop with time (Freeman & Groom, 2016). Governments like in the UK and France have
adopted this approach to reflect uncertainty about future economic growth, fairness and intra-generational
distribution, and observed individual choices (IPCC, 2007). The German Federal Environment Agency (UBA)
proposes discount rates of 3% for short-term periods (up to around 20 years), and of 1.5% for claims that
extend further into the future and requests a sensitivity calculation with a discount rate of 0% for cross-
generational considerations (Schwermer, Preiss, & Muller, 2014, p.37).

Based on these considerations, many authors and governments propose a near zero discount rate when
monetizing environmental impacts, especially for long time horizons. The monetizing approaches used for
building assessments - MMG2014 and, possibly, the Dutch DM? - adopt a discount rate of 3% p.a.

9 MMG2014 explicitly declares key monetization decisions, like adoption of purchasing power parity (PPP) to account for GDP/capita
variation and of a social discount rate of 3% p.a. — said to be on average in line with declining rates over time used by several
governments. Monetary values used by the Dutch Determination Method mainly refer to a study on shadow prices commissioned by
the Dutch Ministry of Infrastructure and Environment to TNO in 2006. Shadow prices have been since updated and ultimately replaced
by a thorough conceptual update: the ‘Environmental prices Handbook 2017’ (CE Delft, 2018). The Dutch DM 2020 supporting
documentation does not mention the environmental prices concept and only provides the shadow price-based weighting set used,
without explicitly declaring key monetisation decisions it relies upon. Hence, the discount rate used is herein inferred to be a 3% p.a.
rate, as advised by the Discount Rate Working Group (van Ewijk et al., 2015). No reference to purchase power parity/equity weighting

was found.
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Alternatives for communicating LCA results of buildings basically comprise (Strobele & Litzkendorf, 2019):

— Focusing on one or more indicators (e.g., GWP or GWP and PE,nr), with the risk that side effects in other
areas and load shifts will not be visible;

— Selecting representative indicators, based on previous studies that show that the result for one or more
indicators is representative of the others and leads to reliable statements in the order and sequence of
variants;

— Partial aggregation of defined indicators using specific methods; and

— Full aggregation of defined indicators using specific methods.

The last two options above (weighing of environmental impact scores into one or a few scores) are often
requested by the target audiences. Using a single-score indicator to express the environmental performance
makes it easier to communicate environmental performance of buildings and to compare different buildings.
It also provides a comprehensive picture, which allows to identify the important environmental impacts and
the most relevant building elements or construction materials. That is why some countries like Switzerland
have a long-term tradition in applying single score methods in LCA which are endorsed and authorised by
the Swiss Federal Administration.

Weighting factors derived from panel exercises, DTT or monetization estimates have been used to aggregate
LCA results of buildings. Both prevention and damage costs monetization approaches have been used.
There is no best method for aggregating impact results, though, and each approach has strengths and
limitations. Expressing policy targets in quantitative terms is not always straightforward and factors for
relevant categories indicators still lack. Value choice-based damage estimations often embeds personal
attitude and perspectives of the decision-maker, and monetization costs are established within a virtual
market, whose results can involve considerable uncertainty. Indeed, the uncertainty treatment carried out by
CE Delft (2018) revealed substantial variations in monetary valuing and weighting environmental goods.
Hence, if the concepts underpinning monetization are accepted — that is: financial data is comparable to
environmental impacts and those impacts are mutually comparable - users should bear in mind that results
can involve considerable uncertainty and take the corresponding precautions when using them.

That said, as general recommendations when pursuing to express the environmental LCA results of a

building as a single score:

— Give preference to weighting schemes endorsed by authoritative bodies like national environmental
agencies or ministries. Among others, this is expected to ensure that the sets of prices/costs/weights are
updated every few years to reflect the latest policies;

— Where appropriate, use conversion factors that comply with scientific or engineering principles first. These
normative principles apply to any level of aggregation (see also ISO 21931-1 (ISO, 2010));

— Use a method that explicitly declares all conversion/weighting factors and assumptions made.
Aggregation procedures shall be transparently described in easily accessible documents;

— Always provide partially disaggregated information, the life cycle inventory result or, even better, the unit
process data shall in addition to the aggregated score;

— Ifimpact category indicators embed high uncertainty (e.g., ecotoxicity), present the aggregated result with
and without those individual indicators; and

— If monetization methods are used, choose one that applies zero discount rate and world average equity
weighting, in line with IPCC’s recommendations. As impact assessment methods are becoming
increasingly regionalized, the monetary valuation of associated impacts should also be region-specific, to
deliver meaningful results.
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Comparable information is not ubiquitously available, and not all countries and regions have equally
developed science, targets and data. LCA practitioners carrying out studies in regions or countries with data
and methods that allow weighting are encouraged to report one or more aggregated scores in addition to the
detailed environmental profile, for communication’s sake. Target audiences not familiar with the implications
of weighting should be made aware of the controversy and objections to do so, of the uncertainties
embedded, and of the fact that despite the acknowledged limitations, attempts to evolve are in course to help
to fulfil their practical relevance.
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This publication is an informal background report. It was developed as part of the international research
activities within the context of IEA EBC Annex 72. Its contents complement the report “Context-specific
assessment methods for life cycle-related environmental impacts caused by buildings” by Litzkendorf,
Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the author(s).

Together with this report, the following background reports have been published on the subject of
“Assessing Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC
Annex 72) and can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

Survey on the use of national LCA-based assessment methods for buildings in selected countries
(Balouktsi et al. 2023);

Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf, Balouktsi, Rock, et al. 2023);

Basics and recommendations on modelling of processes for transport, construction and
deconstruction in building LCA (Soust-Verdaguer et al., 2023);

Basics and recommendations on influence of service life of building components on replacement
rates and LCA-based assessment results (Lasvaux et al., 2023);

Basics and recommendations electricity mix models and their application in buildings LCA
(Peuportier et al., 2023);

Basics and recommendations on assessment of biomass-based products in building LCAs: the case
of biogenic carbon (Saade et al., 2023);

Basics and recommendations on influence of future climate change on prediction of operational
energy consumption (Guarino et al., 2023);

Basics and recommendations on discounting in LCA and consideration of external cost of GHG
emissions (Szalay et al., 2023);

Basics and recommendations in aggregation and communication of LCA-based building
assessment results (Gomes et al., 2023);

Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023);

Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international
survey (Satola et al. 2023).
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Mitigating greenhouse gas (GHG) emissions from buildings is important for combatting climate change
because buildings are a major source of GHG emissions, which account for about 30% of global
greenhouse gas emissions, and about 40% of energy-related GHG emissions. Different mitigation
strategies and scenarios have been developed and implemented in the “energy” and “industry”
(including the construction product industry) sectors. This allows us to explore different pathways for
the development of future energy supplies, their greenhouse gas emissions, as well as the influences
on future manufacturing of building components and construction products. Such scenarios are also of
great importance when a transition from static to dynamic life cycle assessment (LCA) of buildings is
made throughout their service lives. In particular, the consideration of these scenarios would impose
consequences in the life cycle stages (as defined in EN 15804 Sustainability of construction works -
Environmental product declarations - Core rules for the product category of construction products)
including module A1 (product stage - raw material supply) and A3 (product stage - manufacturing) for
future new buildings, B4 (use stage - replacement) and B6 (use stage - operational energy use) for both
existing and new buildings.

While in the field of energy supply, the possibilities and consequences of decarbonization strategies
are being discussed and partly taken into account in the building LCAs in selected countries,
corresponding discussions and implementation considering the manufacturing of building components
and construction products are still in their infancy. It is necessary to make a transition by including these
scenario-based dynamic considerations both on the side of operational and embodied impacts. More
importantly, scenarios used to derive these considerations should have a complete global coverage,
addressing consistency for both energy systems and underline assumptions between individual
countries and regions.

This background report takes an example of considering future electricity supplies based on global
Integrated Assessment Models, and discusses the impact of this consideration in building LCAs from
both operational and embodied impact perspectives in terms of life cycle greenhouse gas emissions.
These considerations are incorporated into the Swiss national building LCA database KBOB. Materials
and regional electricity supplies with high emission reduction potentials are identified given different
scenarios. In the end, based on this experience, recommendations are made to future national database
development that can better accommodate such considerations, and the needs for future research are
discussed.
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Abbreviations

Abbreviations Meaning

CO:2 eq. CO:2 equivalents

BIPV Building Integrated Photovoltaics

DQR Data Quality Requirement

EPD Environmental Product Declaration

GHG Greenhouse Gas Emission

IAM Integrated Assessment Model

IEA International Energy Agency

KBOB Koordinationskonferenz der Bau- und Liegenschaftsorgane der &ffentlichen
Bauherren

kWh kilowatt hours

LCA Life Cycle Assessment

LCI Life Cycle Inventory Analysis

NDC Nationally Determined Contributions

PIK Postdam Institute for Climate Impact Research

PV Photovoltaics

PVC Polyvinyl Chloride

REMIND REgional Model of Investment and Development
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Life cycle assessment (LCA) has been well applied to assess the environmental performances of
buildings comprehensively considering all life cycle stages, including the manufacturing of construction
products, energy and water required for construction, maintenance, and replacement, the end-of-life
treatment and disposal of materials as well as the operation of the building. However, uncertainties in
these assessments inherently exist due to the complex supply chain upstream in product
manufacturing, unpredictable service life of buildings, building components and materials, variability of
electricity supplies, which are often not addressed in most of the deterministic building LCAs (Pomponi
et al.,, 2017). Among these uncertainties, the uncertainties of electricity supplies play in particular an
important role, and mainly influence building LCAs due to the energy consumption during the operation
of buildings: for example, the mix of electricity supply may vary depending on the time of the
consumption, the electricity system transition and potential improvement of generation technologies in
the future. It also influences the manufacturing of construction components and products required for
the construction as well as the retrofit of buildings, and the infrastructures for the generation of
electricity.

Electricity supplies in the future are especially important for building LCA primarily because of their
essential role in the transition and decarbonization of the global energy system. Electricity, among other
energy supplies, is the supply that experiences the fastest decarbonization in recent decades, partly
due to the deep cost reduction of renewable electricity generation, as well as the urgency of halving the
greenhouse gas emissions in the next 10 years, and ultimately reaching net-zero global greenhouse
gas emissions by 2050 or before in order to keep the global warming to well below 2°C compared to
pre-industrial levels.

To understand the influence of future electricity supplies and their impacts on the LCA of buildings, this

work will focus on research that answers the following 3 questions (Figure 1):

1. What would be the change of future electricity carbon intensity caused by the transition of electricity
system in the future (e.g. based on different energy scenarios, mix of electricity generation
technologies) and technology improvement (e.g. efficiency improvement and resulted emissions
reduction)?

2. How much will embodied emissions of construction materials change due to the change of carbon
intensity of electricity supplies?

3. How uncertain could be the decarbonization of future electricity system, and what influence it would
have on the carbon emissions of major construction material supplies in the future?

Note that this study mainly focuses on the effect of future electricity supplies on the embodied emissions
of construction materials, while another dedicated subtask (Subtask 1, Activity 1.3) within IEA EBC
Annex 72 has focused on the variability and uncertainty of current and future electricity supplies during
the operation stage of buildings (see: Peuportier et al., 2023).

9/43



Influence of future electricity decarbonisation
0 on the uncertainty of carbon intensity of
future construction material supply
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Figure 1: lllustration of the questions of interest in this analysis; “life cycle GHG emissions” are calculated from
non-aggregated unit process datasets and LCA including not only the product stage (A1-A3) but also the end-of-
life disposal and treatment phase (C3-C4). For electricity supply, the transmission and distribution of electricity is
also included.
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The work will start with a literature review that gives an overview of how the uncertainty of electricity
supplies have been addressed in the past literature and practices in building LCA. This will be followed
by an analysis of relevant datasets in the latest KBOB (Coordination Group for Construction and
Property Services; in German: Koordinationskonferenz der Bau- und Liegenschaftsorgane der
offentlichen Bauherren) database. LCI data from KBOB 2016 (KBOB, 2016) will be the basis of the
analysis, because in comparison to other available databases which are a mix of LCA results from
EPDs (Environmental Product Declaration) and datasets from generic LCA databases (eg. ecoinvent,
Gabi), it transparently provides detailed inventory data on the unit process level which allows the scoped
analysis. Next, similar to the approach applied in (Cox et al., 2018)(Mendoza Beltran, Cox, Mutel,
Vuuren, et al., 2018), an IAM (Integrated Assessment Model) (Pauliuk et al., 2017) REMIND (Postdam
Institute for Climate Impact Research (PIK), n.d.) is applied to construct future background database
used in KBOB 2016, in order to account for the transition of electricity supply mix and power plant
technology advancements in the future. The influence of these transitions will be investigated for the
manufacturing of major materials used in buildings and infrastructures, with a focus on life cycle
greenhouse gas emissions (GHG). Finally, based on the conclusions drawn from this work,
recommendations will be provided on how the uncertainties of life cycle greenhouse gas emissions
caused by future electricity supplies shall be addressed in building LCAs. This will be complemented
by a recommendation on the requirement of data and tools that support such analysis in the future.
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Depending on the region where the buildings are located and where the construction products or
components are manufactured, electricity supply and its GHG intensity could play a key role in the life
cycle GHG emissions of buildings (Negishi et al., 2018). The long service life of buildings (i.e. 40 to
more than 100 years) indicates the importance of taking future electricity supplies into account.
However, this issue is only addressed to a limited extent in the LCA of buildings, mostly focusing on its
influence on the environmental impacts of the building operation phase (Ramon & Allacker, 2021), some
incorporated high resolution of the temporal electricity mix (Roux et al., 2016)(Kiss et al., 2020), while
its influence on building materials production is rarely discussed. Alig et al. 2020 (Alig et al., 2020) is
the only study that has addressed this issue, focusing on analyzing the future primary production of
construction materials supplied in Switzerland, and their influence of two selected buildings in terms of
life cycle cumulated energy demand and greenhouse gas emissions. The study has not only considered
future electricity supplies, but also transportation and specific manufacturing process improvements
and mitigation measures (eg. carbon capture and storage). For the future electricity supplies, the study
has compiled a future scenario representing the time horizon from 2030 to 2050, with information
obtained from the Swiss energy perspective 2050 published in 2012, World Energy Outlook in 2018
and Sustainable Development scenario published by the IEA in 2018.

The study in this report has a narrower scope, however, focusing on the influence of future electricity
supplies only, but takes into account the future electricity supplies from an IAM at different time horizons
(i.e. 2030, 2040, 2050), which ensures the consistency of energy supplies between the regions. The
study focuses on investigating the influence of future electricity on the life cycle GHG emissions of
buildings in from two perspectives: through the electricity supply during the operation of buildings
(section 5.1), and through the electricity supply in building material and component manufacturing
(section 5.2).
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Consistent and transparent modification of electricity production datasets in the background database
is required to reflect the future development of electricity systems, thus an open-source advanced LCA
analytical tool Brightway 2 (Mutel, 2017) is used to support this analysis.

To investigate the impact of the future electricity system development on building life cycle LCA and
associated uncertainties, the KBOB list LCA Data 2016 is linked with a prospective background
database built based on ecoinvent v3.6, in which electricity production and market (i.e. mix of supply)
datasets are modified based on scenarios from the Integrated Assessment Model (IAM) REMIND
(Postdam Institute for Climate Impact Research (PIK), n.d.)(Sacchi, n.d.). In order to analyze the
influence of future electricity systems on the life cycle environmental impact of construction materials,
future scenarios from an IAM (Mendoza Beltran, Cox, Mutel, van Vuuren, et al., 2018) are incorporated,
and unit process datasets in the KBOB list data (Frischknecht, 2016) are analyzed. Due to the required
systematic changes, analysis has to be performed on the unit process level rather than the static LCIA
results (i.e. carbon emissions, primary energy, ecoscarcity points) originally published by KBOB (i.e.
KBOB Recommendation 2009/1:2016; as “KBOB LCIA results” hereafter) (Plattform Okobilanzdaten im
Baubereich & Fachgruppe Okobilanzdaten im Baubereich, 2016), which is what often being used in
building LCAs. The relationship between the KBOB list LCA data, published KBOB LCIA results, KBOB
LCA database DQR v2: 2016 and ecoinvent databases are illustrated in Error! Reference source not
found. (on top).

Analysis in this study however cannot be performed to the original KBOB LCA database DQR v2: 2016,
as the datasets in the original linked background database are not parameterized (i.e. parameters used
in unit process dataset inventory derivation are provided as a feature in the dataset). Thus the
background database used in the original KBOB database is migrated into ecoinvent v3.6 to allow the
analysis required by this study. This migration results in exclusion of certain sector updates incorporated
in KBOB LCA database DQR v2: 2016 in this analysis, which are partially different from what has been
updated throughout the ecoinvent releases from version 3+.

In addition, due to the lack of unit process datasets for some material production and disposal
processes, 20 (out of 256 materials in total) of such affected materials are excluded from this analysis.
A list of all the construction materials in the KBOB database, and whether they are included for this
analysis can be found in Appendix A.
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Structure of original KBOB published in 2016

sectors updates
(Table 1)

unit process not available

material datasets
from specific
studies/projects

releases from ecoinvent
acoinvent version 2.2 KBOB Life Cycle Assessment
) Database DQRv2:2016
unit process favailable
ecoinvent version 3.2 | — KBOB list LCA data 2016

KBOB Recommendation
2009/1:2016

(KBOB LCIA results)

unit process available

LCIA results used in
LCA of buildings

Structure of KBOB analysed in this study

releases from ecoinvent

ecoinvent version 3.6 I

KBOB list LCA data 2016

— KBOB LCIA results

unit process available

LCIA results used in

LCA of buildings

ecoinvent version 3.6 (Base) |

ecoinvent version 3.6 (NCP)

ecoinvent version 3.6 (PkBudg900) ‘

I

KBOB list LCA data 2016

unit process available

REMIND (Base) |
REMIND (NCP) l
REMIND (PkBudg900)

KBOB LCIA results

LCIA results used in
LCA of buildings

analyzed in this study

Structure of original KBOB LCA database DQR v2 and list LCA data published in 2016 and

After linking KBOB with ecoinvent 3.6, future versions of ecoinvent are created using the open-source
tool rmnd-Ica version 0.0.9 (Sacchi, 2020), with 3 scenarios (CD-Links, 2017) from REMIND IAM
(Aboumahboub et al., 2020) :

1.
2.

Base, which represents counter-factual scenario with no climate policy implemented;

Nationally Determined Contributions (NDC) scenario, in which emission reductions and other
mitigation commitments of the nationally determined contributions under the Paris Agreement are
implemented;
PkBudget 900 scenario, in which climate policies to limit cumulative CO2 emissions to 900
gigatons in the time horizon of 2011-2100. It corresponds to a global temperature of 1.5° increase

The analysis is performed in three reference years: 2030, 2040 and 2050. The future versions of
ecoinvent were created by taking the assumptions of electricity mix as well as the improved electricity
production efficiency and resulted decrease of direct emissions from the REMIND |IAM in the future.

The influence of future electricity systems on construction material is discussed in section 3.2.
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Since buildings are mostly supplied by distribution network, the following results are focused on the low
voltage electricity supplies.

shows the GHG emissions for low-voltage electricity supplies by country in current ecoinvent v3.6.
Some general regional supplies (such as global, European, rest of the world, etc.) are excluded in this
figure as they overlap with the country-specific values. It shows that most of the countries in the world
have a grid GHG emissions of less than 1.5 kg CO2 eq/kWh. Although there are a few outlier countries
that exhibit higher emissions (eg. Haiti, Iraq), due to the higher losses of electricity transmission and
distribution or not state-of-the-art electricity generation technologies, these countries don’t play a key
role in the global supply chain of construction materials and their supplies of electricity to buildings are
not the focus of this study.

kg CO2 eq/kWh electricity

Source:ecoinvent v3.6

Life cycle GHG emissions per kWh of low-voltage electricity supply current ecoinvent v3.6, in kg CO2
eg/kWh. An interactive version of this figure is available online at: https://plotly.com/~xiaoshir/98/ (Complete table
with values for constructing this figure can be downloaded following the link for interactive plot -> data.)

Due to energy transition and technology advancement, the future electricity system will have lower GHG
emissions thanks to more generation of renewable electricity and higher efficiency in production
technologies. Error! Reference source not found. shows the life cycle GHG emissions per kWh of
low-voltage electricity supply in the future versions of ecoinvent v3.6 using REMIND scenarios in 2035
and 2050. First, due to the less granularity of geographic definition in REMIND, it can be seen that the
results in future background databases are mostly for regions rather than for specific countries as shown
in the current ecoinvent v3.6 (

): REMIND has divided the world into 13 geographic regions (Appendix B). Second, by incorporating
future scenarios, lower emissions can be observed for low-voltage electricity supply, of up to around
0.6 kg CO2eq per kWh world-wide in the Base scenario, and up to 0.3 and 0.05 kg CO2eq per kWh in
the NCP and the Pkbudg900 scenario respectively. The Pkbudg900 scenario is in particular ambitious
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as it means most of the world has to be powered by renewable electricity, nuclear power and/or power
generation with fossil fuels and carbon capture and storage technologies.! This also means that
according to the Pkbudg900 scenario, to reach a global temperature increase of 1.5°, some countries
will have to decarbonize their electricity system to a tremendous extent to up to 20 times (eg. China,
1.000 g CO2 eg/kWh in current ecoinvent v3.6, vs. 230 g CO2 eq/kWh in NDC scenario and 50 g CO2
eg/kWh in Pkbudg900 scenario by 2050), which would be influential to the life cycle GHG emissions
during operation of buildings in those countries.

GHG Emissions by Reglon (low-voltage kg CO2 eq/kWh electricity
Source: rmnd-lca

Figure 4: Life cycle GHG emissions per kWh of low-voltage electricity supply in the future, in kg CO2 eq/kWh. Top:
Base scenarios; middle: NCP scenarios; bottom: Pkbudg900 scenarios. left: reference year 2030; right: reference
year 2050. An interactive version of this figure is available online at: https://chart-studio.plotly.com/~xiaoshir/152/
(Complete table with values for constructing this figure can be downloaded following the link for interactive plot ->
data.)

3.2 Influence of Future Electricity System on Selected
Construction Materials and Components

The percentage of life cycle GHG emissions difference is calculated for each material in the KBOB
database linked with future versions of ecoinvent (future KBOB) in comparison with current KBOB
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Lchrrent KBOB, m

LGfuture KBOB, m

D, =

in which,
D: difference in percentage

Lchrrent KBOB, m

LG: life cycle GHG emissions for unit amount of material;

m: material
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Percentage difference in climate change LCIA results: between KBOB linked with ecoinvent
v3.6 and the ecoinvent integrated with future scenarios of IAM; each point in the figure represents the
percentage difference between current and future KBOB in terms of life cycle GHG emissions, which is
calculated based on the formula above; from top to bottom: Base-, NCP-, and PkBudg900- scenario;
years from left to right: 2035 and 2050. An interactive version of this figure is available online at:
https://plotly.com/~xiaoshir/156/, with correspondence between each scatter point and specific material.
(Complete table with values for constructing this figure can be downloaded following the link for
interactive plot -> data.)

As expected, most materials show reduced GHG emissions in both 2035 and 2050 regardless of the
scenarios, because the electricity supplies in most of countries have lower GHG emissions (Error!
Reference source not found.) than the current supplies in ecoinvent v3.6 (

)- In Base scenarios, the range of difference for most of the materials fall into a range of -20% to 5%,
while with the NCP and Pkbudg900 scenarios, few materials could achieve much higher GHG
reductions of up to around 80%. Four data points under the category of preparation work (in German:
“Vorbereitungsarbeiten”, very close to each other on top) in the Base scenarios show more than 50%
higher emissions than in the current KBOB database (i.e. linked with ecoinvent v3.6). Similarly, in the
Pkbudg900scenario, when the GHG emissions of Swiss electricity supply is reduced to about 21-23 g
CO2eq/kWhin 2035 and 2050 (low-voltage), the emissions of these processes could be greatly reduced
by about 80% accordingly.

Besides the dewatering process in the preparation work, other processes and materials also exhibit
different extent of sensitivity to the future transition of electricity system. Materials from six sectors
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exhibit greater reduction in GHG emissions of more than 50% in the NDC scenario in 2050 as well as
the Pkbudg900 in both 2035 and 2050: namely windows, sun protection, facade cladding (in German:
“Fenster”, “Sonnenschutz”, “Fassadenverkleidungen”), metal construction materials (in German
“Metalbaustoffe”), thermal insulation materials (in German “Warmedammstoffe”), floor coverings (in
German “Bodenbelage”), paints and coatings (un German “Antrichstoffe”, “Beschichtungen”) and
kitchen fittings and furniture (in German “Kiicheneinbauten und —mdbel”). In the category of floor
coverings, kitchen fittings and furniture, the high emission reduction potential are all related to natural
stone materials. This is rather expected, as electricity is a major GHG emission contributor in natural
stone cutting process. In paints and coatings, the great GHG emission reduction potential is led by one
process named “enamelling”, which is electricity-intensive (14 kWh/m?) to manufacture.

Since not all the materials/element/process as shown above will be needed in buildings with significant
amount, the following section will zoom into a selection of specific materials, which are split into two
groups: major materials for future new construction and renovation of buildings respectively (Error!
Reference source not found.).

List of major materials/components for future new construction and renovation.

1. Cement and Concrete 1. Windows with frames made from:
2. Steel, reinforcing — wood

3. Steel, stainless - PVC

4. Brick — wood-aluminium

5. Aluminium — aluminium

6. Float glass 2. Insulation materials:

7. Softwood, solid — rock wool

8. Plywood, softwood — foam glass

9. Oriented strand board (OSB) panel 3. PV systems

10. Fibreboard, soft 4. Cement mortar

11. Natural stones

" glass wool and gypsum fibreboard had to be excluded despite being a major insulation material, because they are represented
by aggregated datasets (i.e. dataset consisting of cumulated elementary flows, directly exchanged with the environment) in
KBOB, whose LCIA score cannot be affected by the change of electricity system in the background database as performed in
this analysis.

The percentage reductions of life cycle GHG emissions for major materials/components in new
construction are shown in Error! Reference source not found., while the absolute life cycle GHG
emissions for each listed item in both current KBOB linked with ecoinvent v3.6 and future ecoinvent
versions will be included in Appendix C.

Overall, in the Base scenario, increased emissions in the future have been observed for primary
aluminium, and slightly for concretes. This is caused by the phase out of nuclear power in selected
countries and the continuously increased share of fossil fuels in the power generation sector in the rest
part of world. Since the future electricity mix from the IAM model is region-specific and not sector-
specific (eg. specific to aluminium industry), so the electricity supply for primary aluminium production
is only determined by the region, which is a limitation of the method. In the most climate-ambitious
scenario (PdBudg900), the percentage of emissions reduction in 2040 is very close to 2050, which
shows that if the world would follow an ambitious path towards power decarbonization, the resulted
emission reductions can be mostly achieved by 2030 for most of materials, indicating the vital role of
progress in the next 10 years.
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KBOB S5P2-PkBudg900
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Percentage reduction of life cycle GHG emissions for major materials in new construction in different
scenarios

In the scenario of PdBudg900, the highest future emission reduction potentials of up to more than 60%
have been observed in natural stone and aluminium alloys (i.e. wrought- and cast- alloy). This is
followed by sawnwood, secondary reinforcing steel and primary aluminium, which exhibit up to 40% to
60% of future emission reduction potential.

Comparing recycled steel (i.e. secondary reinforcing steel) and aluminium with their primary production,
it shows that secondary reinforcing steel has much higher future emission reduction potential (i.e. in
terms of percentage of emission reduction) than its primary material, whereas the GHG reduction
potential for recycled aluminium is slightly lower than that of primary aluminium (Error! Reference
source not found.). This is due to the contribution of electricity consumption in overall life cycle GHG
emissions (11%) for primary steel being much lower than its contribution in the life cycle GHG emissions
of secondary steel, secondary aluminium (27%-31%) and primary aluminium (44%). This also shows
that a higher amount of life cycle electricity consumption alone does not indicate higher emissions
reduction potential in the future, but the contribution of electricity consumption in the life cycle GHG
emissions also matter.

It is also interesting that the percentage of emission reduction potential for primary aluminium is lower
than that of aluminium alloys, although it has higher cumulative electricity consumption than aluminium
alloys on a kilogram basis (Similarly, the percentage reduction of life cycle GHG emissions for major
materials/components in retrofitted buildings are shown in Error! Reference source not found.. Solar
PV systems exhibit the highest GHG emissions reduction potential, of up to more than 60%, led by
mono-silicon PV system among the selected PV technologies. This is due to the electricity-intensive
manufacturing processes upstream, such as the purification of metallurgical grade silicon to solar-grade
silicon. However, due to the fast increase of manufacturing and installed capacity of solar PV systems
worldwide, the upstream supply chain processes have been constantly improving (e.g., less electricity
consumption in solar-grade silicon production, less material waste as a result of improved wafer sawing
process and greater cell size), which is partly not considered in the dataset used for this analysis (e.g.
the state-of-art electricity consumption manufacturing solar-grade silicon from metallurgical grade
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silicon by key players in China is about 70 kWh/kg of solar-grade silicon production (China Photovoltaic
Industry Association, 2020), whereas the dataset used in this analysis assumes 110 kWh/kg). Thus,
the actual emission reduction potential of solar PV systems in the future is believed to be lower than
projected in this analysis, given that only the influence of the future electricity system is considered.

Table 3: Cumulative electricity consumption by material/component

Sector Construction material-English Unit electricity supply
aluminium cast alloy kg 4.78
aluminium recycled from aluminium scrap, new kg 0.46
Aluminium aluminium recycled from aluminium scrap, post-consumer kg 0.57
aluminium wrought alloy kg 11.86
primary aluminium kg 17.34
Brick brick, unspecified kg 0.06
concrete for building construction (no reinforcement) kg 0.02
Concrete
precast concrete, standard kg 0.09
Fibreboard, soft fibreboard, soft kg 0.67
Float glass float glass kg 0.39
Gypsum panel gypsum fibre board kg 0.01
Natural stones natural stone plate, polished, Europe, 15 mm m2 37.52
Oriented strand board (C oriented strand board kg 0.40
Plywood, softwood plywood, indoor use kg 0.72
Softwood, solid sawnwood, softwood (u=10%) kg 0.18
Stainless steel chrome steel sheet blank kg 1.98
reinforcing steel, primary production kg 0.55

Steel, reinforcing - - -
reinforcing steel, secondary production kg 0.76

This is because the 66% of the life cycle electricity supply for aluminium alloys are from China, where
a great GHG emission reduction potential is expected for the electricity grid supply, whereas for primary
aluminium, the percentage of electricity supply from Iceland and Norway remains dominant, where the
potential of future grid emission reduction is relatively low. Recycled aluminium, stainless steel, plywood
and fibreboard are materials among the third highest level of emission reduction potential, of up to 20%
to 40%.

Table 2: Comparison between primary and secondary aluminium and steel

Life cycle % GHG Absolute GHG Absolute GHG
electricity reduction emissions emissions
consumption potential by (kg CO2 eg/kg), (kg CO2 eqg/kg),
(kWh/kg) 2050 KBOB linked with KBOB linked with
(PkBudg900 ecoinvent v3.6 ecoinvent v3.6
2050) modified with SSP2
PkBudg900 2050
Aluminium, 16.6 41% 7.3 4.3
primary
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Aluminium, 0.5-0.6 31%-35% 0.6-0.9 0.4-0.6
recycled from

scrap’

Reinforcement 0.6 12% 2.2 1.9
steel, primary

Reinforcement 0.8 44% 0.71 0.4

steel, recycled

“range reflecting value ranges considering aluminium recycled from both post-consumer and new scrap.

As expected, concrete is the material with the least emission reduction potential, since only the
decarbonized electricity system in the future is incorporated in this analysis, whereas the majority of
emissions in concrete is contributed by process emissions and combustion of fuels from clinker
production (Habert et al., 2020), regardless of the type of cement used and different mixtures in concrete
production. Precast concretes have slightly higher reduction potential due to four times higher life cycle
electricity consumption than standard (Similarly, the percentage reduction of life cycle GHG emissions
for major materials/components in retrofitted buildings are shown in Error! Reference source not
found.. Solar PV systems exhibit the highest GHG emissions reduction potential, of up to more than
60%, led by mono-silicon PV system among the selected PV technologies. This is due to the electricity-
intensive manufacturing processes upstream, such as the purification of metallurgical grade silicon to
solar-grade silicon. However, due to the fast increase of manufacturing and installed capacity of solar
PV systems worldwide, the upstream supply chain processes have been constantly improving (e.qg.,
less electricity consumption in solar-grade silicon production, less material waste as a result of improved
wafer sawing process and greater cell size), which is partly not considered in the dataset used for this
analysis (e.g. the state-of-art electricity consumption manufacturing solar-grade silicon from
metallurgical grade silicon by key players in China is about 70 kWh/kg of solar-grade silicon production
(China Photovoltaic Industry Association, 2020), whereas the dataset used in this analysis assumes
110 kWh/kg). Thus, the actual emission reduction potential of solar PV systems in the future is believed
to be lower than projected in this analysis, given that only the influence of the future electricity system
is considered.

Cumulative electricity consumption by material/component
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aluminium cast alloy kg 4.78

aluminium recycled from aluminium scrap, new kg 0.46
Aluminium aluminium recycled from aluminium scrap, post-consumer kg 0.57

aluminium wrought alloy kg 11.86

primary aluminium kg 17.34
Brick brick, unspecified kg 0.06

concrete for building construction (no reinforcement) kg 0.02
Concrete

precast concrete, standard kg 0.09
Fibreboard, soft fibreboard, soft kg 0.67
Float glass float glass kg 0.39
Gypsum panel gypsum fibre board kg 0.01
Natural stones natural stone plate, polished, Europe, 15 mm m2 37.52
Oriented strand board (C oriented strand board kg 0.40
Plywood, softwood plywood, indoor use kg 0.72
Softwood, solid sawnwood, softwood (u=10%) kg 0.18
Stainless steel chrome steel sheet blank kg 1.98
Steel, reinforcing reinforcing steel, primary production kg 0.55

reinforcing steel, secondary production kg 0.76

Despite 45 kWh of electricity consumption is required per cubic meter of precast concrete, its emissions
reduction potential (in percentage of current emissions) is relatively low in comparison with other
materials, as the main contributor to its life cycle GHG emissions is not electricity consumption (partially
also due to the electricity supply from Switzerland, where the carbon intensity of grid supply is low,
thanks to great share of hydropower and nuclear power), but rather the consumption of cement and
reinforcing steel.

Similarly, the percentage reduction of life cycle GHG emissions for major materials/components in
retrofitted buildings are shown in Error! Reference source not found.. Solar PV systems exhibit the
highest GHG emissions reduction potential, of up to more than 60%, led by mono-silicon PV system
among the selected PV technologies. This is due to the electricity-intensive manufacturing processes
upstream, such as the purification of metallurgical grade silicon to solar-grade silicon. However, due to
the fast increase of manufacturing and installed capacity of solar PV systems worldwide, the upstream
supply chain processes have been constantly improving (e.g., less electricity consumption in solar-
grade silicon production, less material waste as a result of improved wafer sawing process and greater
cell size), which is partly not considered in the dataset used for this analysis (e.g. the state-of-art
electricity consumption manufacturing solar-grade silicon from metallurgical grade silicon by key players
in China is about 70 kWh/kg of solar-grade silicon production (China Photovoltaic Industry Association,
2020), whereas the dataset used in this analysis assumes 110 kWh/kg). Thus, the actual emission
reduction potential of solar PV systems in the future is believed to be lower than projected in this
analysis, given that only the influence of the future electricity system is considered.

Cumulative electricity consumption by material/component
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Sector Construction material-English Unit electricity supply

aluminium cast alloy kg 4.78
aluminium recycled from aluminium scrap, new kg 0.46
Aluminium aluminium recycled from aluminium scrap, post-consumer kg 0.57
aluminium wrought alloy kg 11.86
primary aluminium kg 17.34
Brick brick, unspecified kg 0.06
concrete for building construction (no reinforcement) kg 0.02
Concrete
precast concrete, standard kg 0.09
Fibreboard, soft fibreboard, soft kg 0.67
Float glass float glass kg 0.39
Gypsum panel gypsum fibre board kg 0.01
Natural stones natural stone plate, polished, Europe, 15 mm m2 37.52
Oriented strand board (C oriented strand board kg 0.40
Plywood, softwood plywood, indoor use kg 0.72
Softwood, solid sawnwood, softwood (u=10%) kg 0.18
Stainless steel chrome steel sheet blank kg 1.98
Steel, reinforcing reinforcing steel, primary production kg 0.55
reinforcing steel, secondary production kg 0.76

Insulation material foam glass is also shown to have high emission reduction potential of up to more
than 60%, due to its high electricity consumption of 1.5 kWh/kg in comparison with only 0.2 kWh/kg of
electricity consumption in rock wool production. This is closely followed by different types of window
frames, especially the one with the consumption of aluminium, due to reasons explained above for
aluminium cast alloy.

a)
KBOB SSP2-Base
I
window frame, wood-aluminium : e year
) | ® e 2030
window frame, wood : e 2040
window frame, aluminium ' e * 2050
]
window frame, PVC i w
PV system, multi-Si, slanted-roof BAPV i “we
]
PV system, mono-Si, slanted-roof BAPV : wWs
]
PV system, a-Si, BIPV | «
]
PV system, CdTe, BIPV | a0
]
]
rock wool -
]
foam glass : "we
]
cement motar "
1
-10% % 10% 20% 0%  40% 0% 60% T0% 80%
b) % reduction of GHG emissions comparing materials in the future with current KBOB
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Percentage reduction of life cycle GHG emissions for major materials for retrofitted buildings

Although most of the materials/components selected have the reference unit of kilogram, some
materials have different reference units, such as square meter (e.g. natural stones, windows) and unit
of system of a certain size (e.g. PV systems at the power capacity of 3 kWp). To investigate whether
there is an indicator that can reflect the sensitivities of life cycle GHG emissions to future electricity
system decarbonization across different materials/components, even if the future background database
is not in place, the amount of cumulative electricity consumption is normalized by the amount of
cumulative fossil energy demand (Error! Reference source not found.). Although for PV systems and
natural stone, the higher values for this indicator reflect the high emission reduction potential, it is found
that this indicator alone in the current database (Error! Reference source not found.a) does not
always indicate the sensitivity of embodied emissions of materials/components to future electricity
system decarbonization (e.g. primary aluminium vs. aluminium alloys), because it does not reflect the
geographical distribution of the upstream processes including their electricity supplies, thus their future
emission reduction potentials cannot be estimated. This can be partly compensated by estimating this
indicator in the future scenario (Error! Reference source not found.b), for which a great increase in
its value hints a great reduction of fossil fuel consumption upstream in the future, but it still does not
reflect if the consumption of electricity dominates the overall life cycle GHG emissions or not in
comparison with other contributions, which is also key for a great percentage reduction of GHG
emissions. In conclusion, the sensitivity of materials/components’ embodied emissions to future
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electricity system decarbonization is determined not only by the amount of cumulative electricity
consumption, but also the contribution of electricity consumption in its current life cycle GHG emissions,
as well as the main countries of electricity supplies upstream where the majority of electricity is
consumed and its future potential for decarbonization.
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Ratio: life cycle electricity / cumulated fossil energy demand (current)
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Figure 8: Ratio of life cycle electricity (in the processes from which life cycle GHG emissions are calculated based
on explanation in Figure 1) and fossil cumulative energy demand, in kWh/kWh oil-eq: a) KBOB linked with ecoinvent
v3.6 (current); b) KBOB linked with future ecoinvent v3.6 modified using scenario PdBudg900 in 2050. The value
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of ratio increases in b) in comparison with a), due to decreased fossil energy demand in the supply chain of the
materials upstream, as a result of decarbonized power system in the future

4. Conclusions and Outlook

The main results produced from this analysis is the life cycle GHG emissions per kWh of electricity
supply (Error! Reference source not found.) and per unit amount of material or component,
considering different future scenarios and time horizons. The table below includes selected results of
life cycle GHG emissions of material or component, for base scenario from 2030 to 2050 at a 10-year
interval, while the complete results for all scenarios for the same time horizons can be found in Appendix

C.

Table 4: Life cycle GHG emissions (in kg COz2 eq) per unit amount of material/component in KBOB, linked with
ecoinvent v3.6, and with ecoinvent v3.6 incorporating global electricity system decarbonization from selected
scenarios

New
Constructio

Material/

Material/Components

KBOB linked

Life cycle GHG emissions per unit amount of
material/component

h Components d!splayed name in with KBOB KBOB KBOB
|Retrofit Figures ecoinvent SSP2- SSP2- SSP2-
v3.6 Base_2030 Base_2040 Base_ 2050
concrete for building
construction (no
N1 Concrete reinforcement) kg 9.49E-02 9.72E-02 9.66E-02 9.63E-02
precast concrete,
N2 Concrete standard kg 1.67E-01 1.69E-01 1.68E-01 1.67E-01
Steel, reinforcing steel,
N3 reinforcing secondary production kg 7.12E-01 6.36E-01 6.37E-01 6.48E-01
Steel, reinforcing steel, primary
N4 reinforcing production kg 2.20E+00 2.11E+00 2.11E+00 2.11E+00
N5 Brick brick, unspecified kg 2.59E-01 2.53E-01 2.53E-01 2.54E-01
N6 Aluminium primary aluminium kg 9.59E+00 1.11E+01 1.07E+01 1.05E+01
N7 Aluminium aluminium wrought alloy kg 1.31E+01 9.91E+00  9.65E+00 9.34E+00
N8 Aluminium aluminium cast alloy kg 5.41E+00 4.17E+00 4.06E+00 3.94E+00
aluminium recycled from
New N9 Aluminium aluminium scrap, new kg 6.24E-01 5.53E-01 5.46E-01 5.40E-01
construction alum!n!um recycled from
aluminium scrap, post-
N10 Aluminium consumer kg 9.09E-01 8.17E-01 8.09E-01 8.02E-01
N11 Stainless steel  chrome steel sheet blank kg 2.25E+00 2.03E+00 2.02E+00 2.02E+00
N12 Float glass float glass kg 1.18E+00 1.14E+00 1.15E+00 1.15E+00
natural stone plate,
N13 Natural stones  polished, Europe, 155 mm m2 2.86E+01 2.36E+01 2.31E+01 2.27E+01
sawnwood, softwood
N14 Softwood, solid  (u=10%) kg 2.48E-01 2.10E-01 2.07E-01 2.05E-01
Plywood,
N15 softwood plywood, indoor use kg 9.32E-01 8.69E-01 8.68E-01 8.74E-01
Oriented strand
board (OSB)
N16 panel oriented strand board kg 7.08E-01 6.34E-01 6.33E-01 6.37E-01
N17 Fibreboard, soft fibreboard, soft kg 5.76E-01 5.47E-01 5.39E-01 5.39E-01
N18 Gypsum panel  gypsum fibre board kg 5.24E-01 5.22E-01 5.22E-01 5.22E-01
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Retrofit

R1
R2

R3
R4

R5

R6
R7

R8

R9
R10
R11

Windows

Windows

Windows

Windows
Insulation
material
Insulation
material

Cement motar
PV system

PV system
PV system
PV system

window frame, aluminium

window frame, wood
window frame, wood-
aluminium

window frame, PVC
foam glass

rock wool

cement motar

PV system, multi-Si,
slanted-roof BAPV
PV system, mono-Si,
slanted-roof BAPV

PV system, a-Si, BIPV
PV system, CdTe, BIPV

m2

m2

m2
m2
kg
kg
kg
unit
unit
unit

unit

6.00E+02
1.74E+02

3.27E+02
3.31E+02

1.78E+00

1.09E+00
2.09E-01

6.54E+03

7.60E+03
4.83E+03
4.28E+03

4.87E+02
1.49E+02

2.70E+02
2.92E+02

1.43E+00

1.11E+00
2.13E-01

4.99E+03

5.66E+03
3.58E+03
3.38E+03

4.78E+02
1.48E+02

2.67E+02
2.91E+02

1.40E+00

1.10E+00
2.12E-01

4.91E+03

5.56E+03
3.51E+03
3.31E+03

4.69E+02
1.48E+02

2.64E+02
2.90E+02

1.37E+00

1.10E+00
2.11E-01

4.83E+03

5.46E+03
3.46E+03
3.23E+03
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It shows that incorporating future electricity supplies in the background database for construction
material database can be crucial for materials with electricity-intensive manufacturing process upstream
in the supply chain and which are used in building elements that need replacement during the service
life of buildings. Depending on the material, its upstream processes and the selected future scenarios,
the changes of life cycle GHG emission from -80% to +20% in comparison with the materials as in
current KBOB database can be achieved, which is significant.. The life cycle GHG emissions of
construction materials that are sensitive to future electricity supplies are concentrated in aluminium- (up
to -60% emissions reduction), natural stones-related materials (up to -60%~-71% emissions reduction),
as well as certain insulation (eg. aerogel vilies, up to -83% emissions reduction) and coating materials
(eg. enamelling, up to -78% emissions reduction). The percentage of life cycle GHG emission variations
for electricity supply itself in the future is much higher, which indicates prominent influence on the
operation phase of buildings.

Given the high variability of the electricity system in terms of time and geographical regions currently
(ElectricityMap | Live CO, Emissions of Electricity Consumption, n.d.) and its uncertainty in the future,
this analysis shows the importance of using non-aggregated unit process datasets in the background
when establishing building LCA databases for designers and architects such as the KBOB
recommendation 2009/1:2016. Especially for those materials with relatively electricity-intensive
manufacturing process, transparent non-aggregated unit process datasets allow such analysis
changing background database, which can facilitate a more up-to-date and precise understanding of
life cycle GHG emissions of construction materials. On the other hand, close and up-to-date linkages
material datasets have with the background databases should be better addressed in the future, so that
updated, more diverse and detailed material datasets can be utilized by sectors other than building
industry, for example, cement and steel consumption in large infrastructures such as power plants or
general infrastructure required in industry sectors.
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While this analysis demonstrates the possibility of incorporating future electricity supplies in assessing
the life cycle GHG emissions of construction materials, it has also a few limitations that should be further
investigated.

There are few limitations in the analysis arise from applying IAM in the background database. First of
all, only future electricity system has been considered, while other sectors such as transport, specific
industry sectors are excluded. In addition, the IAM considered in this analysis is only one of the IAM
available in literature (Pauliuk et al., 2017), future research should investigate what variation of results
it would bring by incorporating other IAMs in the analysis. In addition, IAM often has aggregated global
regions than considering specific countries or regions smaller than countries (which can bring great
varieties especially for large countries like the USA and China). The most climate-ambitious scenario
(eg. PkBudget 900 scenario in this analysis) also exhibits very ambitious targets of decarbonization
(Error! Reference source not found.), for which a path towards the future is less addressed, which
might make potential GHG emission reductions analyzed in this study optimistic.

Additionally, diverse future scenarios for specific sectors (eg. heat supply, recycling) and industries
should also be further investigated and incorporated in such analysis, in order to better understand the
specific conditions and challenges that are faced in reality. Further analysis can be also performed
looking into the upstream supply chains for critical materials in terms of their geographical distribution
and dependencies, which can help to understand the supply of security for specific countries. At last,
results generated from this analysis have only focused on materials alone, and they can be further
applied in different types of building case studies to take into account the relative consumption amount,
which could help to form priorities in the making of national policies and strategies.
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A. List of datasets excluded due to lack of unit process datasets

Sector

Material name

Fenster, Sonnenschutz, Fassadenverkleidungen

Fassade, Pfosten-Riegel, Alu/Glas

Fenster, Sonnenschutz, Fassadenverkleidungen

Fensterrahmen Aluminium, WICLINE 75evo

Fenster, Sonnenschutz, Fassadenverkleidungen

Isolierverglasung 2-fach, VSG, Ug-Wert 1.1 W/m2K

Fenster, Sonnenschutz, Fassadenverkleidungen

Isolierverglasung 3-fach, VSG, Ug-Wert 0.6 W/m2K

Fenster, Sonnenschutz, Fassadenverkleidungen

Fassadenplatte, Kalkstein, 30 mm

Holz und Holzwerkstoffe

Massivholz Fichte / Tanne, kammergetr., Vollholzhaus holzpur

Holz und Holzwerkstoffe

Brettschichtholz, MF-gebunden, Feuchtbereich, Produktion Schweiz

Holz und Holzwerkstoffe

Brettschichtholz, UF-gebunden, Trockenbereich, Produktion Schweiz

Holz und Holzwerkstoffe

Massivholz Buche / Eiche, kammergetrocknet, gehobelt, Produktion
Schweiz

Holz und Holzwerkstoffe

Massivholz Buche / Eiche, kammergetrocknet, rau, Produktion
Schweiz

Holz und Holzwerkstoffe

Massivholz Buche / Eiche, luftgetrocknet, rau, Produktion Schweiz

Holz und Holzwerkstoffe

Massivholz Fichte / Tanne / Larche, kammergetr., gehobelt,
Produktion Schweiz

Holz und Holzwerkstoffe

Massivholz Fichte / Tanne / Larche, luftgetr., gehobelt, Produktion
Schweiz

Holz und Holzwerkstoffe

Massivholz Fichte / Tanne / Larche, luftgetrocknet, rau, Produktion
Schweiz

Dichtungsbahnen und Schutzfolien

Dichtungsbahn Polyolefin (FPO)

Warmedammestoffe

Glaswolle, Isover

Warmedammstoffe

Strohballenwand

Mauersteine

Kalksandstein, FBB

Andere Massivbaustoffe

Kalksteinplatte

Rohre

Polypropylen (PP), rezykliert, Rehau
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B. List of countries & regions

Country Country Code Region Code Alpha-3 Code
Aruba AW LAM ABW
Afghanistan AF OAS AFG
Angola AO SSA AGO
Anguilla Al LAM AlIA
Aland Islands AX EUR ALA
Albania AL NEU ALB
Andorra AD NEU AND
United Arab Emirates AE MEA ARE
Argentina AR LAM ARG
Armenia AM REF ARM
American Samoa AS OAS ASM
Antarctica AQ LAM ATA
French Southern Territories TF OAS ATF
Antigua and Barbuda AG LAM ATG
Australia AU CAZ AUS
Austria AT EUR AUT
Azerbaijan AZ REF AZE
Burundi Bl SSA BDI
Belgium BE EUR BEL
Benin BJ SSA BEN
Bonaire, Sint Eustatius and Saba BQ LAM BES
Burkina Faso BF SSA BFA
Bangladesh BD OAS BGD
Bulgaria BG EUR BGR
Bahrain BH MEA BHR
Bahamas BS LAM BHS
Bosnia and Herzegovina BA NEU BIH
Saint Barthelemy BL LAM BLM
Belarus BY REF BLR
Belize Bz LAM BLZ
Bermuda BM LAM BMU
Bolivia, Plurinational State of BO LAM BOL
Brazil BR LAM BRA
Barbados BB LAM BRB
Brunei Darussalam BN OAS BRN
Bhutan BT OAS BTN
Botswana BW SSA BWA
Central African Republic CF SSA CAF
Canada CA CAZ CAN
Cocos (Keeling) Islands cC OAS CCK
China CN CHA CHN
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Switzerland CH NEU CHE
Chile CL LAM CHL
Cote d Ivoire Cl SSA ClvV
Cameroon c™M SSA CMR
Congo, the Democratic Republic of the CcD SSA cobD
Congo CG SSA COG
Cook Islands CK OAS COK
Colombia co LAM coL
Comoros KM SSA CoOM
Cape Verde cv SSA CPV
Costa Rica CR LAM CRI
Cuba Cu LAM CuB
Curacao cw LAM CUW
Christmas Island CX OAS CXR
Cayman Islands KY LAM CYM
Cyprus cYy EUR CYpP
Czech Republic cz EUR CZE
Germany DE EUR DEU
Djibouti DJ SSA DIJI
Dominica DM LAM DMA
Denmark DK EUR DNK
Dominican Republic DO LAM DOM
Algeria Dz MEA DZA
Ecuador EC LAM ECU
Egypt EG MEA EGY
Eritrea ER SSA ERI
Western Sahara EH MEA ESH
Spain ES EUR ESP
Estonia EE EUR EST
Ethiopia ET SSA ETH
Finland Fl EUR FIN
Fiji FJ OAS FJl
Falkland Islands (Malvinas) FK LAM FLK
France FR EUR FRA
Faroe Islands FO EUR FRO
Micronesia, Federated States of FM OAS FSM
Gabon GA SSA GAB
United Kingdom GB EUR GBR
Georgia GE REF GEO
Guernsey GG EUR GGY
Ghana GH SSA GHA
Gibraltar Gl EUR GIB
Guinea GN SSA GIN
Guadeloupe GP LAM GLP
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Gambia GM SSA GMB
Guinea-Bissau GW SSA GNB
Equatorial Guinea GQ SSA GNQ
Greece GR EUR GRC
Grenada GD LAM GRD
Greenland GL NEU GRL
Guatemala GT LAM GTM
French Guiana GF LAM GUF
Guam GU OAS GUM
Guyana GY LAM GUY
Hong Kong HK CHA HKG
Honduras HN LAM HND
Croatia HR EUR HRV
Haiti HT LAM HTI
Hungary HU EUR HUN
Indonesia ID OAS IDN
Isle of Man IM EUR IMN
India IN IND IND
British Indian Ocean Territory 10 OAS 10T
Ireland IE EUR IRL
Iran, Islamic Republic of IR MEA IRN
Iraq 1Q MEA IRQ
Iceland IS NEU ISL
Israel IL MEA ISR
Italy IT EUR ITA
Jamaica M LAM JAM
Jersey JE EUR JEY
Jordan JO MEA JOR
Japan JP JPN JPN
Kazakhstan Kz REF KAZ
Kenya KE SSA KEN
Kyrgyzstan KG REF KGzZ
Cambodia KH OAS KHM
Kiribati Kl OAS KIR
Saint Kitts and Nevis KN LAM KNA
Korea, Republic of KR OAS KOR
Kuwait KwW MEA KWT
Lao People's Democratic Republic LA OAS LAO
Lebanon LB MEA LBN
Liberia LR SSA LBR
Libya LY MEA LBY
Saint Lucia LC LAM LCA
Liechtenstein LI NEU LIE
Sri Lanka LK OAS LKA

37/43



B77

Lesotho LS SSA LSO
Lithuania LT EUR LTU
Luxembourg LU EUR LUX
Latvia Lv EUR LVA
Macao MO CHA MAC
Saint Martin (French part) MF LAM MAF
Morocco MA MEA MAR
Monaco McC NEU MCO
Moldova, Republic of MD REF MDA
Madagascar MG SSA MDG
Maldives MV OAS MDV
Mexico MX LAM MEX
Marshall Islands MH OAS MHL
Macedonia, the former Yugoslav Republic of MK NEU MKD
Mali ML SSA MLI
Malta MT EUR MLT
Myanmar MM OAS MMR
Montenegro ME NEU MNE
Mongolia MN OAS MNG
Northern Mariana Islands MP OAS MNP
Mozambique Mz SSA MOz
Mauritania MR SSA MRT
Montserrat MS LAM MSR
Martinique MQ LAM MTQ
Mauritius MU SSA MUS
Malawi MW SSA MWI
Malaysia MY OAS MYS
Mayotte YT SSA MYT
Namibia NA SSA NAM
New Caledonia NC OAS NCL
Niger NE SSA NER
Norfolk Island NF OAS NFK
Nigeria NG SSA NGA
Nicaragua NI LAM NIC
Niue NU OAS NIU
Netherlands NL EUR NLD
Norway NO NEU NOR
Nepal NP OAS NPL
Nauru NR OAS NRU
New Zealand Nz CAZ NZL
Oman oM MEA OMN
Pakistan PK OAS PAK
Panama PA LAM PAN
Pitcairn PN OAS PCN
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Peru PE LAM PER
Philippines PH OAS PHL
Palau PW OAS PLW
Papua New Guinea PG OAS PNG
Poland PL EUR POL
Puerto Rico PR LAM PRI
Korea, Democratic People's Republic of KP OAS PRK
Portugal PT EUR PRT
Paraguay PY LAM PRY
Palestine, State of PS MEA PSE
French Polynesia PF OAS PYF
Qatar QA MEA QAT
Reunion RE SSA REU
Romania RO EUR ROU
Russian Federation RU REF RUS
Rwanda RW SSA RWA
Saudi Arabia SA MEA SAU
Sudan Sb MEA SDN
Senegal SN SSA SEN
Singapore SG OAS SGP
South Georgia and the South Sandwich Islands ~ GS LAM SGS
Saint Helena, Ascension and Tristan da Cunha SH SSA SHN
Svalbard and Jan Mayen S) NEU SIM
Solomon Islands SB OAS SLB
Sierra Leone SL SSA SLE
El Salvador SV LAM SLV
San Marino SM NEU SMR
Somalia SO SSA SOM
Serbia RS NEU SRB
South Sudan SS SSA SsD
Sao Tome and Principe ST SSA STP
Suriname SR LAM SUR
Slovakia SK EUR SVK
Slovenia Sl EUR SVN
Sweden SE EUR SWE
Swaziland Sz SSA SWz
Sint Maarten (Dutch part) SX LAM SXM
Seychelles SC SSA SYC
Syrian Arab Republic SY MEA SYR
Turks and Caicos Islands TC LAM TCA
Chad D SSA TCD
Togo TG SSA TGO
Thailand TH OAS THA
Tajikistan T) REF TIK
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Turkmenistan ™ REF TKM

Timor-Leste TL OAS TLS
Tonga TO OAS TON
Trinidad and Tobago TT LAM TTO
Tunisia TN MEA TUN
Turkey TR MEA TUR
Tuvalu TV OAS TUV
Taiwan, Province of China TW CHA TWN
Tanzania, United Republic of TZ SSA TZA
Uganda UG SSA UGA
Ukraine UA REF UKR
United States Minor Outlying Islands umMm OAS UMl
Uruguay uy LAM URY
United States us USA USA
Uzbekistan uz REF UzB
Holy See (Vatican City State) VA NEU VAT
Saint Vincent and the Grenadines VC LAM VCT
Venezuela, Bolivarian Republic of VE LAM VEN
Virgin Islands, British VG LAM VGB
Virgin Islands, U.S. VI LAM VIR
Viet Nam VN OAS VNM
Vanuatu VU OAS vuT
Wallis and Futuna WF OAS WLF
Samoa WS OAS WSM
Yemen YE MEA YEM
South Africa ZA SSA ZAF
Zambia M SSA ZMB
Zimbabwe W SSA ZWE
Kosovo XK EUR XKX
Rest of the world RoW CAZ #N/A
Europe RER EUR #N/A
Northern America RNA USA #N/A
Latin America RLA LAM #N/A
Africa RAF SSA #N/A
Asia RAS OAS #N/A
Oceania UN-OCEANIA CAZ #N/A
World GLO World #N/A
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This publication is an informal background report. It was developed as part of the international research
activities within the context of the project IEA EBC Annex 72. Its contents complement the report “Context-
specific assessment methods for life cycle-related environmental impacts caused by buildings” by
Litzkendorf, Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the
author(s).

Together with this report, the following background reports have been published on the subject of “Assessing
Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC Annex 72) and
can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

Survey on the use of national LCA-based assessment methods for buildings in selected countries
(Balouktsi et al. 2023);

Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf, Balouktsi, Rock, et al. 2023);

Basics and recommendations on modelling of processes for transport, construction and deconstruction in
building LCA (Soust-Verdaguer et al., 2023);

Basics and recommendations on influence of service life of building components on replacement rates
and LCA-based assessment results (Lasvaux et al., 2023);

Basics and recommendations on influence of future electricity supplies on LCA-based building
assessments (Zhang 2023);

Basics and recommendations on assessment of biomass-based products in building LCAs: the case of
biogenic carbon (Saade et al., 2023);

Basics and recommendations on influence of future climate change on prediction of operational energy
consumption (Guarino et al., 2023);

Basics and recommendations on discounting in LCA and consideration of external cost of GHG emissions
(Szalay et al., 2023);

Basics and recommendations on aggregation and communication of building LCA assessment results
(Gomes et al. 2023);

Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023);

Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international survey
(Satola et al. 2023).
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The evolution of electricity systems is one of the key issues to progress towards net zero GHG emissions,
as shown in the IEA roadmap for the global energy sector’. Because a large part of the produced electricity
is consumed in buildings, and because electricity consumption is an important contributor in life cycle impacts
of buildings, it is essential to properly account for the electricity system when performing a Building LCA.

This document was written for method and tool developers, and policy makers (regulation). Existing (official
and individual) approaches in different countries are first reviewed. Users are invited to follow the
recommendations provided by the developers (e.g. certification scheme, design tools). Some of the
recommendations are case specific. We propose to distinguish the following four cases:

a. Assessments against benchmarks defined by voluntary certification schemes and regulation

b. Environmental reporting of facility management companies and assessment of private lifestyles:

c. LCA in building design tools (building optimisation independent of voluntary schemes or regulation)

d. LCA in building research

These recommendations address electricity related impacts. Methodological choices should be consistent
across energy sources. Thus, the following recommendations should be applied on fuels as well. For
instance, if a future renewable scenario is applied for electricity production, the same level of ambition should
preferably be applied for gas (future supply with biogas and/or synthetic gases produced with biogenic carbon
and renewable electricity) and liquid fuels.

Even if it is sometimes difficult to express recommendations that are relevant in all situations, this document
explains the choices made in different contexts. The following Table 2: Synthesis tabl an overview of the
recommendations. To ensure transparency in LCA results, the assessment method of electricity related
emissions must be described by indicating clearly the corresponding methodological choices.

Synthesis of the 10 recommendations. “Gray” indicates than no specific choice is recommended.

Regulation/ Design tool Facility Research

certification assessment
1_Generic vs provider-specific ) ) .
electricity mix generic generic specific
2_Geographic scope national national national
3_Production mix vs supply mix supply mix supply mix supply mix
4 _Nature of trade flows commercial or physical flows, explain the choice
5_Modelling choice for the production-export+import or production+import, explain the choice
supply mix
6_End uses dependence universal if same temporal variation in buildings as national

consumption, use-specific recommended otherwise (e.g.
winter peak demand for heating)

7_Time dimension present, near future or long-term future mix, explain the choice
8_LCA modelling approach average, short-term marginal or long-term marginal, explain the choice
9_Time granularity annual or hourly, explain the choice

"1EA (2021), Net Zero by 2050, IEA, Paris https://www.iea.org/reports/net-zero-by-2050
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Annexes present in more detail models corresponding to different temporal resolution (from hourly to annual),
models used in national methods, example methodological choices in various tools, and models for local
renewable electricity production (particularly photovoltaics).
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Abbreviations

Abbreviations Meaning

ADEME Agency for energy management and environment (France)
AlIB Association of Issuing Bodies

BAU Business As Usual scenario

BIPV Building Integrated Photovoltaics

BREEAM Building Research Establishment Environmental Assessment Method
BWR Boiling Water Reactor technologies

CCs Carbon Capture and Storage

CED Cumulative Energy Demand

DGNB German Sustainable Building Council

DHW Domestic Hot Water

EAM European attribute mix

EEMM European Electricity Market Model

EKZ Energy company for the canton of Zurich
ELCAB Electricity in Life Cycle Assessments of Buildings
ENTSO-E European Network of Transmission System Operators for Electricity
GHG Greenhouse Gas

GOs Guarantees of Origin

HP Heat Pump

JRC Joint Research Centre

LCA Life Cycle Assessment

LCIA Life Cycle Impact Assessment

LEED Leadership in Energy and Environmental Design
NEP Energy policies

NRE Non-Renewable Primary Energy

NVEs Norwegian Energy Regulatory Authority

POM Political Measures

PV Photovoltaic

PWR Pressurized Water Reactor

RE Renewable Primary Energy

RE-DISS Reliable disclosure systems for Europe

REKK Regional Centre for Energy Policy Research
RSP Renewable Portfolio Standard

RTE French Transmission System Operator

SFOE Swiss Federal Office for Energy

TMY Typical Meterorological Years

TSO Transmission System Operators

Abbreviations Meaning
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UCTE Union for the Co-ordination of Transmission of Electricity
WwWB Business as usual

ZEB Zero-Emission Buildings
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Electricity production mix: % of different processes from which electricity is produced. For instance the
global world electricity production mix in 2020 is? : 35% coal, 29% renewables, 23% gas, 10% nuclear and
3% others.

Electricity supply mix: % of different processes from which supplied electricity is produced.

Specific mix: supply mix of a specific electricity provider

Generic mix: average supply mix of all electricity providers

Use-specific mix: supply mix for a specific use (e.g. heating, cooling, lighting...)

Universal mix: average supply mix for all uses

2 https://www.iea.org/data-and-statistics/charts/global-electricity-generation-mix-2010-2020
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1. Introduction

The evolution of electricity systems is one of the key issues to progress towards net zero GHG emissions,
as shown in the IEA roadmap for the global energy sector®. Because a large part of the produced electricity
is consumed in buildings, it is useful to address related models in the Annex 72 methodology reports.

Electricity consumption during the operation of buildings is one important factor determining the
environmental impacts, greenhouse gas emissions and primary energy demand during its life cycle. The
assessment of one, rather energy efficient, building with electricity being the only energy carrier consumed
during its operation by several research organisations using their respective national method revealed two
things: firstly, the operation phase contributes at least one third to the total greenhouse gas emissions;
secondly, the differences in life cycle greenhouse gas emissions vary by a factor of more than 5 (see Error!
Reference source not found. and report of activity 1.2,Frischknecht et al. 2019).
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Figure 1: Greenhouse gas emissions in kg CO2-eq. per m? and year of the reference building “be2226” assessed
according to the national/regional approaches of the countries listed,Frischknecht et al. 2019.

The provenience and the technologies used to generate the electricity are key determining factors for the
greenhouse gas intensity of electricity. That is why it is considered very important to choose the most
appropriate electricity model in the life cycle assessment of buildings.

Temporal variation of the electricity production mix and related impacts may be large in some countries. For
instance, in France CO:2 emissions are higher during peak demand due to the operation of thermal power
plants during these periods. Error! Reference source not found. (Roux et al. 2016b) shows the difference
in environmental impacts per m? and year of electricity use in a so called “plus energy house” when applying
an hourly mix (plain line) and a yearly average mix method (dotted line), respectively in the case of electric
space heating (a) and all uses including a PV production (b). Compared to modelling electricity supply on a
yearly average basis, an hourly based electricity mix increases the space heating related CO2 emissions of
the building per m? and year by 20% in graph a) and the whole electricity related emissions with PV production
by 40% in graph b). The difference is more pronounced with building integrated PV because more PV

3 1EA (2021), Net Zero by 2050, IEA, Paris https://www.iea.org/reports/net-zero-by-2050
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electricity is produced than consumed in summer and the excess production is fed into the grid (which
potentially gives rise for avoided emissions*) and more electricity is consumed than produced in winter and
the greenhouse gas emission intensity of the avoided electricity mix during summer is lower than that of the

consumption during winter.

Example LCA results of a plus
energy house in France
a) Space Heating

Example LCA results of a plus
energy house in France
b) whole energy balance

02/

Impacts of electricity use in a Plus energy house in France (Roux et al. 2016b), Comparison between an
hourly mix (plain line) and a yearly average mix method (dotted line)

Considering an average or a longterm marginal electricity mix may also have a large influence on the resulting
environmental impacts of a building, e.g. the carbon footprint of a house comparing electric and natural gas
heating as shown in Error! Reference source not found. (Roux et al. 2016a). Two aspects are varied and
combined into four future scenarios: climate change (temperature rise; 1 and 2) and legal framework (A and
B): Climate change is more severe in scenarios 1 than in scenarios 2, A corresponds to business as usual

and B to more renewables and carbon tax.
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CO2 emissions of a house considering natural gas or electricity alternatives for space and water heating
(Roux et al. 2016a), using an attributional (left) or a consequential approach (right)

4 This is one possible modelling option, see Chapter XXX on « exported energy » for a discussion on the various approaches.
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In this case, the choice between attributional or consequential LCA reverts the ranking of the alternatives
and thus may change the decision between natural gas and electric heating. The choice of one particular
long term scenario has less influence on the emission intensity and no influence on the ranking.

The question of long term technology development occurs with material manufacture (including resource
extraction), technical performance of building elements such as windows or photovoltaic panels and fuel
supply chains and finally electricity mix and power plant performance. This chapter focuses on modelling the
electricity mix during the operation of buildings. That is why technology developments in other fields related
to buildings are not covered in this chapter.

The background report is structured as follows: In Chapter Error! Reference source not found. an overview
of main questions related to the design of buildings are listed. Chapter Error! Reference source not found.
contains the state of art of scope dependent modelling electricity mix in the operation phase of buildings in
different countries. Chapter 4 contains a description of the proposed harmonised approach for each of the
five questions and Chapter Error! Reference source not found. contains illustrations of the proposed scope
dependent harmonised approaches. In Annex A in Chapter 0, the different basic types of electricity mixes
are explained and Annex B in Chapter 0 contains descriptions of the most recent national electricity mixes
according to the typology described in Annex A.
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The considerations in this Chapter are limited to the question of the electricity mix appropriate to be used in
the environmental assessment of buildings. Hereby it is proposed to distinguish the following application
oriented questions:

1. Quantify the environmental impacts of a building and compare it to national benchmark values (in view of
certification or labelling) — based on conventions/agreements (Special case: proof/certification of (net) zero

GHG emission buildings)

2. Quantify the environmental impacts of different alternatives for a given building specification and use this
information to select and build one of the alternatives.

3. Identify the optimum (minimum) environmental impacts of construction and dismantling of the building on
one hand and operation of the building on the other (trade off).

4. Assess whether to act now or to wait for better (less electricity consuming) technologies based on a
comparison of the environmental performance of different options.

5. Calculation of environmental payback time in the case of investment measures which lead to reduced
electricity demand in the use phase (electricity demand in operation or maintenance).

We did not identify research work on nor applications answering questions 4 and 5. We therefore do not
address them in this report.
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Environmental life cycle assessment is applied on buildings and provides answers to the different questions
listed in Chapter Error! Reference source not found.. In this subchapters the state of application of
environmental assessments of buildings in different countries is described, grouped according to the five
main questions identified.

In current building code, only the operational phase of buildings is considered. However, the building
authorities have introduced a voluntary sustainability class, including requirements for LCA of buildings. It
was implemented as a set of voluntary requirements in May 2020, and which are planned to be implemented
as a part of the building code in January 2023. In order to prepare for the introduction of LCA in the building
code, development of an LCA tool for buildings was initiated by the authorities. Thus the national tool, LCAbyg
has been developed and several analyses have been and are being performed in order to develop
benchmarks.

The LCA benchmarks for buildings that are alrady in use in Denmark relates to DGNB certification. DGNB

has been used in Denmark since 2012. From the beginning, an Excel tool developed by the Danish Building

Research Institute was used for performing LCA, applying static energy approach for the operational energy.

The final results from the tool were based on a combination of two reference study periods:

a. 50 years calculating both embodied impacts and impacts related to the operational energy. The results
weighting 70% of the final result.

b. 80-120 years calculating only the embodied impacts. The results weighing 30% of the final result.

In year 2015, the LCAbyg tool was released in order to prepare for the voluntary sustainability class in the
building code, and since 2018, DGNB certifications can be performed with either the Excel tool (and the RSP
and energy approach described above) and LCAbyg (with RSP and energy approach described below). The
aim is that LCA for future DGNB certifications will be performed in LCAbyg and according to similar methods
and requirements as introduced in the voluntary sustainability class.

For several years, the recommended reference study period for building LCA in Denmark has been from 80
to 120 years depending on the building type (Aagaard et al. 2013). Error! Reference source not found.
shows the reference values for the embodied GHG emissions, according to DGNB 2018. The voluntary
sustainability class has introduced the use of a reference study period of 50 years, and the DGNB will use
the same in the newest update of DGNB 2020 manual by the end of 2020. The voluntary sustainability class
introduced in May 2020 does not include reference values. However, the necessary analysis to prepare for
the possibility to include benchmarks have been conducted and published (Zimmermann et al., 2020). Here,
reference values for both embodied and operational impacts together and separated have been calculated.
DGNB will be using these analyses to prepare updated reference values for the DGNB 2020 manual.
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RSP and reference values for LCA in DGNB, when LCAbyg is used for certification in DGNB 2018 manual
(Rasmussen & Birgisdottir 2018; Rasmussen et al. 2019)

Reference values (GHG emissions)

New buildings RSP (years) Construction Operation

Modules according to A1-A3, B4, C1-C4 B6

EN 15978

Residential buildings 120 6,0 kg CO2/m?/year The reference values for B6 is
Office buildings 80 5,3 kg CO2/m2/year dynamic and depending on both

building type and building
specific supplementary demand.
In addition, the emissions are
based on a forecasting scenario
for the future electricity supply.

The building code determines the energy requirements for buildings, which differentiate by building type. By
regulation, some buildings are allowed an additional supplementary demand. The supplement is assigned
for buildings with e.g. extended in-use hours, extra lighting and/or ventilation demand and extra floor height.
The data for the environmental impacts of the operational energy in LCAbyg represent the Danish energy
grids and includes data for the average Danish electricity production, district heating and natural gas for
heating, which were developed for LCAbyg (COWI 2016, COWI 2020). LCAbyg allows the user to choose
between the use of static energy data based on dataset from year 2015 and forecasting of electricity and
district heating according to the political goals until year 2050 (Birgisdottir & Rasmussen 2019). The
forecasting scenario is based on estimation of the expected development of the energy composition in 5 data
points (2015, 2020, 2025, 2035 and 2050) and the corresponding expected environmental impacts (see
Section 0). Use of the forecasting scenario for energy use is required when performing LCA in the voluntary
sustainability class and DGNB.

Since the recommended reference study period in building LCA in Denmark has until May 2020 been from
80 to 120 years depending on building type, a building LCA scenario calculated in 2018 represents a period
ending in 2098-2138. In the forecasting scenario, data for 2050 is used for the remaining years after year
2050.

Error! Reference source not found. shows the results for the greenhouse gas emissions for a typical office
building calculated in LCAbyg based on the approach described above (Birgisdottir & Stenholt Madsen 2017).
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Greenhouse gas emissions for an office building, results accumulated over the reference study period of 80
years. Blue line showing the embodied greenhouse gas emissions (A1-A3, B4, C3-C4), red line showing the GHG
emissions from the operational energy use (B6) - (Birgisdottir & Stenholt Madsen 2017)

Two main approaches were developed. One as a voluntary label in order to study the next building regulation,
and one as a design tool aiming at a more science based evaluation.

In the "E+C-" label® which will be the basis for the next building regulation "RE 2020", a recent electricity mix
is used but in order to account for the temporal variation of this mix, it is different for heating, cooling, domestic
hot water, lighting and other uses, for housing and tertiary buildings. There are two benchmark levels
regarding CO2 equivalent (GHG) emissions per m? of building, C1 and C2, which depend on the type of
building (houses, apartment buildings, offices and other buildings), the climate zone (North of France,
Mediterranean coast etc.). The threshold for the next regulation is not chosen at the moment.

In the EQUER design tool, part of the Pleiades software used by 2,500 users (engineers, architects,
contractors, teachers, students etc.) and approved e.g. in the BREEAM label, there are two possibilities
regarding the electricity mix: one corresponds to a recent annual average electricity mix (e.g. for 2017), and
the second to an hourly electricity mix model (see annex A §1.6.5). Benchmarks have been elaborated for
three building types: single family houses, apartment buildings, and office buildings. There are two
performance levels for each type, corresponding to the best and worst performance of the sample on each
LCA indicator (per m? and per year), so that a designer knows how his/her project performs compared to
references. Each performance level has two possible values: one corresponds to the recent annual average
electricity mix, and the second to an hourly electricity mix model as the user can choose between these two
options.

In current building energy regulations, only the operational phase of buildings is considered. There are
different primary energy requirements for residential buildings, offices, educational buildings and a reference
building approach is used for other building uses. Primary energy demand is calculated using primary energy

5 E+C-: means: higher energy efficiency, lower CO2 emissions
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factors. For electricity, there are two factors available for peak and off-peak use. These factors are not entirely
based on physical flows, but also involve some political and energy strategy considerations. The next revision
of the building code is in progress. It is expected that besides primary energy factors also a CO2 emission
indicator will be introduced and there is a recommendation to base these values on a life cycle approach.
There is no intention, however, to include the construction phase in the short-term, although this has been
recommended by researchers.

In current Hungarian LCA studies, an annual average electricity mix is used for benchmarking.

The SIA technical bulletin 2040 (SIA 2017), a voluntary standard, regulates the procedure for determining
the greenhouse gas emissions and the primary energy demand, non renewable for the construction
(construction, servicing and deconstruction including waste management), the operation (energy
requirements for heating, hot water, ventilation, lighting and operating equipment) and the daily mobility
induced by the building. For each of the three components reference values are given which serve as
benchmarks. The benchmarks do not have to be met individually but help identifying where measures to
improve the energy efficiency or reduce greenhouse gases are most needed. The target values for the
primary energy demand, non-renewable and the greenhouse gas emissions correspond to the sum of the
reference values of the three components. The SIA bulletin 2040 defines target and reference values as well
as additional requirements for residential buildings, office buildings, school buildings, specialist shops,
grocery shops and restaurants, both for new and retrofit buildings. Table 1 shows the greenhouse gas
emission target and reference values and additional requirements for new buildings.

The modelling of the construction phase is done according to the technical bulletin SIA 2032 “Embodied
energy: Life cycle assessment of the construction of buildings” (SIA 2020) and the modelling of the building
induced mobility is based on the technical bulletin SIA 2039 “Mobility — energy demand in function of the
building location” (SIA 2016).

Reference and target values for greenhouse gas emissions in kg CO2-eq per m? energy reference area and
year, applied on residential, office and school buildings, specialists and grocery shops as well as restaurants, both new
and retrofit. Reference service life: 60 years
Additional requirement: partial sum of “construction” and “operation” shall not exceed the amounts listed in this column

New buildings Construction Operation Mobility Total Additional
requirement
Modules according to A1-A3, B4, C1- B6 not available A1-A3, B4,
EN 15978 C4 B6, C1-C4
Residential buildings 9.0 3.0 4.0 16.0 12.0
Office buildings 9.0 4.0 7.0 20.0 13.0
School buildings 9.0 2.0 3.0 14.0 11.0
Specialist shops 9.0 6.0 6.0 21.0 15.0
Grocery shops 9.0 29.0 20.0 58.0 38.0
Restaurants 9.0 10.0 24.0 43.0 19.0

The target and reference values published in the technical bulletin SIA 2040 are aligned with the 2050
milestone target of a 2000-watt society (EnergieSchweiz fur Gemeinden et al. 2014a, b).

Electricity used during the operation phase of a building is modelled using the Swiss average annual supply
mix, excluding renewable electricity sold with dedicated, certified electricity products. In case the electricity
consumption of a building is covered with certified renewable electricity and this supply is guaranteed with
longterm contracts, the environmental profile of this certified electricity may be applied on up to 50 % of the
total electricity consumption of the building. For the remaining share the environmental profile of the Swiss
average annual supply mix applies (SIA 2017, clause 2.3.1.4).
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In situ production of electricity and electricity consumption of the building are balanced on an annual basis.
In situ produced and exported electricity has the environmental impacts of the in situ production. Exported
electricity does not give rise for any environmental benefits from potentially avoiding electricity production
elsewhere (see also Chapter XXX on exported electricity and Chapter XXX on zero emission building
definitions).

The only instance where future developments are partly taken into account is daily individual mobility: the
passenger cars are supposed to have a fuel efficiency of 3 litres gasoline per 100 km, which is about half of
the current specific fuel consumption (according to New European Driving Cycle) of new passenger cars
registered in 2019 in Switzerland.

Sweden does not currently have a fully standardized approach for building LCA. Assessments are meant to
follow the standards EN 15804 and EN 15978, but there is still room for manoeuvre regarding methodological
choices in building LCA. Several significant initiatives can however be noted.

First, a mandatory declaration of greenhouse gas emissions for all new buildings has been introduced in
2022 (Swedish National Board of Housing, Building and Planning, 2018). This declaration, at the time of its
introduction, will be limited to the impact of the product and construction stages (modules A1-5). Currently
(during Spring 2020), a new proposal is being developed, regarding the future implementation of a mandatory
declaration based on a more complete LCA. However, decisions regarding which life cycle stages to include
and regarding methodological choices for this LCA declaration have not yet been taken.

Second, a number of voluntary certification systems are currently used on the Swedish market. The most
used certification system in Sweden is Miljdbyggnad (Sweden Green Building Council, 2017). Miljdbyggnad
is not based on an LCA approach, but the latest version (3.0) includes a criterion related to the calculation of
greenhouse gas emissions from the building frame for modules A1-A4. The Nordic Swan Label for Buildings
(Nordic Ecolabelling, 2016) does not either include an LCA-based assessment of greenhouse gas emissions.
The LEED points system rewards initiatives that carry out an LCA and initiatives that show a 10% reduction
in several impact categories compared to a reference building defined by the architect. However, there are
not many methodological specifications as long as the same LCA method is used for the baseline and the
reference building (United States Green Building Council, 2018). The BREEAM-SE system includes an
assessment of energy performance, and a separate assessment of life cycle environmental impacts limited
to construction materials (BRE Global & Sweden Green Building Council, 2017). Overall, none of the
certification schemes commonly used in Sweden include an assessment of greenhouse gas emissions from
operational energy use.

Third, actors from the building and infrastructure industry are contributing to the national initiative “Fossile
Free Sweden” (Fossilfritt Sverige®). This voluntary initiative entails the development of a roadmap aiming for
a climate neutral building sector by 2045, as well as a harmonized life cycle-based method to assess
greenhouse gas emissions from building sector companies and individual measures or projects. As of Spring
2020, discussions are ongoing regarding various methodological aspects of this upcoming common
assessment method, including how to assess greenhouse gas emissions from electricity and district heating.

Finally, new and upcoming certification systems will include a more complete life cycle assessment, including
greenhouse gas emissions from operational energy use. The Citylab certification system for neighbourhoods
was launched at the end of 2019. It includes, among other criteria, limit values for greenhouse gas emissions
from operational energy use per dwelling in residential buildings, and per m? heated area in other facilities
(excluding lighting and office equipment) (Sweden Green Building Council, 2019). The recently introduced

8 http://fossilfritt-sverige.se/fardplaner-for-fossilfri-konkurrenskraft/fardplaner-for-fossilfri-konkurrenskraft-byggbranschen/
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NolICO2 (Zero COy2) certification system includes an assessment of life cycle greenhouse gas emissions
(Sweden Green Building Council, 2020). Following guidelines from the Swedish Energy Agency, the
assessment of greenhouse gas emissions from electricity use in Citylab and the pilot version of NolICO: is
based on a yearly Swedish electricity mix, calculated following the method of the EU Joint Research Center
(JRC) (Moro & Lonza, 2018). The original JRC calculation was based on values for 2013. In NollCOz, the
JRC method is used to calculate updated emission factors for electricity, for the year 2018. In a previous pilot
version of NollCOz, the assessment was meant to be based on a hourly Nordic electricity mix instead.

Alternatives can be compared with LCAbyg, by using static energy approach vs. forecasting (for electricity
and district heating), and by looking into the consequences of different energy supply for heating (district
heating, natural gas, electricity). Figure 1 shows an example where calculations of the consequenses of
using static vs. forecasting approach for both electricity and district heating have been calculated in a report
about embodied energy and GHG emissions (Birgisdottir & Stenholt Madsen 2017).

kg CO,/m? kg CO,/m?
700 700
600 600
500 500
400 //_?_/__/ 400
300 300
200 200
100 / 100

0 0

0 20 40 60 80 0 20 40 60 80

Embodied GHG emissions for an office building calculated over 80 years reference study period using
forecasting scenario vs. static energy approach (Birgisdottir & Stenholt Madsen 2017).

If comparisons of alternatives are performed, they are most probably done in relation to DGNB certification
or in research projects. However, there are no known documented examples of comparisons of alternative
concepts for energy scenarios.

Alternatives can be compared either using the E+C- scheme (present electricity mix according to the building
type and use of electricity) or the EQUER model (considering an annual average or an hourly model), see
benchmark.

Alternatives are generally compared using a recent annual average electricity mix. In architectural
competitions, application of a LEED/Breeam rating scheme is sometimes required.
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The technical bulletin SIA 2040 “SIA energy efficiency path” offers a calculation device for the early design
stage which is being used to assess alternative concepts, for example submitted in an architectural
competition. Hence the methodology specified in the technical bulletin SIA 2040 is also applied in
comparisons, which implies that it is common practice to apply the average annual Swiss supply mix in
comparisons of alternative concepts and architectural competitions.

Yet, depending on the context of use, other modelling approaches of the electricity mixes can also be

relevant. In that context, two application cases are presented below to illustrate the influence of alternative

modelling approaches for the comparison of design alternatives:

— Use of the current average annual Swiss supply mix (SIA 2040 approach) vs. the use of longterm
consequential & residual mixes

— Use of the current average annual Swiss supply mix (SIA 2040 approach) vs. the use of an hourly Swiss
supply mix

Application case 1:

In a project commissioned by a Swiss municipality the question was analysed and answered about the
appropriate electricity mix to be used when comparing the environmental impacts of different strategies
retrofitting existing buildings. In its ordinance, the municipality adheres to the 2000 Watt and 1 ton CO2-eg-
society. The city-owned public utility is vertically integrated (owns and runs power plants and power lines)
and relies heavily on renewable energy. It is recommended to apply consequential electricity mixes
complementary to the traditional attributional annual average electricity mix because the traditional approach
favours inefficient retrofitting solutions. Energy inefficient buildings would however counteract the efforts of
reaching 2000-Watt-society goals and lead to a substantial increase in electricity demand.

The environmental assessment of the decision about the appropriate measures in a retirements home owned
by a Swiss municipality has been performed using consequential (long term marginal) electricity mixes. The
retirements home has a gross and energy reference area of about 10’000 m? and an energy demand today
of 435 MJ/m?a for space heating and 50 MJ/m?a for hot water supply. In a retrofitted state (new triple glazed
windows, insulation of rooftop, fagcades and ground floor, ventilation with energy recovery), the energy
demand is 68 MJ/m?a for space heating, 50 MJ/m?a for hot water supply and 10 MJ/m?a electricity for
ventilation. Electricity demand for further equipment (lighting, elevators) is disregarded for the sake of
simplicity.

The climate change impact as well as the overall environmental impacts differ substantially depending on
the electricity mix used (see

Figure 2, Frischknecht 2016). It shows that the solution of just replacing the heating system (from district heat
to a heat pump operated with green electricity, the standard electricity product of this municipality) would be
most beneficial, whereas retrofit solutions (substantially increasing the energy efficiency of the building) show
higher impacts than the current situation. In its constitution the municipality committed itself to the 2’000 Watt
society and a 1 ton COz2-society, goals which are out of reach if the buildings are not refurbished, including
an increase in their energy efficiencies. The utility of the municipality forecasted its electricity production and
supply volume in 2050. The different scenarios show that natural gas fired power plants will be used in case
the annual electricity demand is higher than the production capacity of renewables available.

Hence, favouring low energy efficiency building solutions contradicts the overarching goal of the municipality
and urges the utility to purchase fossil based electricity or invest in fossil fuelled power plants. An assessment
using longterm marginal electricity mixes is appropriate which shows the environmental benefits of retrofitting
in comparison to solutions with just substituting the heating system.
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Figure 2: Greenhouse gas emissions of a retirements home in a Swiss municipality (Frischknecht & Stolz 2015), in kg
CO2-eq/m? and year

A similar effect can be observed when quantifying the overall environmental impacts according to the
ecological scarcity method 2013 (Frischknecht & Blsser Knépfel 2013).
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Figure 3: Overall environmental impact of a retirements home in a Swiss municipality (Frischknecht & Stolz 2015), in
UBP/m? and year, ecological scarcity method 2013 (Frischknecht & Buisser Kndpfel 2013)

Application case 2:

The case study is based on the results of the EcoDynBat research project funded by the Swiss Federal Office
of Energy in 2018-2020. It aims at assessing the influence of the various intra-annual time steps of the
environmental impact of the energy demand in the Swiss buildings (i.e., monthly, daily and hourly time steps).
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Background research question & motivations:

The methodology for the electricity mixes in buildings specified in the technical bulletin SIA 2040 is used for
both benchmarking purpose’ and comparisons of design alternatives. In each of these contexts, it is a
common practice to apply the average annual Swiss supply mix according to the KBOB 2009/1:2016 data.
However, such approach does not provide the carbon emissions at a higher time resolution of the year
(month, day or hour). Such approach may however be relevant to compare different energy supply for
buildings (decentralized or from the grid). For the supplied electricity mix, in winter a substantial share of
electricity is imported from Germany to fulfil the demand. It is thus important to know the level of “carbon”
emissions in the electricity used in Swiss buildings (e.g., to cover the space heating) at each hour, day and
month of the year.

A preliminary study, focusing on the determination of the hourly Swiss supply mix, already showed the high
variability of the hourly GHG emissions during the year®. In order to obtain this hourly profile, the electricity
mix has been calculated with a matrix-based computational approach considering the physical flows for the
mix calculation and gross cross boarder exchanges (see description in the section 1.7.5), leading to
significantly different results than the actual reference values used in the SIA 2040 technical bulletin in
Switzerland.

Then these hourly electricity mixes with different time steps have been applied to different building case
studies in order to check the LCA results of the electricity used. To do so, a multi-family building composed
of 20 apartments is used as an exemplary case study. The electricity mix data is based on the 2017 and
2018 years. Building measurements were taken every hour, for the energy consumption of the 20 apartments
and more specifically for the energy of the heating system (kWh), the total energy (kWh), the electricity (kWh)
and the domestic hot water - DHW (L). The energy profile is given in the Figure 4:
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7 See the details in section 1.3.2, Switzerland
8cf. Figure 20 page 46 page where the GHG emissions of the Swiss supply mix are presented for different time steps is presented
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Swiss MFH consumption profile considered for the EcoDynBat case study

Based on this energy demand profile, four scenarios were considered,

PV
Scenario Heat pump |District heating network Yos No Grid Electricity| Time step
Reference Heatingt & DHW Annual,
B monthly,
C daily,
D Heating & DHW hourly

Scenario considered for the time step influence within the Swiss project EcoDynBat

The reference case corresponds to the current building situation. The energy for space heat and DHW is
provided by a district heating network operated by a gas fuelled cogeneration unit. The electricity is consumed
from the grid. The case B adds a photovoltaic (PV) installation of 21kWp to cover the entire roof surface (all
other things being equal as the reference case). Thus the PV self-consumption will decrease the amount of
electricity imported from the grid. The scenario C assumes the use of an air-water heat pump (HP) to supply
energy for space heat and DHW. For each time step, the HP performances (COP) are calculated as a function
of the heat source and the distribution temperatures. The electricity is taken from the grid. Finally, the
scenario D uses HP but, an additional PV installation (21kWp) is added, reducing the electricity consumed
from the grid.
For all scenarios, the impacts of the electricity from the grid is considered according to the method and results
(for the LCA data of the electricity supply mix) presented in the chapter 1.7.5.

presents the LCA results of scenarios A, B, C, and D for the different time steps (yearly, monthly,
daily and hourly) for the following indicators:

e greenhouse gas emissions (GHG),

e non-renewable primary energy (NRE),

e Renewable Primary energy (RE)

e Total environmental impact (UBP) according to the Ecological Scarcity method 2013

graphically reports the relative time step influence on the GHG emissions for the four scenarios®.

® Relative time step influence is calculated by comparing the hourly, daily and monthly results to the reference yearly result
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According to the results presented in the , the time step influence is found to be very small for
the NRE, RE, and UBP indicators for all the scenarios. As a result, calculating on an annual basis
according to the SIA 2040 provide a sufficient accuracy.

For the GHG emissions, the impacts are found to be slightly more influenced by the time step choice,
see . Influence depends on the energy uses and scenarios. The time step influence is more
important in scenarios C and D, where the electricity is used for all the uses (including the heating,
DHW and the other uses), than in the reference scenario and in scenario B, where the electricity is
used only for the other uses.

The detailed interpretations are reported below:

In the reference scenario, supplied by a district heating network operated with a gas cogeneration unit,
the time step influence for the other electricity uses is 2.5% when considering the hourly time step
compared to the yearly time step. For the total building energy demand, the overall time step influence
drops to only 0.3%.

For the case B, i.e reference case + PV, the time step influence is about 3.5% (hourly compared to
yearly) at the maximum for the other domestic uses which also negligible. For the total building energy
demand, the deviation between an hourly and annual balance decreases to 0.5%.

Thereby, it appears that the time step influence is small when considering the domestic appliances
electricity demand solely and when the space heating & DHW is supplied by a non-electric energy
carrier. Moreover, the electricity demand related to the domestic uses is not fluctuating over the year
and thereby an annual time step is sufficient to perform the calculation.

Regarding two other scenarios (C & D), the trends are similar for the relative deviations for the other
electricity uses (about 2.5% to 3.5% in the two scenarios). The time step influence between an hourly
and an annual balance is again not significant for these uses. The situation is however different for the
space heating.

In scenario C, where the space heat and DHW is supplied by an air/water HP and thereby electricity,
the variation for the space heating is now found to be 13.5% when considering the hourly rather than
the yearly step. The DHW impact is not influenced by the time step. Globally, regarding the overall
impact of the energy demand, the time step influence is found to be 5.7% since the space heat electricity
demand represent 42% of the overall building energy demand.

Regarding the scenario D, i.e. scenario C + PV, the difference between hourly to annual is found to be
10%. On the overall energy demand impact, the time step influence is 6.5% because the PV also
influence the impacts related to the domestic use and DHW electricity demand.

These results confirm that the choice of the time step can be rather influential when the electricity
demand show a high seasonality. In the case study, the building is recent and has a low energy demand
profile. For renovated buildings with higher energy demand for space heat, the time step could thereby
be more significant.

Considering the four indicators used in the EcoDynBat project and in the case of Switzerland and its
electricity supply mix pattern the electricity demand seasonality will drive the time step influence only for
the GHG emissions. High seasonality usage and high share of this usage (such as for a renovated
building operated with a HP) may significantly influence the time step while, logically, the impact of a
constant electricity demand will not be influenced by any time step consideration.
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Finally, from the EcoDynBat project, it can be also stated that the assumptions regarding the electricity
mix is key and strongly influence the environmental impacts of the supply electricity mix. This aspect is
one of the key outcome of the EcoDynBat project.

Application case 3: ELCAB

Goal of the case study:

The case study is based on the results of the ELCAB (Electricity in Life Cycle Assessments of Buildings)
research project funded by the Swiss Federal Office of Energy in 2018-2020 (Frischknecht et al. 2020).
Similar to the EcoDynBat project it aims at assessing different electricity mix models on the
environmental impact of the electricity demand in Swiss residential and office buildings.

Several electricity mixes were defined and established. In particular, annual and seasonal electricity
mixes were derived matching the hourly generic use profile of a residential and an office building with
the technology mix producing the electricity in Switzerland and the technology mixes used to produce
the electricity imported from neighbouring countries. The building specific annual electricity mixes are
compared to the Swiss electricity mix matching the national hourly consumption profile with the
technology mixes as decribed above, to the Swiss consumer and supply mixes based on guarantees of
origin 2018, to the average future Swiss electricity mix 2020-2050 (to cover 30 years of operation of a
building erected today), to a long term marginal power plant technology (natural gas fired gas combined
cycle power plant), and to the mix 2017 of the city of Zirich.

Furthermore, the influence of self generation of electricity with PV system and of on site battery storage
on the specific electricity mix of the residential building was evaluated and quantified.

On the basis of the life cycle inventories established the specific environmental impacts of these
electricity mixes were quantified. Finally, the different electricity mixes were applied in the use phase of
the life cycle assessments of a residential and an office building to show the consequences of the choice
of the electricity mix model on their environmental performance.

Methods:

Several electricity mix models were developed and applied in this project:

1. Annual and seasonal attributional electricity mixes of Switzerland in 2018. These electricity mixes
were established by determining the hourly production, subtracting the hourly commercial exports
and adding the hourly commercial imports of Switzerland. The resulting technology mix profiles
were matched with the load (consumption) profiles of a residential and an office building (see Figure
6Error! Reference source not found.) and with the consumption profile of Switzerland in 2018.
The technology mixes of the imports and the exports represent the country mix of the respective
hours.

2. The Swiss consumer mix based on guarantees of origin 2018, the Swiss supply mix based on
guarantees of origin 2018'° and the ewz (utility of the City of Zlrich) electricity mix based on
guarantees of origin 2017.

3. The average future electricity mix of Switzerland according to the “New Energy Policy” scenario of
the Energy Strategy 2050 was determined in 5 years time steps from 2020 until 2050. It does not
include commercial trade but only imports required to satisfy the domestic demand.

4. The long term marginal electricity mix of Switzerland and of ewz was derived comparing the
electricity demand and production volumes of the Business as Usual and the New Energy Policy

1o The Swiss GO consumer mix represents the mix of GOs sold to end consumers (full declaration). The Swiss GO

supply mix represents the difference of GOs sold to end consumers minus GOs sold with dedicated electricity products based
on renewable energies. Both mixes contain a share of few percents of untracked consumption (modelled with the residual mix).
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scenarios. The additional electricity is expected to be produced in gas fired gas combined cycle
power plants.
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Derivation of the annual attributional electricity mix for buildings (and Switzerland). The electricity
generation, export and import profile (top left) and the consumption profile of the building (and Switzerland,
respectively; bottom left) are combined (centre) and integrated over time (right) in order to obtain the attributional
electricity mix supplied to the building (and to Switzerland, respectively).

Material manufacture and construction of the buildings was modelled with the Swiss supply mix 2011
as published in the KBOB recommendation 2009/1:2016.

Results:

The results of the LCA of the residential building are described here as they are considered
representative for both buildings assessed. The greenhouse gas emissions of the residential building
Rautistrasse operated with the different electricity mixes vary between 9.8 and 12.4 kg CO2-eq per m?
and year (with 20.3 kg CO--eq per m? and year applying the longterm marginal electricity mix, see Figure
7). The variation is uniquely caused by differences in the amount of electricity supplied from the grid,
the manufacturing of PV and battery systems for self generation and consumption of electricity and the
greenhouse gas emission intensity of the electricity mix used in operation. The greenhouse gas
emissions of material manufacture and construction (labelled “building” in Figure 7) are identical.

In most cases the share of greenhouse gas emissions caused during construction (and the
corresponding end of life) is higher than the share of operational greenhouse gas emissions. More than
two third of the greenhouse gas emissions caused during the life cycle of the residential building are
due to construction and in particular building material manufacture.

The greenhouse gas emissions of the operation phase differ substantially, in particular when comparing
forinstance the environmental impacts of the attributional mixes established in this project with the mixes
based on guarantees of origin, the average future electricity mix, the long term marginal mix and the
ewz mix 2017.
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Greenhouse gas emissions in kg CO2-eq. per m?a of the residential building Rautistrasse, Zurich.
Target values SIA 2040:2017: 9 and 3 kg CO2-eq./m?a (construction including end of life and operation,
respectively).
GO 2018: Swiss consumer mix based to guarantees of origin 2018; GO-ERE 2018: Swiss supply mix based to
guarantees of origin 2018, i.e. excluding deliberately purchased electricity products based on renewable energies;
Switzerland: Swiss annual mix (national load profile); ewz 2017: ewz electricity mix based to guarantees of origin
2017; FUTURE: average future electricity mix Switzerland 2020-2050 according to the New Energy Policy
Scenario of the Swiss energy strategy 2050; MARGINAL: long term marginal electricity mix (Switzerland and
ewz).
Building specific electricity mixes matching hourly production and trade with the electricity consumption profile of
the building, equipped with:
HP: heat pump for space heating and hot water; HP+PV: incl. 32 kWp PV system; HP+PV+BAT: including
32 kWp PV system and 32 kWh battery system; HP+PV+ECAR: including 32 kWp PV system and 7 electric car
charging stations; HP+2PV: incl. 64 kWp PV system; HP+2PV+2BAT: incl. 64 kWp PV system and 64 kWh
battery system;

The greenhouse gas emissions of the building specific electricity mix (“HP”) and of the national average
attributional mix (“Switzerland”) are nearly identical. Self generated electricity leads to lower
environmental footprints. The reduction in environmental impacts is mainly due to the lower demand of
grid electricity. The environmental profile of grid electricity supplied to the building is hardly affected by
the self generated and consumed PV electricity. The investment in storage facilities does not necessarily
lower the greenhouse gas emissions of the building.

The results of the LCA of the office building show similar patterns: the environmental impacts of the
building are very similar when applying the building specific and the Swiss average attributional
electricity mix and lower when applying the Swiss and the ewz mix based on guarantees of origin.

The environmental impacts of the summer electricity mixes (building specific and Swiss average) differ
substantially from those of the winter mixes. The winter mixes cause for instance between 160 and
169 g CO2-eq/kWh and the summer mixes between 70 and 78 g CO2-eq/kWh.

Discussion and conclusions:
The results of this study confirm the environmental relevance of electricity consumption of buildings and
of the choice of the appropriate electricity mix model, irrespective of the environmental indicator chosen.
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However, at the same time the results show that construction (manufacture of building materials,
building elements and building technology) contributes between somewhat less than 50 % and more
than 95 % to the life cycle based environmental impacts of buildings and therefore necessarily needs to
be included in environmental analyses of buildings and the corresponding target values.'

The summer and winter Swiss electricity mixes show distinctly different patterns. During the summer
period, more electricity is being produced with hydropower and the mix relies much less on imports of
non renewable electricity from neighbouring countries. During the winter period substantial shares of
fossil based electricity is being imported.

The annual and seasonal electricity mixes derived from the load profile of the two buildings and of
Switzerland are close to identical. Obviously the load profile of energy efficient residential and office
buildings are very similar to the load profile of the country.

The comparison of the Swiss national electricity mix 2018 established by integrating the combination of
hourly technology mixes (domestic production minus commercial exports plus commercial imports) with
the hourly load profile of Switzerland with the Swiss consumer mix based on guarantees of origin (GO)
2018 reveal substantial discrepancies: while Switzerland still consumes electricity with a share of 40 %
nuclear power and 10 % fossil power, the GO mix shows shares of about 20 % and 4 % of nuclear and
fossil power, respectively.

The average future Swiss electricity mix causes less environmental impacts than the Swiss annual
attributional electricity mix. The level of environmental impacts is similar to the Swiss consumer mix
based on guarantees of origin 2018. The average future mix lacks trade related technology shares and
thus is hardly comparable with the other mixes which represent the current situation.

The ewz 2017 electricity mix shows the lowest specific environmental impacts due to the low share of
nuclear power and the absence of fossil based electricity. This is however not a carte blanche for an
excessive and inefficient use of electricity. Capacity constraints (in the case of ewz but also on country
level) would call for additional power plant capacities, which, according to the national energy strategy
2050 and ewz scenarios, would likely be natural gas fired gas combined cycle power plants.

Despite the large variety in electricity mixes developed and analysed in this study, its variability can
effectively be narrowed down by assigning specific electricity mixes to specific policy relevant questions
and scopes.

Recommendations:

The analyses and results presented in this study lead to the following recommendations:

5. Refrain from establishing building sector specific electricity mixes and instead use Swiss national
electricity mixes based on physical production and commercial trade as established in this project.

6. Reconsider the current use of the Swiss supply mix based on guarantees of origin in building LCAs
and in LCAs in general. It is recommended to use the Swiss national electricity mix based on
physical production and commercial trade, which reflects the economic reality of the purchase of
electricity production (which is considered more important that the economic reality of the purchase
of the quality of the electricity).

" A recent study showed that building material manufacturers may lower the specific greenhouse gas emissions of their

products by 65% on average (Alig et al. 2020), by investing in completely new technologies (hydrogen based steel) and in
technical reduction measures such as carbon capture and storage (e.g. in cement production) in addition to switching to
renewable energy sources.
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7. Use the long term marginal electricity mix in scenario analyses of investments in new buildings and
in particular in refurbishment projects with comparatively low energy efficiency. This is particularly
important in situations where the electricity causes low specific environmental impacts and
greenhouse gas emissions and shows the resilience of the investment towards changes in the
electricity producing technologies.

8. Self generation of electricity with PV helps to reduce the environmental impacts of buildings
supplied with a building specific or a national average electricity mix. The effect of on site individual
storage of electricity in batteries is less distinct and thus not recommended. Centralised storage
facilities on district level may show a different performance.

Given the increasing significance of the construction phase of buildings as shown in the building case
studies, establish binding and steadily lowering target values on greenhouse gas emissions per m? and
year. The SIA 2040 technical bulletin is a reality proven basis for such a regulation.

The integration of a full LCA in building design or in architectural competitions is currently very limited
in Sweden. If comparisons are carried out, they are usually based on the criteria from certification
schemes mentioned in the previous section (Miljdbyggnad, LEED, BREEAM-SE or Nordic Swan
Ecolabel). Common tools that can be used for this purpose include One Click LCA and Byggsektorns
Miljdberakningsverktyg (Building Sector Environmental Calculation Tool, a software tool with a built-in
database, designed to easily calculate embodied greenhouse gas emissions in construction materials).
Another method has been developed specifically for the consequential assessment of building energy
solutions, called Tidstegen (Time Steps). It has been released as a free software tool'?, but has not
been used in a lot of practical cases so far (Gode, Nilsson, Ottosson, & Sidvall, 2019).

There have been published research papers on subjects such as the environmental impact trade-offs
between the heat produced to meet a building's space heating load and insulation produced to reduce
its space heating load throughout the whole life-cycle of a building (Sohn et al. 2017).

At the moment, only the EQUER model™® is linked with an optimization module (genetic algorithm).
Both annual average or hourly electricity mix are possible but of course the same option is used for all
alternatives.

2 hitps://lwww.ivl.se/projektwebbar/tidstegen.html

3 Recht T., Schalbart P., and Peuportier B., Ecodesign of a "plus energy" house using stochastic occupancy model, life cycle
assessment and multi-objective optimisation, Hamza N and Underwood C. (Ed), Building Simulation & Optimization 2016,
Newcastle, September 2016

' Genes correspond e.g. to insulation thickness, type and area of glazing etc. Individuals with highest performance are selected
among a population, and their children are then selected again so that optimal solutions are identified after a certain number of
generations, see details in the previous reference.
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In research, an optimization framework has been developed using a parametric approach and
evolutionary algorithms. In this framework, currently and annual average electricity mix is applied, but
the integration of hourly resolution and a future electricity mix is in progress.

As far as we know, this question has not been tackled yet in Switzerland. No specific
methodology/approach is available for this question, but the technical bulleting SIA 2040 would be suited
and used to address such a question.

Recent LCA studies of Swedish buildings, in particular low-energy buildings, point to a rising importance
of greenhouse gas emissions from construction materials compared to operational energy use (Larsson,
Erlandsson, Malmqvist, & Kellner, 2016; Liljenstrdm et al., 2015). This has lead to more focus on
embodied emissions, and trade-offs between the impact of operational energy use and e.g. insulation
materials are being discussed. However, there is currently no method or optimization framework to
systematically find this optimum.
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3.5 Synthesis

As a first step to prepare this synthesis, the modelling possibilities are summarized below with example
choices in different tools and countries.

A) Electricity mix modeling possibilities

1. Generic or provider specific electricity mix

2. Regional, national or continental mix

3. Production mix or supply mix

4. Physical flows, contracts, guarantee of origin coupled with physical production, or guarantee of
origin only, electricity trade with neighbouring countries

5. Mix corresponding to production + import, production — export + import (possibly according to
guarantee of origin), or national electricity declaration

6. Universal electricity mix or use-specific electricity mix (heating, cooling, lighting, hot water...)

7. Present or future mix (e.g. average present-2050)

8. Average or marginal mix

9. Annual, seasonal or hourly mix

10. Allocation approach for electricity produced on site (photovoltaics, but also wind) exported to the

grid

B) Synthesis table

Application cases

Type of choice Regulation/ Design tool Facility Research

certification assessment
1_Generic vs provider-specific . ) .
electricity mix generic generic specific
2_Geographic scope national national national
3_Production mix vs supply supply mix supply mix supply mix
mix
4 _Nature of trade flows commercial or physical flows, explain the choice
5_Modelling choice for the production-export+import or production+import, explain the choice
supply mix
6_End uses dependence universal if same temporal variation in buildings as

national consumption, use-specific recommended

otherwise (e.g. winter peak demand for heating)

7_Time dimension present, near future or long-term future mix, explain the choice
8_LCA modelling approach average, short-term marginal or long-term marginal, explain the choice
9_Time granularity annual or hourly, explain the choice
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Choices made in different existing
Criterion

tools

Choices made in the different tools

1 Generic or
specific

Provider specific
FR2"

Generic

CH1, CH2, CH3, FR1,
FR2, HU1, HU2, SE1,
SE2

2 Geographic Regional NeienE]
scopeg P Continental SE? CH1, CH2, FR1, FR2, HUT1,
HU2, SE1
3 Type of mix Production mix Supply mix
CH1,CH2, CH3, FR1,
FR2, HU1, HU2, SE1,
SE2
4 Nature of Physical flows Flows based on Flows based on Guarantee of
trade flows CH2, FR1, FR2,  |contracts Origin (GO)
HU1, HUZ2, SE1, CH3 CH1
SE2

5 Modelling choice
for the supply mix

(1) Production +
imports
CH2, HU2

(2) Production — exports
+ imports

FR1, FR2, HU1, SE1,
SE2, CH3

(3) According to national
electricity declaration

CH1

6 End uses Universal mix Use specific mix
dependence CH1,CH2, CH3,  |FR1
(heating, lighting, FR2, HU1, HU2,
cooling, etc.) SE1, SE2
Present mix Near future mix .
7 Time dimension CHA1.CH2. CH3 == =Fo Long term future mix
HU1: HUé, SE1’ ’ CH3, FR2, HU2, SE1, SE2
. Average mix Marginal mix
8 LCA modell
approach 0 |CH1,CH2,CH3,  |CH3, FR1, FR2, SE2
HU1, HU2, SE1

9 Time granularity

Annual average mix
CH1,CH2, CH3,

FR1, HU1, HUZ,
SE1

Seasonally differentiated
mix

CH3, SE2

Hourly differentiated mix
CH3, FR2, HU2

10 Allocation of in
site PV electricity
production

Impacts of self
consumed part only
(A2)

CH2

Gross impacts minus PV
impacts of fed in
electricity (A1)

CH1, CH3

Gross impacts minus grid mix
impacts of fed in electricity (B)

FR1, FR2, HU1, HUZ2, SE1,
SE2

'S If the purpose of the study is to compare different electricity providers or contracts during operation

371115



This document was written for method and tool developers and policy makers (regulation). Users are
invited to follow the recommendations provided by the developers (e.g. certification scheme, design
tools).

Some of the following recommendations are case specific. We propose to distinguish the following four
cases:

A. Assessments against benchmarks defined by voluntary certification schemes and regulation

B. Environmental reporting of facility management companies and assessment of private lifestyles:
C. LCAIn building design tools (building optimisation independent of voluntary schemes or regulation)
D. LCA in building research

If appropriate these cases are listed in the recommendations related to 10 topics.

These recommendations address electricity related impacts. Methodological choices should be
consistent across energy sources. Thus, the following recommendations should be applied on fuels as
well. For instance, if a future renewable scenario is applied for electricity production, the same level of
ambition should preferably be applied for gas (future supply with biogas and/or synthetic gases produced
with biogenic carbon and renewable electricity) and liquid fuels.

1. Generic or provider specific electricity mix

Assessments against benchmarks defined by voluntary certification schemes and regulation:

A generic mix is commonly appropriate because e.g. in the design phase the occupant is generally not
known and neither the electricity provider so that a specific mix cannot be identified. But if the occupant
is known (e.g. in case of a household or a company developing a project for their own use) or if a long
term contract exists with an energy provider, one of the Swiss methods (2000 W society) considers the
specific mix of this provider but only for 50% of the total consumption in order to account for the risk that
this situation may change.

Environmental reporting of facility management companies and assessment of private lifestyles:
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If the goal of the LCA study is to compare various electricity providers in order to advise a facility
manager or owner of an existing building, using a specific mix is more appropriate.

2. Regional, national or continental mix

Using a national mix is recommended, because the choice of some production technologies (energy
transition towards renewables) is related to a national democratic process. Averaging a continental mix
would lead to consider e.g. a % of nuclear or coal power plants even in countries having decided to
abandon such technologies. But the national mix shall include imported electricity, see the following §4
and 5.

3. Production mix, supply mix

The supply mix should be used, as it corresponds to the electricity delivered to a country’s consumers,
including buildings.

4. Physical flows, contracts, guarantee of origin coupled with physical production, or
guarantee of origin only, electricity trade with neighbouring countries

Using guarantees of origin (GOs) purchased independently of purchasing the electricity is not
recommended because fossil or nuclear production may be artificially transformed into renewable
electricity (a company could use electricity produced with coal or nuclear power but purchase GOs of
renewable electricity to claim that it uses renewable power). It is likely to lead to double counting of
renewable electricity (building LCAs in Switzerland and Norway both claim (partly) GOs of Norwegian
hydroelectric power) because GOs are a voluntary means of communication.

Tool, certification scheme and method developers may either use “commercial flows” or “physical flows”
to model electricity trade, and provide reasons for the choice.

It is recommended to consider physical domestic production (e.g. according to the data from
transmission system operators) and commercial or physical trade with neighbouring countries reported
on a transparency platform such as ENTSO-E in Europe (see the implication in §5).

Reasoning for commercial trade 1: Life cycle assessment is a method that complements economic
information about products, services and technologies with information on their environmental impacts.
That is why life cycle inventory models are supposed to describe or at least approximate economic
realities. Data on commercial trade is chosen (and preferred to physical exchanges) because it better
reflects the economic realities of electricity trade.

Reasoning for physical trade 2: The physical trade approach models the real exchanges and underlines
an overall stability of the electricity supply at every time step which is part of the analysed service for
the electricity consumption mixes. The “physical flow” approach can be used if the goal is to optimize
the global energy balance of production/consumption in a country. It is also relevant to be used for
analysing demand-side management strategies using hourly data to check if the consumption occurs
during the best period of time in terms of GHG emissions).
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The 2019 suggested update of the European Product Environmental Footprint method'® proposes to
select in priority supplier specific electricity product based on GOs, which has been discussed in §1,
and otherwise a “residual grid mix” defined as characterizing the unclaimed, untracked or publicly shared
electricity. As reasoned above we do not recommend methods based on GOs.

LCA in building research: compare physical and commercial trade to check whether or not differences
are substantial.

5. Mix corresponding to production + import, production — export + import (possibly according
to guarantee of origin), national electricity declaration

Tool, certification scheme and method developers may either use “production — export + import” or
“production + import”, and provide reasons for the choice.

Note: the reasoning presented below allows to inform the users of the “philosophy” behind each
modeling approach even if there is no “right” and “wrong” modelling approach. The user should only
select the one that better describe his context of use.

Reasoning for P-E+I: It is rare for a country to import electricity in order to export it further to another
country, in particular in larger countries such as Germany, France or Poland. There are some transit
contracts, which however are not part of the commercial trade data in the ENTSO-E transparency
platform. Hence, it is safe to assume that all exported electricity stems from domestic production. It is
also generally more precise because the % of import is related to the national consumption volume.

Reasoning for P+l: The exported electricity from the assessed country is considered equivalent to the
electricity supplied to domestic customers. In addition, the P+l model is able to attribute the
environmental responsibility of consuming the electricity in the assessed country not only to the direct
“first level'” neighbouring countries but also to the “second level” countries (in a view of ensuring at
every hour grid stability) even if there are no direct economical trade flows from the assessed countries
and the second level countries contributing to the LCA of the consumption mix of the assessed country.

In both approaches, it is important to check that imports and exports do not include transit flows because
this may lead to a bias if a large amount of imported electricity is not consumed in the country but readily
re-exported. If the transit flows can be identified, they may be subtracted from both export and import.

A gross balance should be used because import and export electricity mixes are generally different so
that import and export flows do not compensate (even if the physical flow is zero, see §4).

6. Universal electricity mix or use-specific electricity mix (heating, cooling, lighting, hot
water...)

A universal mix is recommended if the seasonal variation of the electricity consumption in buildings is
similar to the seasonal variation of national consumption. Use-specific average electricity mixes may be
used otherwise (e.g. accounting for winter peak demand mix for heating).

We recommend to validate the universal and use-specific electricity mixes by comparing the LCA results
to an hourly electricity mix model, for a sample of building types (residential, offices...), and their
electricity demand for space heating, hot water, ventilation, lighting and auxiliaries.

6 Zampori, L. And Pant, R., Suggestions for updating the Product Environmental Footprint (PEF) method, EUR 29682 EN,
Publications office of the European Union, Luxembourg, 2019, ISBN 978-92-76-000654-1, doi:10.2760/424643, JRC 115959
7 For instance of a country A exports to a country B exporting to a country C, country B is first level and country A is second
level for country C
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7. Present or future mix (e.g. average present-2050)

The choice of the appropriate mix should be made considering the (un)certainty of the information, the
appropriateness of the electricity mix in a 50 to 60 years framework of building operation and whether
or not temporal variations matter or should be taken into account.

According to the goal:

Assessments against benchmarks defined by voluntary certification schemes and regulation:
We recommend using a recent past mix, near future mix (e.g. 5 years) or a realistic long-term future mix
and update it e.g. every 5 years in order to account for the real progress of energy transition while
reducing the risk of under- or over estimating future impacts if the actual development is not on track
compared to the scenario assumed.

Electricity mix data from TSOs, utilities, ministries or administrations (e.g. energy or environment
agencies) and national statistics are normally available for the past years, near future and long term
future.

LCA in building design tools and research: long term future mixes may be useful, particularly in
sensitivity studies. In this case, scenarios (e.g. Eurostat, the EU Roadmap 2050, national energy
strategies), statistical models or economical models (e.g. TIMES) can be used.

In any case the benchmarks against which the environmental impacts of a building are compared need
to be aligned with the electricity mix applied (present, near future or future).

Electricity mixes (present, near future or future) with low environmental impacts may support buildings
with low efficiencies and high specific electricity consumption. Perform sensitivity analyses with
additional electricity mixes, for example long-term marginal electricity mixes (see Clause 8).

8. Average or marginal mix

Tool, certification scheme and method developers may either use average (attributional LCA) or
marginal (consequential LCA), and provide reasons for the choice.

Reasoning for attributional mix: Buildings are just one (admittedly important) group of electricity
consumers among many. The evolution of the electricity demand of buildings is the result of a mixture
of efficiency gains in existing buildings, additional demand by new buildings on greenfields, change in
demand by new buildings replacing old ones. It is hard to substantiate and to determine why new and
refurbished buildings should be linked to additional power production and not to the average electricity
production volume. An attributional mix treats all electricity consumers equally.

Reasoning for long-term marginal mix: Future scenarios of electricity demand and production are based
on assumptions about the energy efficiency of buildings, cars, industrial processes etc. Existing
buildings may reduce their operational environmental impacts by switching to electric heat pumps
operated with renewable energies without improving the energy efficiency. Such refurbished old
buildings may contribute to a demand for electricity which exceeds the production capacity of the
ambitious future senario. In such situations longterm marginal mixes, established as the difference of
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the future electricity mixes in a business-as-usual and in an ambitious energy scenario, are useful to
test the resilience of refurbishment measures to the electricity mix in scenario analyses.
Reasoning for short term marginal mix

Replacing gas or fuel boilers by electric heating or heat pumps is often proposed to reduce GHG
emissions. But this will create a high peak demand during cold winter days. This supplementary demand
requires peak production techniques which may be different from average production because such
capacities will be used only a limited time of the year. High CAPEX techniques would not be economical,
so that older or cheaper capacities (e.g. gas or coal thermal plants) may be used.

In such a case a short term marginal mix is appropriate. ldentifying a marginal mix is based upon an
assumption (e.g. 10% top of the merit order) or requires a model of the electric system in order to identify
which production process is added when adding a supplementary demand corresponding to the studied
building consumption or energy use. This approach can be applied to a present situation, or a future
prospective scenario, e.g. using a market allocation model (e.g. TIMES), i.e. a bottom-up linear
optimization model that computes a least cost pathway for a system of interest subject to the satisfaction
of specified service demands and user specified constraints.

Results can be averaged according to a typical load profile corresponding to a certain use (e.g. space
heating, domestic hot water...) allowing simpler annual calculation to be performed in e.g. a regulation
or certification scheme (e.g. in the French E+C- method 210 g CO2/kWh heating, 83 g CO2kWh
domestic hot water).

Studying the environmental benefit of smart buildings is an example research topic for which a
consequential approach considering both short term and long term aspects is relevant. Buildings
consume a large share of the total electricity production in many countries, so that accounting for
interaction between this sector and the electric system is useful towards a higher global environmental
performance.

9. Annual, seasonal or hourly mix

Tool, certification scheme and method developers may either use annual or hourly, and provide reasons
for the choice.

Reasoning for annual mix:

electricity products and hence the technology shares purchased are usually bought on an annual basis.
The use profiles of residential and office buildings do not significantly deviate from the national use
profile, which reduces the need for hourly mixes. Many design tools are not able to model operational
electricity demand nor supply on an hourly basis. Long term future electricity mixes presented in official
future scenarios are annual, sometimes additionally seasonal but not hourly.

Reasoning for hourly mix:

The electricity demand varies according to the hour of the day (it is lower at night), the day of the week
(it is lower during week-ends) and the season (it is higher during hot days due to cooling, and during
cold days if electric heating is used). Thermal mass allows storing heat which may reduce the demand
during peak hours and the related environmental impacts, but impacts are produced for the fabrication
of such materials. Hourly calculation allows a trade off, which is useful in a design tool and does not add
complexity for users if energy calculation is also performed hourly.
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Results of an hourly calculation can be averaged over a year so that a simpler annual calculation can
be performed in a regulation or certification method, accounting for a typical hourly profile corresponding
to specific uses like heating, cooling etc.

Developing control systems algorithms or demand side management in terms of environmental impacts,
i.e. in order to use the electricity when its carbon footprint will be lower and/or minimized, is an example
research question where hourly calculation is appropriate.

10. Allocation approach for electricity produced on site (photovoltaics, but also wind)
exported to the grid

Three main approaches are:

“Step'® A” approach according to ISO 52'000-1, clause 9.6.6 (identical to approach B of the draft version
of the revised EN 15978 standard): A share of the environmental impacts of on-site electricity production
corresponding to the proportion of self-consumed electricity is accounted for in the building LCA. The
rest of the impacts, corresponding to exported electricity, is accounted for in the electricity mix of the
buyer of the electricity.

Building | ! A Utilit
Y

PV system | exportgd
| electricity I
Building

PV system

i

Functional unit
product system 2:
Y MWh electricity

Env. impacts

Functional unit
product system 1:
X m2 floor area

q Env. impacts

. Life cycle related impacts of the building

. Life cycle related impacts of the PV system

Step A (ISO 52000-1; and approach B of draft EN 15978): Allocation of environmental impacts caused
by onsite energy production between the building and the energy ex-ported based on the share of self-consumed
energy produced onsite. Note: The main elements of this approach are: (a) impacts related to the self-consumed
share of PV electricity attributed to building; (b) impacts related to the ex-ported share of PV electricity attributed to
exported electricity; (c) Overall sum of environmental impacts equals the observed environmental impacts.

“Step B” approach according to ISO 52°000-1, clause 9.6.6: All impacts of the PV system are allocated
to the building. The building LCA also includes the potentially avoided impacts from exporting electricity
to the national grid (or e.g. future European mix). In the grid mix of the one purchasing the exported

8 The word « step » in the standard is the label for an approach and actually corresponds to a methodological choice.
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electricity, the exported electricity bears the environmental impacts of the national grid (or future
European mix).
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Figure 2: Step B (ISO 52000-1): Allocation of 100 % of the environmental impacts of onsite energy production
and 100 % of potentially avoided emissions outside the system boundary to the building. Note: The main
elements of this approach are: (a) Potentially avoided burdens (credits), determined with grid mix environmental
impacts and amount of electricity exported, are accounted for in building LCA; (b) (equivalent) off-setting position
in utility’s LCA of electricity required to avoid dou-ble counting; (c) Overall sum of environmental impacts equals
the observed environmental impacts, only if off-setting position is booked in utility’s LCA.

Approach A of EN 15978 standard: All impacts of the PV system are allocated to the building, and
potentially avoided impacts from electricity export are reported as additional information in module D,
which is outside of the building LCA boundaries and therefore not accounted for in the building LCA
result contrarily to step B of the ISO standard.
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Figure 4.3: Approach A of EN 15978 standard: Allocation of 100 % of the environmental impacts of onsite energy
production and 100 % of potentially avoided emissions in Module D2, outside the system boundary of the building
but as part of the building project.

In step B of the ISO standard and approach A of the CEN standard, the avoided impacts have to be
evaluated according to an electricity mix which can either correspond to attributional LCA (average mix)
or consequential LCA (marginal mix), using hourly, seasonal or annual time step, recent past or future
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mix etc. (see the previous §). It is recommended to be consistent in evaluating the impacts related to
the electricity consumption from the grid and potentially avoided impacts from PV export, and to report
potentially avoided impacts separately as additional information.

Reasoning for the Step A approach of the ISO standard (and Approach B of the current draft of EN
15978):

Step A approach ensures that electricity produced on-site and exported to the grid shows the
environmental performance of the technology used to produce it (e.g. PV, wind, combined heat and
power plant). The share of environmental impacts of manufacturing, operating and dismantling the
energy producing technology attributed to the building corresponds to the share of self-consumption.
Building integrated PV systems may be subdivided into the parts needed for weather protection (front
glass, supporting structure; attributed to the building’s LCA) and the parts needed to produce electricity
(panel except front glass, cabling, inverter; attributed to electricity production). The building’s
environmental performance depends on the share of self-consumption.

Step A may be implemented in two different ways: In option A1 100 % of the construction and
manufacturing efforts of the energy technology (such as (BI)PV) are attributed to the building in Module
A and the pro rata environmental impacts of exported energy are subtracted in Module B6. In option A2
the share of self-consumption is determined and only this share of construction and manufacturing
efforts of the energy technology is attributed to the building in Module A. No further (negative)
environmental impacts shall nor need to be accounted for in Module B6, see Table 1: Example
application of step A approach.

This approach ensures that the environmental impacts of renewable energy are only accounted once:
the self-consumed part is attributed to the building’s LCA,; the exported part is attributed to the utility or
third party purchasing the renewable electricity. No potentially avoided impacts (grid mix electricity) are
accounted for in the building's LCA which would imply that the exported electricity must bear the
environmental impacts of the grid mix (corresponding to the avoided impacts).

How the environmental impacts of a building with and a building without (BI)PV'® compare shall be
assessed by comparing the LCA of a building with and a building without (BI)PV and not by including
avoided burdens into the assessment of the building with (BI)PV.

Reasoning for the Step B approach of the ISO standard:

A building exporting locally produced renewable electricity corresponds to a system with two co-
products: the building and an electricity production. Evaluating the part of impacts related to the building
is an allocation problem. The environmental benefit of a renewable production compared to the standard
grid (avoided impacts) can be allocated to the consumer or to the producer. Installing a PV roof requires
more effort (investment, time) than just consuming renewable energy produced by others. The whole
roof is part of the property, and not only the self-consumption % of the PV roof. This is why method B
accounts for this benefit in the environmental value of the property. Also, this benefit is a consequence
of a design decision, so that it is accounted for when comparing a building with and without PV. There
is no double counting of this benefit because if the exported renewable electricity is included in the grid
mix, the benefit of the local renewable production is lower. The LCA results remain consistent if the
scale of the evaluation is expanded at the neighbourhood level: neighbour buildings may consume
exported electricity so that the self-consumption % is larger than modelling each building separately, but
the environmental impact of a building remains the same using method B. The results are also consistent
regarding the environmental payback time of e.g. PV modules.

Reasoning for the approach A of the draft CEN standard:

'® Building Integrated PV
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The reason for attributing all the impacts of the renewable energy producing unit to the building is the
same as for the step B approach from ISO. Namely, that the unit is part of the building (site). Itis a
conscious choice of the building owner/designer to place the energy producing unit (sometimes for
economic reasons), so he or she should know which impact this generates.

Reporting the potential benefits from exported energy in module D (outside of the system boundaries)
is consistent with the recycled content approach at material level (prescribed by ISO 21930 and EN
15804). In both cases potential benefits occurring outside of the system boundaries are reported
separately, as additional information and shall not be summed up with modules A-C results. This
prevents uncertain benefits (e.g. the choice of the grid mix used to model the avoided impact from
exported electricity is prone to discussion and likely to evolve over the life cycle of the building) from
being credited against impacts that occur today (production of the energy producing unit) and from being
accounted twice (in the building LCA and in the LCA of the grid mix of the utility purchasing the exported
electricity).
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4.3 Conclusion

Even if it is sometimes difficult to express recommendations that are relevant in all situations, this document
explains the choices made in different contexts. The following Table 2: Synthesis tabl an overview of the
recommendations, and

Table 3 presents the choices made in different existing tools. To ensure transparency in LCA results, the
assessment method of electricity related emissions must be described by indicating methodological choices

listed in
Table .

Table 2: Synthesis table

Application cases

Type of choice Regulation/ Design tool Facility Research
certification assessment
1_Generic vs provider- . . e
oe . . . generic generic specific
specific electricity mix
2_Geographic scope national national national
3_Production mix vs supply supply mix supply mix supply mix

mix

4_Nature of trade flows

commercial or physical flows, explain the choice

5_Modelling choice for the
supply mix

production-export+import or production+import, explain the choice

6_End uses dependence

universal if same temporal variation in buildings as
national consumption, use-specific recommended
otherwise (e.g. winter peak demand for heating)

7_Time dimension

present, near future or long-term future mix, explain the choice

8_LCA modelling approach

average, short-term marginal or long-term marginal, explain the choice

9_Time granularity

annual or hourly, explain the choice
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Criterion

1 Generic or specific

Table 3: Choices made in different existing tools

Provider specific
FR220

Choices made in the different tools

Generic

CH1, CH2, CHS3, FR1,
FR2, HU1, HU2, SE1,
SE2

. . Regional N et
2 Geographic scope |Continental SE2 CH1, CH2, FR1, FR2, HU1,
HU2, SE1
3 Type of mix Production mix Supply mix
CH1,CH2, CH3, FR1,
FR2, HU1, HU2, SEA1,
SE2
4 Nature of Physical flows Flows based on contracts |Flows based on Guarantee of
trade flows CH2, FR1, FR2, CH3 Origin (GO)
HU1, HU2, SE1, CH1
SE2
5 Modelling choice |(1) Production + (2) Production — exports + |(3) According to national
for the supply mix imports imports electricity declaration
CH2, HU2 FR1, FR2, HU1, SET1, CH1

SE2, CH3

6 End uses Universal mix Use specific mix

dependence CH1,CH2, CH3, FR1

(heating, lighting, FR2, HU1, HU2,

cooling, etc.) SE1, SE2
Present mix Near future mix Long term future mix

7 Time dimension CH1,CH2, CH3, FR1, FR2
HU1. HU2, SEA1 CH3, FR2, HU2, SE1, SE2

. Average mix Marginal mix
: Lfﬁa':r“’de"'"g CH1,CH2, CH3,  |CH3, FR1, FR2, SE2
PP HU1, HU2, SE1

9 Time granularity Annual average mix |Seasonally differentiated |Hourly differentiated mix
CH1,CH2, CH3, mix CH3, FR2, HU2
FR1, HU1, HUZ2, CH3, SE2
SE1

10 Allocation of in
site PV electricity
production

Impacts of self
consumed part only
(A2)

CH2

Gross impacts minus PV
impacts of fed in
electricity (A1)

CH1, CH3

Gross impacts minus grid mix
impacts of fed in electricity (B)
FR1, FR2, HU1, HU2, SE1, SE2

20 If the purpose of the study is to compare different electricity providers or contracts during operation
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Checklist for the documentation of building LCA results

Criterion

Choice made in the LCA method regarding the
assessment of electricity related impacts

1 Generic or specific

Generic [J Provider specific [J Other J

2 Geographic scope

Continental 7 National [J  Regional [ Other [

3 Type of mix

Production mix [ Supply mix [J Other [

4 Nature of trade flows

Physical flows [J Flows based on contracts [
Flows based on Guarantee of Origin (GO) [J Other [J

5 Modelling choice for the supply mix

Production + imports [  Production — exports + imports

0

According to national electricity declaration [ Other [
6 End uses dependence Universal mix [ Use specific mix [] Other [
(heating, lighting, cooling, etc.)
7 Time dimension Present mix [ Near future mix [

Long term future mix [ Other [J
8 LCA modelling approach Average mix [ Marginal mix [ Other [
9 Time granularity Annual average mix [] Seasonally differentiated mix [

Hourly differentiated mix [ Other [

10 Allocation of in site PV electricity
production

Impacts of self-consumed part only [J

Gross impacts minus PV impacts of fed in electricity [
Gross impacts minus grid mix impacts of fed in electricity
0
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In this Annex A the different models used to derive life cycle inventories of electricity mixes, their
assumptions and data sources are described.

The modelling of electricity mix is challenging as there are many options regarding the temporal and spatial
scope (Esser & Sensfuss 2016).

The electricity network is highly interconnected, which makes the modelling of electricity challenging from a
geographical scope. Usually a national scale is considered, but for traded electricity different modelling
approaches are available (Itten et al. 2014; Ménard et al. 1998):

— Model 1: supply mix = domestic electricity production mix. This is the production of different power plants
within a geographical boundary, without electricity trading considered. This can be an acceptable
simplification in countries with a low share of import/export.

— Model 2: supply mix = domestic production + imports. This model does not differentiate between electricity
exported and electricity supplied to the domestic market.

— Model 3: supply mix = domestic production — exports + imports. This model assumes that the exported
electricity is produced by the domestic power plants and the imported electricity is used exclusively for
electricity supply within the importing country. This model does not take into account that the imported
electricity can be re-exported to other countries.

— Model 4: supply mix = domestic production + net imports/exports. This model assumes that simultaneous,
physically measured imports and exports is transit trade. This may deviate from the economic realities.

— Model 5: consumer mix. The electricity mix of the domestic supply is modelled according to the integration
of the electricity declarations of all electric utilities in a country. The declaration includes a differentiation
according to technology and whether or not the electricity is produced domestically or abroad.

Besides the national scale, in some cases a regional or continental scale may also be applied.

The following sections present the options for modelling the temporal scope of electricity mix: present mix
and future scenarios, as well as intra-annual variation between seasons and hours. Finally, modelling
approaches for determining the longterm marginal electricity mix for a consequential LCA are described.

The most common approach applied in LCA is a static approach when an average annual national mix is
used for the entire reference study period. This average mix may be an electricity mix from a specific recent
year or an average of a longer period.

In LCA studies of buildings, typically the supply mix of the country is applied, but there may be differences
between countries in the consideration of import and export flows (see the different models in the previous
section).

Data for the future annual average electricity mix is based on several expected future data points. The
forecasting can both include dynamic data related to the development within the mix and to the expected
technological development.

This approach has been introduced in the national LCA tools for buildings in Denmark, where the forecasting
scenario is based on estimation of the expected development of the energy mix for electricity and district
heating. The forecasting scenario does not include forecasting technology development of boilers etc. The
first dataset was published in 2016 (COWI, 2016) and updated in 2020 (COWI, 2020). The approach includes
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energy composition in five data points and the corresponding expected environmental impacts. The first
version included forecasting from 2015-2050, while the updated version only covers 2020-2040. Table 4
gives an example of the values for one selected impact category (greenhouse gas (GHG) emissions).

Life cycle based greenhouse gas emissions of electricity and district heat in g CO2-eq/kWh and MJ, respectively
for the forecasting scenarios for five data points (year) (COWI 2016, COWI 2020)

2015 2020 2025 2030 2035 2040 2050
Electricity: 2015 352 201 169 31 24
g CO,-equiv./kWh
Electricity: 2020 264 135 47 41 40
g CO,-equiv./kWh
District heating: 2015 52 31 28 20 16
g CO,-equiv./MJ
District heating: 2020 37 24 20 19 19

g CO,-equiv./MJ

A seasonal variation can be generally observed in the composition of the electricity mix, which has been
shown by several researchers. The environmental impacts are typically lower in the summer months than in
the winter months (Roux et al. 2016b). This seasonal variation can be explained by the variation on the
supply side on the one hand, and the variation on the demand side on the other hand.

On the supply side, the output of renewable technologies exhibits high variability depending on weather
conditions. For example, photovoltaic power plants produce more solar energy in summer than in winter and
there is a larger production from run-of-river power plants in spring.

On the demand side, there is also some seasonality, for example space heating induces winter peak demand
in countries with a high penetration of electric heating, while space cooling may result in summer peaks.
Peak demand leads to an increase of production from fossil thermal plants, which can flexibly participate in
load modulation.

A seasonal electricity mix has been developed in some countries, for example in Switzerland, as an average
of winter months (October-March) for winter electricity mix and an average of summer months (April-
September) for summer electricity mix (Frischknecht et al. 1996).

Seasonal variation of the electricity demand, and therefore of the mix, may occur due to heating and cooling
loads according to climatic conditions. Moreover photovoltaic electricity production, higher in summer, may
cover the electricity consumption for heating, higher in winter, on an annual basis. However, the
environmental impacts related to the electricity consumed during the heating season (winter) may differ
substantially from the environmental impacts of PV electricity or, in case a “potentially avoided emissions”
concept is applied, from the emissions of the electricity avoided by feeding PV electricity into the grid.

The variation can also occur according to the day of the week because of a lower consumption in office
buildings during week-ends. Hourly variation corresponds to human activities: for instance the demand is
currently lower late during nighttime. Hourly values of electricity production using different technologies are
provided by Transmission System Operators (organizations managing the grid). The data includes imported
quantities from different countries. Using some assumption regarding imported electricity (e.g. yearly average
production mix corresponding to the exporting country etc.), the mix corresponding to consumed electricity
is therefore estimated for past years.
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Electric system models can be developed (e.g. Kiss et al. 2018; Roux et al. 2017) in order to evaluate hourly
mix values according to energy transition scenarios and climatic data. Energy consumption in buildings is
generally estimated using "typical meteorological years" (TMY), corresponding to a statistical average of e.g.
20 real years. The electricity supply mix corresponding to such TMY can be evaluated on an hourly basis
using an electric system model. Energy transition scenarios may provide installed capacities in future years,
and the corresponding hourly mix can also be evaluated using the same electric system model. Effects of
climate change on e.g. hydroelectric power production can be taken into account.

Introduction

A new construction increases the electricity demand, while renovating a building usually aims at reducing
this demand. In attributional LCA, an average electricity mix is considered when evaluating the corresponding
environmental impacts. In consequential LCA, a marginal mix may be considered instead, in order to account
for the consequences of the studied system (building) on the background system (including electricity
production).

Marginal electricity mixes depend on the time scale and may be defined on a short term for particular time
during a day (e.g. peak loads during cold and hot days, respectively), or during a season (e.g. reduced
electricity consumption during the winter season caused by the replacement of direct heating systems with
heat pumps) and they may be defined on a long term to capture long term changes in electricity demand due
to national energy policy measures (affecting both the demand and energy efficiency in housing, industry,
mobility, etc.).

Furthermore, electricity mixes usable in consequential LCA may be based on 1) economic models, 2) policy
scenarios quantifying the annual average (and seasonal) production of electricity, 3) a “thinking model”.

1) Marginal electricity mix based on techno-economic models

If the electricity demand is reduced thanks to retrofit measures in a building with electric heating, the most
expensive electricity production may likely be avoided which does not necessarily correspond to average
impacts. For instance, in France during the winter peak electricity demand, thermal power plant production
will be avoided rather than cheaper production like hydro-power. In such case, the reduced greenhouse
gases emissions correspond to these thermal plant emissions and not to average emissions. Marginal
processes can also be considered when evaluating additional impacts related to an increase of consumption
(new building), or when evaluating potentially avoided impacts corresponding to onsite renewable electricity
production exported into the grid, if applying an avoided burden approach (see Chapter XXX on exported
electricity).

The marginal technology is among the technologies on the market capable of responding to changes in
demand (Mathiesen et al. 2009). Long term changes (e.g. large scale change leading to change infrastructure
and installed capacities) or short term changes (leading to adapt the production without changing the
infrastructure) could be considered.

Existing methods regarding the use of marginal electricity production in consequential LCA have been
reviewed, eg in Menten et al. (2015). The short-term marginal mix depends on installed capacities, electricity
market, resources and possible downtime or maintenance activities (Lund et al. 2010). Two terms are
considered in the Greenhouse Gases Protocol (WBCSD & WRI 2007): one corresponds to modified
infrastructure (long term) and one to modified production (short term). A building has a limited influence on
the whole electric system and infrastructure, so that only the term corresponding to a change in production
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is generally considered when the aim of the LCA study is to help in the design of a single building (Roux et
al. 2016a). But if LCA is used on a large scale, e.g. in the frame of a regulation, the whole building sector will
be influenced so that long term effects have to be considered (Roux et al 2016a).

The different production techniques are ranked using a "merit order". Technologies that cannot be adjusted
according to the demand (e.g. wind or PV, that depend on the weather) are at the bottom of this ranking.
Adjustable technologies with the lowest constraints and the highest cost are at the top. The Greenhouse
Gases Protocol suggests as default value a marginal mix corresponding to the 10% top ranked productions.

A more conceptual/theoretical way based upon physics is to evaluate the mix with and without the studied
building, using a model representing the electric system as presented in the previous paragraph.

Like in the previous paragraph, a marginal electricity mix can be defined for past years (historical mix) or for
a long term period using energy transition scenarios.

2) Marginal electricity mix based on policy scenarios

Countries like Switzerland established long term energy and electricity strategies to step out of nuclear power
and engage in renewable energies. Usually these strategies include different scenarios of possible
developments, including a business as usual scenario and scenarios of different ambition levels (Prognos
2012). The scenarios cover both supply and demand and include assumptions on the development of
consumption, technology and shares of technologies. In the energy sector the energy efficiency of buildings,
the portfolio of heating systems (e.g. share and volume of electric heat pumps installed), and the development
of individual mobility (e.g. number of cars, average annual distances travelled) as well as the development
and the shift in technologies (e.g. fuel efficiency, share of electric and hydrogen cars) are important aspects
which determine the future demand in fuels and in electricity.

Assessing the environmental impacts of electricity consuming products such as buildings or private cars
which do not meet the energy efficiency assumptions assumed in the more ambitious energy scenarios call
for a longterm consequential electricity mix.

Such a consequential electricity mix is defined as the difference of the absolute production volumes in a
given year in the future (e.g. 2050) in the business as usual scenario and in the new energy policy scenarios
(see example in Annex B Switzerland). It indicates the production volumes per power plant technology which
would be needed in case the energy efficiency targets are missed. And the energy efficiency targets are most
likely missed with products (for instance buildings and private cars), which do not meet the individual energy
efficiency requirements of the new energy policy scenarios.

3) Marginal electricity mix based on a thinking model for Europe

This approach applies the following thinking model: The amount of electricity based on renewable energies
is limited. If electricity is used economically, utilities may be able to shut down (and dismantle) power plants
which run on fossil or fissile fuels, i.e. lignite, hard coal, fuel oil, natural gas and nuclear power plants.
Because this opportunity is available as from today, the use of the present (for instance European) non-
renewable residual electricity mix is recommended (see example in Annex B, Switzerland).

The current electricity market distinguishes between the physical electricity and the quality of the electricity
(described by guarantees of origin), which are traded separately (see Figure 9). As a consequence, the
certified quality of the electricity purchased and consumed by a country or a building may significantly deviate
from the physical electricity mix purchased and consumed. This deviation occurs when the electricity qualities
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(GOs) are purchased independently of the physical amounts, the latter being purchased on a spot market
with no information about their provenience.
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: System of guarantees of origin and certificates explained in an Australian context;
Source: https://www.choice.com.au

Electric utilities have to balance their guarantees of origin with the electricity supplied on a yearly basis.
Temporal variations within days, weeks and seasons are not reported and thus disregarded in the electricity
mix based on guarantees of origin. An electricity mix based on GOs is thus an attributional annual average
electricity mix. In this report annual average electricity mixes based on GOs are listed and treated separately
due to their particularities described above.

The Swiss supply mix used for instance in life cycle assessments of buildings according to the technical
bulletin SIA 2040 SIA energy efficiency path (SIA 2017) is based on the accounting of GOs. The life cycle
inventories of the Swiss supply mix in 2014 were compiled by Messmer and Frischknecht (2016) using the
“Cockpit Stromkennzeichnung” published by Swissgrid (2016). This is an aggregation of the reported
electricity certificates of all electric utilities in Switzerland. The Swiss supply mix contains a relevant share of
non-verifiable electricity not covered by GOs.?' The technological composition of non-verifiable electricity
needs to be suitably approximated in the life cycle inventory. The European residual mixes published by the
Association of Issuing Bodies (AIB 2015) account for the non-cancelled GOs in the European electricity
market. This so-called European attribute mix (EAM) was used to model the share of non-verifiable electricity
in the Swiss supply mix 2014 (Messmer & Frischknecht 2016).

The “Cockpit Stromkennzeichnung” does not distinguish whether or not the quality of electricity was
purchased from the same source like the physical amount of electricity. Hence, the electricity mix based on
the purchases of the physical amounts of electricity and its supply to Swiss consumers may differ from the
one reported in the “Cockpit Stromkennzeichnung”. Several utilities, such as EKZ offer electricity products
including significant shares of European hydroelectric power. It is likely that these utilities purchase power
from e.g. Axpo with significant shares of nuclear power, and add GOs from Norwegian hydroelectric power
plants to create electricity products which appear to be 100 % renewable.

The KBOB guidelines for life cycle assessment of building products (KBOB et al. 2015) include rules on how
to deal with GOs. Companies which may choose their electricity supplier must purchase the physical amounts
and the quality of electricity from the same power plants (congruency). Otherwise they shall establish the

2 The declaration of non-verifiable electricity on the electricity labelling is no more allowed since 1 January 2018 (UVEK
2017).
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environmental profile of the mix of the physical electricity purchase and may report on the environmental
benefits due to the purchase of GOs of renewable electricity as an improvement measure.

Norway is issuing Guarantees of Origin (GOs) for electricity. On average Norway is a net exporter of
electricity, Norwegian power suppliers that do not purchase GOs for their sold electricity, must refer to NVEs
(The Norwegian Energy Regulatory Authority) national electricity disclosure when communicating the
production sources. NVEs base their calculations for the disclosure on the best practice recommendations
from the European RE-DISS project (2020), and is based on European trade of GOs and the European
Attribute Mix (EAM)/European residual mix for Norway, undertaken by Association of Issuing Bodies (AIB
2016, 2017, 2018 and 2019). Table 6 shows the relationship between Production, Exchange, Consumption
and GOs in Norway for 2015 to 2018 (NVE 2016, 2017, 2018 and 2019).

Disclosure of Norwegian electricety 2015 to 2018 (NVE 2016, 2017, 2018 and 2019).

. .| Disclosure
Year Consumption Norwegian Production (TWh) GO Norway (TWh) EAM production (TWh) Norwegllan Norwegian
(Twh) Production

Power

Th | Fossil GO G R ble Nucl Fossil EAM
Hydro Wind Aerma 0ssi Total A S 0S enewable Nuclear ossi & CO2/kWh |g CO2/kwh

Biofuel = Thermal issued redeemed Power Power Thermal total
2015 130,4 139,0 2,5 0,2 31 145,0 134,7 19,4 3,9 34,2 59,6 97,7 17,0 509
2016 133,1 144,0 2,1 0,2 3,2 149,5 136,0 21,0 3,7 23,8 68,9 112,0 16,0 530
2017 134,1 143,0 2,1 0,2 3,2 149,3 109,0 25,0 7,6 29,4 59,2 108,7 16,4 531
2018| 136,7 139,5 3,9 0,2 33 146,8 140,9 19,7 2,6 39,1 64,1 105,7 18,9 520

And here is the foundation for a controversy since Norwegians households pays for electricity based on the
floating price on the European electricity market, and only 20% buys GOs. Due to the bottlenecks in the
import/export to Norway, the Norwegian electricity prices is on average lower than the European prices.
Thus, most Norwegians regard their electricity to be (mostly) hydropower with a very low carbon footprint,
whereas the disclosure shows a significantly higher carbon footprint (a factor of 25!), because more than
85 % of the GOs are exported.
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This Annex is structured according to the list of mixes in Annex A and within each of the mixes according to
countries/organisations. It describes the actual composition of the different mixes as applied/modelled in the

different countries reporting.

Denmark

The LCA data for Danish electricity supply and district heating for use in LCAbyg was developed by Cowi
consulting in 2016 (COWI 2016). Table 6 shows the electricity mix for the dataset representing year 2015.
Based on this data environmental impact categories are calculated.

Electricity mix in percentages (%) in Danish electricity production for LCA dataset representing year 2015
(COWI 2016).
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France

In the E+C- label, the electricity mix is not indicated but environmental indicators are provided for various
uses of electricity: heating, cooling, domestic hot water, lighting and other uses, for housing and tertiary

buildings.

In the EQUER design tool, the user can input a present constant electricity mix for heating and for other uses,
or choose a variable mix (see below). The annual average mix in 2018 is 71.7% nuclear plants, 12.4% hydro-
electricity, 7.2% gas and coal thermal plants, 5.1% wind, 1.9% PV and 1.8% bioenergies.

Hungary

In Hungary, nuclear power, fossil fuels and import dominate the electricity mix, with shares of 34%, 26% and
34%, respectively, in 2018 in the supply mix (MAVIR 2019). Renewables account only for 4% and 2% come
from other sources. The life cycle based non-renewable cumulative energy demand was 12.1 MJ-eq/kWh
and GHG emissions were 486 g CO2-eq/kWh (Kiss et al. 2019) in 2018. With these values, Hungary is slightly
above the average of the UCTE countries.

As there is no standard national assessment data, LCA practitioners/ researchers generally use data
available in generic databases for the electricity mix. In studies by different researchers, different electricity
mix, in some cases older datasets are applied, depending on the database available to the researcher.
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: Life cycle environmental impact of the Hungarian average annual electricity mix 2018, reference unit: 1 kWh
electricity supplied to the low voltage customers (Kiss et al. 2019)

Indicator Unit Supply mix
Cumulative energy demand, MJ-eq/ kWh 121
non renewable
Climate change — GHG emissions (GWP g CO2-eq/kWh 485.8
100)
ReCiPe-Endpoint (2016), total 1000 Points/ kWh 50.5
Switzerland

The Swiss average annual electricity mixes were last updated in 2020 and cover the year 2018 (Krebs &
Frischknecht 2020). In Switzerland five different annual average mixes are distinguished: the production mix
(electricity produced with power plants located in Switzerland), the suppliers mix (electricity delivered to
customers in Switzerland), the average electricity product based on renewable energies, the consumer mix
(suppliers mix minus electricity products from renewable energies) as well as the production mix including
commercial trade.

In Switzerland, electricity is mainly produced with hydroelectric power plants (56.0 %), nuclear power plants
(37.6 %) and from wastes (1.9 %). The Swiss suppliers’ electricity mix is distinctly different from the
production mix. The share of hydroelectric power plants (56.0 %) is the same but the share of nuclear power
plants (18.4 %) is distinctly lower in the suppliers mix compared to the production mix. This is due to
substantial GO imports (29.3 %) from renewable (17.7 %), non-renewable (1.6 %) and non-verifiable?
(6.7 %) power plants.

The average Swiss electricity product based on renewable energies is composed of 94.4 % hydroelectric
power, 2.7 % domestic PV electricity, 1.8 % domestic and foreign wind power and electricity from further
renewable sources (about 1.0 %). The Swiss average annual consumer mix contains less hydroelectric
power (39.8 %), because a substantial share of Swiss hydroelectric power is sold separately with dedicated
electricity products. The shares in nuclear power (26.1 %) and of imports (36.4 %) in the consumer mix are
significantly higher than in the suppliers mix.

Table 8 shows the environmental impacts of the four different Swiss average annual electricity mixes 2018.

Environmental impacts of the Swiss average annual electricity mixes 2018, reference unit: 1 kWh electricity
supplied to the low voltage customers (Krebs & Frischknecht 2020)

Electricity Production
Production [Supply mix product Consumer lus
Indicator Unit . PPl based on X P .
mix GO mix GO commercial
renewable
. trade
energies
Greenhouse gas emissions g CO,-eq/kWh 29.6 54.7 15.7 71.0 128.0
Cumulative energy demand, non renewable kWh oil-eq/kWh 1.65 1.08 0.04 1.51 2.08
Cumulative energy demand, renewable kWh oill-eq/kWh 0.70 0.91 1.17 0.81 0.59
Environmental impacts (ecological scarcity 2013) UBP/kWh 208 165 48 215 324

The greenhouse gas emissions of the average Swiss electricity product based on renewable energies and
the Swiss production mix amount to 15.7 g CO2-eq/kWh and 29.6 g CO2-eq/kWh, respectively. The
greenhouse gas emissions of the average suppliers and consumer mixes based on GO are substantially
higher (54.7 g CO2-eq/kWh and 71.0 g CO2-eq/kWh). The significant increase compared to the production
mix is mainly caused by the import of electricity from non-verifiable sources and, to a minor extent from known
fossil-thermal power plants. The Swiss annual electricity mix 2018 based on production plus commercial

2 The non-verifiable power plants are modelled with the Swiss Residual mix 2018.
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trade emits 128 g CO2-eq/kWh, thus more than double the amount emitted by the Swiss supply mix 2018
based on GO.

The cumulative energy demand, non-renewable of the production, the suppliers, and the consumer electricity
mix amounts to 1.65, 1.08 und 1.51 kWh oil-eq/kWh, respectively. The cumulative energy demand, non-
renewable of the Swiss annual mix 2018 based on production and commercial trade is much higher with
2.08 kWh oil-eq/kWh whereas the CED non renewable of the average Swiss electricity product based on
renewable energies is much lower with 0.04 MJ oil-eq/kWh. Nuclear power and electricity imports from
unknown sources are the main drivers of the cumulative energy demand of Swiss electricity.

The environmental impacts of the average Swiss electricity product based on renewable energies quantified
with the Swiss eco-factors 2013 of the ecological scarcity method amount to 48 eco-points/kWh and are
much lower than the environmental impacts of the other mixes. The environmental impacts of the production,
the suppliers, the consumer and the annual mix based on production and commercial trade are at 208, 165,
215 and 324 eco-points /kWh, respectively. The specific environmental impacts of electricity from
hydroelectric and other renewable power plants are low. Nuclear power plants and imports from non-
verifiable power plants as well as the electricity grid cause the main share of environmental impacts.

Most life cycle assessment studies, including the building sector, apply the consumer mix based on GO to
model the electricity demand during operation of buildings located in Switzerland and in manufacturing
construction materials produced in Switzerland. In 2021 the consumer mix will be represented by the annual
mix based on production and commercial trade.

Sweden

The most commonly used emission factor for the Swedish annual average electricity mix is based on the
work of the EU Joint Research Center (JRC) (Moro & Lonza, 2018). This represents the Swedish production
mix, subtracting exports and adding imports and including grid losses. The calculation is based on data from
IEA, ENTSO-E and Eurostat (European Network of Transmission System Operators, 2020; Eurostat, 2020;
International Energy Agency, 2015). As of the beginning of 2020, the commonly used value is still based on
the JRC calculation mentioned above, which relies on data for the year 2013. However, an updated value for
the year 2018 is used for the development of the NollICO: certification. The value for 2013 is 47 gCO2e/kWh
for the supply mix (considering production, imports, exports and losses) and 25 gCO2e/kWh for the production
mix (considering only production and losses; this value is not commonly used). The updated value for 2018
for the supply mix is 22 gCO2e/kWh (the difference is explained primarily by the fact that Sweden imported
more electricity from Norway in 2018, and the Norwegian electricity mix has a comparatively low emission
factor).

It should be noted that some other Swedish studies (e.g. Erlandsson, Sandberg, Berggren, Francart, &
Adolfsson, 2018), as well as the Tidstegen tool for consequential assessments of energy solutions (Gode et
al., 2015), use a Nordic electricity mix rather than a Swedish mix. The Nordic scope is also used within the
Fossil Free Sweden initiative to develop a method for voluntary assessments of greenhouse gas emissions
within the construction and infrastructure sector (although the development of this method is at an early
stage)?®. The Nordic scope represents the supply of electricity on the common market Nordpool. However,
the Swedish Energy Agency now recommends the use of a national electricity mix, in accordance with
practices in other European countries.

Norway

There is no average emission factor for the electricity in Norway. But the disclosure of electricity for Norway
gives two emission factors, depending on whether the consumer has purchased a GO or not. For 2019 the
emission factor for electricity was 18,9 g CO2eq/kWh with GO and 529 g CO2eq/kWh without GO. In the
Norwegian standard NS3720:2018 (,Method for greenhouse gas calculations for buildings“) requires the use

3 http://fossilfritt-sverige.se/fardplaner-for-fossilfri-konkurrenskraft/fardplaner-for-fossilfri-konkurrenskraft-byggbranschen/
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of the future Norwegian production mix (2050, 18 g CO2/kWh) or a future European electricity mix (2050,
136 g CO2/kWh).

Denmark

The LCA data for Danish electricity supply and district heating for use in LCAbyg was developed by Cowi
consulting in 2016 (COWI 2016). Table 10 shows the electricity mix for the dataset representing the
forecasting scenario for year 2015-2050. Based on this data environmental impact categories are calculated.
The table shows an example for GHG emissions but other environmental impact categories are calculated

as well.

Data for year 2015, 2020 and 2025 are from "Denmark's Climate and Energy Projection 2014". For year 2035
and 2050, data is calculated on the basis of "Energy scenarios against 2035 and 2050" as an average
between the so-called wind scenario and the so-called biomass scenario.

CHP and condensation reflect different operating patterns. During condensation operation, only electricity
(with a relatively high efficiency) is produced. In cogeneration operations, both electricity and district heating
are produced (where the electricity efficiency is slightly lower, while, on the other hand, one uses more of the
fuel by simultaneously producing district heating).

Allocation of potential environmental impacts between electricity and district heating is included in the data
submitted by the Danish Energy Agency before the initiation of the emission factors. This allocation is

expressed via the efficiencies.

Generally, the inventory is based on the technologies used today. Therefore, it is assumed that a potential
production expansion could be carried out with the existing production equipment or similar equipment. In
addition, the efficiencies for the individual types of plants do not change over time from 2015 to 2050
according to data from the Danish Energy Agency (COWI 2016).

Electricity mix in percentages (%) in Danish electricity production for LCA dataset representing year 2015 (COWI
2016). Greenhouse gas emissions in g COz-equivalents in parenthesis.
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2050 (24) 0 9 0 0 1 0 5 3 0 1 2 76 3

France

In the EQUER design tool, the user can input a constant future electricity mix for heating and for other uses,
or choose a variable mix (see below). Scenarios for a future mix have been elaborated by various
organisations, e.g. the French Transmission System Operator (RTE) and the Agency for energy management
and environment (ADEME).

Hungary

In the South East Europe Electricity Roadmap (Szabd et al. 2017) project three different scenarios were
established for the development of the Hungarian electricity mix until 2050. In the “No target” scenario, no
long-term goal is set for carbon-dioxide emission reduction. In the “Decarbon” scenario an emission reduction
target of 94% is set for 2050 compared to the 1990 emission levels in line with the goals of the European
Union. In the “Delayed” scenario, policy makers react to the European goals but with less intensity in the first
years and a significant increase in renewables from 2035.

The forecast for the electricity mix was developed by the interaction of the European Electricity Market Model
(EEMM) of the Regional Centre for Energy Policy Research (REKK), and the Green-X model, developed by
the Energy Economics Group of the Vienna University of Technology. Based on this forecast, an
environmental assessment has been carried out (Kiss et al. 2019).

All scenarios achieve a reduction in the environmental impact of electricity supply, but there are significant
differences between the different scenarios. Depending on the scenario, the GHG emissions are expected
to decrease to 340 or 42 g/kWh in the No target and the Delayed scenario, respectively. All the three
scenarios included nuclear-based generation based on the latest available information on the
decommissioning and commissioning date of “Paks 1” (existing) and “Paks 2” (planned) nuclear power
plants. The two power plants (or at least some of their blocks) will operate in parallel between 2030 and 2036.
The nuclear share is around 35% in all long-term scenarios, except in the years of parallel operation.

Life cycle environmental impact of 1 kWh supplied electricity, low voltage for three different future scenarios
for 2050 (Kiss et al. 2019)

No target Decarbon Delayed
Indicator Unit scenario scenario scenario
MJ-eq/ kWh
Cumulative energy demand, 11.1 7.7 7.5
non renewable
g COz-
Climate change — GHG eq/kWh 340.8 63.7 421
emissions (GWP 100)
1000 Points/
ReCiPe-Endpoint, total (2016) | kWh 34.8 8.15 6.1

Switzerland

The future average annual electricity mix of Switzerland is based on the energy strategy 2050 scenarios of
the Swiss Government (Prognos 2012). The LCA of these electricity mixes is published in Wyss et al. (2013).

In 2011 the exit from nuclear power was declared. In regard for a sustainable and ‘green’ future, Switzerland
outlined different options for prospective energy strategies and securitiy of energy supply. In this context the
Swiss Federation elaborated the Energy Strategy 2050, in which three different scenarios for possible future
energy situations were designed. The scenarios are ‘business as usual’ (WWB), ‘new energy policies’ (NEP)
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and ‘political measures’ (POM). The scenarios differ in energy policies, electricity demand, production
volumes and the technological mix for achieving security of energy supply.

This study analyzes environmental impacts of three electricity mixes in 2050, according to the scenarios. The
analysis is conducted for the year 2050 and for Switzerland. The functional unit of this study is 1 MJ of
electricity consumed in Switzerland (low voltage). The environmental impact categories greenhouse gas
emissions (based on GWP 100), ‘cumulative energy demand’ (CED) and ecological scarcity 2006 were
assessed.

The electricity production was modelled with present technologies. However the shares per production
technology comply with the year 2050 (in accordance with the scenarios from the Energy Strategy 2050).
Two data-sets are generated: one regards only domestic production and one includes electricity trade
according to present trade volumes. Electricity import and trade is modeled based on scenario information
about the European electricity mix in 2050. For the three scenarios WWB, NEP and POM dedicated and
consistent European mixes were chosen. Within the scenarios NEP and POM, European coal and natural
gas fired power plants are equipped with carbon capture and storage (CCS). Table 11 shows a comparison
of all three scenarios and the indicators analyzed for the electricity mixes in 2050 as well as the environmental
impacts of the present electricity mix in Switzerland and Europe. Figure 10 to Figure 12 show a graphical
comparison of the environmental impacts of the electricity mixes with and without trade.

Summary of the life cycle based cumulative environmental impacts of electricity mixes according to the
scenarios in the Energy Strategy 2050, per MJ electricity, low voltage

»
o c
2 =]
] g E’ = g
s = = 3 2 - @ £ >
o © @ o [ = o o =
b o o 2 P 8 S
> >0 O - - > > [} « s
2 235 3 >0 >0 o > 2 o 4]
[ O ® £ ® s 2 3 ) ) x Q 7]
S S 23T ¢ g © c € w o 2 =
o ® o c S = S = o ° 3 © ° i1
ol 2505 > & > & ol it = c < k=)
g E 5y & 2 s @ o g 2 2 s <)
E Eggo EL EE E E7% S o 9
a g2 g2 g 2 o a3 o S i
MJ
oil- MJ oil- MJ oil MJ oil- MJ oil- MJoil- gCO,- gCO,  eco-pt/
eg/M eg/MJ eq/MJ eq/MJ eqg/MJ eg/MJ eqg/MJ eg/MJ MJ
Electricity mix J
WWB, option C 1.67 0.96 0.94 0.02 0.72 0.00 54.2 59.2 39.5
NEP, option C+E 1.38 0.28 0.26 0.02 1.09 0.00 17.0 21.2 26.6
POM, option E 1.40 0.29 0.23 0.06 1.11 0.00 12.8 16.9 26.8
WWB incl. trade,
. 2.20 1.61 1.28 0.32 0.59 0.00 86.9 93.7 76.9
option C
NEP incl. trade,
. 1.58 0.41 0.39 0.02 1.18 0.00 23.4 27.5 32.7
option C+E
POM, incl. trade,
) 1.92 1.06 0.69 0.38 0.86 0.00 16.8 21.8 451
option E
CH-Production mix’ 2.41 1.76 0.102 1.652 0.652 - 0.0072 8.3 75.7
CH-Supply mix’ 3.05 2.63 0.512 2.132 0422 0.022 0.0382 413 125
UCTE-Mix! 3.54 3.32 2.012 1.322 0.222 - 0.1562 165.0 177

! data from the KBOB recommendation 2009/1, July 2012 (KBOB et al. 2012)
2 data from Frischknecht & Itten (2011)
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The electricity mix of the scenario NEP has the lowest environmental impacts regarding CED and ecological
scarcity. Within the NEP scenario a strict policy for renewable energy is proclaimed. Hence the electricity mix
of the NEP scenario has the highest share of renewable energy sources and only little fossil fuels. As there
is no import, there is no electricity from european nuclear or coal power. The electricity mix of the POM
scenario has a slightly lower share of renewable energy sources compared with the electricity mix of the NEP
scenario. It contains hardly any fossil fuel based electricity. Furthermore about 9 % of the electricity is
imported. European fossil fuel based power plants in the electricity mix imported are equipped with CCS-
technologies. In consequence the electricity mix of the scenario POM causes slightly lower greenhouse gas
emissions compared to the electricity mix of the NEP scenario.

The use of fossil fuels has a large impact on the indicators GHG emissions and CED. Hence the electricity
mix of the scenario WWB, which has no particular emphasis on renewable electricity, causes higher
environmental impacts (all indicators) than the electricity mix of the NEP or POM scenarios.

WWB
WWSB incl. trade I
NEP L
NEP incl. trade |
POM |
POM incl. trade |

0 20 40 60 80 100

Greenhouse gas emissions [g CO,-eq/MJ]

W Hydro power W Hydro power, pumped storage
B Photovoltaics B Renewables and waste
B Fossil power Nuclear power

Trade

Figure 10: Greenhouse gas emissions of the electricity mixes, with and without trade

WWB
WWSB incl. trade
NEP

NEP incl. trade |

POM

POM incl. trade | | |
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Environmental impact [eco-pt/M)J]

W Hydro power B Hydro power, pumped storage
B Photovoltaics B Renewables and Waste
M Fossil power Import

trade

Figure 11: Environmental impacts of of the electricity mixes, with and without trade, ecological scarcity method 2006
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Cumulative energy demand of the electricity mixes, with and without trade

The environmental impacts of the aspired electricity mixes in the year 2050 are clearly lower than those in
Switzerland in 2009 (production mix as well as supply mix). However the current production mix causes lower
greenhouse gas emissions than any of the three future electricity mixes, due to todays share of domestic
electricity production from hydroelectric and nuclear power. At the same time, nuclear power is the main
reason for the high environmental impacts of the current electricity mixes. The ENTSO-E electricity mix
causes the highest amount of greenhouse gas emissions and the largest environmental impacts. The share
of non renewable energy sources in the year 2050 decreases about 45 to 84 % (depending on the scenario)
compared to the present Swiss production mix.

The environmental impacts with electricity trade are larger than without trade. This is especially true for the
electricity mix of the scenario WWB, which has a large share of fossil fueled electricity produced without
CCS-technologies. It is noticeable, that POM electricity has the lower global warming potential than NEP
electricity (both including trade). This results from the lower share of fossil fueled domestic electricity
production and the high share of imported electricity, which includes fossil fueled electricity produced with
CCS-technologies. These come with low CO2-emissions.

Sweden

It is not yet common to include future scenarios for the energy mix in building LCAs in Sweden, but several
recent initiatives are taking up this issue. First, a recent report includes a model to assess future greenhouse
gas emissions from the Swedish building sector, including a future scenario for the energy supply
(Erlandsson, 2019). This scenario is based on long-term forecasts from the Swedish Energy Agency
(Swedish Energy Agency, 2019). It leads to an emission factor for Swedish electricity of 36 gCO2e/kWh in
2035 and 22 gCO2e/kWh in 2050. Second, assessments in the upcoming NollCO: certification system use a
future emission factor based on forecasts from the European Union until 2050. Electricity production in
Sweden and the rest of Europe is assumed to be carbon-neutral in 2050, in accordance with long-term
strategies from Sweden and the EU. The emission factor of electricity is assumed to decrease linearly
between 2020 and 2050, reaching 0 in 2050. Since these forecasts lead to decreasing emission factors for
electricity, one of the consequences is that environmental benefits from exported PV power decrease over
time (since NollCO2 relies on an avoided burden approach taking into account potentially avoided emissions
from locally produced electricity exported to the grid). Third, the Tidstegen (time step) tool for consequential
assessments of energy measures considers three future scenarios for the Nordic electricity mix, up to 2040.
The scenarios differ notably regarding assumptions about the cost of carbon emissions in the future. A linear
programming model is used to asses the consequences of a change in demand on different production
technologies, depending on the year, the season and the time of day when this change happens. The
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Tidstegen tool calculates a marginal electricity mix including both short term and long term effects, for each
of these time steps (Gode et al., 2015).

A previous work had also been carried out to develop hourly average and marginal future mixes for the Nordic
electricity market, based on a scenario from the International Energy Agency (Erlandsson et al., 2018;
International Energy Agency, 2016). However, results from this work are usually not used in other
assessments. A number of other future scenarios have been developed in Sweden, including backcasting
scenarios (i.e. scenarios where a specific goal is fulfilled), e.g. Four Futures (Swedish Energy Agency, 2016)
and Beyond GDP Growth (Gunnarsson-Ostling et al., 2017). Such scenarios represent developments of the
energy system that are possible, but not necessarily likely. Therefore, they are usually not used in LCA.

Norway

The Norwegian Standard on LCA of buildings (NS3720:2018) has two scenarios for future electricity mix;

— Scenario 1 — NO, which gives an average CO:2 emission factor for Norwegian el. production from 2015 to
2075 of 18 g CO2.¢/kWh.This value calculation is based on the median values from Turconi et.al (2013).

— Scenario 2 — EU28+NO, which gives an average CO: emission factor for European el. production from
2015 to 2075 of 136 g CO2eq/kWh. This value is calculated on basis of values from Eurostat, the EU
Roadmap 2050 and Turconi et.al (2013).

The EU value does correspond to the COz2 factor used by the Research Centre on Zero-Emission Buildings

(ZEB), in the LCA for the validation of the “Zero-emission”. The ZEB framework uses a CO2-factor of 132 g

CO2eq/kWh, which is a modelled average CO:z-factor from Europe production between 2010 and 2050

(Graabak et al 2014).

However, the values for the future Norwegian production mix is much lower than the disclosure of the
Norwegian electricity consumption. So in order to use Scenario 1, users has to purchase a Garantie of origien
for the electricety.

Denmark

No dataset available.

France

Seasonal average is not used in France, but the constant mixes defined according to the use (heating, cooling
etc.) in E+C- correspond to a similar concept. The average mix is evaluated according to a consumption
profile of a building type (housing or tertiary) and an electricity use (heating, hot water, lighting etc.).

Hungary

Analysis of the current electricity supply shows that the seasonal variation of the supply is very small. The
difference between the environmental impact of electricity in the heating and the non-heating seasons is
negligible. This is explained by the fact that the share of renewables, which have a seasonal variation, is very
small in the Hungarian supply mix.

Some difference can be observed between the environmental impact in different months, mostly due to a
slight variation in the relative contribution of nuclear power plants and a slight increase in renewables in the
summer. In the future electricity mix with more renewables, the difference between months is expected to
grow (Kiss et al 2020).
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Figure 13: Average environmental impact of the electricity mix in each month for year 2018 compared to the year
average, “Decarbon” scenario, ReCiPe Endpoint total indicator (Kiss et al. 2019)

Switzerland

No dataset available yet.

Sweden

The seasonal variability of the energy supply is usually not taken into account in Swedish LCAs. The
Tidstegen (time step) method tackled this issue for consequential LCAs of building energy solutions (Gode
et al.,, 2015). The Tidstegen method has not seen much application in Sweden, but has recently been
published as a free software tool, which might increase its adoption (Gode, Nilsson, Ottosson, & Sidvall,
2019).

The general assumption in Tidstegen is that time resolution does not matter in the short term, i.e. a change
in energy demand in a building will have the same impact in the coming 5-15 years regardless of whether it
happens in winter or summer, during peaks or off-peak. The main justification for this assumption is the large
share of hydropower on the Nordic grid, which can regulate seasonal and hourly changes in demand. Since
the yearly output of hydropower is limited, an increase in demand will result in an overall increase in
importation of electricity produced with fossil fuels in Denmark or Germany, regardless of the season or time
of day when this increase in demand happens.

However, in the long term, time resolution matters, and the marginal mix depends on how supply and demand
will evolve in the future. A change in electricity demand will have different short- and long-term consequences,
depending on the year, season and time of day (daytime or nighttime) when it happens. Three future
scenarios are used. A different marginal mix taking into account short- and long term effects (and a
corresponding emission factor) is calculated for each time step and each scenario. A measure is assumed
to have positive (resp. negative) environmental effects if its effects are positive (resp. negative) in most
scenarios.

Seasonal aspects are even more significant when assessing the impact of heating (in Sweden, district

heating is the prominent solution). Gode et al. (2015) then use dynamic emission factors for heating
depending on outside temperature.
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Denmark

No dataset available.

France

Hourly values of electricity production using different technologies are provided by the French Transmission
System Operators (RTE). The data includes imported quantities from different countries. Using some
assumption regarding imported electricity (e.g. yearly average production mix corresponding to the exporting
country), the mix corresponding to consumed electricity has been estimated for past years. The quantity of
imported electricity was 5.5% of the consumption in 2018.

An electric system model has been developed (Roux et al. 2017) in order to evaluate hourly mix values
according to energy transition scenarios and climatic data. This model has been linked to the Building LCA
tool EQUER. Energy consumption in buildings is generally estimated using "typical meteorological years"
(TMY), corresponding to a statistical average of e.g. 20 real years. The electricity supply mix corresponding
to such TMY is evaluated on an hourly basis using the electric system model. Energy transition scenarios
may provide installed capacities in future years, and the corresponding hourly mix can also be evaluated
using the same electric system model. Effects of climate change on e.g. hydroelectric production can be
taken into account.

This model has been complemented in order to integrate short term and long term temporal variation (Frapin
et al., 2021) by connecting three models addressing: market allocation on a national scale over a long term
period, short term variation (i.e. seasonal, daily and hourly) of the electricity mix also on a national scale, and
building energy simulation at the scale of one building. The short term variation model has been updated
using more recent data from the French TSO.

The bottom-up linear optimization model computes a least cost pathway for the electricity system subject to
the satisfaction of specified service demands and user specified constraints, accounting for the interaction
with the gas supply system. This allows for systemic description of gas-to-power and power-to-gas
interactions. It also includes a new description of flexibility options on the demand-side which influence the
penetration of renewables and the shape of the load. This optimisation process provides electricity production
mix scenarios according to 4 main parameters regarding: the ambition level of the environmental policy (from
30 €/tCO2 carbon penalty to carbon neutrality), technology acceptance (with or without carbon capture and
storage, nuclear plants), acceptance of demand control technologies by end-users, and cost reduction
scenario of solar and wind technologies. 50 energy transition scenarios have been developed by combining
these 4 parameters.

Three LCA methods were used. The average approach, associated to attributional LCA evaluates an average
electricity mix for each hour of the reference year, which is then linked to technologies life-cycle impacts per
kWh. Associated to consequential LCA, two marginal approaches were compared. The first one evaluates a
marginal electricity production using the electricity mix model to simulate an additional electricity demand
evaluated for the studied project using the building energy simulation model. The second one uses the GHG
Protocol procedure (GHG protocol, 2007) from a reference electricity production, ranking the technologies
by merit-order and choosing a 10% operational margin. The first one is more accurate but also time-
consuming; the second one is fast, more flexible (adaptable to electricity mix results from other models or
scenarios) but less specific to a given project.

This methodology has been applied to a case study including a sample of buildings in the French context,

but it can be used in other countries. Six buildings have been studied over 100 years considering the 50
energy transition scenarios mentioned above. Results show that the environmental impacts vary more
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depending on the scenarios than on building types. They depend on the use: for instance CO2 emissions are
higher for heating due to a larger use of thermal plants during winter peak demand periods, whereas avoided
impacts considered for exported PV production mostly correspond to low demand periods in summer, during
which low carbon electricity production capacities are available. Marginal mixes considered in consequential
LCA are mainly composed of coal, gas, nuclear and peak technology production which explains the highest
values of the different impacts compared to average mixes used in attributional LCA. The error bars
correspond to upper and lower values for the 50 scenarios.
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Figure 14a: Use specific CO2 emissions according to the LCA method (Frapin et al., 2021)

Impacts of universal mixes (average of all uses) obtained using the CMA market allocation model,
considering a reference (C1) or reduced (C2) cost of wind and solar technologies, are compared to scenarios
defined by the French environment agency (ADEME) and TSO (RTE).
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Figure 15b: Sensitivity analysis of GHG emissions to the scenario and type of building (attributional LCA)
(Frapin et al., 2021)
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This approach allows to address uncertainties related to electricity production over the long life span of
buildings (100 years are considered in this study).

Hungary

In today’s electricity mix in Hungary, the intra-annual variation of the environmental impact of electricity supply
is £ 15% for CED n.r. and = 30% for GHG emissions and ReCiPE. The coefficient of variation is 5% for CED,
and 10% for GHG emissions and ReCiPe (Kiss et al. 2019).

The application of the European Electricity Market Model (EEMM) makes it possible to analyse the hourly
resolution of the electricity mix also in the long term. Research shows that the coefficient of variation in the
environmental impact of electricity is expected to significantly increase in the future due to decarbonization
and a higher share of renewables (CV = 23% for CED n.r., 77% for GHG emissions, 59% for ReCiPe) (Kiss
et al 2020). This suggest that in the future it will be even more important to consider the intra-annual variation
of the electricity mix. Simplification to an annual mix may lead to under- and overestimations if electricity use
is not constant during the year.

Switzerland

In hourly assessment, different examples of the physical approach can be mentioned including: the
computational tool developed as part of the EcoDynbat project at HES-SO (Padey et al, 2020) and the
ELCAB project led by Treeze Ltd.

EcoDynBat project, method & computational tool

The EcoDynBat research project (Dynamic LCA of buildings) funded by the Swiss Federal Office of Energy
(SFOE) from 2018 to 2020 aims to assess the effect of different intra-annual time step on the environmental
impacts of the Swiss building electricity demand.

To do so, a computational tool able the calculate the hourly LCA data of national electricity mixes for
Switzerland and neighbouring countries was developed. It is based on empirical data provided by TSO and
other sources for Switzerland and the neighbouring countries. Such hourly LCA data does not exist yet in
Switzerland or at least does not exist at this level of details using a computational approach based on a
matrix inversion (see below for more information) and hourly data for both domestic production means and
imports from neighbouring countries. Different steps were conducted including:

1. Data collection and adjustments

2. Matrix-based calculation based on hourly data for the electricity mixes

3. Use of the hourly electricity mix in the LCA of the energy use in Swiss buildings

1) Data collection and adjustments.

First, the hourly Swiss consumer mix has been defined for the years under study (e.g. 2017 and 2018). The
mix is defined by considering the specific physical imports for each Swiss neighbouring countries (Germany
DE, ltaly IT, Austria AT and France FR) as well as Czech Republic (CZ). Indeed, a preliminary screening
assessment has identified that the CZ contribution to the Swiss consumed electricity impact was significant
because of the interaction of this country with Germany and Austria (cf. point 2 below for more information).
The other exchanges with the neighbouring countries of AT, IT, DE, FR and CZ are also considered but the
environmental impacts for these flows is assumed to be constant and to correspond to the European average
electricity (from ecoinvent V3.4).

The hourly Swiss consumed electricity has been defined based on various data sources. The backbones rely
on the ENTSO-E data which provides the production mixes for the different European countries as well as
the physical cross boarder exchanges. Nevertheless, this data source has been found to be partially
matching the EcoDynBat project objectives. First, the cross boarder exchange considered within ENTSO-E
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are net exchanges. Thus, the cross boarder exchanges have been modified in order to consider the gross
exchanges (i.e., the import and exports at the Swiss borders) and fulfil the project scope.

The data from Swissgrid, the Swiss TSO have been use for this purpose. Then, a comparison for the
production mixes with the national data sources has been performed. While the ENTSO-E data shows a
correct adequacy compared to the national datasets for France, Italy, Germany and Austria, the Swiss data
from ENTSO-E shows some inconsistencies compared to the national statistics from the Swiss Federal Office
for Energy (SFOE). There are indeed significant differences between the ENTSO-E data and the national
SFOE data for the hydroelectricity from run-of river and photovoltaic production means. The ENTSO-E data
has been adjusted by correcting the production volume of these two production means with the data from
the Swiss Energy statistics published by the SFOE for representative days in the year.

The next table summarizes this first important step.

Swissgrid SFOE ENTSO-E EcoDynBat dataset
Geographical . . Europe (32 countries, including . _ y
Switzerland Switzeriand Europe (32 countries, including Switzerand
scope Switzeriand) pa N )
2017 -= today*
Time scope 2015 = today 2015 = today 2015 = today * Since the informatics routine has been set o collect and process the data, the dataset is
continuously increasing. However, for the environmental assessment performed within
EcoDynBat, only complete and reliable years will be considered, namely 2017 and 2018.
" . ‘Year, months, and 3 X
Time step 15 minutes 15 minutes to 1 hour 1 hour (least commen denominator for the ENTSO-E datasets)
days per month
Overall
Electricity Available Available Available Not necessary
consumption
Overall Adjustment of the ENTSO-E data with ihe Swissgrid data regarding the overall Swiss production
Electricity Available Available Available ! d regarcing v
) Data regarding the production mix of the other European countries is assumed to be valid
production E
Electricity Data from ENTSC-E
production per Not provided Provided for three T The difference between Swissgrid and ENTSO-E overall production (called “residue™ is filled
energy P days per month with a mix of energy sources based on the typical days provided by SFOE (see chapter related
carriers to harmonization rules)
Available for all of the
Available with each of | Available with each of countries, net value (e net
Import the neighbouring the neighbouring ' ) Gross balance from Swissgrid
. balance between import and
countries, gross value | countries, gross value
export)
Available with each of | Available with each of A\dtgllable ltor ;:" of .me t
Export the neighbouring the neighbouring countries, net va !"e (iene Gross balance from Swissgrid
. balance between import and
countries, gross value | countries, gross value
export)
Grid losses Mot available BRI INE on.a Mot available Grid losses from SFOE on a monthly basis
monthly basis

Summary of the EcoDynBat dataset choice, in green the chosen route from the literature sources
(Swissgrid, SFOE, ENTSO-E); figure taken from the final report of the EcoDynBat project

Based on these different data choices and adjustments, and including the conversion losses from high
voltage to low voltage, the overall Swiss consumed electricity mix has been obtained, based on an empirical
approach using, for this contribution to IEA-EBC Annex 72 project, existing data for the years 2017 and
201824, Figure 17.

2 The approach allows to regularly update the Swiss electricity hourly dataset in the future as so far only the two first years
(2017 and 2018) are available in an appropriate format especially from ENTSO-E (as it is a relatively recent initiative).
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EcoDynBat dataset
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2) Matrix-based calculation to calculate the Swiss consumption mix

Then, a matrix-based approach has been used in order to calculate the contribution of each production
means to the environmental impact of the Swiss consumed electricity. Generally speaking, the algorithm is
able to calculate 1 kWh of consumption mix for all the European countries considered in the EcoDynBat
approach. As in any matrix-based calculations, the user just needs to define the reference flow e.g., 1 kWh
of consumption mix for Switzerland. Then, the matrix-based framework will perform the calculation using
hourly data for all European countries.

However, in order to avoid running such a large dataset with hourly data of all European countries, a
preliminary contribution analysis of impacts from countries’ mixes in a standard LCA of the annual Swiss mix
show that only six countries (AT, FR, DE, IT, CZ) as well as Switzerland are contributing to the total Life
Cycle Impact Assessment (LCIA) indicators at 99% or above for the three commonly used indicators in the
Swiss building sector: GHG emissions, Cumulative Energy Demand (CED), and the total environmental
impact expressed as Ecological scarcity (UBP). All the other European countries contribute to less than 1%
to the total impacts for all categories. The next table presents the obtained results:

Global Cumulative Ecological

Levels of details in the ecoinvent model of the consumers’ mix warming energy scarcity
potential demand (UBP)
Share of total impacts from CH production only 10.3% 65.0% 45.5%
Share of total impacts from CH production + imports from direct neighbors o o o
(FR, DE, IT, AT) 84.5% 95.5% 92.8%
Share of total impacts from CH production + imports from direct neighbors
(FR, DE, IT, AT) + imports from AT, CH, DE, FR, IT in neighboring 91.4% 98.0% 96.3%
countries

Share of total impacts from CH production + imports from direct neighbors
(FR, DE, IT, AT) + imports from AT, CH, DE, FR, IT in neighboring 98.8% 99.6% 99.5%
countries + imports from CZ

Share of total impacts for CH consumers’ mix coming from other EU

. 1.2% 0.4% 0.5%
countries
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Finally, at each time step, a 144x144 matrix (corresponding to the production means of each considered
countries, namely, DE, IT, AT, CH, CZ and FR as well as the gross cross boarder exchanges between each
countries) is inversed to obtain the shares of the various production means to the Swiss consumed electricity.
The next Figure presents these six countries of interest based on the initial contribution analysis including
Switzerland.

Switzerland is the country of interest, the
study considers:
- The variation the production mix
- The variation in the importation level

Legend
Il Main country of interest
Bl 1st level of countries
2" |evel of countries (other)

AT, FR, DE, IT, CZ = 2" |evel of interest
(influence the most the Swiss mix), the
study considers:

- The variation the production mix
- The variation in the importation level

Figure 18: Graphical representation of the main country of interest and the first and second levels of countries
depending on their LCIA contributions to the consumption mix of the main country of interest

Explanation of the matrix-based calculation in the Swiss EcoDynBat method in a simplified example:

The key concepts that regulate this approach are the electricity modeling approach “production + imports”
and the interest to use a matrix-based structure. They are both used to consider the exchanges between the
electricity mixes of the European countries. Consequently, all imports from neighbors of Switzerland will
become a part of the consumer’s mix, which will then be used in Swiss buildings. The imports of these
neighbors will also be considered, but in a simplified manner as an average ENTSO-E mix.

A simplified example of this matrix-based calculation is provided below. The main simplifications of this
example are in the aggregation of production means for a country and a limited number of considered
ENTSO-E countries. Moreover, such a calculation must be done for every time step over the year (i.e. 8760
calculations for the hourly resolution). In this example, values in the technology matrix represent the input
process from that row into the process from that column. For instance, 0.6 kWh of produced electricity in
Switzerland is needed for the Swiss electricity mix during that period as well as 0.2 kWh from Austria, 0.1
kWh from France, 0.25 kWh from Germany and 0.03 kWh from ltaly. These are only the direct needs and
uncovering the full energy requirements over the entire supply chain requires the step of matrix inversion. It
is only then that this inversed technology matrix is multiplied by the reference vector to obtain the life cycle
energy flows for the consumption of 1 kWh of electricity in Swiss buildings at a specific time step.
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Swiss electricity 1.01/0.00/ 0.06| 0.00{ 0.02| 0.00 0.02| 0.00| 0.06| 0.00 Swiss electricity [1] Swiss electricity [1.01]
Swiss production 0.61| 1.00| 0.04| 0.00{ 0.01/0.00| 0.01| 0.00| 0.03| 0.00 Swiss production 0| Swiss production | 0.61
Austria electricity 0.03/0.00{ 1.01{0.00{ 0.00{ 0.00| 0.03| 0.00{ 0.03| 0.00 Austria electricity I Austria electricity | 0.03
Austria produciton | 0.02| 0.00| 0.66| 1.00} 0.00/ 0.00{ 0.02{ 0.00{ 0.02| 0.00 Austria produciton _L Austria produciton [0.02]
French electricity 0.13] 0.00| 0.04| 0.00| 1.01| 0.00| 0.10{ 0.00| 0.13| 0.00 X French electricity 10| - French electricity (013
French production |0.12| 0.00{ 0.04| 0.00{0.91| 1.00| 0.09| 0.00| 0.12| 0.00| French production | 0 | French production | 0.12|
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German production [0.23[0.00/0.23]0.00[ 0.07[0.00[ 0.87| 1.00] 0.03] 0.00 German production | 0 | German production |0.23 |
Italy electricity 0.03/0.00{0.05| 0.00] 0.01] 0.00] 0.00] 0.00 1.00| 0.00 Italy electricity 10| Italy electricity [0.03
Italy production 0.03] 0.00] 0.04] 0.00] 0.01] 0.00] 0.00] 0.00] 0.80] 1.00 Italy production | 0 | Italy production 0.03

Figure 19: Simplified example of the matrix-based calculation to account all production means (taken from the final
EcoDynBat SFOE final report)

The other details of the modelling characteristics of the EcoDynBat electricity mix is provided in Section 1.8
Error! Reference source not found.. It is an hourly mix calculated by adding the production mix plus
imports. The results are then aggregated for the various time steps considered in the EcoDynBat project, i.e,
Hourly, Daily, Monthly and Yearly time steps. The contribution to the Swiss consumed electricity mix per
countries and per production means (renewable including hydropower (and named as “EnR” in the figure
below), nuclear, pumping storage (STEP), fossil and “other non-identified”) is given in the Figure 20.
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Contribution to the Swiss consumption mix
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Figure 20: Contribution to the Swiss consumed electricity mix

The obtained shares of production means from each country to offer electricity to Swiss consumers has then
to be multiplied by their respective environmental impacts. The impacts for all production means is calculated,
with Simapro v7.4, based on ecoinvent V3.4 database. For calculating the hourly Swiss electricity supply

mix, the pumping storage (STEP) is modelled using the environmental impact of the ecoinvent v3.4 dataset
for the electricity produced by a pumping storage unit?.

Nevertheless, the main source of data for electricity production at different time steps (i.e. ENTSO-E) and
the chosen sources of data for the environmental assessment (i.e. ecoinvent) do not describe the energy
production means with the same level of details. For example, ENTSO-E only mention “nuclear electricity”
while ecoinvent will have both pressurized and boiling water reactor technologies (PWR, BWR). This
discrepancy in the description of the model’'s components brings an issue since impacts of energy sources
must fit with the description of energy production means. A mapping file was thus built to connect these two
sources of information for every relevant country, energy sources and technologies. Thus, for example, an

aggregated value between the PWR and BWR is developed to have the “nuclear electricity” production mean
as considered in ENTSO-E.

2 The used approach is a simplified one for modelling the pumping storage (STEP) flows. Indeed, it could also be possible to apply
different impacts when the STEP is charged and conversely when it is discharged. But this modelling approach was not within the
scope of the EcoDynBat project.
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The necessity of using ENTSO-E data in the EcoDynBat project requires to aggregate data from ecoinvent.
It is thus essential to find a ratio of each technology in ecoinvent to describe the energy sector in ENTSO-E.
This information was found in the ecoinvent database since the shares of each technology are provided for
the average annual electricity production datasets in 2014. Using these values is a simplification because
market shares of different technologies have changed, but such changes are expected to have very small
effects on the impacts of a sector.

Based on the environmental impacts per production means for each considered countries and the shares of
production means at each time step, the hourly environmental impact of the Swiss consumed electricity can
then be obtained for the years 2017 and 2018. The results presented in the Figure 21 illustrate the output of
the developed EcoDynBat project for the GHG emissions and the Climate change impact category.
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Figure 21: Climate change impact profile for the Swiss consumed electricity, according to various intra-annual time
steps

Remark:

It is worth to mention that in the Swiss EcoDyynBat project, the ENTSO-E data have been collected for all
the European countries and the developed method, based on a matrix-based computational approach can
easily be applied to calculate the hourly electricty mix for other European countries using a physical approach
for the cross-border exchanges.

C 155

Concerning the national electricity mix, challenges still remain to use a time-differentiated mix. In the
EcoDynBat approach, empirical data from the past years (2017 and 2018) are used to derive the supply mix
for different time series. It is a limitation, as from one year to another, fluctuations can happen due to the
severity of the climate in winter, the decision to turn on or off production means in a country.

3) Use of the different LCA data (different time step from hourly to annual) in LCA of the energy use in Swiss
buildings

The current supply mix is already usable to assess whether the time step influence the LCA of the building
electricty demand and if yes for which use(s) and for which typology (office, residential...). First answers to
these questions are provided in section 1.3.3 Switzerland part, application 2 with the LCA results of a building
case study with different scenarios of energy systems.
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The EcoDynbat datasets can also support the anaysis of load shiting and demand side management case
studies using hourly GHG emissions as a decision criterion. However, such case studies are not reported
in this report.

ELCAB project

The ELCAB research project (Electricity in Life Cycle Assessments of Buildings) funded by the Swiss Federal

Office of Energy (SFOE) from 2018 to 2020 assessed the effect of different electricity mixes, including an

hourly mix on the environmental impacts of the electricity consumed by residential and office buildings. The

approach chosen is described in Section Error! Reference source not found.. The main differences in

modelling compared to the EcoDynBat project are the following:

— ELCAB uses commercial trade not physical trade data published by the ENTSO-E transparency platform.

— Commercial exports from Switzerland to neighbouring country are modelled with the Swiss production
mix and subtracted from the total production before adding commercial imports.

— Imports to neighbouring countries are disregarded in ELCAB because it is assumed that electricity is
hardly purchased from far distant power plants.

The following mixes were modelled:

1. Annual and seasonal attributional electricity mixes of Switzerland in 2018 and of a residential and a
commercial building.

2. The Swiss consumer mix based on guarantees of origin 2018, the Swiss supply mix based on
guarantees of origin 2018 and the ewz electricity mix based on guarantees of origin 2017.

3. The average future electricity mix of Switzerland

4. The long term marginal electricity mix of Switzerland and of ewz, the utility of the City of Zurich

The electricity mixes for these different load profiles are shown in Figure 22, Figure 23 and Figure 24. The
electricity mixes derived from hourly production profiles and (economic) trade are rather similar and do not
differ substantially from the annual national mix derived from hourly production profiles and (economic) trade.
Their shares of nuclear electricity is about 40 %, hydro power contributes about 35 %, new renewables up to
10 % and fossil based electricity about 10 %.

The load profile of the office building leads to an annual electricity mix with slightly higher shares of
hydroelectric power and PV electricity mainly at the expense of nuclear power.

The Swiss electricity mixes based on guarantees of origin show substantially higher shares of hydroelectric
power and substantially lower shares of nuclear and fossil power. About one fourth of the electricity supplied
to Swiss consumers is based on non renewable energies. If the electricity products based on renewable
energies sold separately are excluded from the consumer mix, the share of electricity based on non
renewable energies is about one third. More than 90 % of the ewz supply mix is produced with renewable
energies, mainly in hydroelectric power plants.
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Electricity mixes, annual
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Technology shares of the annual Swiss electricity mixes for the different load profiles of the residential
building Rautistrasse, the load profile of the ARE office building, the annual Swiss electricity mix (national load profile)
and the Swiss consumer electricity mix 2018 according to guarantees of origin;

ANNUAL: Swiss annual mix (national load profile); GO 2018: Swiss consumer mix 2018 based on guarantees of origin;
GO-ERE 2018: Swiss supply mix 2018 (excluding electricity products based on renewable energy sold separately);
ewz 2017: supply mix of the utility of the city of Zurich.

Building specific electricity mixes matching hourly production and trade with the electricity consumption profile of the
building, equipped with:

HP: heat pump for space heating and hot water; HP+PV: incl. 32 kWp PV system; HP+PV+BAT: including 32 kWp PV
system and 32 kWh battery system; HP+PV+ECAR: including 32 kWp PV system and 7 electric car charging stations;
HP+2PV: incl. 64 kWp PV system; HP+2PV+2BAT: incl. 64 kWp PV system and 64 kWh battery system;

The Swiss seasonal mixes exhibit moderate differences compared to the annual mixes. The Swiss winter
mixes derived from the load profiles of residential and office buildings exhibit somewhat higher shares of
nuclear and fossil based electricity (predominantly from Germany). Their profiles are all very similar. Thus
there is only little variation. The Swiss summer mixes consists of less nuclear and less fossil based power
plants. They show a somewhat higher dependency on the load profiles of the buildings. It is particularly
interesting to note that the installation of on site PV systems leads to electricity mixes with a zero share of
PV in the electricity mixes delivered from the grid.
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E ectricity mixes, summer

Rautistrasse, the ARE office building and the plain winter Swiss electricity mix (national load profile);

Residential building equipped with: HP: heat pump for space heating and hot water; HP+PV: incl. 32 kWp PV system;
HP+PV+BAT: including 32 kWp PV system and 32 kWh battery system; HP+PV+ECAR: including 32 kWp PV system
and 7 electric car charging stations; HP+2PV: incl. 64 kWp PV system; HP+2PV+2BAT: incl. 64 kWp PV system and
64 kWh battery system; Winter: Swiss winter mix (national load profile).

HP+2PV+2BAT Office building  Summer

B Pumped storage

Technology shares of the summer Swiss electricity mixes for the load profiles of the residential building

Rautistrasse, the ARE office building and the plain summer Swiss electricity mix (national load profile);

Residential building equipped with: HP: heat pump for space heating and hot water; HP+PV: incl. 32 kWp PV system;
HP+PV+BAT: including 32 kWp PV system and 32 kWh battery system; HP+PV+ECAR: including 32 kWp PV system
and 7 electric car charging stations; HP+2PV: incl. 64 kWp PV system; HP+2PV+2BAT: incl. 64 kWp PV system and
64 kWh battery system; Summer: Swiss summer mix (national load profile).
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The annual future Swiss electricity mix according to the Scenario “New Energy Policy”, Variant C&E will shift
from nuclear power to substantially more power from renewable sources (see Figure 25). One part of the
reduction in production volumes from nuclear power plants will be compensated by natural gas fired power
plants. They reach a share of up to 16 % in 2035 and then drop to about 6 % in 2050. PV production will
increase from a share of below 1 % to 15 % in 2050. Geothermal power reaches 6 % in 2050, wind power
slightly less.

The 2020 future electricity mix generally shows more similarities to the annual electricity mix derived from
annual production and (economic) trade data. The shares of new renewable energies and fossil based power
in the 2018 electricity mix are higher and the share of pumped storage is smaller than in the Prognos
electricity mix 2020. These seven electricity mixes are used to establish an average electricity mix for 2020
to 2050, i.e. the first half of the 60 years amortisation period of buildings. The average future electricity mix
includes nearly 50 % hydroelectric power, 15 % nuclear power, 8 % produced with natural gas and 7 % PV
electricity.

Electricity mixes, future
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Technology shares of annual future Swiss electricity mixes from 2020 to 2050 according to Prognos (2012)
and for the average electricity mix 2020 to 2050

The specific greenhouse gas emissions of the Swiss national electricity mix 2018 vary between 55 g CO2-
eq/kWh (Swiss consumer mix), 70 g CO2-eq/kWh (Swiss supply mix) and nearly 130 g CO2-eq/kWh (physical
production and commercial trade covering the national load profile 2018, see Figure 26). Imports of electricity
generated with fossil fuels (lignite, hard coal and natural gas) contribute up to three quarters of the total
emissions.

The ewz 2017 electricity mix causes less than 20 g CO2-eq/kWh which is mainly due to the fossil free
electricity mix. The long term marginal electricity mix (100 % natural gas fired gas combined cycle) emits
more than 450 g CO2-eq/kWh.

The greenhouse gas emissions of the annual Swiss electricity mix, modelled according to the New Energy
Policy (NEP) scenario of the Swiss energy strategy 2050 (see Subchapter Error! Reference source not
found.), increase from less than 40 g CO2-eq/kWh in 2020 to nearly 120 g CO2-eq/kWh 2035. After that,
they drop again to about 60 g CO2-eq/kWh. On average 73 g CO2-eq/kWh are emitted from 2020 to 2050.
The emissions in 2020 are distinctly lower than those of the electricity mix 2018 based physical production
plus commercial trade, because the future electricity mixes disregards trade.
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Figure 26: Greenhouse gas emissions in g CO2-eq/kWh low voltage of the annual Swiss electricity mix (national load
profile, Switzerland), the Swiss consumer mix (GO 2018), the Swiss supply mix (GO-ERE 2018, excluding electricity
products based on renewable energy sold separately), the ewz electricity mix 2017 based on guarantees of origins, the
long term marginal electricity (Switzerland and ewz), and the average future electricity mix Switzerland 2020-2050
(based on the New Energy Policy (NEP) scenario).

The specific greenhouse gas emissions of electricity supplied to the residential building “Rautistrasse”
amount to between nearly 130 g CO2z-eq/kWh and nearly 150 g CO2-eq/kWh (see Figure 27). Imports of fossil
based electricity are the main cause.

The specific greenhouse gas emissions of the base case (HP), i.e. excluding any self generated electricity
nor on site storage, are nearly identical to the specific greenhouse gas emissions of the Swiss electricity mix
(physical production and commercial trade matching the national load profile). This is not surprising because
the electricity mixes are very similar too (see Figure 22).

Self generation of electricity with PV and storage of this electricity in stationary batteries leads to higher
specific greenhouse gas emissions of the remaining electricity supplied from the grid. For instance, PV
electricity from the building displaces PV electricity in the mix supplied to the building (compare the colums
“HP” and “HP+PV”).
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Figure 27: Greenhouse gas emissions in g CO2-eq/kWh low voltage of the annual electricity mixes of the load profiles
of the residential building and of Switzerland;

Residential building equipped with: HP: heat pump for space heating and hot water; HP+PV: incl. 32 kWp PV system;
HP+PV+BAT: including 32 kWp PV system and 32 kWh battery system; HP+PV+ECAR: including 32 kWp PV system
and 7 electric car charging stations; HP+2PV: incl. 64 kWp PV system; HP+2PV+2BAT: incl. 64 kWp PV system and
64 kWh battery system; Switzerland: Swiss annual mix (national load profile).

80/115



The specific greenhouse gas emissions of the seasonal (summer and winter, respectively) electricity mixes
of the residential building and of the Swiss electricity mix based on physical production and commercial trade
differ considerably: in summer (April to September) the greenhouse gas emissions vary between 70 and 78 g
CO2-eq/kWh whereas in winter (October to March) they amount to between 164 and 169 g CO2-eq/kWh (see
Figure 28). One kWh consumed in the winter period causes more greenhouse gas emissions than 2 kWh
consumed during the summer period. The influence of self generation and storage of electricity on the specific
greenhouse gas emissions of the remaining electricity supplied to the building is more pronounced during
the summer than the winter period.

The specific greenhouse gas emissions of the remaining electricity supplied to the building decrease both in
the summer and winter period. This seems to be contradictory to the effect of self generation and storage on
the specific greenhouse gas emissions of the remaining electricity supplied the building on an annual basis.
However, the share of winter period electricity (with higher specific greenhouse gas emissions) is higher in
cases with self production and storage, which leads to the observed increase in specific greenhouse gas
emissions of the electricity mix supplied to the building on an annual basis.
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Greenhouse gas emissions in g CO2-eq/kWh low voltage of the seasonal electricity mixes of the load
profiles of the residential building and of Switzerland;
Residential building equipped with: HP: heat pump for space heating and hot water; HP+PV: incl. 32 kWp PV system;
HP+PV+BAT: including 32 kWp PV system and 32 kWh battery system; HP+PV+ECAR: including 32 kWp PV system
and 7 electric car charging stations; HP+2PV: incl. 64 kWp PV system; HP+2PV+2BAT: incl. 64 kWp PV system and
64 kWh battery system; Switzerland: Swiss seasonal mix (national load profile).

Sweden

Hourly data on production, imports and exports in Sweden is available from ENTSO-E and Svenska Kraftnat
(European Network of Transmission System Operators, 2020; Svenska kraftnat, 2020). Previous projects
have investigated the time resolution of the electricity mix on the Nordic electricity market. In developing the
Tidstegen method, Gode et al. (2015) concluded that this aspect does not matter in the short term in
consequential LCA, but that it might matter in the long term, depending on how electricity demand and supply
evolve. Therefore, they base their long-term assessments on a breakdown of electricity demand depending
on the year, season and time of day (daytime or nighttime).

Erlandsson et al. (2018) concluded that time resolution of the electricity mix did not significantly influence the
results when using an average mix for the LCA of a case study building. However, they concluded that time
resolution can matter when using a marginal electricity mix, depending on the method used to select the
electricity mix. For instance, when selecting the top 10% of the merit order as the marginal mix, and when
considering a scenario for the Nordic mix in 2050, the marginal emission factor showed a high hourly
variability. This could prove important e.g. when carrying out a consequential LCA related to the choice of
heating solution (e.g. electric heating or district heating).

Apilot version of the NollCO:2 certification system also required an assessment of the impact of energy
demand based on hourly values for supply and demand. However, the more recent pilot version uses yearly
electricity emission factors instead.
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Norway

Hourly data on production, consumption and exchange in Norway is available from ENTSO-E and Nordpool
(2020). Norway has several physical links to the European electricity grid. But these links are bottlenecked,
so that the maximum import/export capacity is approx. 6,000 MW (and growing as new connection lines are
added). In comparison, the total production capacity of Norway is about 31 000 MW. Figure 29 , shows the
hourly Production, Exchange and Consumption in Norway from 2013 to 2019.

Figure 29: Electricety Production, Exchange and Consumptionn in Norway 2013 to 2919 (MWh/h)

As the figures shows, Norway is importing during winter and early spring, and are exporting late spring,
summer, and autumn. The figure also shows that Norway on average is a net exporter of electricity.

The hourly mix of the Norwegian production is totally dominated by hydropower (>95%), with small
contribution from wind (~2,5 %) and thermal (~2,5 %).

B.6 Marginal electricity mix (electricity mix(es) applicable in consequential LCAs)

Denmark

No dataset available.

France

In order to identify the short term marginal mix, the different production techniques are ranked using a "merit
order". Technologies that cannot be adjusted according to the demand (e.g. wind or PV, that depend on the
weather) are at the bottom of this ranking. Adjustable technologies with the lowest constraints and the highest
cost are at the top. Two methods have been implemented in the EQUER tool:

- the Greenhouse Gas Protocol method (WBCSD & WRI 2007), considering a marginal mix corresponding
to the 10% top ranked productions.

- a more physical 2 steps model, evaluating the mix with and without the studied building, using a model
representing the electric system as presented in § 1.6.5 (Roux et al. 2016a). The marginal electricity mix can
be defined for past years (historical mix) or for a long term period using energy transition scenarios, leading
to a long term marginal approach.

Hungary

In Hungary, the marginal mix consist of natural gas power plants. No detailed assessment has been carried
out.

Switzerland

There is no official, national model of a consequential LCA of electricity.
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Two different concepts of establishing a consequential electricity mix are proposed (see also Frischknecht
2016). The consequential annual national electricity mix of Switzerland is derived from 1) energy policy
scenarios and 2) based on a thinking model.

Ad 1: The consequential (long term marginal) electricity mix is established as the difference in technology
specific power production in the future (e.g. in 2050) according to two (distinctly) different scenarios (e.g.
business as usual and new energy policy according to the national energy scenarios, Prognos 2012). The
procedure is illustrated using the Swiss case (see Table 12). The difference in electricity production and
consumption in Switzerland in 2050 is about 8 TWh per year, strongly depending on which of the energy
scenarios is likely to happen or be implemented. The additional electricity consumption of the Business As
Usual scenario BAU compared to the most ambitious New Energy Policy scenario NEP will be covered with
electricity from fossil power plants, mainly natural gas fired power plants. Natural gas will also be used to
step in for the new renewables which are assumed to produce much less in the BAU compared to the NEP
scenario. Hence, the long term marginal electricity mix of Switzerland is likely to be composed of 100 %
natural gas fired gas combined cycle power plants, similar to the situation in Hungary.

Power plant technologies in Switzerland in 2009, in 2050 according to three different policy scenarios as
well as the difference in production in the BAU and NEP scenario; (Prognos 2012); specific greenhouse gas emissions
and non renewable primary energy demand

. Business Political longterm
Production As Usual New Energy Measures marginal mix:
Technology mix 2009 u Policy NEP 4 ginal mix:
[TWh] BAU 2050 2050 [TWh] POM 2050 BAU minus
[TWh] [TWh] NEP [TWAh]
Hydroelectric power 37.14 41.58 4415 4415 -2.57
New renewables 0.91 8.96 22.59 22.59 -13.63
Nuclear power 26.12 0.00 0.00 0.00 0
Fossil Power plants 0.36 29.51 4.67 212 24.84
Waste 1.97 2.28 2.96 2.96 -0.68
Imports 0.00 0.00 0.00 7.2 0
Total 66.49 82.33 74.37 79.02 7.96
Climate change impact 30 213 76 61 466

[g CO2-eq/kWh]

primary energy
demand, non renewable 2.7 0.96 0.28 0.29 8.0
[kWh oil-eq/kWh]

Ad 2: The following thinking model is applied to derive a consequential electricity mix: Each kWh electricity
(produced with renewable energies, mainly with hydroelectric power plants) which is not consumed in
Switzerland, is exported to Europe and is an offer to the European utilities to shut down (and dismantle)
power plants which run on fossil or fissile fuels, i.e. lignite, hard coal, fuel oil, natural gas and nuclear power
plants. In a project for IEA PVPS, different European non-renewable power mixes were established
(Frischknecht et al. 2015, see Table 13). It shows that the European non-renewable power mix is likely to
change in future depending on the policy scenario. Because decisions on building alternatives are taken as
from today, we recommend to use the present (2009) European non-renewable electricity mix.
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European non renewable electricity mix today (2009) and in 2050 (three scenarios, based on NEEDS 2008,
NEEDS 2009); specific greenhouse gas emissions and non renewable primary energy demand;
nd: not determined

Technology 2009 BAU 2050 REAL 2050 OPT 2050
Hard coal 21.4% 34.2% 8.1% 14.9%
Lignite 26.4% 12.5% 0.0% 0.0%
Heavy fuel oil 1.6% 0.8% 0.3% 0.0%
Natural gas 14.9% 24.0% 57.7% 85.0%
Nuclear power 34.1% 28.5% 33.9% 0.0%
Total 100.0% 100.0% 100.0% 100.0%

Climate change impact

[g CO2-eq/kWh] 763 nd nd nd

primary energy
demand, non renewable 3.81 nd nd nd
[kWh oil-eq/kWh]

Sweden

Two notable reports have investigated the use of marginal electricity mixes in building LCA in the past few
years, but neither method is commonly used in practical LCAs.

Gode et al. (2015) developed marginal mixes for electricity and heating for the Tidstegen method, addressing
both what they called dynamics (i.e. long-term changes in the energy mix) and time resolution (i.e. differences
between different seasons or times of day). For electricity, the marginal mix in the coming 5-15 years is
assumed to be fully composed of fossil fuel-based electricity imported primarily from Denmark and Germany.
The justification is that hydropower is used to regulate seasonal and hourly changes in electricity demand,
but the amount of hydropower used in a year is limited by weather conditions. In other words, all hydropower
capacity will always be used within a year; an increase in demand thus cannot be met by an increase in
hydropower production and has to be met with imported electricity produced in thermal power plants.

In the long term, the marginal mix in the Tidstegen method depends on the choice of future scenario. Three
future scenarios are proposed (reference, low greenhouse gas emissions and high greenhouse gas
emissions). In each scenario, different technologies are used to meet a marginal increase in electricity
demand depending on when this additional demand happens (season, time of day). When assessing a
measure that would change the building’s energy demand, this change in demand is broken down into
different marginal mixes depending on when the change in demand happens. Each marginal mix takes into
account short-term effects from this change in demand (e.g. changes in how plants are operated) as well as
long-term effects (e.g. changes in investments and installed capacity for various technologies on the grid).
For instance, a measure reducing energy demand from appliances during the night will use the nighttime
emission factors, whereas the installation of on-site PV panels will mostly use the daytime emission factor
for summer, and to some extent spring and autumn, but will barely use the emission factor for winter. Each
measure is assessed in each of the three future scenarios, and a measure is said to have positive (resp.
negative) effects if its effects are positive (resp. negative) in most scenarios.

Another report developed present and future marginal emission factors for the Nordic electricity market, with
a hourly time resolution (Erlandsson et al., 2018). The hourly data was based on the ENTSO-E database
(European Network of Transmission System Operators, 2020). The future scenario was based on the “Nordic
Energy Technology Perspectives” report (International Energy Agency, 2016). The influence of different ways
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of choosing the marginal emission factor was investigated. Three short term marginal emission factors were

developed for each hour of a reference year (present) and a future year (2050):

— A factor where the marginal mix is defined as the top 10% technologies in the merit order, including
imports, according to the Greenhouse Gas Protocol method (WBCSD & WRI 2007).

— A factor where the marginal mix is defined as all load-following technologies including imports, i.e. all
technologies that can be used to meet a short-term change in demand.

— A factor considering substitution effects. Imports are considered as above. Exports are assumed to
displace a similar technology in another country, and have “negative emission factors”.

This report was an initial attempt at exploring different methodological choices and their implications when
applied to the assessment of a case study building. It has not been developed into a method that is commonly
used in LCA.

Finally, the draft version of the NollCO: certification system uses a marginal approach to determine benefits
from locally produced electricity exported to the grid. The approach is based on the GHG Protocol guidelines
(WBCSD & WRI 2007). Long-term marginal effects are neglected, because each installation for on-site
power production is assumed to be too small to significantly affect installed capacity for other production
technologies on the grid. Regarding short-term marginal effects, on-site electricity exported to the grid is
assumed to always lead to a reduction in electricity production in coal power plants. This assumption is based
on two observations: First, the price of operating coal power plants is high, and it is not profitable to operate
coal power plants when renewable electricity is available. Second, regardless of the time of year, there are
always coal power plants being operated in neighboring countries (whose production could therefore be
reduced if additional renewable power was added to the grid). This approach is only applied to calculate
benefits from on-site electricity produced in excess of the building’s needs. Greenhouse gas emissions from
electricity used in the building are calculated using an emission factor for the average supply mix.
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Annex C: Example modelling choices made in different tools

In this annex, the modelling possibilities are summarized below. Example choices in different tools and
countries are pesented.

A) Electricity mix modeling possibilities

1. Generic or provider specific electricity mix

2. General mix: Regional, national or continental scale

3. Production mix, supply mix

4. Physical flows, contracts, guarantee of origin combined with physical production, or guarantee of origin
only

5. Mix corresponding to production + import, production — export + import (possibly according to guarantee
of origin), national electricity declaration

6. Gross or net trade balance

7. mix based upon empirical data from Transmission System Operator (TSO), data derived
from/determined with a model (e.g., statistical model...) or other data

8. Universal electricity mix or use-specific electricity mix (heating, cooling, lighting, hot water...)

9. Historical, present or future mix (e.g. average present-2050)

10. Average or marginal mix

11. Annual, seasonal or hourly mix

12. Allocation approach for electricity produced on site (photovoltaics, but also wind) exported to the grid

i. product and construction stage (“module A”): only self-consumed part of environmental impacts of
the entire PV plant is accounted for, and attributed to the self-consumed part,

ii. product and construction stage: environmental impacts of the entire PV plant is accounted for; use
stage: environmental impacts of PV electricity is accounted for the electricity exported and
subtracted from the use stage environmental impacts (Swiss method, according to SIA 2040), no
environmental impacts on self consumed PV electricity (already accounted for in product and
construction stage of the building); same result like approach i) above);

iii. product and construction stage: environmental impacts of the entire PV plant is accounted for; use
stage: exported electricity gives rise for avoided impacts according to the amount of electricity
exported and the technology (mix) assumed to be replaced (French methods EQUER and E+C- ).

B) Example choices
Each tool is presented in a table explaining the choices and intentions. Then a table is given in order to
prepare a synthesis including all participating countries (see next table).

Template to be used by Annex 72 partners

Criterion
Type of approach (e.g., commonly used approach (labelling systems), research
assessment/study)
1 . ... provider :
Generic or specific e generic
specific
2 Geographic scope continental regional national

Electricity mix
model
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3 Type of mix (1) (2) Supply
Production mix
mix
4 Nature of Physical Flows based Flows based on  Flows based on
trade flows flows on contracts Guarantee of Guarantee of
Origin (GO) Origin (GO)
purchase together
with physical
production
5 Modelling choice (1) (2) (3) Production — A (4) Accordingto  (5) Production
for the supply mix Production Production — exports + national electricity minus Exports
+ imports  exports + A imports declaration (Production
imports NB: NB: This model only Volume —
contemporaneous ~ works for countries  domestic GO
physical imports and such as EU and SUpp|y volume,
exports are EFTA countries per technology)
considered transit ~ where electricity plus Imports
trade and thus disclosure is (foreign GO
balanced. Only net mandatory supply volume,
import and net
export volumes per tec.hnology)
(determined on an NB: This model
hourly or 15 min only works for
basis) are taken into countries such as
account EU and EFTA
countries where
electricity
disclosure is
mandatory
6 Balance of Gross Net balance Not applicable
import/export at balance
each border with
the studied
country and each
neighbouring
country
7 Data types for the Direct use Data derived Other data (e.g.,
energy carrier of empirical from/determi use of national
flows datafrom nedwitha statistics different
Transmissi model (e.g., from TSO data,
on System statistical literature data)
Operator models...)
(TSO)
8 End uses universal  use specific
dependence ) mix mix
(heating, lighting,
cooling, etc.)
e Time dimension rr:is:orlcal present mix future mix
10 | LCA modelling average . .
. marginal mix
approach mix
11 | Time granularity annual seasonally  hourly
average differentiate differentiated mix
mix d mix
12 | Allocation of in Impacts of Gross Gross impacts
site PV electricity  self impacts minus grid mix
production consumed minus impacts of fed in
partonly PV impacts electricity

of fed in
electricity
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): The mix (universal or use specific) may be defined on the level of annual, seasonal, daily, hourly
or 15 minutes’ averages. Combining hourly (or 15 minutes) universal mixes with the use profiles of
heating, lighting, cooling or ventilation) and integrating them to annual values will result in annual

use specific mixes.

a) Mainstream assessment (E+C-, building regulation studied for 2020)
Choice Explanation / Intention
Generic mix The regulation is about the intrinsic quality of the building, not the
choice of an electricity provider by the users
National mix It is a national regulation

the % of imported/exported electricity is low and is taken into account
using a gross balance (production — exports + imports)

Consumer mix = supply
mix (physical trade flows
on a national level)

It corresponds to the impacts generated by buildings because of the
strong interconnection among the grid.

Use-specific mix

Electric heating induces a peak load and higher CO2 emissions in
winter, whereas e.g. domestic hot water is produced in the night and
stored in tanks. Different CO2 emissions per kWh are therefore
considered according to each use, but this is not really science
based. It is rather the result of a negociation between e.g. gas and
electricity lobbies.

Present or future mix ?

In the first version E+C-, the present mix is considered, empirical
data from TSO are used. But the electricity lobby insists towards
using a future mix, which would be more favourable to electric
heating. This would increase the electricity consumption, making
more difficult to progress towards energy transition. The French law
imposes an objective of reducing the nuclear % and increasing the
renewables, but a new law is voted every 5 years postponing the
date for this objective. Environmentalists advise therefore to keep the
present mix by precaution because it is not sure if energy transition
and impact reduction will be effective.

Average or marginal mix ?

It is not precisely defined in the use-specific mix (see above)

Annual mix

It has to be simple, and temporal variation is accounted for in the
use-specificity

Allocation for exported PV

1/3 of avoided impacts : the renewable lobby wanted 100%, the
electricity lobby 0% and the ministry in charge of dwellings has
decided 33%.

b)

Design or research assessment (Equer method)

Choice

Explanation / Intention

Provider specific mix if the
purpose is to help in facility
management, generic mix
with a sensitivity study for
100% renewable in other
cases

It is often useful to show the importance of users choices in the
environmental performance of buildings, and the choice of an
electricity provider has a large influence on environmental impacts. A
cooperative gathering renewable electricity producers proposes
100% renewable electricity to clients, and it is therefore interesting to
perform a sensitivity study comparing the generic and 100%
renewable mixes.

National mix

The % of imported/exported electricity is low and is taken into
account using a gross balance (production — exports + imports)

Consumer mix = supply
mix (physical flow)

It corresponds to the impacts generated by buildings

Universal or Use-specific
mix

Specific to all uses of the studied building, being tested in a hourly
marginal mix method in a research project
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Choice Explanation / Intention

Present or Future mix The present mix is considered at the moment (precautionary
principle). Different scenarios are compared in the research project,
due to the vague long term energy transition policy in France.
Empirical data from TSO are used for the present mix, data derived
from a model is used for future mixes

Average or marginal mix ? | The user can choose between both options but short term and long
term marginal is advised in order to show consequences of choices.
Two options are being compared in the research program : GHG
Protocol (10% of merit order), or supplementary consumption of the
studied building.

Hourly mix It is more precise, and simple for the user because the calculation is
automatic.

Allocation for exported PV 100% of avoided impacts because the exported electricity is really
consumed, there is no overproduction at the moment. The method
remains valid even if 0% self-consumption (case of a PV power
plant).
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ROUX, C.,.SCHALBART, P., ASSOUMOU, E. and PEUPORTIER, B., Integrating climate change and
energy mix scenarios in LCA of buildings and districts, Applied Energy 184 (2016), pp. 619-629
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ROUX, C.,.SCHALBART, P., PEUPORTIER, B., Development of an electricity system model allowing
dynamic and marginal approaches in LCA—tested in the French context of space heating in buildings,
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FRANCE

Criterion Insert your country: French method EQUER
Design and research tool

Generic or provider :

g o generic

specific specific

Gsoaraphic continental regional national

scope

Electricity mix

model

Type of mix (1) (2) Supply mix
Production
mix
Nature of Physical Flows based Flows based on
trade flows flows on contracts  Guarantee of
Origin (GO)
Modelling (1) (2) Production (3) Production — A (4) (5) Production minus
choice Production + — exports + exports + According to Exports (Production
for the supply imports imports A imports national volume — domestic
mix NB: electricity GO supply volume,

contemporaneous ~ declaration  per technology) plus
physical imports and NB: This Imports (foreign GO
exports are model only ~ supply volume, per
considered transit  works for technology)
trade and thus countries
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balanced. Only net such as EU  NB: This model only

import and net and EFTA works for countries
export volumes countries such as EU and EFTA
(determined on an  where countries where
hourly or 15 min electricity electricity disclosure is
basis) are taken into disclosure is mandatory
account mandatory

Balance of Gross Net balance Not applicable

import/export at balance
each border with
the studied
country and
each
neighbouring
country

Data types for Direct use of Data derived Other data (e.g.,
the empirical data from/determine use of national

energy carrier from d with a model statistics different
flows Transmission (e.g., statistical from TSO data,

System models...) literature data)
Operator
(TSO)

End uses universal mix use specific

dependence ) mix

(heating, lighting,

cooling, etc.)

Time dimension historical mix present mix future mix

LCA modelling : : .
average mix marginal mix
approach
Time granularity annual seasonally hourly
average mix differentiated differentiated mix
mix
Allocation of in  Impacts of Gross impacts Gross impacts
site PV self minus minus grid mix
electricity consumed PV impacts of impacts of fed in
production part only fed in electricity
electricity

): The mix (universal or use specific) may be defined on the level of annual, seasonal, daily, hourly
or 15 minutes’ averages. Combining hourly (or 15 minutes) universal mixes with the use profiles of
heating, lighting, cooling or ventilation) and integrating them to annual values will result in annual
use specific mixes.

a) Mainstream assessment (technical bulleting SIA 2040 « SIA energy efficiency path », SIA 2017)

Choice Explanation / Intention

Generic mix The technical bulletin is about assessing buildings in view of their
compatibility with the intermediate goals of the 2000-Watt-

society (EnergieSchweiz fir Gemeinden et al. 2014b); Specific long-
term contracts for renewable electricity supply may be accounted for
(for max. 50 % of the electricity consumed by the building)

National mix It is a national technical bulletin, imported/exported electricity is taken
into account according to the guarantees of origin sold to Swiss
consumers (Pronovo 2019).
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Choice Explanation / Intention

Consumer mix See above

Generic mix No differentiation between different use types (such as heating,
cooling, ventilation, hot water etc.) ; electricity consumption of all
uses are modelled with the same mix.

Present or future mix ? The average present (recent past) electricity mix is applied.
Average or marginal mix ? | Itis an average electricity mix, although in some communities/cities
which rely on 100 renewable electricity, scenarios using marginal
mixes have been evaluated (Frischknecht 2016).

Annual mix The annual mix is being used to keep it simple and because no
seasonal Swiss electricity mixes are available as of now but see
EcoSynBat and ELCAB project descriptions.

Allocation for exported PV Exported PV electricity has the environmental profile of PV
mounted/integrated in the building under assessment. If 100 % of PV
electricity is exported, the environmental impacts of PV power plant
manufacture attributed to the building is zero.

SWITZERLAND

Criterion Swiss case (SIA 2040:2017):

National approach used for building LCAs in the context of national labelling systems

Generic or provider :
g e generic
specific specific
CEEalEpE continental  regional national
scope
Electricity mix
model
Type of mix (1) (2) Supply mix
Production
mix
Nature of Physical Flows based Flows based on
trade flows flows on contracts  Guarantee of
Origin (GO)
Modelling (1) (2) Production (3) Production — A (4) (5) Production minus
choice Production + — exports + exports + According to Exports (Production
for the supply imports imports A imports national volume — domestic
mix NB: electricity GO supply volume,
contemporaneous declaration pertechnology) plus
physical imports and NB: This Imports (foreign GO
exports are model only ~ supply volume, per
considered transit  works for technology)
frade and thus countries  NB: This model only
balanced. Only net such as EU  \yorks for countries
lmport and net and E/':TA such as EU and EFTA
SR e countries countries where
(determined on an  where electricity disclosure is
hourly or 15 min electricity mandatory
basis) are taken into djsclosure is
account mandatory
Balance of Gross Net balance Not applicable
import/export at balance
each border with
the studied
country and
each
neighbouring
country
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Data types for Direct use of Data derived Other data (e.g.,
the empirical data from/determine use of national

energy carrier from d with a model statistics different
flows Transmission (e.g., statistical from TSO data,

System models...) literature data)
Operator
(TSO)

End uses universal mix use specific

dependence ) mix

(heating, lighting,

cooling, etc.)

Time dimension historical mix present mix future mix

LCA modelling . : .
average mix marginal mix
approach
Time granularity annual seasonally hourly
average mix differentiated differentiated mix
mix
Allocation of in  Impacts of Gross impacts Gross impacts
site PV self minus minus grid mix
electricity consumed PV impacts of impacts of fed in
production part only fed in electricity
electricity

): The mix (universal or use specific) may be defined on the level of annual, seasonal, daily, hourly
or 15 minutes’ averages. Combining hourly (or 15 minutes) universal mixes with the use profiles of
heating, lighting, cooling or ventilation) and integrating them to annual values will result in annual
use specific mixes.

b) Research assessment (project « ELCAB : Electricity mixes in Life Cycle Assessments of Buildings:
Methodology and application on residential and office buildings »,

Type of mixes | Explanation / Intention

General information :

Goal of this project is to assess different approaches of modelling the electricity mix used in the
phase of operation of buildings and to offer electricity mix LCI datasets for the different approaches
and applications.

The mixes are established on the basis of 15/60 minutes intervals, matched with generic electricity
load profiles of residential and office buildings, and integrated to months, seasons and the year.
Additionally, average mixes are applied.

The differences in assessment when relying on data of different time granularity of electricity mix
data (hourly, monthly, seasonal, annual), when following a consequential as compared to an
attributional approach, and when applying present or future mixes will be identified.

The table below describes all alternatives quantified and assessed.

Results about the environmental performance of the different electricity mixes, final results including
environmental assessments of the buildings according to SIA 2040 (see above) by mid 2020)
Remark : All alternatives are applied on the country mix and selected ones additionally on the mix
of the electricity supplier of the city of Zlrich, ewz

Today

Annual average mixes Three different mixes :
descriptive, decision oriented and based on guarantees of origin
Mixes include traded electricity according to economic/contractual
information (commercial trade).
The descriptive mixes are established using hourly and annual mix
data and archetypical load profiles of residential and office buildings
and of Switzerland.

Daily mixes not addressed

Seasonal mixes Summer and winter mixes descriptive only.
Same as with annual average mixes

Future
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Type of mixes Explanation / Intention

Annual average mixes Descriptive mixes only.

2035 and 2050 Mix based on scenario information provided in official documents,
modelled in steps of five years

Option 1 : building Use profile adjusted according to production profile of PV plant, 2

integrated PV different sizes of PV plant

Option 2 : building Use profile adjusted according to production profile of PV plant and

integrated PV plus battery battery usage ; adjustment of share of self consumption, 2 different
sizes of battery.

Option 3 : building Use profile adjusted according to production profile of PV plant and
integrated PV plus electric | electric car charging; adjustment of share of PV self consumption.
car(s)
Allocation for exported PV Exported PV electricity has the environmental profile of PV
mounted/integrated in the building under assessment. If 100 % of PV
electricity is exported, the environmental impacts of PV power plant
manufacture attributed to the building is zero.

Criterion Swiss case (ELCAB):

Research assessment of different types of mixes depending on time horizon (present,
future) LCA modelling approach and time granularity

Generic or provider :
iy o generic
specific specific
TRl continental  regional national
scope
Electricity mix
model
Type of mix (1) (2) Supply mix
Production
mix
Nature of Physical Flows based Flows based on
trade flows flows on contracts  Guarantee of
Origin (GO)
Modelling (1) (2) Production (3) Production — A (4) (5) Production minus
choice Production + — exports + exports + According to Exports (Production
for the supply imports imports A imports national volume — domestic
mix NB: electricity GO supply volume,
contemporaneous declaration per technology) plus
physical imports and NB: This Imports (foreign GO
exports are model only ~ supply volume, per
considered transit  works for technology)
trade and thus countries NB: This model only
balanced. Only net  such as EU o for countries
UEHBREN G and EFTA  gch as EU and EFTA
export v_o/umes countries countries where
(determined on an  where electricity disclosure is
hourly or 15 min — electricity mandatory
basis) are taken into djsclosure is
account mandatory
Balance of Gross Net balance Not applicable
import/export at balance
each border with
the studied
country and
each
neighbouring
country
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Data types for Direct use of Data derived Other data (e.g.,

the empirical data from/determine use of national
energy carrier from d with a model statistics different
flows Transmission (e.g., statistical from TSO data,
System models...) literature data)
Operator
(TSO)

End uses
dependence )
(heating, lighting,
cooling, etc.)

universal mix use specific

mix

Time dimension

historical mix present mix future mix

LCA modelling
approach

average mix marginal mix

Time granularity

Allocation of in
site PV
electricity
production

annual seasonally hourly

average mix differentiated differentiated mix
mix

Impacts of Gross impacts Gross impacts

self- minus minus grid mix

consumed PV impacts of impacts of fed in

part only fed in electricity
electricity

): The mix (universal or use specific) may be defined on the level of annual, seasonal, daily, hourly
or 15 minutes’ averages. Combining hourly (or 15 minutes) universal mixes with the use profiles of
heating, lighting, cooling or ventilation) and integrating them to annual values will result in annual

use specific mixes.

c) Research assessment (project « ECODYNBAT : Dynamic Life Cycle Assessment of Buildings »,

Choices

Explanation / Intention

General information

The EcoDynBat project assesses the environmental impacts of the electricity demand of
Swiss buildings with a dynamic perspective.

The project identifies the influence of increased temporal precision on the environmental
impact calculations for the electricity demand of Swiss buildings. It will propose different time
steps to be chosen by the user of the EcoDynBat method & tool for the calculations, which
offers a balance between modelling efforts and the representativeness of results.

The environmental impacts of electricity consumed at the building level is modelled by
considering:

- the variability of the Swiss production mix (sources varying)

- the variability of the Swiss imports in quantity and source; the imports mixes of the
European neighboring countries and others are varying (cf. § 1.7.5, Switzerland,
EcoDynBat approach for the explanation of the matrix-based calculations and the different
levels of interest for the neighboring countries + also below in Geographical scope)

From the building side, the following sources of variability are considered:

- Electricity consumption profile

- Presence and production profile of a decentralized electricity production system
(photovoltaic in particular)

Generic mix

Generic mix (on an hourly basis) at the national level,
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Choices Explanation / Intention

National but considers hourly interactions with the neighboring countries. Imports are
varying in quantity but also in source (i.e. the neighboring countries mixes are varying over
the time)

) Considered countries (cf. § 1.7.5, Switzerland, EcoDynBat approach for the justification of
Geographical scope . . )
the choice of these six countries):
- Switzerland, Austria, Italy, Germany, France, Czech Republic (variation over the time of
their production mixes + imports)
- Other countries are considered with constant environmental impacts for their production

means and only the imports amounts are varying over the time

Type of mix Consumer mix (production mix + imports + grid losses)

Imports / Exports . . .
. . Gross physical flows, Economic contracts not considered
modelling choice

Based on the idea that national generation of electricity is combined with imported electricity
Allocation method for | mixes to offer the electricity to customers. The resulting electricity mix is consumed in the
the imports/exports investigated supply area AND exported to neighboring countries on the other. This means
that the electricity mix model is equivalent for both consumption and export mixes.

Use pattern . . L
Universal hourly mix, no distinctions per usage

dependence
Present mix (from January 2017 until December 2018)

Time dimension Use of most recent data and regular updates from TSOs and other data sources useful for
feeding the EcoDynBat tool.

Modelling approach Average mix, attributional

Time granularity From hourly to annually (daily, monthly, seasonally)

Only the self-consumed part of the PV is allocated to the building, the rest is deemed to be
Allocation for exported | part of the national mix. The share of PV electricity sent to the grid is calculated according to
PV the building demand profile and the PV system production profile. The impact of PV

electricity is function of its technology and its production (varying from one site to another).

References

Frischknecht R. (2016) How to derive a consequential national electricity mix: The case of a Swiss
municipality. Presentation at the 62nd LCA forum, 9 September 2016. Swiss Federal Institute of
Technology, Zlrich.

Padey P., Goulouti K., Capezzali M., Lasvaux S., Beloin-Saint-Pierre D., Medici V., Maayan Tardif J. (2020)
EcoDynBat project — Dynamic Life Cycle Assessment of Buildings, Final report, Swiss Federal Office of
Energy (SFOE), July 2020, 489 pages.

Padey P., Goulouti K., Beloin Saint-Pierre D., Lasvaux S., Capezzali M., Medici V., Maayan Tardif J.,
Citherlet S. (2020) Dynamic Life Cycle Assessment of the building electricity demand, Status Seminar,
Aarau, September 2020, 9 pages.

SIA (2017) Merkblatt 2040: SIA-Effizienzpfad Energie. Schweizerischer Ingenieur- und Architektenverein
(SIA), Zrich.

Criterion Swiss case (EcoDynBat):

Research assessment & computational tool of different types of mixes (modelling
options) and time granularity

Generic or provider

7 specific specific generic
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Geographic

import/export at
each border with

Continental’  regional National’
scope
Electricity mix
model
Type of mix (1) Production (2) Supply
mix mix
Nature of Physical flows Flows based Flows based on
trade flows on contracts Guarantee of
Origin (GO)
Modelling (1) Production (2) (3) Production — A (4) (5) Production minus
choice + imports Production — exports + According to Exports (Production
for the supply exports + A imports national volume — domestic
mix imports NB: electricity GO supply volume,
contemporaneous ~ declaration pertechnology) plus
physical imports and NB: This Imports (foreign GO
exports are model only ~ supply volume, per
considered transit  works for technology)
trade and thus countries NB: This model only
balanced. Only net  such as EU 0 1es for countries
el and EFTA  sych as EU and EFTA
export volumes countries countries where
(determined on an  wher e electricity disclosure is
hourly or 15 min electricity mandatory
basis) are taken into djsclosure is
account mandatory
Balance of Gross balance Net balance Not applicable

the studied
country and
each
neighbouring
country
Data types for Direct use of Data derived Other data (e.g.,
the empirical data from/determin use of national
energy carrier from ed with a statistics different
flows Transmission model (e.g., from TSO data,
System statistical literature data)
Operator models...)
(TSO)
End uses universal mix  use specific
dependence 2) mix
(heating, lighting,
cooling, etc.)
Time dimension historical mix  present mix future mix
LCA modelling : . .
average mix  marginal mix
approach
Time granularity annual average seasonally  hourly
mix differentiated differentiated mix
mix
Allocation of in  Impacts of self Gross Gross impacts
site PV consumed impacts minus grid mix
electricity part only minus impacts of fed in
production PV impacts of electricity
fed in
electricity

'): The EcoDynBat computational tool is able to calculate national hourly electricity mix for
Switzerland as well as for other European countries incl e.g., Germany, Spain, Portugal, Benelux,
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Denmark etc. In that context, it has a continental perspective in the way that it is able to handle

hourly import/export between Switzerland and the surrounding European countries (neighbouring
ones and some others). 2): The mix (universal or use specific) may be defined on the level of
annual, seasonal, daily, hourly or 15 minutes’ averages. Combining hourly (or 15 minutes) universal

mixes with the use profiles of heating, lighting, cooling or ventilation) and integrating them to

annual values will result in annual use specific mixes.

a) Mainstream assessment

Choice Explanation / Intention

Generic mix A generic mix is applied from a generic database (ecoinvent).

National mix National mix is applied, with imports and exports according to data
availability in generic databases.

Supply mix National mix is applied, with imports and exports according to data
availability in generic databases.

Generic mix No differentiation between different use types (such as heating,
cooling, ventilation, hot water etc.) ; electricity consumption of all
uses are modelled with the same mix.

Present or future mix ? The average present (recent past) electricity mix is applied.

Average or marginal mix ? | Average electricity mix.

Annual mix An annual mix is applied.

Allocation for exported PV 100% of avoided impacts, assuming a potential replacement of the
Hungarian electricity mix.

b) Research assessment, linking life cycle assessment and the European Electricity Market Model
(EEMM) of the Regional Centre for Energy Policy Research (REKK), and the Green-X model,
developed by the Energy Economics Group of the Vienna University of Technology.

Choice

Explanation / Intention

General information

The assessment of the environmental impact of the Hungarian electricity mix
was carried out in a research project. The objective was to link life cycle
assessment with an economic electricity market model to study the temporal
variation in the environmental impact of the current and future electriticy mix.
EEMM is a partial equilibrium microeconomic (supply-demand) model. It
assumes a fully liberalised electricity market and perfect competition in all
modelled countries. In every country, the model calculates the merit-order
curve, assuming all production units offer their electricity on a marginal-cost
basis. Supply includes imports as well, taking into account capacity
constraints. EEMM includes 3400 power plant units in a total of 41 markets,
including the EU, Western Balkans and other EU neighbouring countries.
Each country is a single node in the model, with 104 interconnectors
between them.

Generic mix Generic mix for Hungary

National mix National mix but interactions with neighbouring countries are considered.
Imports are modelled as the production mix of the neighbouring countries
(excluding their imports). The model assumes that the composition of the
electricity that is exported is the same as the electricity supplied to the grid.

Supply mix Production mix + imports

Universal or Use- Universal mix, but the possibility of developing use-specific mix will be

specific mix studied

Present or Future
mix ?

Present mix and future mix. Future mix is based on three policy scenarios,
based on the economic electricity market model.

Average or
marginal mix ?

Average mix

Annual and hourly
mix

Besides the annual mix, also a mix with an hourly resolution is modelled for
the present and for the future scenarios.
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Choice Explanation / Intention
Allocation for 100% of avoided impacts assuming a potential replacement of the Hungarian
exported PV electricity mix.

References:

Kiss, Benedek ; Szalay, Zsuzsa ; Kacsor, Eniké: Environmental impacts of future electricity production in
Hungary with reflect on building operational energy use. In: Robby, Caspeele; Luc, Taerwe; Dan, M.
Frangopol - Life Cycle Analysis and Assessment in Civil Engineering: Towards an Integrated Vision
LONDON : CRC Press, (2019) pp. 847-853. , 7 p.

Kiss, B., Kacsor, E., & Szalay, Z. (2020). Environmental assessment of future electricity mix — Linking an
hourly economic model with LCA. Journal of Cleaner Production, 264.
https://doi.org/10.1016/j.jclepro.2020.121536

HUNGARY
Criterion HUNGARY

Mainstream assessment

Generic or provider :
iy e generic
specific specific
CEEElEE continental  regional national
scope
Electricity mix
model
Type of mix (1) (2) Supply mix
Production
mix
Nature of Physical Flows based Flows based on
trade flows flows on contracts  Guarantee of
Origin (GO)
Modelling (1) (2) Production (3) Production — A (4) (5) Production minus
choice Production + — exports + exports + According to Exports (Production
for the supply imports imports A imports national volume — domestic
mix NB: electricity GO supply volume,
contemporaneous declaration per technology) plus
physical imports and NB: This Imports (foreign GO
exports are model only ~ supply volume, per
considered transit  works for technology)
trade and thus countries  NB: This model only
balanced. Only net  such as EU ks for countries
e G and EFTA  gch as EU and EFTA
export v_olumes countries countries where
(determined onan wher e electricity disclosure is
hourly or 15 min electricity mandatory
basis) are taken into djsclosure is
account mandatory
Balance of Gross Net balance Not applicable
import/export at balance
each border with
the studied
country and
each
neighbouring
country
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Data types for Direct use of Data derived Other data (e.g.,
the empirical data from/determine use of national

energy carrier from d with a model statistics different
flows Transmission (e.g., statistical from TSO data,

System models...) literature data)
Operator
(TSO)

End uses universal mix use specific

dependence ) mix

(heating, lighting,

cooling, etc.)

Time dimension historical mix present mix future mix

LCA modelling . . .
average mix marginal mix
approach
Time granularity annual seasonally hourly
average mix differentiated differentiated mix
mix
Allocation of in  Impacts of Gross impacts Gross impacts
site PV self minus minus grid mix
electricity consumed PV impacts of impacts of fed in
production part only fed in electricity
electricity

): The mix (universal or use specific) may be defined on the level of annual, seasonal, daily, hourly
or 15 minutes’ averages. Combining hourly (or 15 minutes) universal mixes with the use profiles of
heating, lighting, cooling or ventilation) and integrating them to annual values will result in annual
use specific mixes.

HUNGARY
Criterion HUNGARY, REKK EEMM + LCA
Research assessment
Generic or provider :
s o generic
specific specific
TRl continental regional national
scope
Electricity mix
model
Type of mix (1) (2) Supply mix
Production
mix
Nature of Physical Flows based  Flows based on
trade flows flows on contracts  Guarantee of
Origin (GO)
Modelling (2) Production (3) Production — A (4) (5) Production minus
choice — exports + exports + According to Exports (Production
for the supply imports A imports national volume — domestic
mix NB: electricity GO supply volume,
contemporaneous ~ declaration  per technology) plus
physical imports and NB: This Imports (foreign GO
exports are model only ~ supply volume, per
considered transit  works for technology)
frablanaiiiis countries  NB: This model only
balanced. Only net  such as EU ks for countries
lmport and net and EETA such as EU and EFTA
export volumes countries countries where
(determined on an  where
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Balance of
import/export at
each border with

Gross
balance

hourly or 15 min electricity
basis) are taken into disclosure is
account mandatory

mandatory

electricity disclosure is

Net balance Not applicable

the studied
country and
each
neighbouring
country
Data types for Direct use of Data derived Other data (e.g.,
the empirical data from/determine use of national
energy carrier from d with a model statistics different
flows Transmission (e.g., statistical from TSO data,
System models...) literature data)
Operator
(TSO)
End uses universal mix use specific
dependence ) mix
(heating, lighting,
cooling, etc.)
Time dimension historical mix present mix future mix
LCA modelling : . .
average mix marginal mix
approach
Time granularity annual seasonally hourly
average mix differentiated differentiated mix
mix
Allocation of in  Impacts of Gross impacts Gross impacts
site PV self minus minus grid mix
electricity consumed PV impacts of impacts of fed in
production part only fed in electricity
electricity

): The mix (universal or use specific) may be defined on the level of annual, seasonal, daily, hourly
or 15 minutes’ averages. Combining hourly (or 15 minutes) universal mixes with the use profiles of
heating, lighting, cooling or ventilation) and integrating them to annual values will result in annual

use specific mixes.

a) Modelling of the electricity mix following the EU Joint Research Center method (Erlandsson, 2019;
Moro & Lonza, 2018), used e.g. in the NollCOz2 certification scheme
Choice Explanation / Intention
Generic mix The method is meant to provide a value appropriate to assess all

buildings in Sweden, regardless of the energy provider. However,
producer-specific emission factors may also be used in the NollCO2
certification, if they have been calculated in a preexisting EPD or if
they have received the “Bra Miljdval” certification.
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Choice Explanation / Intention

National mix The Swedish Energy Agency now recommends using a national mix,
primarily for the sake of harmonization and consistency with practices
in other European countries.

Supply mix, considering This method calculates the life cycle based emission factor for
Swedish production plus electricity consumed in a country. One objective is to consider
imports minus exports and | electricity trading between European countries, hence the inclusion of
transmission losses. both imports and exports. The original JRC method ignored upstream

emissions for renewable energy, but the value calculated for the
NollCOz certification includes the embodied impact of renewable
power plants.

Universal mix The aim is to obtain an average factor for attributional LCAs that can
be used regardless of the context or system studied.

Data on physical flows The method is based on data from the ENTSO-E transparency

from transmission system platform, IEA and Eurostat.

operators.

Present / future mix The original work from the EU Joint Research Center only provides

an emission factor for the year 2013. The NollCO: certification
scheme updates this value every two years, and also includes a
future scenario. Following long term strategies from Sweden and the
EU, electricity is assumed to be carbon neutral in 2050. Emission
factors between 2020 and 2050 are estimated through linear
interpolation.

Another report by Erlandsson (2019) also develops a method to
assess future greenhouse gas emissions from the building sector,
based on forecasts from the Swedish Energy Agency.

Average mix This emission factor is meant to be used for accounting and
certification purposes. However, it should be noted that “negative
emissions” from on-site electricity exported to the grid are estimated
using a marginal approach.

Annual average mix Temporal variation is not accounted for, for the sake of simplicity.
Previous works suggest that there is little difference between using
yearly averages and hourly values when considering an average mix
for attributional LCAs (Erlandsson et al., 2018).

Allocation for exported In NolICOz, electricity exported to the grid results in negative
electricity greenhouse gas emissions by offsetting electricity produced in coal
power plants (i.e. it receives a “negative emission factor”
corresponding to the emission factor of coal power). This only applies
to electricity that would be produced in excess of the building’s
needs. In other words, on-site electricity is first assumed to reduce
the building’s electricity demand, and the production that exceeds the
building’s demand is assumed to displace coal power.

SWEDEN
Criterion JRC Method as used in NolICO2
Generic or Provider .
o . Generic
specific specific
LRI G Continental Regional National
scope
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Electricity mix

model
Type of mix Production Supply mix
mix
Nature of Physical flows Flows based on Flows based on
trade flows contracts Guarantee of
Origin (GO)
Modelling (1) Production (2) Production — (3) Production — A (4) (5) Production
choice + imports exports + exports + According minus Exports
for the supply imports A imports to national (Production volume
mix electricity — domestic GO
NB: declaration supply volume, per
contemporaneous technology) plus
physical imports ~ NB: This Imports (foreign GO
and exports are model only supply volume, per
considered transit works for  technology)
trade and thus countries
balanced. Only net such as EU NB: This model only
import and net and EFTA works for countries
export volumes countries  such as EU and
(determined on an wWhere EFTA countries
hourly or 15 min  €lectricity  where electricity
basis) are taken  disclosure  disclosure is
into account is mandatory
mandatory
Balance of Gross balance Net balance Not applicable

import/export at
each border
with the studied
country and

each
neighbouring
country
Data types for Direct use of Data derived Other data (e.g.,
the empirical data from/determined use of national
energy carrier from with a model statistics different
flows Transmission (e.g., statistical from TSO data,
System models...) literature data)
Operator
(TSO)

End uses universal mix
dependence "

(heating, lighting,

use specific mix

cooling, etc.)
Time dimension historical mix present mix future mix
marginal mix
LCA modelling e
approach average mix electricity
exported to the
grid)
Time annual seasonally hourly
granularity average mix differentiated mix differentiated mix
Allocation of in  Impacts of self Gross impacts  Gross impacts
site PV consumed minus minus grid mix
electricity part only PV impacts of  impacts of fed in
production fed in electricity electricity
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C 183

b) Tidstegen tool for consequential assessments of energy-related measures (Gode et al, 2015)%

Choice Explanation / Intention

Generic mix The method assesses the consequences of a change in demand on
the Nordic electricity grid, regardless of the producer.

Regional mix The assessment is based on a Nordic electricity mix, due to the fact

that Nordic countries share a common market (Nordpool).

Supply mix, considering
Nordic production, imports
and exports.

The Tidstegen method calculates the consequences of a change of
electricity demand, depending on the season and time of day when it
happens. Possible consequences are changes in how plants are
operated, changes in investments in various production technologies,
and changes in imports and exports.

Universal mix

The aim is to obtain an emission factor for consequential LCAs that
can be used to assess any energy-related measure at the building
level.

Data derived from a model.

A linear programming cost optimization model is used to determine
the consequences of a change in demand on the operation of power
plants and investments in new power plants, depending on when this
change in demand happens.

Future mix

The Tidstegen tool focuses on consequences up to the year 2040.
The method is based on three future scenarios, that differ primarily in
terms of carbon costs.

Marginal mix (short- and
long-term margin)

This method is meant to assess the consequences of a change in
electricity demand on the operation of power plants, imports, exports
and long-term investments in production technologies.

Seasonal mix

A separate marginal mix is calculated for each year until 2040. For
each year, a separate mix is calculated for summer, spring/autumn,
and winter. For each season, a separate mix is calculated for daytime
and nighttime.

Allocation for exported

electricity

On-site electricity exported to the grid is treated as a reduction in
electricity demand on the grid.

References:
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Criterion

Generic or
specific

Provider
specific

SWEDEN
Tidstegen method

Generic

% https://www.ivl.se/sidor/vara-omraden/miljodata/verktyget-tidstegen-for-klimatbedomning-av-energiatgarder.html
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Geographic

Continental Regional National

scope

Electricity mix

model

Type of mix Production Supply mix
mix
Nature of Physical flows Flows based on Flows based on
trade flows contracts Guarantee of
Origin (GO)
Modelling (1) Production (2) Production — (3) Production — A (4) (5) Production
choice + imports exports + exports + According  minus Exports
for the supply imports A imports to national (Production volume
mix electricity — domestic GO
NB: declaration supply volume, per
contemporaneous technology) plus
physical imports NB: This Imports (foreign GO
and exports are model only supply volume, per
considered transit works for  technology)
trade and thus countries
balanced. Only net such as EU NB: This model only
import and net and EFTA works for countries
export volumes countries  such as EU and
(determined on an Where EFTA countries
hourly or 15 min  electricity  where electricity
basis) are taken  disclosure disclosure is
into account is mandatory
mandatory
Balance of Gross balance Net balance Not applicable

import/export at
each border
with the studied
country and

each
neighbouring
country
Data types for Direct use of Data derived Other data (e.g.,
the empirical data from/determined use of national
energy carrier from with a model statistics different
flows Transmission (e.g., statistical from TSO data,
System models...) literature data)
Operator
(TSO)

End uses
dependence "
(heating, lighting,

universal mix use specific mix

cooling, etc.)
Time dimension historical mix present mix future mix
LCA modelling . . .
average mix marginal mix
approach
Time annual seasonally hourly
granularity average mix differentiated mix differentiated mix

Allocation of in
site PV
electricity
production

Impacts of self Gross impacts

consumed minus

part only PV impacts of
fed in electricity

Gross impacts
minus grid mix
impacts of fed in
electricity
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C.5 Example for Denmark

Criterion
Type of approach (e.g., commonly used approach (labelling systems), research
assessment/study)
1 G . ... provider :
eneric or specific o generic
specific
2 Geographic scope continental regional national
Electricity mix
model
3 Type of mix (1) (2) Supply
Production mix
mix
4 Nature of Physical Flows based Flows based on  Flows based on
trade flows flows on contracts Guarantee of Guarantee of
Origin (GO) Origin (GO)
purchase together
with physical
production
5 Modelling choice (1) (2) (3) Production — A (4) Accordingto  (5) Production
for the supply mix Production Production — exports + national electricity minus Exports
+ imports  exports + A imports declaration (Production volume
imports NB: NB: This model only —domestic GO
Contemporaneous works for countries 3Upp|y VOlUme, per
physical imports and such as EU and technology) plus
exports are EFTA countries Imports (foreign
considered transit ~ where electricity GO supply volume,
trade and thus disclosure is per technology)
balanced. Only net mandatory .
import and net NB: This model iny
export volumes works for countries
(determined on an ZL,’__C# Aas e gnd
hourly or 15 min countr_le's
basis) are taken into where elec?rICIty
account disclosure is
mandatory
6 Balance of Gross Net balance Not applicable
import/export at balance
each border with
the studied
country and each
neighbouring
country
7 Data types for the Direct use Data derived Other data (e.g.,
energy carrier of empirical from/determi use of national
flows datafrom nedwitha statistics different
Transmissi model (e.g., from TSO data,
on System statistical literature data)
Operator models...)
(TSO)
8 End uses universal  use specific
dependence ") mix mix
(heating, lighting,
cooling, etc.)
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2 Time dimension rr:is;orlcal present mix future mix
10 | LCA modelling average . :
. marginal mix
approach mix
11 | Time granularity annual seasonally  hourly
average differentiate differentiated mix
mix d mix
12 | Allocation of in Impacts of Gross Gross impacts
site PV electricity self impacts minus grid mix
production consumed minus impacts of fed in
partonly PV impacts electricity
of fed in
electricity

): The mix (universal or use specific) may be defined on the level of annual, seasonal, daily, hourly
or 15 minutes’ averages. Combining hourly (or 15 minutes) universal mixes with the use profiles of
heating, lighting, cooling or ventilation) and integrating them to annual values will result in annual

use specific mixes.
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Local PV production can be self-consumed or exported. The self-consumed part may reduce the use of
grid electricity. How should in situ produced electricity which is exported (fed into the grid) be modelled in
the LCA of a building? Which production mix should be considered if following an avoided burden
approach? This annex presents the situation and modeling choices in the different countries.

The electricity consumption has been approximately constant these last 12 years. Small variations are mainly
related to winter temperature variations because of the use of electric heating. If the grid mix still includes a
share of fossil or nuclear, it would not be logical to reduce the wind or hydro-electricity production when a PV
roof reduces the consumption in a building.

During these 12 years, the electricity mix has varied: the share of nuclear production decreased from 78% to
72% and coal power plants from 5% to 1% whereas the share of renewables (wind, PV and biomass)
increased from 1% to 9%, hydroelectricity varying a little according to rainfalls. The new renewable production
is therefore replacing nuclear and coal production. The French energy transition policy planned to reduce the
share of nuclear production to 50% in 2025, but this has recently been delayed until 2035. If only 6% has
been replaced in 12 years, it would need 56 years to reach a 50% share considering the present speed of
the transition. The last coal power plants are used for the winter peak demand. Local PV production is higher
during the other seasons. It is therefore probable that a PV system with a life span of 30 years will replace a
nuclear production. An electricity mix model allows to evaluate this in a more precise way.

Accounting for the benefit of exporting electricity allows a correct evaluation of the environmental pay back
time of renewable energy systems. For instance the actual energy pay back time of a PV module is a few
years (depending on the climate).

Using the avoided impacts approach, the environmental balance does not depend on the self-consumption
ratio. In an example case study, this ratio is around 50% at the scale of a building but at the scale of the
neighbourhood, because some other buildings consume the produced electricity, the self-consumption ratio
is 100%. The avoided impacts approach leads to equal energy pay back times, which is physical. The avoided
impacts method provide consistent results which are scalable: the environmental pay back time is the same
at the scale of the product, the building, the neighbourhood and the city.

Switzerland decided to step out of nuclear power. It is not allowed to commission new nuclear power plants
and the existing ones may operate as long as they fulfill the safety requirements. Currently 4 nuclear power
plants (located at three sites) are still running. The fifth one stopped production at the end of 2019. The
energy directive includes goals for the electricity production with new renewable energies (11’400 GWh per
year in 2035 compared to 3'670 GWh in 2018) and with hydroelectric power plants (37°'400 GWh per year in
2035 compared to the average expected annual production of 35210 GWh).

The technical bulletin SIA 2040 specifies how to model electricity produced in situ and exported to the
electricity grid. Firstly, the environmental impacts of in situ electricity production (e.g. photovoltaic system,
combined heat and power plant) are quantified and attributed to the total amount of kWh produced, i.e. the
electricity exported and the electricity self-consumed. The environmental impacts of the self-consumed
electricity are attributed to the building, whereas the environmental impacts of the exported electricity are
attributed to the organisation (e.g. electric utility, private households) purchasing it. It is not allowed to
attribute any kind of negative environmental burdens to the building’'s LCA due to exported electricity.
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Electricity production in Sweden is based primarily on hydropower and nuclear power (about 40% of the
production mix each), followed by windpower and combined heat and power plants (about 10% of the
production mix each). Sweden is a net exporter of electricity.

There is currently no standardized method to account for the benefits of on-site PV electricity exported to the
grid. Different assessments might use different methods. This situation is likely to evolve in the coming years,
as there are ongoing efforts towards more harmonization.

Both the current version of the NollCO: certification method (Sweden Green Building Council, 2020), and the
Tidstegen method (Gode et al., 2015), assume that the short term marginal consequences of exporting on-
site electricity to the grid are a reduction of electricity production in coal power plants. Therefore, in both
cases, a hegative emission factor would be used, equal to the emission factor of electricity produced in coal
power plants.

The two methods differ regarding the way they assess exported on-site electricity in the long term. NollCO2
considers that electricity production in Europe will be climate neutral by 2050, following the objectives of
Sweden and the EU. The emission factor of electricity (both for electricity used in the building, and for on-
site electricity exported to the grid) is assumed to decrease linearly between 2020 and 2050. Tidstegen
considers three different scenarios after 2020. In the long term, it is assumed that the marginal emission
factor for electricity will depend on the time: the marginal mix is not assumed to be coal in the long term, but
varies depending on the season and whether it is day or night. In Tidstegen, any energy-related measure at
the building level would have to be assessed in each of these three long term scenarios. The model requires
inputing hourly data for electricity demand, but the calculations only consider the total daytime (respectively
nighttime) electricity demand for each season and each year.

NollCOz2 specifies that this marginal assessment only concerns on-site electricity produced in excess of the
building’s needs. On-site electricity would first be used to meet the building’s electricity demand. Additionally,
the embodied greenhouse gas emissions of the PV installation itself are taken into account in the emission
factor of PV electricity. In other words, they are included in module B6 using values in gCO2/kWh, rather than
being included in module A.

There is no official electyricity mix to be considered for electricety mix regarding electricety produced by PV
when exported to the grid.

However, the the Research Centre on Zero-Emission Buildings (ZEB), in the LCA for the validation of the
“Zero-emission” uses a COz-factor of 132 g CO2eq/kWh, which is a modelled average COz-factor from
Europe production between 2010 and 2050 (Graabak et al 2014). This value corresponds well with the
Norwegian Standard on LCA of buildings (NS3720:2018) Scenario 2 (EU28+NO) for future electricity mix
from 2015 to 2075 of 136 g COz2eq/kWh.

The rationale behind the use of european future electricity mix is that the Norwagian grid is supposed to be
fully integrated (withouth botlenecks) with the european grid, motivated by the tenmporal benefits of
hydropower versus thermal powerproduction in buffering new-renewable electricity production in the grid.
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This publication is an informal background report. It was developed as part of the international research
activities within the context of IEA EBC Annex 72. Its contents complement the report “Context-specific
assessment methods for life cycle-related environmental impacts caused by buildings” by Lutzkendorf,
Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the author(s).

Together with this report, the following background reports have been published on the subject of “Assessing
Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC Annex 72) and
can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

Survey on the use of national LCA-based assessment methods for buildings in selected countries
(Balouktsi et al. 2023);

Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf, Balouktsi, Rock, et al. 2023);

Basics and recommendations on influence of service life of building components on replacement rates
and LCA-based assessment results (Lasvaux et al., 2023);

Basics and recommendations electricity mix models and their application in buildings LCA (Peuportier et
al., 2023);

Basics and recommendations on influence of future electricity supplies on LCA-based building
assessments (Zhang 2023);

Basics and recommendations on assessment of biomass-based products in building LCAs: the case of
biogenic carbon (Saade et al., 2023);

Basics and recommendations on influence of future climate change on prediction of operational energy
consumption (Guarino et al., 2023);

Basics and recommendations in aggregation and communication of LCA-based building assessment
results (Gomes et al., 2023);

Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023);

Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international survey
(Satola et al. 2023).
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Buildings’ expected service life usually spans over at least several decades of even centuries and produce
further emissions not only when they are being constructed, but also in the operational phase (including
repair and replacement) and at the end of life. The problem of emissions discounting is the problem of present
and future importance of GHG emissions released into atmosphere or captured for a certain period over
time. The current LCA practice does not consider such temporal aspects. With the typical approach,
emissions occurring at different times are aggregated, but in reality, the total emission is not present in the
environment at one time, but it is spread over time.

This report summarises the most relevant approaches and their implications regarding the time-related
aspects of emissions. It deals with time horizons, physical discounting, carbon budget approach, discounting,
economic discounting and monetization of environmental impacts.

If temporal differentiation is considered in LCA, the following recommendations are provided:

Time in life cycle inventory

A prerequisite for considering time in impact assessment and weighting is that life cycle inventory data should
be temporally differentiated. It is recommended to indicate the time when emissions occur in the inventory
to make it possible that temporal issues are later considered.

Physical discounting
Physical discounting is based on the modelling the actual behaviour of emissions in the environment. While
this is an important issue, it is not recommended to apply this approach to future emissions.

Carbon budget approach

The carbon budget approach is recommended. In this approach it is irrelevant whether the emission occurs
now or in the future. This makes physical temporal differentiation unnecessary, but scarcity considerations
might be applied.

Physical discounting based on increasing scarcity considerations

There is a (residual) budget of emissions determined using scientific methods that may still be emitted if the
goal of limiting global warming is met. The amount of emissions that are still permitted to be released is
therefore smaller and scarcer. Increasing scarcity can be expressed by increasing the weighting factor (e.g.
ecological scarcity method).

Monetization of environmental impacts and discounting

Although physical discounting of future impacts is not recommended, in some approaches, monetization of
environmental impacts is used. Once the environmental impacts are monetized, it is possible to apply
discounting on the environmental external cost. However, a discount rate of zero or near zero shall be applied
considering the perspective/interest of future generations. It is recommended to perform a sensitivity analysis
to check how sensitive the results are to the discount rate.
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Abbreviations

Abbreviations Meaning

EOL End of life

EU ETS The European Union Emissions Trading System

GHG Greenhouse gas emission

GWP Global warming potential

IAM Integrated assessment model

ISO International Organization for Standardization

IPCC The Intergovernmental Panel on Climate Change

LCA Life cycle assessment

LCI Life cycle inventory

MCA Marginal cost approach

MMG Milieugerelateerde Materiaalprestatie van Gebouwelementen: Environmental
Material Performance of Building Elements

OECD The Organisation for Economic Co-operation and Development

OVAM Public Waste Agency of Flanders

ScC Social cost of carbon

TH Time horizon

UN The United Nations
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Emissions over the life cycle of a construction product occur at different points in time and significance of
their impact may vary. A typical example is waste incineration where immediate emissions to the air have to
be weighed against future emissions of slag landfills (Hellweg, Hofstetter, & Hungerbiihler, 2003). In the built
environment the service life may span over decades or even hundreds of years, therefore the consideration
of temporal issues may become relevant. However, in general no temporal differentiation of impacts is
considered in LCA. There have been attempts to adopt the approach of economic discounting where future
cash flows are weighted differently than today’s cash flows to account for the time value of money. The
possibility of applying “physical discounting” based on the modelling the actual behaviour of emissions in the
environment has also been discussed. Currently, there is no consensus on whether discounting should be
applied in LCA or not. It can and must therefore be discussed whether and to what extent it is possible and
sensible to transfer the discounting approach to life cycle assessment.

Climate change is one of our largest challenges today. As buildings are responsible for nearly 40 % of carbon
emissions and have high potential for savings, the society shall consider greenhouse gas (GHG) and other
emissions in all life cycle phases of construction projects. It is especially important in buildings, as their
expected service life usually spans over at least several decades of even centuries and produce further
emissions not only when they are being constructed, but also in the operational phase (including repair and
replacement) and at the end of life.

If there is a case, that the importance of GHG and other emissions changes over time, such fact shall
definitely be considered in optimization approaches and assessment methods, because the change shall
impact the optimization result.

The problem of emissions discounting is the problem of present and future importance of carbon emissions
released into atmosphere or captured for a certain period over time. The current LCA practice is not to
consider such temporal aspects. With the typical approach, emissions occurring at different times are
aggregated, but in reality, the total emission is not present in the environment at one time, but it is spread
over time.

The question arises whether the temporal aspect should be incorporated into the LCA of buildings and
whether today’s emissions should be evaluated differently from future emissions. Depending on the chosen
approach, this may have a significant influence on the assessment results and thus influence the decision-
making process in construction.

9/25



Temporal issues appear at all stages of an LCA (Stefan Lueddeckens, Saling, & Guenther, 2020):

— Goal and scope definition: the temporal system boundary (time horizon) is defined and the regarded life
cycle stages

— Inventory: the inventory data may have a temporal resolution

— Impact characterisation: time dependent characterisation mechanisms

— Normalisation: time dependent normalisation factors

— Weighting: temporal weighting (discounting)

In current LCA practice, the life cycle inventory is usually an aggregated total value of emissions over the
service life of the product. Some time-related information is included in some databases. For example, the
ecoinvent database (Wernet et al., 2016) distinguishes very long-term emissions for disposal processes.
Further disaggregation in time is usually not applied.

Characterization factors of impact assessment are usually generic (average values) without temporal
differences (Hellweg & Frischknecht, 2004), (C. Yuan, Wang, Zhai, & Yang, 2015). For example, no
difference is considered whether an emission contributes to global warming potential today or in 150 years.

Temporal differentiation could be especially relevant for long-term emissions (slowly released over a long
period of time) where the impact of long-term emissions could be very large if the same impact factors are
used as for short-term emissions. This problem occurs, for example, in waste treatment processes in landfills
(Hellweg & Frischknecht, 2004). Also, there is ongoing debate on carbon capture and storage technologies,
that would take exhaust waste carbon emissions from industrial processes or energy production and store
them for shorter or longer period of time (Marshall & Kelly, 2010). While weighting of impact categories is
well established in LCA, there is a lack of consensus on temporal weighting or discounting. In this report, the
most relevant approaches are summarised.

In current LCIA practice, generally there is no explicit differentiation between emissions occurring at different
points in time, but some form of implicit discounting is common practice, for example the use of temporal
system boundaries or time horizons (TH). Time horizons can be applied for the whole assessment, for the
life cycle inventory and for the impact characterization (S. Lueddeckens, Saling, & Guenther, 2021).

Are discounting and time horizons equivalent?

In the early 1990s there has been a discussion on discounting for global warming assessment, but the IPCC
instead adopted the concept of time horizons because of its presumed simplicity (Fearnside, 2002) In the
literature, setting a time horizon (temporal cut-off) for the assessment is generally regarded as equivalent to
the application of discounting (Almeida, Degerickx, Achten, & Muys, 2015; Boucher, 2012; Fearnside,
Lashof, & Moura-Costa, 2000; HU, 2018; Stefan Lueddeckens et al., 2020; Mallapragada & Mignone, 2017).
(Hellweg et al., 2003) states that time horizon is a special discounting case with a zero rate during the
considered time horizon and an infinite rate after the time horizon. On the other hand, in the opinion of (S.
Lueddeckens et al., 2021) discounting and time horizons are not equivalent, as in case of time horizons
some kind of standardization is possible while discounting is highly individual and fully dependent on a
decision maker’s utility at different points in time (S. Lueddeckens et al., 2021).
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Length of time horizon (TH)

The choice of the time horizon in LCA will significantly influence the results. For example, (Finnveden, 2000)
showed how results change depending on the time horizon when assessing long-term heavy metal
emissions of municipal waste sites.

The choice of TH is regarded by many as an ethical question about the rights of future generations. Very
short THs are against the principle of intergenerational equality, while very long ones marginalize short-term
actions and thereby reduce incentives to act (Herzog, Caldeira, & Reilly, 2003; Stefan Lueddeckens et al.,
2020). For example, with an infinite TH no benefit of any sequestration measure could be shown (Brandao
et al., 2013) but this would avoid problem shifting to the future (Lebailly, Levasseur, Samson, & Deschénes,
2014).

According to (S. Lueddeckens et al.,, 2021) an LCA can be action-oriented and measurement-oriented.
Action-oriented LCA would have a short time horizon to show the consequences of actions and the
responsibility of people living today. However, their opinion is that LCA should be measurement-oriented and
therefore have a long TH. They recommend the use of discounting to express time preference instead of
setting a short TH.

In impact assessment, pre-defined time horizons can be selected in the fate model for temporal system
boundaries (e.g. GWP 20, 100, 500). There is a debate whether these time horizons are realistic, as 20 years
are too short, while 500 years too long, meaning most LCA studies choose the 100-year TH (Fearnside,
2002).

The Eco-indicator 99 and ReCiPe methods also consider time according to the cultural theory (Hofstetter,
Baumgartner, & Scholz, 2000). The archetypes in society are fatalist, individualist, hierarchist and egalitarian
with fatalist having the shortest TH and egalitarian the longest. For example, in climate change calculations,
the individualist has a 20-year perspective, the hierachist 100-year and the egalitarian an infinite TH. Most
assessments apply the hierarchist perspective.

An option is to use strict time horizons. This would mean that if the impact of CO2 emitted today is determined
for a time horizon of 100 years, then the impact of CO2 emitted in 20 years should be determined based in
atime horizon of 80 years (suggested by Ollivier Jolliet in (Hellweg & Frischknecht, 2004)). Such an approach
is possible by using a dynamic LCA (Pehnt, 2006).

Hellweg, Hofstetter and Hungerbiihler (2003) introduced the idea that changes in the environment can be
expressed with discounting, similarly to economics where price level changes (inflation or deflation) are
included in the nominal discount rate. The background concentration of pollutants values or the sensitivity of
the ecosystem may change and impacts depend on doses or threshold. For example, soil has a certain
buffer for acidic substances until exhaustion occurs (S. Lueddeckens et al., 2021) or the accumulation of
heavy metals may trigger a change in the damage produced by an additional unit of emission (Hellweg et
al., 2003).

Yuan et al. (2015) proposed a theoretical framework for temporal discounting in LCA. Their conclusion was
that the inventory analysis stage is advantageous for addressing temporal homogeneity issue. They
recommend a methodology following five steps and in their paper they summarize the possible solutions and
challenges encountered in each step:
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1. Calculating the temporal scale of LCA: the length of each activity when emissions are released must
be determined (e.g. product production time, usage time, EOL time + time lags in between). This
usually follows a stochastic pattern due to variability, so the result of this step is an expected minimum
and maximum time duration of each activity (possible methods to use: fuzzy logic method, Critical
Path Method, scenario analysis, statistical analysis, stochastic modelling, predictive models,
degradation analysis)

2. Compiling temporally differentiated life cycle emissions: the inventory data must be temporally
differentiated, which requires an activity-based modelling.

3. Modelling the actual behaviour of emissions in the environment: released emissions have an initial
concentration in the environment, but through various routes and pathways their concentration is
dynamically changing (e.g. transported by the fluid flow, chemical reaction, degradation by itself,
interaction with other medium for interphase transport and change, absorption in the environmental
sinks, precursors). The changes in the amount can be mathematically determined through appropriate
fate and transport models, but this involves complex modelling.

4. Discounting emissions to a selected reference time point: the reference point can be any time, e.g.
starting or ending point of the life cycle.

5. Aggregating discounted emissions at the reference time point: calculating the equivalent amount.

According to the authors, the difference between the discounted total amount and the directly aggregated

amount can be significant. For example, the total discounted amount of CO2 emissions was 19.78% lower

than the total amount of CO2 emissions in the conventional life cycle inventory in the case of a Volkswagen

Golf A4 car (Yuan et al. 2015).

The concept of physical discounting was, however, rejected by (O’Hare et al., 2009) who stated “the
discounting model applies to costs and benefits, not to physical phenomena that generate them, unless their
economic value is otherwise stable over time”. (S. Lueddeckens et al., 2021) agrees that only utility and not
physical things can be discounted. According to their opinion, changing background concentration should be
modelled with dynamic characterization and normalization and the use of the term “discounting” is not
appropriate for this issue.

Carbon budget can be utilized for setting of national or regional benchmarks for the amount of CO2 emissions
produced by buildings over their life cycles. An emissions budget, carbon budget, emissions quota, or
allowable emissions, is an upper limit of total carbon dioxide (CO2) emissions associated with remaining
below a specific global average temperature (Meinshausen et al., 2009; UN Environment, 2018).

Governments of some countries already use carbon budgets on daily bases. In the UK, for instance, “under
the Climate Change Act (2008) the Government is committed to legally binding carbon budgets. These are
five-year period targets for the UK’s GHG emissions set fifteen years ahead. The first four Carbon Budget
periods have been legislated for: 2008-12; 2013-17; 2018-22 and 2023-2027.” (Department for Business,
2018)

The development of remaining carbon budget is monitored by UN and the results are continuously reported
in the Emission Gap Reports. The latest report (UN Environment, 2018) concludes, that although most of
the nations provided their Nationally Determined Contributions to the Paris Agreement, the actual
commitments are not sufficient for bridging the emissions gap in 2030. Moreover, the global GHG emissions
showed no signs of peaking in 2017.
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The problematics of allocation of the carbon budget from the global level to national buildings-related
activities is available in (Habert et al., 2020).

In the carbon budget approach, it is irrelevant whether the emission occurs now or in the future. They are
considered equal. This makes physical temporal differentiation unnecessary, but scarcity considerations
might be applied.

Physical discounting can be based on increasing scarcity considerations. There is a (residual) budget of
emissions determined using scientific methods that may still be emitted if the goal of limiting global warming
is met. This remaining budget is getting smaller and smaller as a result of continued release of emissions,
and the amount of emissions that are still permitted is therefore smaller and scarcer. In some impact
assessment methods, such as the ecological scarcity method, increasing scarcity is expressed by increasing
the weighting factor.

Discounting in economics is common practice. A key publication that introduced the concept of discounting
in LCA was the publication of Hellweg et al in 2003 (Hellweg et al., 2003), which was followed by some
other papers. Discounting is still seldom applied in LCA studies and there is no consensus in the literature
on its application.

In economics, temporal variability is addressed with a temporal discounting approach. The motivation for
discounting can be time preference, productivity of capital (related to economic growth/decline) and
uncertainty/ risk perception (Hellweg et al., 2003). The basic idea behind is that money available today is
worth more than the same amount in the future, because money is already there, certain and can earn
interest.

In economics, cash flows occurring over time are discounted to a common metric — present values or future
values. A discount rate is applied to describe the change of the value of the money during an interval. Cash
flows at different points in time are projected to the reference time and then aggregated to the total value.
The reference time is usually the present, but sometimes the future. The general formula for calculating the
present value is:

PV = CFV/ (1+4r)"

where

PV is present value

CFV is future cash flow value

N is number of years between present time and occurrence time
r is discount rate

Due to time preference: There is a general agreement that discounting because of pure time preference
should not be applied in LCA as it is against fundamental ethical values (Hellweg et al.,, 2003) (S.
Lueddeckens et al., 2021). Time preference would mean that environmental damage may be regarded worth
less in the future than today. From a moral aspect, all people including those not yet born should be treated
equally. However, in real life decision makers often apply an implicit discounting and most people have a
short planning horizon. Ethical issues do not mean that all kinds of temporal weighting should be rejected.
Weighting of damages at different times can be regarded similarly to weighting of different damage types

(Hellweg et al., 2003).
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Due to uncertainty: Discounting is sometimes used to reflect uncertainty. For example, some environmental
damages may become less important in the future if technological breakthroughs help to reverse the damage
but could become more important if they affect more people (S. Lueddeckens et al., 2021). There is a general
agreement, however, that discounting is not the right method for considering uncertainty in LCA, which
should rather be handled with scenario and sensitivity analysis.

Supporting decisions: According to Lueddeckens, Saling and Guenther (2021), discounting is a tool for
intertemporal decision making. It is only useful if alternatives need to be compared to support decision
making. They do not recommend discounting in informative assessments, e.g. in single-product LCA or
labels. However, in comparative LCA, discounting may help to answer temporal decision problems, for
example, a question on whether to use resources now or later. Lueddeckens, Saling and Guenther (2021)
provides an example that natural gas reserves can be used now or later. Today there is plenty of solar power
available which could be used to produce electricity or heat. In a worst case scenario, after a major volcanic
eruption in the future, the available solar energy may be limited and without any fossile reserves energy
supply would be hindered. They suggest applying the discounted utility theory for developing a discounting
framework, which means that any utility can be discounted and not just money. Discounting can be regarded
as a decision instrument that gives information on the difference from opportunities. The discounting function
depends on the evaluated utility and personal criteria (S. Lueddeckens et al., 2021).

In most applications of discounting in environmental science, a standard exponential discount function is
applied like in financial mathematics, for example in (Hellweg et al., 2003) and (C. Y. Yuan, Simon, Mady, &
Dornfeld, 2009).

The discount rate will influence the weighting between present and future and it is a question to which impacts
to give a higher weight. The higher the discount rate, the lower the present value of the future cash flows.
Similarly, a high positive discount rate would reduce the present value of future environmental impacts. For
example, regarding the use of energy source, on the one hand, the scarcity of fossil fuels and the prospect
of their complete depletion in the near future say that future energy is more valuable. On the other hand, the
marginal cost of extracting energy increases over time. Hence, present saving of energy should be preferred
in order that today’s relatively easily extractable energy is available as long as possible and other energy
fields requiring more complex and more expensive exploration techniques do not have to be used. Using the
discounting method makes it possible to take into account emissions concentrated over a shorter period
starting in the present, such as manufacturing of materials. Due to improving technologies future energy
production is expected to correspond to lower emission levels (Zdld & Szalay, 2007).

The determination of the appropriate discount rate is a challenge. In economics it could be the average bank
interest rate, bond rate during the time interval, or the social discount rate used in computing the value of
funds spent on social projects (Harrison, 2010). In the standard theory, the discount rate is the sum of time
preference and opportunity costs or utility of economic growth (Gowdy, Rosser, & Roy, 2013).

With regards to environmental damages, the application of the social discount rate is proposed, as these
damages harm all of society (Richards, 1997; J. Wang, Zhang, & Wang, 2018). This rate is typically lower
than the private discount rate as society has a longer time horizon and less time preference than individuals
(S. Lueddeckens et al., 2021).

According to ISO 14008:2019 (ISO, 2019), the discount rate:

r=d+g-p
where
d is the pure rate of time preference
g is the growth rate of per capita consumption
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7 is the elasticity of social marginal utility of consumption.

The ISO 14008:2019 suggests that for inter-generational (i.e. long-term) considerations from a societal
perspective, the pure rate of time preference should be set to zero.

Many authors propose a small discount rate near 0% as the rate has a very large influence on the results
(Bakas, Hauschild, Astrup, & Rosenbaum, 2015) In the Cultural Theory, a hierarchist would apply a discount
rate of close or equal to 0%, while an individualist would choose the private discount rate and an egalitarian
would prefer zero or even negative discount rate (Hellweg et al., 2003). In the opinion of (C. Y. Yuan et al.,
2009), underestimation of impacts would be more critical than overestimation, hence discounting should be
handled very conservatively. On the other hand, according to (S. Lueddeckens et al., 2021), the choice of
the discount rate is not arbitrary and depends on the opportunity cost of the exact case. The discounting
function depends on the use case and must be developed individually.

Lueddeckens, Saling and Guenther (2021) raises the possibility of using declining discount function
(hyperbolic discounting) instead of the usual exponential function in certain cases, for example for long time
horizons and taking into account ‘individual rights to utilize parts of the natural capital (as equity) and
emission rights “borrowed” from others, especially from future generations (debt)”.

It is recommended to check the sensitivity of the results to different discount rates. For example, in Germany,
a discount rate of 3 percent can be expected for short-term periods (up to approx. 20 years). For claims that
extend further into the future, the discount rate applied by default is 1.5 percent. Furthermore, a sensitivity
calculation with a discount rate of O percent must be carried out for cross-generational considerations. The
discount rates are to be applied for the entire period (constant discount rates). The values selected for the
method convention are within the ranges that are scientifically common (Biinger & Matthey, 2018; Matthey
& Bulnger, 2019; Umwelt Bundesamt, 2021).

In economics, one reason for discounting is capital productivity, as capital can be invested so that it grows
in the future. This does not apply directly to environmental issues as they cannot be stored in a fund.
However, if we accept that there is a relationship between monetary values and environmental impacts,
discounting could also be applied to environmental impacts (Hellweg et al., 2003; O’Hare et al., 2009; J.
Wang et al., 2018).

Monetization of impacts can be based for example on the prevention or abatement costs. Arguments against
monetization are that monetization of human lives or natural assets is often perceived as unethical, as future
generations are left with no option to decide whether they accept compensation payment for a natural asset.
Global, irreversible, critical damages are difficult to monetize (Temel, Jones, Jones, & Balint, 2018). Also, it
cannot be guaranteed that the payment will be passed on by the intermediate generations (Hellweg et al.,
2003).

Hellweg reached the conclusion that discounting due to capital productivity leads to an overall discount rate
of close to 0%, as both compensation and discount rate relate to economic growth. The discount rate may
even be negative if natural assets become scarce and a very high compensation is required.

According to Lueddeckens, Saling and Guenther (2021), discounting of monetized impacts is a valid
approach but monetization is not a prerequisite for discounting. In their opinion, “discounting is independent
from monetary values. Every kind of utility can be discounted. Avoided negative impact is always a utility,
and negative impact is always disutility.
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In the following section, a summary is provided on the available monetization approaches, with a special
focus on the social cost of carbon.

A brief summary of monetization of environmental impacts was provided by Le Pochat (Le Pochat, 2013).
The short paper also provides a general classification of methods used for the monetization of environmental
impacts: a) economic valuation of biodiversity and/or ecosystem services; b) monetization of environmental
impacts; and ¢) environmental accounting. For GHG calculation, typical approach for doing so is to calculate
so called social cost of GHG emissions, sometimes shortly referred to the social cost of carbon, or SCC
(class b — monetization of environmental impacts). The recommended approaches are provided in the
international standard ISO 14008:2019 Monetary valuation of environmental impacts and related
environmental aspects (ISO 14008:2019). 1SO 14008:2019 provides an overview of procedures and
requirements for monetary valuation. The list of available procedures comprises market price proxies (market
proxies of traded goods and labour; cost-of-illness method); revealed preference methods (individual and
public averting cost methods; hedonic pricing method; travel cost method; and evaluation based on data
derived from public referendums); stated preference methods (contingent valuation; choice experiment); and
value transfer (spatial value transfer; temporal value transfer).

Another approach that can be traced in the field of economy is not to use the GWP indicator with monetizing
GHG emissions, but to have use other indicators such as Global Cost Potential or Cost-Effective
Temperature Potential (Johansson, 2012).

The minimum cost of carbon for the industry sectors covered by emission trading is given by the prices in
the emission trading markets. An overview of the emission trading schemes worldwide is provided in the
report of ICAP (ICAP, 2018). The report states that in 2018 15 % of global GHG emissions were covered by
the emission trading schemes and provide overview of covered sectors per region and scheme. The report
does not present any figures for the cost of emissions traded, but it provides an overview of various emissions
trading schemes in operation or with planned launch. It covers the emissions trading schemes in force by

2018 at various levels:

— supranational level: European Union Emissions Trading System (EU ETS);

— country level: China, Kazakhstan, Korea, New Zealand, Switzerland;

— provinces and states levels: Western Climate Initiative (including California, Québec, Manitoba, Ontario,
British Columbia), Regional Greenhouse Gas Initiative (including Connecticut, Delaware, Maine,
Maryland, Massachusetts, New Hampshire, New York, Rhode Island, Vermont) and Saitama;

— city level: Tokyo.

The report also mentions different schemes in preparation (by 2018).

The external climate cost (also called ‘social cost of carbon’ in literature) is increasing over time and this can
be discounted.

There are various methods to evaluate the social cost of carbon (SCC).

The SCC can be set as a result of Cost-Benefit Approach by seeking for socially optimum levels of emissions
through time. The shadow price of emissions is then defined as the pollution tax required to keep emissions
at the optimal level (Clarkson & Deyes 2002).

Another method is the Marginal Cost Approach (MCA) represents an attempt to calculate directly the
difference in future damage levels caused by a marginal change in baseline emissions (Clarkson & Deyes
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2002). It is the monetized damage from emitting one additional unit of CO2 or its equivalent to the
atmosphere, often obtained from various computational Integrated Assessment Models (IAMs) (Marshall &
Kelly, 2010) or the cost of actions needed to recovery the damage. There are claims that monetization of
damages is essential for the determination of optimal climate policies (Nordhaus, 2017; van den Bijgaart,
Gerlagh, & Liski, 2016). The MCA is used also with the abatement costs, i.e. cost of reducing emissions
(Ackerman & Stanton, 2012).

There is a considerable body of literature that discuses SCC. Two main groups of sources are briefly
discussed in this chapter: scientific papers that present various background calculations of SCC; and
documents of public domain that proposes, prescribe or use some levels of SCC for the policy and decision-
making in the public sector.

Range of SCC presented in scientific papers

Various studies propose different levels of SCC. Literature research made in this project considered research
papers and reports published in the past five years, i.e. in 2014 and later. The research was made during
January and February 2019 using research databases (mainly Web of Science and Elsevier) supplemented
by inputs provided by the Annex 72 members. Since the topic of the cost of carbon develops rapidly, in June
2021 more sources and new updates were added. Details of all the aspects of estimations of SCC are beyond
the limited scope of this text, so the review was not focusing on single studies, but rather on papers
presenting outcomes of broader reviews of papers and reports in order to provide basic idea on ranges of
SCC and provide links to sources of further references for deeper study.

The IPCC WGIIARS report (IPCC, 2014) includes chapter 10.9.3. Social cost of carbon which discusses the
estimates published in research studies published before and after IPCC AR4, discusses the figures, used
discount rates and presents statistic charts of SCC for various pure rates of time preferences. Average cost
in all set of considered studies ranged between $40 for 3 % discount rates and $655 for 0 % discount rates
(page 690, Table 10-9, prices in dollar per tonne of carbon).

A paper by Nordhaus (Nordhaus 2017) proposes SCC per tonne of CO2 of $31.22010 for baseline scenario
and $184.42010 for scenario of 2.5 degree maximum (for year 2015). The paper provides more figures for
2015, 2020, 2025, 2030 and 2050 for various scenarios. For scenario of 2.5 degree maximum proposes
$351.0 for emissions in 2030, and 1,006.2 for emissions in 2050.

The team of Chinese authors (P. Wang, Deng, Zhou, & Yu, 2019) made a review of the current research on
the SCC and discussed model choice of models for its calculation. They made a meta-analysis above data
from 58 studies. In the conclusions they state that “in all collected data, the estimated SCC ranged from —50
to 8752$/tC (-13.36e-2386.91%/tC0Oz), with a mean value of 200.57$/C (54.70%/COQO3). Specifically, it
equaled to 112.86%/tC (30.78%$/tCO:z) with a PRTP at 3% in peer-reviewed studies”.

The authors of another paper (Yang et al., 2018) discuss the role of socioeconomic assumptions in the
estimations of future SCC. They use DICE model and results of the China Climate Change integrated
assessment model to update SCC in five Shared Socioeconomic Pathways. For 2020, the average SCC
estimations under SSP1, SSP2, SSP4 and SSP5 were 10 $/tCO2, 19 $/tCO2, 18 $/tCO2 and 12 $/tCO2,
respectively. The SSP3, which represents high mitigation and adaptation challenges, has the highest SCC
early in this century, reaching 45 $/tCO:z in 2020 and increasing to 108 $/tCO2 by 2050. The paper also
provides a wide variety for SCC in 2100 for different scenarios.

The authors of a working paper (Havranek, Irsova, Janda, & Zilberman, 2015) examine potential selective
reporting in the literature on the social cost of carbon (SCC) by conducting a meta-analysis of 809 estimates
of the SCC reported in 101 studies. Their results indicated that estimates for which the 95% confidence
interval includes zero were less likely to be reported than estimates excluding negative values of the SCC,
which might create an upward bias in the literature. Their estimates of the mean reported SCC corrected for
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the selective reporting bias are imprecise and range between USD 0 and 130 per ton of carbon at 2010
prices for emission year 2015.

Another paper (van den Bergh & Botzen, 2015) presents a critical review of the reported SCC estimates by
examining some neglected consequences of climate change, uncertain and extreme scenarios of climate
change, the discounting of future climate change effects, the treatment of individual risk aversion, and
assumptions about social welfare. The text does not provide its own levels of SCC, but provide a long list of
references to other studies.

Examples of use of SCC by public authorities

The examples of public authorities use the comprise USA, UK, Germany and Belgium. These documents
are relevant for construction GHG as well, as they shall apply also to new legislation (incl. construction) and
to public investments.

In the USA, the Interagency Working Group on Social Cost of Greenhouse Gases (or IWG) of the United
States Government has a task to ensure that the social cost of carbon estimates provided to the U.S.
government reflect the best available science and methodologies, so that these estimates can be used in
cost-benefit analyses of regulatory actions. In its report (Interagency Working Group on Social Cost of
Greenhouse Gases, 2016) IWG calculated SCC ranging from $31 (USD2007) for 2010, through $42 for 2020
upward to $69 for 3 percent discount rate. The report also provides ranges for 2.5 and 5 percent discount
rate and for lower-probability, higher-impact outcomes and 3 percent discount range. The SCC in the report
ranges between $10 (for 5% in 2010) and $212 (for 3%, high impact). The U.S. EPA on its website (US EPA,
2017) and in its factsheet (US EPA, 2016) on SCC referred to the levels from IWG report as well. In the new
2021 report (Interagency Working Group on Social Cost of Greenhouse Gases, 2021) IWG presents for the
period 2020-2050 costs between $14 and $260 per metric ton of CO2 in 2020 dollars.

In the UK, the central government uses for appraisal and evaluation in decision-making The Green Book
(HM Tresaury, 2018). The document describes the principles and procedures used for public appraisal and
evaluation in various segments and in Chapter 6 Valuation of Costs and Benefits in it specifically lists GHG
emissions and energy efficiency and provides guidelines for valuing effects on the natural environment. A
supplementary document (Department for Business, 2018) provides a specific guidance for valuation of
energy use and GHG and makes link to the toolkit that the British government provides for valuing changes
in GHG emissions. The document also provides practical guide with examples that shows how to value GHG
under traded price (for the valuation of GHG under trading scheme it prescribes to calculate with traded price
from EU ETS system) and under non-traded price. For the non-traded price, the example uses value 66
£/tCO2 (in £2017), the authors currently working on valuing shall use actual numbers from the provided toolkit.

In Germany, the German Environment Agency (Umwelt Bundesamt) provides Methodological Convention
3.0 for the Assessment of Environmental Costs (Matthey & Blnger, 2019). In its Table 1 on page 8, the
report presents a table of SCC (in €2016) for 1% pure rate of time preference of €180 for 2016, €205 for 2030
and €240 for 2050. It also shows figures for 0% pure rate of time preference of €640 for 2016, €670 for 2030
and €730 for 2050. For the years not indicated, the figures shall be interpolated. The recommended value of
€1802016/t CO2¢q. is close to value determined in the 5th Assessment IPCC report of 173.5 €2016 /tCO2". In the
12/2020 update (Matthey & Bulinger, 2020) the costs range between 195 and 765 €1802020/t CO2eq.

In Belgium, Public Waste Agency of Flanders (OVAM) published a series of reports on MMG method
(Milieugerelateerde Materiaalprestatie van Gebouwelementen: Environmental Material Performance of
Building Elements) which is based on a first 2012 report (Debacker et al., 2012). The latest MMG report (De
Nocker, L., Debacker, 2018) describes the updates in methods and presents monetary values of several

TIPCC (2014), p. 691, Average of all available studies with a 1% pure time preference rate and different assumptions regarding
Equity Weighting, compounded for 2016, currency conversion via purchasing parities of the World Bank.
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environmental indicators based of combination of damage costs and prevention/abatement costs methods.
For GWP it provides cost of 1 kg of CO2eqv. in three levels for Western Europe: low €0.025, central €0.050
and high €0.100, whilst the central is recommended as most representative. The central cost was
estimated from prevention costs, because damage costs were highly uncertain and prevention cost
information was good. The value of future impacts was discounted using a social discount rate 3 %. In
chapter 4.1.1 the study cites two tables from VITO 2014 (details on the original source is not mentioned in
the report references) which provide also different costs for construction phase, use phase, and end of life
phase and make difference in SCC depending on the purpose of calculation — a monetary indicator for global
warming for studies focusing on the comparison of impacts from different building materials or building lines;
and monetary indicator for global warming, for assessment of external costs of buildings in cost-benefit
analysis (e.g. for comparison with costs of emission reduction measures).

Example of use of SCC policy papers

An example of use of the SCC in policy papers is the OECD document Effective Carbon Rates 2018 (OECD,
2018a) and accompanying brochure (OECD, 2018b). The documents represent detailed and comprehensive
account of how 42 OECD and G20 countries, which are responsible for 80 % of the global carbon emissions,
price carbon emissions from energy use. The reports describe so-called carbon pricing gap, which measures
the difference between price of emissions (combining price of emission permits, carbon taxes and specific
taxes on energy use) produced in each country with two reference levels: EUR 30/t CO2e and EUR 60/t COze
and describes that the carbon gap for the EUR 30 level in 2018 was 76.5%. That means that 76.5 % of
emissions in the countries responsible for 80 % of global GHG emissions are valued bellow 30 EUR/t COze.

The documents also present outcomes of an analysis, which claim, that the negative economic motivation
works — those countries with a low carbon pricing gap tend to have less carbon intensive economies.
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If temporal differentiation is considered in LCA, the following recommendations are provided:

Time in life cycle inventory

A prerequisite for considering time in impact assessment and weighting is that life cycle inventory data should
be temporally differentiated. In building LCA, production of materials and construction happen is a relatively
short time period, which is followed by a long period of operation. It is recommended to indicate the time
when emissions occur in the inventory to make it possible that temporal issues are later considered.

Physical discounting

Physical discounting is based on the modelling the actual behaviour of emissions in the environment. While
this is an important issue, it is not recommended to apply this approach to future emissions. These effects
do hardly apply to CO2 because of its chemical stability and thus long-term presence in the atmosphere.

Carbon budget approach

The carbon budget approach is recommended. In this approach it is irrelevant whether the emission occurs
now or in the future. They are considered equal. This makes physical temporal differentiation unnecessary,
but scarcity considerations might be applied.

Physical discounting based on increasing scarcity considerations

There is a (residual) budget of emissions determined using scientific methods that may still be emitted if the
goal of limiting global warming is met. This remaining budget is getting smaller and smaller as a result of
continued release of emissions, and the amount of emissions that are still permitted is therefore smaller and
scarcer. Increasing scarcity can be expressed by increasing the weighting factor (e.g. ecological scarcity
method).

Monetization of environmental impacts and discounting

Although physical discounting of future impacts is not recommended, in some approaches, monetization of
environmental impacts is used (i.e. when there is need for a single indicator integrating various interests).
Once the environmental impacts are monetized, it is possible to apply discounting on the environmental
external cost. However, a discount rate must be chosen that considers the perspective/interest of future
generations, in line with IPCC’s recommendations. Hence, a zero or near zero (1% or less) discount rate is
recommended. It is also recommended to perform a sensitivity analysis to check how sensitive the results
are to the discount rate.
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This publication is an informal background report. It was developed as part of the international research
activities within the context of IEA EBC Annex 72. Its contents complement the report “Context-specific
assessment methods for life cycle-related environmental impacts caused by buildings” by Litzkendorf,
Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the author(s).

Together with this report, the following background reports have been published on the subject of “Assessing

Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC Annex 72) and

can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

— Survey on the use of national LCA-based assessment methods for buildings in selected countries
(Balouktsi et al. 2023);

— Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf, Balouktsi, Rock, et al. 2023);

— Basics and recommendations on influence of service life of building components on replacement rates
and LCA-based assessment results (Lasvaux et al., 2023);

— Basics and recommendations electricity mix models and their application in buildings LCA (Peuportier et
al., 2023);

— Basics and Recommendations on Influence of Future Electricity Supplies on LCA-based Building
Assessments (Zhang 2023)

— Basics and recommendations on assessment of biomass-based products in building LCAs: the case of
biogenic carbon (Saade et al., 2023);

— Basics and recommendations on influence of future climate change on prediction of operational energy
consumption (Guarino et al., 2023);

— Basics and recommendations on discounting in LCA and consideration of external cost of GHG emissions
(Szalay et al., 2023);

— Basics and recommendations in aggregation and communication of LCA-based building assessment
results (Gomes et al., 2023).

— Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023)

— Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international survey
(Satola et al. 2023)

The authors express special thanks to survey participants: Seo Seongwon and Greg Foliente (Australia),
Vanessa Gomes (Brazil), Damien Trigaux, Belgium), Claudiane Ouellet-Plamondon (Canada) CA), Rolf
Frischknecht (Switzerland), Maria Balouktsi and Thomas Litzkendorf (Germany), Bruno Peuportier (France),
Szusza Szalay Hungary (HU); David Dowdell (New Zealand), José Silvestre (Portugal) and Francesco
Pomponi (United Kingdom).



The method of life cycle assessment (LCA) applied to buildings involves the integration of a great amount of
process along in the building life cycle. Hence, the assessment of transport, construction and deconstruction
process can be a complex task. There, the modelling strategies to assess this process should consider
aspects involved such as fuel consumptions, distances, loading capacity, etc.

One of the main obstacles are the difficulties in modelling, predicting, and estimating process (e.g., energy
and fuel consumption, distances assumptions) before the building is built.

Thus, based on a literature review and a specific survey conducted within the Annex 72 participant countries,
the present report provides an overview about the modelling of transport, construction, deconstruction
strategies, and its integration in the building LCA.

The report starts with a contextualization and limitation of the scope of the process here analysed and
integrated in the building LCA. Secondly, includes a literature review considering how existing works
integrates the modelling of transport, construction and deconstruction processes in building and construction
products (Environmental Product Declarations, EPD). Thirdly, a survey among the Annex participant is
conducted to in deep analyse of the modelling strategies. Fourthly, the results of the survey are discussed
and possible solutions to deal with the detected challenges are proposed. To conclude a set of
recommendations and challenges based on these findings are proposed.
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Definitions of general terms in the context of an environmental performance assessment are provided here.
Many of these descriptions are based on definitions found in international standards. In some cases,
definitions found in standards were modified. Topic-specific terms and definitions are explained in the topic-
related sections of this report.

Life cycle Assessment (LCA): LCA is a systematic set of procedures for compiling and examining the inputs
and outputs of materials and energy, and the associated environmental impacts directly attributable to a
building, infrastructure, product or material throughout its lifecycle (ISO, 2006).

Life cycle stage: all consecutive and interlinked stages in the life of the object under consideration. The life
cycle comprises all stages, from raw material acquisition or generation from natural resources to end-of-life
(1ISO 21930:2017).

Information module: distinct parts for a building’s life cycle for which impacts are to be declared. Each
building’s life cycle stage is comprised of more than one information modules.

Operational impacts: Impacts associated with energy and water consumed during a building’s operation.

Embodied impacts: When an environmental impact of a product is characterized as “embodied” it does not
mean that it is really embodied in the product itself. It is used in a metaphorical sense to describe the impacts
caused by life cycle stages of a product other than the operation (embodied in a virtual sense).

Refurbishment: planned large scale (substantial) modification and improvements to an existing construction
works to bring it up to an acceptable condition. Refurbishment can be undertaken to facilitate continuation of
the current function, including technical modernization and a change of space plan, or a change of function
to new use. Synonymous: deep renovation, deep retrofit (porEN 15978-1: 2021).

Environmental Product Declaration (EPD): claim which indicates the environmental impacts and aspects
of a product, providing quantified environmental data using predetermined parameters and, where relevant,
additional environmental information (prEN 15978-1:2021).

Component: item manufactured as a distinct unit to serve a specific function or functions. A building com-
ponent is a part of a building, fulfilling specific requirements/functions (e.g. a window or a heating system).
The service life of a building component can be shorter than the full service life of the building. Building
components are sometimes referred to as “building elements” (ISO 21931-1:2022).

System boundary: boundary representing what building parts and life cycle stages are included and what
not in the building assessment (adapted from EN 15978:2011).

Design phase or design step or design stage: The design process is typically paced by different design
steps, in which lifecycle-based environmental performance assessment can be integrated to various extents.
For example, in the early design phase, the first steps are the strategic definition of the project and the
preliminary studies, that have to be made in order to get to the concept design. In the detailed design phase,



the next step is the developed design, which is followed by a precise technical design step where all the
detail technical solutions are developed and the documentation for the procurement is prepared. A detailed
description of the various design steps can be found in A72 report by Passer et al. (2023).
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1. Introduction

The application of the LCA in buildings includes the integration of different type of information about the
building including all the “products, process and services related to the building and along its life cycle” (EN,
2011). While some information about the LCA modules can be directly extracted from (predefined and
normalized) data sources, accountancy of inputs and outputs for Transports (T) process (Modules A4 and
C2) and construction and deconstruction (C&D) (Modules A5 and C1) are complex and demand specific
modelling strategies. It should be noted that these processes can also be included in several use stage
modules (such as B2, B3, B4 and B5) which consists of removal and transport to disposal or recycling location
of the removed building components as well as transport and installation of the replaced/repaired
components (see Figure 1.1). Therefore, in the case of C1, C2 for the old component removal as well as A4,
AS for the new component installation are included in the modeling.
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Figure 1.1. LCA information modules according to EN 15643:2021, EN 15978 (EN, 2011) building standard, and EN
15804 (EN, 2012) and ISO 21931 (IS0, 2017) building component/element standard "(Source: (Lltzkendorf, 2019).

"Modules C1, C2 as well as A4 and A5 are included also in B4 (and in specific cases in B5).



In order to consider the number of activities, processes and services that should be integrated in the
modelling of Transport, Construction & Deconstruction (T, C&D) process in modules A4, A5, C1, C2and T,
C&D in the use stage modules (B2, B3; B4;B5) of the EN 15978 (EN, 2011) proposes a list of items to guide
the process (see Table 1.1). Table 1.1 contains a description of the system boundary of each module and
suggests the number and type of activities, processes and services that should be included in the LCA. The
listed items show the complexity and difficulty in including them in the LCA application.

According to EN 15978 (EN, 2011) system boundary of each information module should cover:

- transport of construction products and materials from the factory gate to the building
site, including any transport to and return journeys of vehicles from the site,
intermediate storage, and distribution,

- transport of construction equipment (cranes, scaffolding, etc.) to and from the site,

- all impacts and aspects related to losses due to the transportation (i.e., production,
transport and waste management of the construction products and materials that are
damaged or otherwise lost during transportation).

- preliminary activities to prepare the site e.g., site clearance and levelling, connection
to utilities,

- storage of construction products and materials, including the provision of heating,
cooling, humidity, etc.,

- transport of construction products and materials, waste, and equipment within the
site,

- temporary works, including temporary works located off-site as necessary for the
construction installation process,

- on site production and/or processing and/or assembly of materials, products, and
components,

- provision of heating, cooling, ventilation, humidity control etc. to site facilities during
the construction process,

- ground works and excavations,

- works for the erection/installation of the construction products and materials into the
building including ancillary materials not counted in the EPD of the products e.g.,
releasing agents (oils and greases) in formworks for concrete, formworks discarded at
the end of the project,

- energy and water use for construction processes/activities,

- waste management processes of other wastes generated on the construction site.
This includes all processes (including transportation from the building site) until final
disposal or until end of waste state is reached,

- production, transportation end of life treatment/disposal of products and materials
wasted during the construction and installation process,

- landscaping,

and may include (as additional information) transport of construction workers to and
from the site



- Transport of the components and auxiliary products to replace the old ones, the impacts
and aspects of loosed materials during the transport (needed for maintenance, repair,
replaced, refurbishment process).

- Replacement/ Maintenance/ repairing works of components and auxiliary products
(deconstruction/removal of existing components and installation of replacement
components).

- Transport of removed components and other material/product waste to landfill or
reuse/recycling locations.

- on-site operations and operations undertaken in temporary works located off-site as
necessary for the deconstruction processes after decommissioning up to and including
on-site deconstruction, dismantling and/or demolition.

- all impacts due to transportation to disposal and/or until the end-of-waste state is
reached. This includes transport to and from possible intermediate storage/processing
locations.

For the sake of simplification, A4-A5 and C1-C2 are dealt with in the following. This expressly includes the
transports and construction site processes at use stages. An overview of the activities related to transport
and construction processes dealt with in this report is provided in Table 1.2 and a related scheme in Figure
1.2

Thus, this report discusses:

— the different ways of modelling the Transport (A4 and C2), Construction and Deconstruction (A5 and C1)
modules at the beginning, during and at the end of the life cycle, including the scope of the activities
described in Table 1.1.

— the implications of using different modelling options.

The report also provides an overview of the current national application in the context of the Annex 72

participant countries and analyze the possible consequences of using different modelling strategies and

illustrate possible solutions to deal with them. Based on the results of survey conducted within the context of

Annex 72 (where the different LCA National methods and modules included were exanimated), countries

contributing to this task declared how they consider of some of these T, C&D modules when conducting LCA.

Hence, the present report includes contributions from the following countries Australia (AU), Brazil (BZ),

Belgium (BE), Canada (CA), Switzerland (CH), Germany (DE), Spain (ES), France (FR), Hungary (HU), New

Zealand (N2), Portugal (PT) and United Kingdom (UK).



Table 1.2. Scope of the activities related to transport and (de)-construction process discusses in this report and the
correlation with the LCA modules.

Activity Module(s) that fully or Here

partly contain transport discussed
processes in their
boundary

Activities related to transport processes

Transport in the upstream chains A2 No

Transport of construction and/or ancillary products from A4, B2, B3, B4, B5 Yes
manufacturers, suppliers or storage facilities, construction
equipment to the construction site

Transport of construction site equipment to the construction A5, B4, B5 Yes
site
Transport of construction workers to/ from the construction A5, (B2), (B3), B4, B5 No*
site
Transport from the construction site to disposal or waste B3, B4, B5, C2 Yes

processing facilities

Transport of building users during building operation B8 No
(mobility)
Transport on the waste processing and/or disposal facilities C3,C4 No

Activities related to construction processes

Preliminary works (excavation, earthworks, etc.) A5 Yes
Installation of construction products and technical systems A5, B3, B4, BS Yes
Deinstallation of construction products and technical systems B3, B4, B5, C1 Yes
(Re-)application of finishes (e.g., paint) or other products B2, (B4), (B5) No

Heating and lighting consumed on site A5, (B4), (B5) Yes

* Not mandatory in EN 15978:2011, and not significant in the context of this guideline
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During the last years, many researches have addressed the impact calculation of the construction activities
by using the LCA method (EeB Guide Project, 2012). In this vein, different related aspects have been
considered, such as national and regional implementation and benchmarks (Schlanbusch et al., 2016;
Schlegl et al., 2019); methodological issues such as temporal scope of buildings, uncertainties, dynamic
weighting systems, probabilistic approach in retrofitting, parametrization (Favi et al., 2017; Hoxha et al., 2017;
Morales et al., 2020; Jstergaard et al., 2018; Steubing et al., 2020; Su et al., 2019); BIM-LCA integration
(Bueno & Fabricio, 2018; Hollberg et al., 2020); construction alternatives (Balasbaneh et al., 2019; Kamali et
al., 2019; Shirazi & Ashuri, 2020).

Many of these studies affect the ways to handle aspects related to the T, C & D process such as those
involved in modelling A4, A5, C1 and C2 modules (EN 15978 (EN, 2011)). There, far from following a
harmonised methodology to conduct the inventory analysis, different approaches and assumptions are
identified. In the following paragraphs, some of the most recent and relevant LCA studies have been analysed
from the point of view of the modelling and calculation procedure.

Note that in many cases, especially non-European research, the EN 15978 (EN, 2011) standard is not

followed. In those cases, a distribution of the system boundaries according to the EN 15978 (EN, 2011)

stages and modules of information was assumed:

1. Construction process stage: Transport to manufacture to the site (A4 module EN 15978).
Even that these modules can be neglected or not included but justified reasons (EeB Guide Project,
2012), there has been detected (Asdrubali et al., 2013; Balasbaneh et al., 2019; Lavagna et al., 2018;
Zabalza Bribian et al., 2011) different options to include them in the LCA implementation to buildings.
Different assumptions are made to calculate the distance and means of transport involved in this
module. According to Lavagna et.al 2018 (Lavagna et al., 2018), A usual practice is to consider an
average distance of 50 km for massive materials (e.g. (Asdrubali et al., 2013)) and 100 km for other
materials (e.g. (Zabalza Bribian et al., 2011)). Other studies such as Shirazi & Ashuri (Shirazi & Ashuri,
2020) conduct the calculation of transport distances of each material by using Google maps. Pacheco-
Torres et al. (Pacheco-Torres et al., 2014) obtain the transport data from EPDs, and other study
(Shadram et al., 2016) considers both. Kamali & Hewage (Kamali et al., 2019) includes the transport of
workers to the construction site in this module. Many LCA studies (Favi et al., 2017; Pacheco-Torres et
al., 2014) do not include a detailed description of the modelling of transport and its impact calculation
procedure.

2, Construction process stage: Construction and Installation process (A5 module EN 15978)
The impacts produce during construction and installation in buildings is commonly not taking into
account in recent LCA studies (Favi et al., 2017; Morales et al., 2020), and when considering the
calculation procedure is not clearly detailed (Balasbaneh et al., 2019; Kamali et al., 2019; Pacheco-
Torres et al., 2014; Shirazi & Ashuri, 2020). Other studies (Asdrubali et al., 2013; Beccali et al., 2013;
Lavagna et al., 2018; Scheuer et al., 2003) that consider this module, such as Lavagna et.al 2018
(Lavagna et al., 2018), estimate the impact of electricity consumption in the assembly phase as: a) 2%



of the embodied energy of all building materials; and b) 4% of the construction materials are wasted on
the construction site.

3. T, C and D in the Use stage: (B2, B3; B4 and B5 module EN 15978)
T, C & D process during the use phase are usually neglected in recent LCA researches (Favi et al.,
2017; Kamali et al., 2019; Shirazi & Ashuri, 2020). In other study (Pacheco-Torres et al., 2014) the
modelling assumptions and calculations procedure are not enough detailed.

4. End of Life stage: Deconstruction/Demolition (C1 module EN 15978)
The impacts produced during the deconstruction/demolition process are usually considered but,
generally the followed procedure is not described in detail (Balasbaneh et al., 2019; Lavagna et al.,
2018; Morales et al., 2020; Pacheco-Torres et al., 2014; Shirazi & Ashuri, 2020). On the other hand,
many cases (Favi et al., 2017; Kamali et al., 2019) just neglected it. This can be the end of life of the
entire structure or of an individual component.

5. End of Life stage: Transport (C2 module EN 15978)
The modelling of impacts produced by the transportation of demolition waste and building elements from
the construction site to the final disposal (e.g. recycling plant, landfill (the most usually considered)), in
many research (Morales et al., 2020; Pacheco-Torres et al., 2014; Shirazi & Ashuri, 2020) the processes
under C2 are not described in detail. When the procedure is more comprehensively described such as
in (Balasbaneh et al., 2019; Lavagna et al., 2018), the means of transport are defined (generally truck
or lorry) and the distance to the final disposal points (landfill) is estimated (usually around 10 km). In
contrast, many studies (Favi et al., 2017; Kamali et al., 2019) do not considered the transport of building
materials to the final disposal/recycling points.

When considering the modelling of transport modules (A4 and C2), several aspects should be taken into
account:

a. establish the location of manufacturers, site construction and final disposal/recycling points of building
component/elements.

b. calculate the transport distances (there is a wide range of approaches to model the distances: from
general estimations up to accurately definitions e.g. google maps);

C. calculate the mass/volume to be transported (e.g., capacity utilisation and bulk density of transported
products);

d. define the means of transport, fuels type and consumption, and their environmental impacts.

The impacts related to construction and deconstruction process (A5 and C1 modules) are usually neglected.
However, when they are modelled, the calculation procedure and assumptions are generic and diverse. The
preliminary results of the literature review show the heterogeneity and differences in the modelling of A4, A5,
C1 and C2 modules, which reinforce the statement of establishing harmonised procedures to model and
calculate their impacts.

The modelling of transports (A4 and C2) and construction, and deconstruction process (A5, C1) is also
addressed by the construction EPDs. Considering the system boundaries, different types of EPDs can be
identified (see Figure 2.1). Thus, according to the EN 15804 standard (EN, 2012) there are five possible
types of EPD: 1) cradle to gate; 2) cradle to gate with mandatory C1-C4 and D; 3) cradle to gate with options
(C1-C4 and D); 4) cradle to gate with options (A4 and A5); and 5) cradle to grave with mandatory D.

A selection of case studies was performed to identify the main modelling strategies used in the construction
products EPDs. The selection of EPDs was focused on the published in the EPD® (EPD, n.d.) and based on
the contributing countries where EPDs with information on these modules were available: Australia (AU),



Brazil (BZ), Belgium (BE), Canada (CA)2, Switzerland (CH), Germany (DE), Spain (ES), France (FR),
Hungary (HU), New Zealand (NZ), Portugal (PT) and United Kingdom (UK). It included the selection of two
different type of EPD per country, preferably one cradle to gate and one cradle to grave. Table 2.1 and Table
2.2 include a summary of the obtained results.
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Figure 2.1. LCA system boundaries according to EN 15804 (EN, 2012) standard. (Sources: based on Overview report
IEA EBC Annex 57 (IEA EBC, 2016) and (Balouktsi & Litzkendorf, 2016)

For buildings, the system boundary “cradle to handover” was already recommended in the result of Annex
57 (IEA EBC, 2016). The background is the handling of prefabricated constructions in the interest of
transparency and comparability. If structures are mainly produced on the construction site, the associated
impacts must be assigned to A5. In a predominantly prefabricated building, some processes are assigned to
A3 and others to A5. In the latter case, it is not the transport of building materials but the transport of
prefabricated parts that is assigned to module A4. System boundaries such as cradle to gate and cradle to
site cannot adequately consider the special features of a construction method with prefabricated parts. A
system boundary cradle to handover is also typical for the determination of construction costs.

2 No EPD was found in the Environdec library for construction products.
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Considering the modelling of transport in A4 and C2 modules, it is noticed that similar type of information
is provided to describe the modelling and scenario definition such as fuel consumption, type of vehicle,
dataset, distances, capacity utilization (including empty returns), bulk density of transported products,
volume capacity utilization factor. It is also noted that the assumptions for distances and means of
transports are related to the country and the geographical scope of the EPD, it means that the most
“frequent scenarios” are considered. The assumptions for A4 and C2 mostly includes similar scenario
(vehicles: trucks and fuel consumptions: diesel 0.33 per km). However, the representativeness of these
“frequent scenario” regarding the real/actual scenario (including distances between the manufacturer and
the construction site /type of transport/ fuel consumption) cannot be assured. In this vein, it was detected
that the information about the real location of the manufacturing point (production site) is not explicitly
included all the EPD analyzed.

Results showed in Table 2.1 indicate that the modelling of A5 module is mostly considered (in all cradle-
to-grave EPDs), in contrast use stage modules and C1, are mostly neglected. It is noticed that the
provided information to describe the modelling and scenario definition for A5 module mostly included:
ancillary materials for installation, water use, wastage of materials on the building site before waste
processing, output materials. In some cases, information about energy consumption (BASWA Phon, CH)
is provided, as well as material EoL scenarios (Glasroc F FIRECASE, UK). Other cases such as Gypsum
plasterboard (NZ), Arena Apta (ES), Flexible Bitumen Sheets (BE) include information about the
transportation of waste (e.g., distance). The module C1 is hardly considered, except for example,
External cladding products (AU), that considers similar information for deconstruction and construction
process.

Table 2.1 and Table 2.2 confirm that the information contained in the selected EPDs to model A4, A5, C1
and C2 include similar variables (such as fuel consumption, distances, wastage, bulk density of
transported products, output materials), and consider a similar level of detail for assumptions and scenario
definition. Thus, it can be assumed that for modelling the stages (A4, A5, C1 and C2) it was considered
a detailed number of input and output process (in several cases illustrated by flowcharts or schemas), as
far as possible to real situation. The relevance of considering an accurate and detailed modelling is mainly
to avoid double-counting and reduce unexpected mistakes.

In contrast with the previously analyzed construction EPDs, in the building, the amount of information and
the complexity to manage it can be higher. Thus, at present and according to previous Sections 2.1.1 and
2.1.2, different modelling alternatives to deal with the Transport (T) and Construction and Deconstruction
(C&D) process in a building LCA. When modeling the life cycle of buildings, the following detected options
exist regarding the transport processes (A4 and C2) and the processes on the construction site (A5 and
C1), whereby different approaches are possible in each case and can be organized into four groups,
described below (Table 2.3):
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Table 2.3. Recognition of the rage of possible options to deal with modelling T, C&D process.
General definition of the modelling Option

Modelling alternatives that

Option 0:

Not modelled

Option 1:
Generic
modelling

Option 2
Simplified
modelling

Option 3
Detailed
modelling

Not modelling of distances and process.

One or two generic values covering different building
elements/components or building materials.
Appropriate for:

— When distances and means of transports are not
relevant, the data is missing, or products stem from the
same location.

— Construction and deconstruction processes are not
relevant, or the data is missing.

Values for different building elements/components or
building materials are grouped and modelled in a
simplified way.

Appropriate for:

— When distances and means of transports can be
grouped or simplified for similar products.

— When the comparison of different materials and
technical solution is relevant for the decision-making.
— When construction and deconstruction process have
similar characteristics for certain products.

can involve the option
¢ Not modelled or Ignored
¢ Deliberately neglected
because they are negligibly
small

¢ Consideration via default
values. Example: (Kuittinen &
Hakkinen, 2020)

Modeled at building level using
different scenarios. Examples:
(Asdrubali et al., 2013; Soust-

Verdaguer et al., 2018)

Specific values for elements/components or building
materials are used.
Appropriate for:

— When distances and means of transports are known /

close to real scenario, for all the products and ser-vices.

— When construction and deconstruction processes are
known / close to real scenario, for all the products and
services.

— When transport scenarios in product-related EPDs
are appropriate and consistent.

e Modelled in detail and on a

case-by-case basis at the
building level. Example:
(Shadram et al., 2016)

e Modeled in detail and on a

case-by-case basis at the
building level using for example
the real fuel consumption in
transport of

In both cases EPDs for
transport processes and for
construction site processes can
be extracted for example from
the Okobaudat (Federal Ministry
of the Interior Building and
Home Affairs (BMI), n.d.).




Regarding the different strategies used for the modelling of T, C & D process (see Table 2.3) several
aspects are identified as crucial for the analysis:

1. Calculation methods, assumptions, and scenarios for modelling the process.
2. The calculation methods define the complexity or simplicity
3. Treatment of the uncertainties and variabilities in the modelling of transport, and construction,

deconstruction, and replacement processes. Depending on the availability of information a modelling
option can be more appropriated for a certain phase of the building (design, pre-construction, post-
construction). Early design stages require generic scenarios, detailed design stages and post -
construction stages detailed scenarios. Through the analysis of different national methods, can this
statement be confirmed?

4, Relevance and consequences of its integration in the LCA results. The use of a certain option can
be related to the relevance or irrelevance in the total LCA results in a certain context.

In this context, the following questions arise:

a. What are all the possible options to model T, C & D modules?

b. Which are the main causes of neglection of the modules? How big is the error if transports and
construction / deconstruction site processes are neglected?

C. Which default values are there in which country?

d Should the processes be modeled using information from EPDs or, better, directly?

e. Are there EPDs for transport and construction site processes that can be used?

f. Would it be possible to define harmonized guidelines to model them?

When conducting the building LCA, the problem arises that the effort required to describe and calculate
the process involved in modules A4, A5, C1 and C2 can be considerable, especially to model and
systematize these complex processes. The present section is focused on detection the main aspects and
characteristics of the modelling principles applied in the different national methods, analyses differences
and similarities, and propose recommendations to address the detected challenges.

The present section is focused on identifying the current status on the integration of modules A4, A5, C1
and C2 (EN 15978) and T, C & D process in use stage (EN, 2011) to implement the LCA in the context
of Annex 72 participating countries. Based on results obtained in the national survey about LCA
methodologies conducted in the context of the IEA EBC Annex 72 (see report “Survey on the use of
national LCA-based assessment methods for buildings in selected countries” (Balouktsi & Litzkendorf
2022)), countries which are integrating and not integrating T, C & D process in the LCA application were
identified

Following the results of the national survey about LCA methodologies (see (Balouktsi & Litzkendorf
2022)), another expert survey (see Appendix) was conducted to collect the most relevant aspects on the



national application of T, C & D modules. It involved the draw up and send out of a questionnaire to the
Annex 72 participant countries, focused on two possible cases: countries which include T, C & D modules
and countries that neglect them. For those countries which includes T, C & D modules, the survey was
focused on identifying: the basis of the scenario definition, the main assumptions, the data sources, and
the data granularity. For those countries which has not included T, C & D modules in the application of
LCA, the survey search for detecting the basis/reasons of the neglection.

The survey contained eight main questions and explores the different ways of integration and modelling
of the LCA modules and systematize the information obtained. Ten IEA-EBC Annex 72 participant
countries contributed to the survey including: Australia (AU), Brazil (BZ), Belgium (BE), Canada (CA),
Switzerland (CH), Germany (DE), Spain (ES), France (FR), Hungary (HU), New Zealand (NZ), Portugal
(PT) and United Kingdom (UK).

The first part of the results obtained from the questionnaire was based on identifying which countries
include or NOT the modelling of the transport modules and on describing the modelling options.

Answers to Q1 and Q2. Modelling options used to integrate modules A4 and C2 in the assessment

CH, DE AU, BZ, CA, FR BE, ES, HU, UK, NZ (BE), PT
UK, DE AU, CA, FR, HU, UK BE, BZ, ES, NZ (BE), PT
Option 1. Generic modelling, Strategy 2. Simplified modelling, Strategy 3. Detailed modelling

Regarding Q1 (Table 2.4) countries mostly modelled A4 and C2 modules, however countries such as
Switzerland expressed those transports to regional storage site in Switzerland (this applies also for
construction products manufactured abroad) is covered in the construction materials datasets, and do not
include the modelling of transport in A4 module. Delivery to building site is often unknown and of low
importance. In exceptional cases (helicopter transports) A4 may be included. In the national method of
UK module A4 is a mandatory stage to be included in order to meet the minimum requirements laid out
in the RICS Professional Statement (RICS, 2017). Although module C2 is not mandatory and exceeds
the minimum requirement in the document linked above but its inclusion is nonetheless strongly
encouraged.

Q2 (Table 2.4), Q4 (Table 2.5) and Q5 (Table 2.6) are focused on identifying which type of Option (Option
1. Generic model, Option 2. Simplified model, Option 3. Detailed model) is used for modelling transport A4 and
C2, and if default locations of the manufacturers of the main building materials and the sorting/recycling
or end of life disposal points are assumed, in case for example there is no available information about it.
The Generic modelling (Option 1) means that the method only can consider a possibility, or a range of
possibilities based on the variability of the supplier, manufacturer or sorting/recycling or end of life disposal
points regardless the location of the construction site. The Simplified modelling (Option 2) means that
the method can include a range of variables for the location of the supplier, manufacturer or
sorting/recycling or end of life disposal points and a range of variables of the construction site. The
Detailed modelling (Option 3) means that a more exact calculation procedure is proposed.
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Table 2.5 includes the resulting answers for Q3, provide a detail description of how each national method
considered the range of products and materials included, the cut-off rules, the transport distances
considered, means of transport considered, the fuels and consumption hypothesis considered, the
integration or not of return load (return trip of transports), the data sources or database considered for
impacts calculation, finally is focused on identifying other relevant aspects related.

For modelling A4 the UK propose (Option 2) a calculation method for the transport emissions based on [A4]
= Material or system mass (a) x transport distance (b) x carbon conversion factor (c).”, proposed in the
document (RICS, 2017). For reuse/recycling elsewhere a 50km local transport is assumed whereas for
landfill/incineration the average between the two closest landfill sites is assumed, more detailed information
about it is provided in (RICS, 2017). Average distances and means of transport are used, if project-specific
information is unavailable; it is based on groups of materials (e.g. locally manufactured vs. globally
manufactured). Table 11 of the document (RICS, 2017) include more information about it. For Q5, C2 the
scenarios are not material-specific but EoL-specific.

Answers to Q4. Consideration of default location of the manufacturers of the main building materials

Yes BE, CA, ES, FR, HU, NZ, UK
No AU, BZ, CH

For modelling A4 New Zealand propose a simplified calculation (Option 2) method based on a spreadsheet
that include example transport distances (Branz, n.d.; Dowdell et al., 2016). The model considers default
transport distances depending on the location of the construction site (Auckland, Wellington, Christchurch)
and the manufacturer. The model also defines two urban distances, two regional distances, four inter-
regional distances and three international distances. More information about the model is provided in the
SR351 study (Dowdell et al., 2016). For modelling C2 New Zealand assume a 20 km distance to
landfill/clean fill (Option 2). Distances to recycling facilities vary depending on the material, for example,
steel and aluminum scrap are exported overseas by ship. Australia uses a simplified average (Option 1)
distance delivered from distributor and site, and transportation distance is quantified with return.

In France (Option 1) the user can choose between 4 transport distances; the following default values are
proposed: Distance from manufacture to building site, 100 km, Distance from Building site to landfill, 20 km,
Distance from Building site to incineration, 20 km, Distance from Building site to recycling, 100 km.
Transport by truck is considered. A similar criterion is used by Hungary (Option 1), where materials are
classified into 4 transportation categories depending on the number and location of manufacturing plants
(50 km lorry for materials produced locally; 150 km lorry+30 km van for national production with 1-2
factories; 800 km freight rail+30 km van for imported products transported by rail; 800 km lorry+ 30 km van
for imported materials transported on road). Nationally produced materials are checked where the factories
are in the country and based on the number of factories, classify materials into categories. These categories
are used for each material independent of the actual location of the building. For C2 only one transport
category is considered: 20 km lorry.

Answers to Q5. Consideration of default location of the sorting/recycling or end of life disposal points.

Yes BE CA, ES, FR, UK, NZ
No AU, BZ, CH, HU



Spain and Brazil (Option 2) use for A4 an average distance and transport distances depending on the
project location and for C2 distances are defined according to the location of the final disposal point and
the building site. Canada uses an average (Option 1) distance according to project location (urban,
suburban, rural, etc.). A distance of 25 km for concrete with a small size lorry transport truck was used and
a distance of 225km was used for all the other material with a regular lorry transport truck. For A4 use
default distances between the supplier and the site construction and for C2 use an average distance of
50km with regular lorry truck transportation.

Switzerland does not consider a default location of manufacturers of the main building materials, but foreign
production and import transports are taken into account. It is applied a generic option for modelling C2
which use one default transport distance and one means of transport per waste management option
(landfill, incineration, separation/recycling).

Belgium (Option 3) considered that the location of the manufacturers is indirectly included based on the
average transport distances which are assumed for each material category. The location of the sorting/
recycling or EOL disposal plants is indirectly included based on the average transport distances which are
assumed for each waste category. More details about the modelling Option of both LCA modules is
provided in (Allacker et al., 2018). Portugal defined specific rules for modelling the return (empty or full)
trips in A4 and C2 modules. It is used ELCD datasets, which defines a lorry loading factor of 85% and does
not consider average lorry journeys to consider the return trips. Therefore, the environmental impact of
each transport per km is divided by this amount (85% of the payload of each vehicle). This assumption
allows the modelling of empty return trips (up to 200 km) by considering a simulated full load (85%) transport
along an additional distance equal to 70% of the coming trip, resulting in a total distance of 1.7 times the
latter. Only a parcel of 70% of the environmental impacts of the return trip is considered because an
unloaded truck has a consumption of about 70% of a fully loaded truck. Thus, it is possible to estimate and
consider the environmental impacts of the empty return trip (considering the real distances provided by the
manufacturer) and allocate them to each ton of raw material delivered at the factory (or to each ton of waste
stream collected in the same place or ton of construction material supplied on site).

The second part of the questionnaire was focused on identifying which countries include or NOT the
modelling of the modules A5, C1 and T, C&D process in use stage, and on describing the modelling
options.

Regarding Q1 (Table 2.8) countries mostly modelled C&D process, however countries such as Switzerland
considered A5 of minor importance; cutting losses (wastes during construction) are neglected because the
amounts of materials needed are determined coarsely and generously. Furthermore, there are no empirical
data on material specific cutting losses/wastes. In UK national method modules A5 and B4 (use stage) are
mandatory stages to be included in order to meet the minimum requirements laid out in the RICS
Professional Statement (RICS, 2017). However, C1 is not mandatory and exceeds the minimum
requirement in the document linked above but its inclusion is nonetheless strongly encouraged. In Hungary
C1 is neglected due to the missing data for modelling this stage.

Table 2.8 (answers to Q7) shows that the mostly used strategies to model C&D process (A5, use stage,
C1) modules were Option 1 and Option 2. The Generic modelling (Option 1) means that the method only
can consider a possibility or a limited range of possibilities. The Simplified modelling (Option 2) means
that the method can include simplified formulas for the calculation of impacts of the process depending on



a variable (e.g., weight of materials, price of the building construction, etc.). The Detailed modelling
(Option 3) means that a more exact calculation procedure is proposed.

Answers to Q1 and Q7. Strategies to integrate model C&D process.

CH, DE AU, BZ, CA, UK, HU, ES AU, BE,NZ, FR (AU)
- AU, ES AU, BE, NZ, UK. (AU)
FR, HU,DE AU, CA UK, ES AU, BE, NZ, FR (AU), BZ

Option 1. Generic modelling, Option 2. Simplified modelling, Option 3. Detailed modelling

Table 2.9 shows the resulting answers for Q6 and includes the modeling options mainly use to model C&D
process (A5, use stage and C1 modules). The table includes a summary of the principles and more data
sources containing further information about it. Results show the diversity on the modelling of C&D process.
Regarding module A5, countries such as Belgium and Hungary include the energy consumption and fuel
(diesel consumption) and materials losses, Canada define a fixed percentage of impacts and do not include
fuel consumption, and Switzerland neglect it integration. Australia and Belgium define different modelling
options depending on the type of LCA application (generic, simplified, or detailed). The UK method (RICS,
2017) considers mandatory the integration of any energy consumption for site accommodation, plant use
and the impacts associated with any waste generated through the construction process, its treatment and
disposal and provide, in absence of more specific information about the emissions of the construction
process the average for building construction site emissions, a general value related to the project value,
and a table with the elements service life. For Germany A5 and C1 are not considered in BNB/DGNB.
However, Okobau.dat (OKOBAUDAT, n.d.) provides data for a few selected construction activities:
excavators per m3, pumping of concrete per m3,

For modelling T, C&D process at use stages several countries include the impact of the demolition, waste
transport and waste management of the removed components and the production, transportation and
construction of the new components, such as Belgium (OVAM et al., 2018). The UK includes transportation
to site and installation of the replacement items (RICS, 2017). On the other hand, Switzerland, Canada,
Australia, France, Hungary are not including T&C processes in use stage (B4 module). Other countries
such as the UK include an average rate in absence of more specific information. Canada (crusher use)
based on concrete volume in the building. Other machinery is modeled with average consumptions per m?
of floor based on Groupe AGECO experience.

Table 2.10 includes the resulting answers for Q8, provide a detail description of how each national method
considered the range of construction, deconstruction and replacement works considered, the type of
machinery and machinery works considered, the fuels and energy machinery consumption assumptions,
the data sources or database considered for impacts calculation, finally is focused on identifying other
relevant aspects related.



Answers to Q6. Modeling principles mainly used to include C&D modules.

AU

BE

BZ

CA

CH
DE

ES
FR

HU

NZ

UK

BE

BZ
CA
CH

ES

For detailed LCA for A5, use productivity of major equipment (e.g., hour/unit of
work, m? etc. for crane, electric ladder etc.) then quantified the energy
consumption of its equipment. For simplified LCA, use an assumption taken
from literature (5-10% of whole LCA).

This module includes the following processes:
e Impact of material losses (global add-on of 5% on all material
quantities)
e Impact of construction activities (e.g. excavation and electricity
consumed for cellulose blowing)

Literature data per m2 of construction of office buildings. Average national
information per m2 of residential buildings. Other building typologies would use
the best fit among the mentioned approaches.

For A5, we used a fixed percentage of the impacts from A1 to A4 (10%). No
calculation regarding fuel consumption was included for this module.

Not taken into account.

Not taken into account. National data for excavations per m® and pumping
concrete per m® is available.

Modelled following Kellenberger et al. (Kellenberger et al., 2007).

The user chooses a surplus % of materials, 5% is proposed as default value.
This corresponds to broken elements on the construction site, surplus of ready
mixed concrete at the end of the day, parts of panels that remain unused after
cutting the right size etc.

Material losses are included (2-5% depending on material) and in the previous
version of the tool 8 MJ/m? electricity + 50 MJ/m3 diesel was included for the
construction process of the building.

The Construction site waste (module A5) v1, and Building end-of-life (module
C1) v1 datasheets can be downloaded from (Branz, n.d.).

For more information about how these have been developed in the document
(Dowdell & Berg, 2016).

The average for building construction site emissions, in the absence of more
specific information is 1400kgC0O2e/£100k of project value. The carbon
emissions associated with any waste generated during the construction process
should be accounted for in accordance with the principles outlined for the
product and transport stage [A1-A3] and [A4]. More specifications about it is
detailed in (RICS, 2017).

It covers the impact of the demolition, waste transport and waste management
of the removed components and the production, transportation, and
construction of the new components. Information related to the life span of work
sections can be found on the TOTEM website (OVAM et al., 2018).

No information related to the modelling of T, C&D process is provided
No information related to the modelling of T, C&D process is provided

No energy consumption for replacement but for demolishing work of replaced
building elements and materials.

Modelled following Kellenberger et al. (Kellenberger et al., 2007) and reference
service life of products.



FR
HU
NZ

PT
UK
AU
BE

BZ

CA

CH
ES
FR
HU
NZ

UK

No information related to the modelling of T, C&D process is provided
No information related to the modelling of T, C&D process is provided

The Construction site waste (module A5) v1, and Building end-of-life (module
C1) v1 datasheets can be downloaded from (Branz, n.d.).

For more information about how these have been developed in the document
(Dowdell & Berg, 2016).

No information related to the modelling of T, C&D process is provided
Specifications about it is detailed in (RICS, 2017).
Used equipment productivity for detailed LCA or assumption for simple LCA.

Module C1 includes the impact of the deconstruction and demolition. The
composition of the materials and the method of connecting with other
materials/work sections determines the type of demolition process

Used generic values for machinery, under a specific time, applicable to the
case, as instructed by local demolition companies surveyed each time.
Typically, a crusher for the concrete demolition and scissors for steel frame.

Used a generic value for machinery under a specific time. One machinery was
for the concrete demolition (crusher) and another regular machinery for all the
other demolition works.

Modelled following Kellenberger et al. (Kellenberger et al., 2007).
Not included.
Neglected due to missing data.

The Construction site waste (module A5) v1, and Building end-of-life (module
C1) v1 datasheets can be downloaded from (Branz, n.d.).

For more information about how these have been developed in the document
(Dowdell & Berg, 2016).

An average rate of 3.4 kgCO2e/m2 GIA (rate from monitored demolition case
studies in central London) based on aggregated data should be used in the
absence of more specific information.

Section 3.5.4.1 page 26 for C1, in the document (RICS, 2017).



Table 2.10. Answers to Q8. Specifications on the modelling C&D process.

Count
Which construction,
deconstruction and
replacement works do you

AU

BZ

Inclusions: We include
construction of all elements
set out in the module A5
datasheet.

BE CA
Various A5: no
deconstruction construction work

was modeled
C1: Concrete

processes have
been defined for

Replacement works
are not considered,
only replacement
materials

considered? We use data from literature different materials crushing, material
and average national data based on Ecoinvent handling
for construction 3.3.
equipment/machinery. The impact of
Shuttering/formwork. replacement is
We include all construction calculated as the
activities as long as sum of the impact of
sufficiently informed (such the demolition, waste
as excavation) transport and waste
Exclusions: We do not management of the
include smaller items removed
(fixings, sealants, components and the
adhesives) and production,
corresponding wastage. transportation and
unless clearly identified in construction of the
the bill of materials. new components
Other current exclusions
include:
Packaging of construction
materials. We do not include
construction office activities.
Which type of machinery and ) Elz<r::avattor,f twoel ,tAygtra/get sat The iTpatgt of Mtac.hiln;]aryécl?r General ?ieself
f ackhoe etc. for uel/electricity/water data construction material handling consumption o
machinery _Works do you foundation (earth) per m2 of construction from activities is limited to (lifts, air building machines
considered? work, literature or national reports. a few processes compressors, used in demolishing
Crane hoist, such as excavation cranes...) and
conveyer, forklift works, and the concrete crusher
for construction electricity consumed during
material handling for cellulose blowing deconstruction.
Which fuels and energy Maintljy fueII?d with Diesel for maclhineryll anld The fuels antlj Average see above
: : iesel for equipment, unless clearly consumption values consumption per
mach!nery consump.tlon machinery. informed otherwise are based on hour from the
hypothesis do you considered? (electricity). Ecoinvent 3.3 Ecoinvent
Fuel datasets from datasets were
Ecoinvent. used.
Which data sources or Mainly AusLClI Ecoinvent (latest version Ecoinvent 3.3 Average machine see above
(national LCI publicly available) operation from

database do you considered for
impacts calculation?

database) or
ecoinvent (ver 3.0
if not available in
AusLCl)

the ecoinvent
database were
used.

Do you include any other
relevant aspects? Can you
specify?

Australian team
has worked for
some missing

impacts from A3,

A5 and B1. Please
see the attached.

More information in -
(Allacker et al., 2018)
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Based on
Kellenberger et al.
(Kellenberger et al.,
2007)

Waste production
material losses are
included, plus a general
value for the
construction process
taken from an
Ecoinvent report.
For replacement only
the materials, their
transport and disposal
are considered, not the
replacement process
itself.

For construction only

We include construction of

the elements set out in the
module A5 datasheet.
We do not include smaller
items such as fixings,
sealants, adhesives,
therefore wastage of these
materials is also not
included currently.
Other current exclusions
include:
Packaging of construction
materials.

Energy used for site
machinery/power tools/site
office.
Shuttering/formwork.
Excavation activities.

A5: As mentioned this is a weak point of the RICS

document where an average tablelinked to project
value is used. Even if detailed and project-specific
assessments are encouraged | suspect that in practice
the average figure is most often used.

Use stage: must take into account any carbon
emissions associated with the anticipated replacement
of building components, including any emissions from

the replacement process.

All emissions arising from the production, transportation
to site and installation of the replacement items must
be included. This extends to cover any losses during

these processes, as well as the carbon associated with

component removal and EoL treatment.

C1: again, an area of weakness of the document which
suggests an average figure. The risk is that in practice
most people would just use the suggested figure
although the standard does encourage to collect
project-specific data.

Based on
Kellenberger et al.
(Kellenberger et al.,
2007)

See above.

For deconstruction, we
include energy required for
this, which is allocated to
structural materials only.
Data are based on an
Athena Institute publication.
For further information
(Dowdell & Berg, 2016),
(Appendix D4)

A5: See previous answer and section 3.5.2.2 of the
document linked in Q1.
3.5.3.4 of the document linked in Q1 and below.
C1: N/A

Based on
Kellenberger et al.
(Kellenberger et al.,
2007)

None Only a general value is
considered
None Only a general value is

considered

Machinery is powered by
diesel.
Use of secondary data from
Ecolnvent 3.1, in particular
the dataset called “Diesel,
burned in building
machine”.

A5: N/A
C1: N/A

Ecoinvent 1.2

Ecoinvent 2.2 Ecoinvent 3.5

Ecolnvent 3.1

A5: site waste rates for different materials should be
determined based on the standard wastage rates
provided by the WRAP Net Waste Tool (UK specific).
Use stage: scenarios should be based on data from
facilities management and maintenance Option reports,
facade access and maintenance Option, life cycle cost
reports, O&M manuals, guidance (e.g. CIBSE Guide M
and BCIS Life expectancy of building components),
international standards (e.g. ISO 15868-5: 2008
Buildings and constructed assets — service life
planning, and manufacturers’ documentation). Also
lifespans value are given in Table 9 of the document.

C1: N/A/

Treatment of No
building site waste

Please see SR351 study
report and Appendix D of
the SR350 study report.
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Based on the results obtained in the previously described survey, this section includes the compilation of
the information about the modelling of modules A4 and C2 (EN 15978) (EN, 2011).

a) Level of consideration of the modules A4 and C2 in the LCA application

The results confirm that most of the contributing countries include the modelling of A4 and C2 modules.
The causes of neglection of A4, in the Swiss method are because delivery to building site is often unknown
and of low importance, however exceptional cases that include helicopter transports, can consider the A4
impacts. For the German method A2 and C2 are not taken into account in BNB/DGNB (System, 2019).
However, Okobau.dat (OKOBAUDAT, n.d.) provides average environmental data in tonnes*km for different
types of transport to assist in calculations. For example, for small truck: “The dataset refers to the transport
of 1000 kg cargo on a distance of 1 km by truck (EURO 5) with 12-14 t permissible total weight and 9.3 t
payload in forwarding traffic with a utilisation ratio of 85%. The extraction and processing of the fuel is
included. The production of the vehicle is not included in the balancing”.

b) General assumptions

Regarding the obtained results, the number of modelling options varies between countries, but is similar
for both modules in each national method. Most of the contributing countries use Option 13 (AU, CA, FR,
HU, UK) and Option 2 (ES, NZ, UK, BE), (the same Option for both), except the UK that applies Option 1
(for A4) and Option 2 (for C2). Despite Belgium applies the most detailed model, the use of simplifications
and average distances is also detected.

The results show that the national methods that integrate Option 1, have the following common statements:
all countries included all the materials and products, the Option is the same for all the materials and
products, distances are generic and not so detailed (due to the high level of uncertainty), trucks and lorries
are mostly considered as mean of transports, and return trips are always considered.

Regarding Option 2, countries that apply it have the following common statements: all included all the
materials and products, different manufacturing points and intermediate points are considered, different
means of transports are considered (except the air transports) and retry of transport is partially considered.

3 The Generic modelling (Option 1) means that the method only can consider a possibility, or a range of possibilities based on the
variability of the supplier, manufacturer or sorting/recycling or end of life disposal points regardless the location of the construction
site. The Simplified modelling (Option 2) means that the method can include a range of variables for the location of the supplier,
manufacturer or sorting/recycling or end of life disposal points and a range of variables of the construction site. The Detailed
modelling (Option 3) means that a more exact calculation procedure is proposed.



c) Particular statements, detected hotspots and proposal possible solutions

c.1) Consideration of transport distances

Regarding the consideration of transport distances, it is noticed that there is a high influence of the local
characteristics of each country, which can be related to the location of natural resources (raw materials),
location of manufacturers, location of recycling/final disposal points, type of transports, distribution
networks, and also the existence of previous studies, references and other data sources, the level of
maturity in the LCA application in the construction sector, among others. For example, in the definition of
default distances it can be considered that the average transport distances are proportional to the most
frequent distances between the construction site and the manufacturers/final disposal points and the size
of the country (Switzerland use 20km approx. and Australia use 200km). Thus, the influence of the related
impacts can be considered as relevant or neglected such as in Switzerland.

Furthermore, other aspects that can be relevant in modelling of transport distances are the level of
complexity in the distribution networks and the consideration of manufacturers/final disposal points. For
example, in countries such as New Zealand with a limited number of cities and distribution networks, the
developed model can easily identify manufacturers/final disposal points to calculate transport distances.
On the other hand, countries such as Spain, with a great number of manufacturers and complex distribution
networks, more difficulties are detected to define a model that allows to obtain reliable results for transport
distances. Therefore, it is recommended for defining simplified modelling options (in Option 1 and Option
2) to develop tables with average/most frequent locations for both manufacturing points (including
distribution points, if exist) and final disposal points (and recycling points, if exist) of the most frequent
materials. Thus, depending on the level of detail and level of accuracy of the information provided can be
Option 1 or Option 2. It is also recommended to harmonize the methods to identify and simplify the
distribution networks and manufacturing/final disposal points, in order obtain impacts values as far as
possible to the real situation, reducing uncertainties and possible undesirable mistakes.

For detailed strategies (Option 3) which mostly uses real or close to real transport distances, it is
recommended to harmonize the methods to measure and calculate the impacts of real distances. As well
as the consideration of intermediary suppliers and the distribution networks and the consideration of
manufacturers/final disposal points.

c.2) Data sources

Results show that regardless the modelling Option the most used data source (for transport impacts and
fuel consumption) is the Ecoinvent database. Depending on the country the version of the database can be
different. For example, New Zealand use Ecoinvent 3.1 and Belgium Ecoinvent 3.3 (Ecoinvent, 2016).
However, two exception has been detected, UK uses their own datasource and Austrailia use their own
national database AusLCI (Australian Life Cycle Inventory, n.d.), and Ecoinvent version 3.0 in case there
is not available data. When modelling transports, the use of different data sources and databases can
conduct to different results, it is recommended to verify the data consistency of the transport related data
sources to control possible differences and unexpected variations.

c.3) Means of transport

Results show that the trucks are considered the most used mean of transport, and other means of
transports such as the railway and air transports were scarcely considered. This can be due to the extensive
use of this mean of transport in the construction sector, or because it can be a simplification of the supply
chain of materials and products. It is also noticed that each country uses the means of transports according
to their own requirements and characteristics. Countries with a great dispersion in the location of cities such
as New Zealand can obtain more significant transport impacts than other countries with a more compact
city network, such as Switzerland or Belgium. It is detected that depending on the modelling Option the




level of accuracy in the definition of the mean of transport increases. Countries such as Belgium, detailly
organised trucks transports based on the tonnage. A possible solution to deal with the uncertainties related
to the means of transports, can be to make tables that relate products/materials/distances considering the
most frequent means of transport, adapted to the design phases and type of LCA (simplified or complete)
and depending on the level of detail and level of accuracy of the information.

c.4) Consideration of impacts of transports in design stages

The possibility of considering the transport impacts in the selection of materials/products can be relevant in
several context and for several building materials (such as timber). How can transport impacts be
considered in design stages? Can be the selection of materials and products conditioned by them? The
local context in modelling A4 and C2 modules can completely change the LCA results. In this vein, the
same building can obtain very different impact values depending on the country where it is located, and the
materials and products that were used. It is recommended to develop robust and reliable models that can
help designer to guide the decision-making specially for those countries where the impacts of transports
are relevant.

c.5) Modelling options and design stages

Probably the main differences in the modelling of A4 and C2 modules can be related (as previously
mentioned) to the pre-existence of studies on the field, references and other data sources, the level of
maturity in the LCA application in the construction sector, among others. It is important to highlight that the
modelling Option should be related to the level of definition and data granularity about the building and
depending on the type of LCA application (simplified or complete). The scope of the strategies is different
when working in early design stage (LCA is a decision-making tool) than when the building is detailly design.
Thus, it is recommended to correlate the modelling option with the design stage, level of definition and
granularity of the information about the building. Moreover, the integration of experts on the area can avoid
making simplifications that conduct to undesirable mistakes. It is also recommended that each country
define the scope of the design stage and type of LCA application (from early design stage up to
construction/use stage) to establish most properly modelling Option based on the existing certainties and
the needed data accuracy.

Other alternative to deal with the modelling options of transports and the design phases, is the one
proposed to be implemented in Sweden (out of the scope of the survey participant countries) for the
“Climate declarations for buildings” (Sweden National Board of Housing Building and Planning, 2020). The
document proposes to focus the effort on detailed modelling options for transports of the three more
relevant materials and components (greatest proportion of weight or volume). For the rest of materials and
components both generic and actual/specific data can be used when modelling A4 module (see section
4.3.11-12).

Based on the results obtained in previous survey, this section is focused on compile the information
obtained on the modelling C&D process (EN 15978) ) (EN, 2011).

a) Level of consideration of C&D process in the LCA application



The results confirm that most of the contributing countries consider modules A5 and C1, with few
exceptions. For example, Switzerland considered A5 of minor importance, cutting losses (wastes generated
during construction) are neglected because the amounts of materials needed are previously determined
coarsely and generously during the design stage. For Germany A5 and C1 are not considered in
BNB/DGNB. However, Okobau.dat (ODKOBAUDAT, n.d.) provides data for a few selected construction
activities: excavators per m® and pumping of concrete per m3. Furthermore, there are no empirical data on
material specific cutting losses/wastes. In other countries, such as the UK this is a mandatory stage to be
included in order to meet the minimum requirements laid out in the RICS Professional Statement (RICS,
2017). France and Hungary neglect C1, mostly due to missing data. In other countries, such as the UK,
despite being not a mandatory, its inclusion is nonetheless strongly encouraged.

b) General assumptions

Results shows that the number of modelling options also varies between countries and between LCA
modules. Thus, the most common situation is to alternate strategies (Option 1, Option 2, Option 34)
according to the modules considered. For example, countries such as Australia, use these three modelling
options in these three modules. However, not much detailed about the strategies and further information
about them is provided. Other countries apply different strategies according to the modelled modules. For
example, Belgium uses a generic option for modelling construction process and more detailed modelling
for modules B4 (use stage) and C1 (Option 2). The UK uses a generalized modelling for A5 and C1, and a
simplified modelling for T, C&D process in module B4. Spain uses generic and simplified modelling
strategies.

b.1) Construction process (Module A5)

The assumptions considered for the quantification of impacts in A5 module are diverse. The main Option
in most countries is to consider a percentage of construction wastes applied to the material supplied to the
work. France, for example, uses a percentage of surplus materials chosen by the user, and in other case
a 5% is proposed as default value. This corresponds to broken elements on the construction site, surplus
of ready mixed concrete at the end of the day, parts of panels that remain unused after cutting the right
size. Belgium includes the processes related to impacts of material losses (global add-on of 5% on all
material quantities) and the impacts of construction activities (e.g., excavation and electricity consumed for
cellulose blowing). Hungary uses similar Option; material losses are included (2-5% depending on material)
and in the previous version of the tool 8 MJ/m3 electricity + 50 MJ/m3 diesel is included for the construction
process of the building.

Canada uses a fixed percentage of the impacts from A1 to A4 (10%) and no calculation regarding fuel
consumption is included in this module. Some countries such as Australia, through detailed LCA, uses
productivity of major equipment (e.g., hour/unit of work, m? etc. for crane, electric ladder etc) for quantifying
the energy consumption of its equipment, and through simplified LCA, uses an assumption to estimate it
(5-10% of whole LCA).

New Zeeland includes the construction process of the elements set out in the module A5 datasheet (Branz,
n.d.). However, smaller items such as fixings, sealants, adhesives, and material waste of these process
are not included. Other exclusions are the packaging of construction materials, the energy used for site
machinery/power tools/site office, the shuttering and formworks, and the excavation activities. The UK uses

4 The Generic modelling (Option 1) means that the method only can consider a possibility or a limited range of possibilities. The
Simplified modelling (Option 2) means that the method can include simplified formulas for the calculation of impacts of the process
depending on a variable (e.g., weight of materials, price of the building construction, etc.). The Detailed modelling (Option 3) means
that a more exact calculation procedure is proposed.



in case of inexistence of specific data, a generic assumption where a simplified average figure of
1400kgC0O2e/£100k of project value (RICS, 2017).

b.2) T, C&D process in Use Stage

The modelling of T, C&D process in Use Stage (Module B2-B5) is scarcely detected. Countries such as
Belgium, Spain or UK are examples of its integration. For example, Belgium includes a complete list of
replacement of worn building components elements that can found in (OVAM et al., 2018). It covers the
impact of the demolition, waste transport and waste management of the removed components and the
production, transportation, and construction of the new components. However, no energy consumption for
replacement is considered, but for demolishing work of replaced building elements and materials.

b.3) Deconstruction (Module C1)

The assumptions taken into account for modelling C1 module are diverse. Australia uses equipment
productivity for detailed LCA and assumptions for simplified LCA. Belgium includes the impact of the
deconstruction and demolition. The composition of the materials and the method of connecting with other
materials/work sections define the type of demolition process. Canada uses a generic value for machinery
under a specific time. One machinery is considered for the concrete demolition (crusher) and another
regular machinery for all the other demolition works. Crusher use is based on concrete volume in the
building. Other machinery is modelled with average consumptions per m? of floor based on experience of
construction companies (e.g. Groupe AGECO). Switzerland considers general diesel consumption of
building machines used in demolishing. New Zealand defines building end-of-life datasheets (Branz, n.d.),
energy required for deconstruction is included, allocated to structural materials only. Data are based on an
Athena Institute publications (Athena Sustainable Materials Institute, n.d.) , contained in the SR350 study
report (Appendix D4) (Berg et al., 2016). The UK considers a generic assumption, based on an average
rate of 3.4 kgCO2e/m2 GIA (monitored from demolition case studies in London is suggested).

c) Specific statements, detected hotspots and proposal for possible solutions

c.1) Construction, deconstruction works

The results show that the consideration of construction, deconstruction and replacement works are different
among the contributing countries. Australia for example, considers all construction, replacement and
deconstruction works. Belgium includes various deconstruction processes defined for different materials
and based on Ecoinvent (Ecoinvent, 2016). The impacts of replacement are calculated as the sum of the
impact of the demolition, waste transport and waste management of the removed components and the
production, transportation and construction of the new components. Canada does not model construction
work; however, in demolition works (C1 module) construction concrete crushing and material handling are
considered. Switzerland do not consider replacement works, only include the replaced materials. France
considers waste production, therefore, treatment of building site waste, and C1 is not considered. Hungary
for construction process only consider material losses, plus a general value for the construction processes
taken from an Ecoinvent reports (ecoinvent, 2020). For replacement only the materials, their transport and
disposal are considered, the replacement works (installation of materials and products) are not included.
New Zealand for construction of the elements propose a datasheet (Branz, n.d.), which exclude some small
items and works (such as excavation activities). Although the UK encourage detailed and project-specific
assessments for A5 and C1 module, it propose an average figure linked to project value in (RICS, 2017),
which promote a simplification of the calculation of the impacts regardless, for example the materials and
products, type of building construction, among others. It can be considered a weak point to be applied in
complete LCA and detailed design stage. For use stage all emissions arising from the production,
transportation to site and installation items must be included. This extends to cover any losses during these
processes, as well as the carbon associated with component removal and EoL treatment. It is




recommended to harmonize the criteria to define the considerations for construction, replacements and
deconstruction works. The harmonization can include a common definition of the works and process and
establishing different levels of detail and accuracy in the modelling of the process. These can be related to
the definition of default values, which is also proposed to be implemented in Sweden (out of the scope of
the survey participant countries) for the “Climate declarations for buildings” (Sweden National Board of
Housing Building and Planning, 2020). There, default values for different types of buildings are under
development, real values might be used as well (Sweden National Board of Housing Building and Planning,
2020).

c.2) Type of machinery and machinery works

Results shows that the consideration of type of machinery and machinery works are heterogeneous.
Australia mainly considers excavator, backhoe for foundation (earth) works and crane hoist, conveyer,
forklift for construction material handling. Belgium method included other impact of construction activities,
limited to a few processes such as excavation works, and the electricity consumed for cellulose blowing.
Canada includes machinery for material handling (lifts, air compressors, cranes, etc.) and concrete crusher
during deconstruction (Allacker et al., 2018). Switzerland use in demolishing general diesel consumption of
building machines. France do not consider this aspect and Hungary considered only a general value. New
Zealand, for deconstruction include energy consumption to demolish structural materials only, based on
(Berg et al., 2016). As in the previous point c.1) it is recommended to harmonize the criteria to define the
type of machinery and machinery works. The harmonization can include a common definition of the works
(e.g., excavation) and sources (e.g., electricity) and establishing different levels of detail and accuracy in
the modelling of the process.

c.3) Data sources and database considered for impacts calculation

The results show that data sources about fuel consumption, among others, are mostly extracted from
Ecoinvent databases. Australia mainly considers fuelled with diesel for machinery, and mainly considers
AusLClI (AusAgLClinitiative, 2011) and Ecoinvent 3.0 (Babaizadeh et al., 2015) (if not available in AusLCl).
Belgium includes the fuels and consumption values based on Ecoinvent 3.3 (Ecoinvent, 2016). Canada
uses an average consumption per hour from the Ecoinvent datasets. Switzerland general diesel
consumption of building machines used in demolishing also based on Ecoinvent. France do not include any
specific hypothesis for fuel consumption and use Ecoinvent 2.2 (Dupuis et al., 2017) as a data source.
Hungary only consider a general value for fuel consumption and use Ecoinvent 3.5. New Zealand use
machinery powered by diesel use from secondary data from Ecoinvent 3.1. Canada average machine
operation from the Ecoinvent.

The survey also collected information about other data sources used by national methods. The results show
difference in the level of maturity and definition of the data sources and scenarios definition. Countries such
as the UK declare the use of various data sources (BCIS, n.d.; British Standards, 2008; CIBSE, 2008;
RICS, 2017) for defining for example wastage rates, lifespan, among others. As previously detailed above
(for modelling transports), the use of different data sources and databases can conduct to different results,
it is recommended to verify the data consistency of the fuels consumption and other related data sources
to control possible differences and unexpected variations.

c.4) Modelling options and design stages

Results obtained demonstrate the heterogeneity in the modelling of C&D process, specially related to the
integration of wastage, the data sources, the consideration of transports, fuel consumptions, among others.
The key aspects of the problem are not only related to the modeling itself but also about the accuracy and




level of detail of the data and how all the variables and aspects involved in these complex processes are
included.

A possible solution to deal with the different modelling options can be to relate them with the level of detail
of the building information or design phase. Hence, the modelling options can be applied depending on the
design phase, and considering the joint model proposed within IEA EBC Annex 72 (ST2) “Common
definition of design steps & project phases”, generic and simplified options should be used in the early
design phases and the detailed modelling options in detail design phases. Thus, the accuracy and reliability
of results will be aligned with the level of detail of the building information.

The present study illustrated and compared the different options to model T, C & D process in the LCA of
buildings and products (EPD). The study was based on the description of the current references and main
studies on this field, as well as a collection of modelling options conducted among the Annex 72 participant
countries (survey). The results of this survey show the heterogeneity in the modelling of T, C & D process
and the strong incidence of local data sources, national methods, and geographical and regional
characteristics. There, it has been detected that the main causes of neglection of transport are related to
the use of local or regional materials (such as Switzerland) and the C&D process causes of neglection were
related to the missing data (inexistence of data) such as France or Hungary. The errors regarding their
neglection depend on the context characteristics and the type of construction technology. This report
provides evidence of several examples related.

The use of default values for C&D process has been detected in countries such as UK, Finland, Spain or
Sweden (with some specific characteristics), other modelling options such as the generic EPD (e.g.
Okobaudat (Federal Ministry of the Interior Building and Home Affairs (BMI), n.d.)) can be useful to adapt
the specific countries characteristics to modeling C & D. While, for modelling transport the use of default
values and simplified scenarios were related to reducing efforts on modelling the supply and distribution
chain, which has been detected in countries such as New Zealand or Spain.

The review of the information about modelling of T, C & D process contained in the construction products
EPD provide evidence of the heterogeneity in the level of detail of the information (see Table 1.1 and 2.1).
Despite that current EN 1580:2012 + A2:2019 (Fernadez-Garcia et al., 2016) standards include (in Section
7.3) a (dataset) description of the scenario assumptions which can be useful to harmonize and to increase
guaranties when comparing different products, the information related to T, C & D of construction products
was not presented on a systematic/heterogeneous way. It means that not all the EPDs include the modelling
of T, C & D process (e.g., cradle-to-gate EPD type), and also because the provided information is not
enough to adapt the modelling of the process to the specific characteristics of the buildings and construction
products. Thus, in case that the information included in the EPD is not enough to complete the required
information the use of specific EPDs of transport and C&D process (e.g. Okobaudat (Federal Ministry of
the Interior Building and Home Affairs (BMI), n.d.)) is also possible solution.

Hence, we conclude that (at least at the moment) it cannot be possible to define one harmonized option to
model T, C & D process. It would be possible to define a range of harmonize options and provide some
recommendations to define them, thus, two possible paths arise. The FIRST one relates the definition of
harmonized modelling options with the design phases; therefore, the generic and simplified modelling



options can be applied in early design phases, and detailed modelling stages can be used at detailed design
phases, therefore, three correlations can be implemented by following these criteria:

a. Harmonized Generic Modelling (Option 1) for being applied during the early design phases of the
project (Preliminary Concept), where the GFA and the volume of the building are known. A generic Option
could be to quantify the impacts per square meter and LCA modules, depending on the type of building and
main materials. Another Option could be obtaining impacts in each module by applying a percentage to the
whole LCA or to another LCA module (such as A1-A3).

b. Harmonized Simplified Modelling (Option 2) for being applied during the early design phases of the
building project, when the building systems and the main building elements and components are known
(for example, the type of foundation, structure, envelope, etc.). This simplified modelling option could be
classified according to the type of module. For example, in the case of module A5, the construction wastes
generated could be obtained from a percentage of materials.

C. Harmonized Detailed Modelling (Option 3) for being used during the detailed design stage of the
project, when the building systems and materials are defined and detailly measured. This detailed option
could be classified according to the LCA module. For example, in the case of module A5, the construction
wastes generated could be obtained in a detailed way using detailed construction waste quantification
models, as close as possible to real situation and similar for example to those applied in the construction
products EPD.

The SECOND path can relate the modelling of T, C & D process with the element/component’s
representativeness in the building, and combine generic, simplified and detail modelling options regarding
their relevance in the building. Thus, detailed modelling options can be used for the main building
materials/elements/components and generic and simplified for those that are lees representative. There,
the accuracy of impact results of transport/ construction/deconstruction can be proportional to the number
of materials involves.

The following recommendations for action are proposed grouped by actors (stakeholder) involved.

Policy, regulation and law makers, developers / providers of sustainability assessment systems, national
standardization bodies:

— include transport and construction processes (A4-5) in the minimum assessment scope and provide
default values to compensate for possible lack of data and assist the method users during early design
stages. These are activities to be controlled and verified today when new buildings are constructed,
together with A1-3.

— determine, publish, and periodically update LCA data for transport and construction processes.

— determine, publish, and periodically update reference values for mean transport distances.

— determine, publish, and periodically update LCA data for construction machinery, essential
construction processes, the operation of the construction site equipment and typical construction site
activities (e.g. pumping water, heating buildings).

Construction product manufacturers:

— in EPDs specify several variants for modules A4, A5, C1 and C2 or provide calculation rules for A4
and C2 (depending on transport distances and means of transport).

Researchers:

— develop default values for modules A4-5 and C1-2 expressed per m2 of building per kg of product
(other units can also be used depending on the product).

What is important to consider when modelling transport related modules A4/C2, as well as
construction process related modules A5/C17?



the scope of transport and construction activities covered by the method shall be clearly declared.

In order to prevent misinterpretations when comparing variants with a high level of prefabrication with
variants with assembling on the construction site, the initial embodied impacts represented by the
system boundary “cradle to handover” (A1-5) B4, C3-4 shall be fully covered as part of the minimum
requirements.

For early design stages generic or simplified modelling shall be allowed (see Table 3, Option 1 and 2)
and supported by providing de-fault values and/or fixed assumptions to the users of the method. For
late design stages detailed modelling shall be mandated for A4 at the minimum. There, a clear
description on how to consider empty returns shall be included.

The use of different data sources and databases can lead to different results; therefore, the method
shall recommend specific allowable data sources or provide such values.

If the inclusion of activities C1/C2 is mandated by a method for completeness, default values shall be
provided per m? (built area) or m® or tons. For far-future activities such as C1/C2 is unreasonable to
mandate putting time and resources into calculating them even at late design stages. They are too
uncertain. The module C1 could be estimated using impact factors or resources consumtion by m? (built
area), m® (voluem of demolished materials) or tons. The module C2 could be estimated using impact
factors or resources consumption per ton, ideally there should still be parameters for t/m?3.

To increase transparency and provide a systematic approach for modelling complex processes A5-C1
shall be use guidelines/rules for the data collection and data set (e.g., list of activities and energy
consumption per activity or building element).
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Appendix. Questionnaire of modeling of Modules A4, A5, C1 and C2

Q1 Do youinclude the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

Ad Yes No

A5 Yes No
Use stage (B2- Yes No

B5)

C1 Yes No

C2 Yes No

Q2 Which Option do you mainly use to model EN 15978 transport modules *(A4 and
C2) (mark with X):

Generalize Provide reference document or brief description (if possible)
hypothesis *

Simplified Provide reference document or brief description (if possible)
modeling 2

Detailed Provide reference document or brief description (if possible)
modeling 3

*in case you use a different Option for A4 and C2 you should include A4 and C2
separately answers.
Yinclude 1 or 2 general distances, means of transport, etc.
2include more than 2 or 3 possible distances, means of transport, etc.
3include a detailed modeling of transports.

Q3 Can you specify how do you integrate the following aspects in the previous (Q2)
Option:

Which are the considered products and
materials? Do you have any cut-off rules
for that?
Which transport distances do you
considered?
Which means of transport do you
considered?
Which fuels and consumption
hypothesis do you considered?
Do you include the return load (return
trip of transports)?
Which data sources or database do you
considered for impacts calculation?
Do you include any other relevant
aspects? Can you specify?
Provide reference document (if possible)
Q4 Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?
If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.
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Q5

Q6

Q7

Q8

YES NO

Provide reference document or brief description (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

YES NO
Provide reference document or brief description (if possible)

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

* in case you use a different Option for each LCA module you should include
separately answers.
Provide reference document (if possible)

Is this previous Option* (Q6) close to (mark with X):

Generalize hypothesis ! Provide reference document or brief
description (if possible)

Simplified modeling 2 Provide reference document or brief
description (if possible)

Detailed modeling 3 Provide reference document or brief

description (if possible)
*in case you use a different Option for each LCA module you should include
separately answers.
Yinclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.
Can you specify how do you integrate the following aspects in the previous
Option*(Q6):
Which construction, deconstruction and
replacement works do you considered?
Which type of machinery and machinery
works do you considered?
Which fuels and energy machinery
consumption hypothesis do you
considered?
Which data sources or database do you
considered for impacts calculation?
Do you include any other relevant
aspects? Can you specify?
*in case you use a different Option for each LCA module you should include
separately answers.
Provide reference document (if possible)
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Q1

Q2

Q3

Q4

Do you include the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes X No

A5 Yes X No
Usestage(B2- Yes X No

B5)

Cc1 Yes X No

c2 Yes X No

Which Option do you mainly use to model EN 15978 transport modules *(A4 and
C2) (mark with X):

Generalize X  Simplified average distance delivered from distributor and

hypothesis ! site.
Then, transportation distance is quantified with return.
Simplified Provide reference document or brief description (if possible)
modeling ?
Detailed Provide reference document or brief description (if possible)
modeling 3

*in case you use a different Option for each LCA module you should include
separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.

2include more than 2 or 3 possible distances, means of transport, etc.

3include a detailed modeling of transports.

Can you specify how do you integrate the following aspects in the previous (Q2)
Option:

Which are the considered products Basically all building materials which

and materials? Do you have any cut- counted embodied impacts. If not

off rules for that? considered in the A1-A3, it is not
considered in A4.

Which transport distances do you If not specified, it is, in general, assumed

considered? less than 200km away of building
material supplied to the site.

Which means of transport do you Basically ‘rigid truck’.

considered?

Which fuels and consumption Mainly diesel.
hypothesis do you considered?

Do you include the return load (return ~ Yes we does.
trip of transports)?

Which data sources or database do Australian national LCI data (called
you considered for impacts AusLCl) and Ecoinvent ver 3.0 (if not
calculation? available in AusLCl)

Do you include any other relevant

aspects? Can you specify?

Provide reference document (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.
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Q5

Q6

Q7

Qs

YES NO X

Provide reference document or brief description (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicating the estimate location and a brief description
of the hypotheses.

YES NO X Wedon’t have any default location for recycling or sorting.
Provide reference document or brief description (if possible)

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

For detailed LCA for A5, we use productivity of major equipment (e.g., hour/unit of
work, m3 etc. for crane, electric ladder etc.) then quantified the energy
consumption of its equipment. But simple version of LCA, we use an assumption
taken from literature (5-10% of whole LCA).

For B4, it is quantified the lifespan of each element and products of building. For
example, it will be replaced every 10 years for glass, 15 years repainting etc.

For C1, we use equipment productivity for detailed LCA or assumption for simple
LCA.

*in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Is this previous Option* (Q6) close to (mark with X):

Generalize hypothesis ? X  Provide reference document or brief
description (if possible)

Simplified modeling 2 X  Provide reference document or brief
description (if possible)

Detailed modeling 3 X  Provide reference document or brief

description (if possible)
*in case you use a different Option for each LCA module you should include
separately answers.
Yinclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.
Can you specify how do you integrate the following aspects in the previous
Option*(Q6):

Which construction, deconstruction
and replacement works do you
considered?
Which type of machinery and Excavator, backhoe etc. for foundation
machinery works do you considered? (earth) work,
Crane hoist, conveyer, forklift for
construction material handling
Which fuels and energy machinery Mainly fueled with diesel for machinery.
consumption hypothesis do you
considered?
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Which data sources or database do Mainly AusLCl (national LCI database) or

you considered for impacts ecoinvent (see 3.0 if not available in
calculation? AusLCl)

Do you include any other relevant Australian team has worked for some
aspects? Can you specify? missing impacts from A3, A5 and B1.

Please see the attached.
We are happy to contribute our work for
this if required.

*in case you use a different Option for each LCA module you should include
separately answers.
Provide reference document (if possible)

Q1 Do youinclude the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes X No

A5 Yes x No
Usestage(B2- Yes x No

B5)

C1 Yes x No

Cc2 Yes x No

Q2 Which Option do you mainly use to model EN 15978 transport modules *(A4 and
C2) (mark with X):

Generalize Provide reference document or brief description (if possible)
hypothesis *
Simplified Provide reference document or brief description (if possible)
modeling 2
Detailed x  Allacker K, Debacker W, Delem L, De Nocker L, De Troyer F,
modeling 3 Janssen A, Peeters K, Van Dessel J, Servaes R, Rossi E,

Deproost M, Bronchart S (2018) Environmental profile of
building elements [update 2017]. OVAM, Mechelen

*in case you use a different Option for each LCA module you should include

separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.

2include more than 2 or 3 possible distances, means of transport, etc.

3include a detailed modeling of transports.

Q3 Can you specify how do you integrate the following aspects in the previous (Q2)

Option:

Which are the considered products For each product and material, a

and materials? Do you have any cut- transport and waste category is selected.

off rules for that? Based on the transport and waste
category, transport scenarios are
calculated for both A4 and C2

Which transport distances do you Transport distances depend on the

considered? selected material category. 3 transport

steps are considered (directly from
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Q4

Q5

factory to site, from factory to supplier
and from supplier to site)
Which means of transport do you Depending on the transport step, the
considered? materials are subdivided according to 4
means of transport
* Lorry > 32 ton (EURO 5)
* Lorry 16-32 ton (EURO 5)
* Lorry 7.5-16 ton (EURO 5)
* Lorry 3.5-7.5 ton (EURO 5)
Which fuels and consumption Diesel (EURO 5)
hypothesis do you considered?
Do you include the return load (return  This included in the average load

trip of transports)? assumed in the Ecoinvent records
Which data sources or database do Ecoinvent 3.3

you considered for impacts

calculation?

Do you include any other relevant /

aspects? Can you specify?

Provide reference document (if possible)

Allacker K, Debacker W, Delem L, De Nocker L, De Troyer F, Janssen A, Peeters K,
Van Dessel J, Servaes R, Rossi E, Deproost M, Bronchart S (2018) Environmental
profile of building elements [update 2017]. OVAM, Mechelen

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

The location of the manufacturers is indirectly included based on the average
transport distances which are assumed for each material category.

YES x NO

Provide reference document or brief description (if possible)

Allacker K, Debacker W, Delem L, De Nocker L, De Troyer F, Janssen A, Peeters K,
Van Dessel J, Servaes R, Rossi E, Deproost M, Bronchart S (2018) Environmental
profile of building elements [update 2017]. OVAM, Mechelen

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

The location of the sorting/ recycling or EOL disposal plants is indirectly included
based on the average transport distances which are assumed for each waste
category.

YES x NO

Provide reference document or brief description (if possible)

Allacker K, Debacker W, Delem L, De Nocker L, De Troyer F, Janssen A, Peeters K,
Van Dessel J, Servaes R, Rossi E, Deproost M, Bronchart S (2018) Environmental
profile of building elements [update 2017]. OVAM, Mechelen
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Q6

Q7

Q8

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):
Model A5
This module includes the following processes:
e Impact of material losses (global add-on of 5% on all material quantities)
e Impact of construction activities (e.g. excavation and electricity consumed
for cellulose blowing)
Use stage (Module B4)
This module includes the replacement of worn building components. It covers the
impact of the demolition, waste transport and waste management of the removed
components and the production, transportation and construction of the new
components. Information related to the life span of work sections can be found on
the TOTEM website (https://www.totem-building.be/)
Module C1
Module C1 includes the impact of the deconstruction and demolition. The
composition of the materials and the method of connecting with other
materials/work sections determines the type of demolition process
*in case you use a different Option for each LCA module you should include
separately answers.
Provide reference document (if possible)
Allacker K, Debacker W, Delem L, De Nocker L, De Troyer F, Janssen A, Peeters K,
Van Dessel J, Servaes R, Rossi E, Deproost M, Bronchart S (2018) Environmental
profile of building elements [update 2017]. OVAM, Mechelen
Is this previous Option* (Q6) close to (mark with X):

Generalize hypothesis * X  Provide reference document or brief
description (if possible)

Simplified modeling 2 Provide reference document or brief
description (if possible)

Detailed modeling 3 X  Provide reference document or brief

description (if possible)
*in case you use a different Option for each LCA module you should include
separately answers.
Generic option for module A5
Detailed modeling for modules B4 and C1
Linclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.
Can you specify how do you integrate the following aspects in the previous
Option*(Q6):

Which construction, deconstruction e Various deconstruction processes
and replacement works do you have been defined for different
considered? materials based on Ecoinvent 3.3

e The impact of replacement is
calculated as the sum of the impact of
the demolition, waste transport and
waste management of the removed
components and the production,
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E 278

transportation and construction of
the new components

Which type of machinery and The impact of construction activities is

machinery works do you considered? limited to a few processes such as
excavation works and the electricity
consumed for cellulose blowing

Which fuels and energy machinery The fuels and consumption values are
consumption hypothesis do you based on Ecoinvent 3.3

considered?

Which data sources or database do Ecoinvent 3.3

you considered for impacts

calculation?

Do you include any other relevant /

aspects? Can you specify?

* in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Allacker K, Debacker W, Delem L, De Nocker L, De Troyer F, Janssen A, Peeters K,
Van Dessel J, Servaes R, Rossi E, Deproost M, Bronchart S (2018) Environmental
profile of building elements [update 2017]. OVAM, Mechelen

Ql

Do you include the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes No

A5 Yes No

Use stage (B2- VYes No
B5)

C1 Yes No

C2 Yes No

Q2

Which Option do you mainly use to model EN 15978 transport modules *(A4 and
C2) (mark with X):

Generalize Provide reference document or brief description (if possible)
hypothesis !

Simplified Provide reference document or brief description (if possible)
modeling 2

Detailed Provide reference document or brief description (if possible)
modeling 3

*in case you use a different Option for each LCA module you should include
separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.
2include more than 2 or 3 possible distances, means of transport, etc.
3include a detailed modeling of transports.

Q3

Can you specify how do you integrate the following aspects in the previous (Q2)
Option:

Which are the considered products and
materials? Do you have any cut-off rules
for that?
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Q4

Q5

Q6

Q7

Qs

Which transport distances do you

considered?

Which means of transport do you

considered?

Which fuels and consumption

hypothesis do you considered?

Do you include the return load (return

trip of transports)?

Which data sources or database do you

considered for impacts calculation?

Do you include any other relevant

aspects? Can you specify?

Provide reference document (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?

If your answer is YES, please indicate the estimate location and a brief description of
the hypotheses.

YES NO

Provide reference document or brief description (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description of
the hypotheses.

YES NO
Provide reference document or brief description (if possible)

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

*in case you use a different Option for each LCA module you should include
separately answers.
Provide reference document (if possible)

Is this previous Option* (Q6) close to (mark with X):

Generalize hypothesis * Provide reference document or brief
description (if possible)

Simplified modeling 2 Provide reference document or brief
description (if possible)

Detailed modeling 3 Provide reference document or brief

description (if possible)
* in case you use a different Option for each LCA module you should include
separately answers.
Yinclude a general hypothesis.
Zinclude more than 2 scenarios/hypothesis.
3include a detailed modeling.
Can you specify how do you integrate the following aspects in the previous
Option*(Q6):
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Q1

Q2

Q3

Which construction, deconstruction and
replacement works do you considered?
Which type of machinery and machinery
works do you considered?

Which fuels and energy machinery
consumption hypothesis do you
considered?

Which data sources or database do you
considered for impacts calculation?

Do you include any other relevant
aspects? Can you specify?

*in case you use a different Option for A5, B4 and C1 you should include A5, B4 and
C1 separately answers.

Provide reference document (if possible)

Do you include the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes X No

A5 Yes X No
Usestage(B2- Yes X No

B5)

Cc1 Yes X No

c2 Yes X No

Which Option do you mainly use to model EN 15978 transport modules *(A4 and
C2) (mark with X):
Generalize X  Provide reference document or brief description (if possible)
hypothesis ! eFor A4, we used an average distance according to project
location (urban, suburban, rural, etc.). For this specific
project, a distance of 25km for concrete with a small size
lorry transport truck was used and a distance of 225km was
used for all the other material with a regular lorry transport
truck.
eFor C2, we used an average distance of 50km with regular
lorry truck transportation.

Simplified Provide reference document or brief description (if possible)
modeling 2

Detailed Provide reference document or brief description (if possible)
modeling 3

*in case you use a different Option for each LCA module you should include
separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.

2include more than 2 or 3 possible distances, means of transport, etc.

3include a detailed modeling of transports.

Can you specify how do you integrate the following aspects in the previous (Q2)
Option:

Which are the considered products All material used in the building were
and materials? Do you have any cut- included (including materials for the B4
off rules for that? and A5 — loss during construction

60/81



Q4

Q5

Q6

Q7

Which transport distances do you
considered?

Which means of transport do you
considered?

Which fuels and consumption
hypothesis do you considered?

Do you include the return load (return
trip of transports)?

Which data sources or database do
you considered for impacts
calculation?

Do you include any other relevant
aspects? Can you specify?

Provide reference document (if possible)

modules). Transport of the construction
equipment was not included.
See Q2

See Q2

Average consumption per ton kilometer
from the ecoinvent datasets were used.
Yes, datasets rely on average load factors
that include the average share of empty
return trips.

For the small size lorry transport, an
ecoinvent dataset was used. For the
regular lorry transport, an internal model
from Groupe AGECO which is
representative of transport in North
America is used.

All aspects from the ecoinvent datasets
were used.

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?
If your answer is YES, please indicate the estimate location and a brief description

of the hypotheses.
YES X NO

We used default distances between the supplier and the

site construction (see Q2).
Provide reference document or brief description (if possible)
Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?
If your answer is YES, please indicate the estimate location and a brief description

of the hypotheses.
YES X NO

We used default distances between the building and the

end-of-life facilities.
Provide reference document or brief description (if possible)

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief

description, if possible):

eFor A5, we used a fixed percentage of the impacts from Al to A4 (10%). No
calculation regarding fuel consumption was included for this module.

eFor B4, we used a ratio according to material lifespan (round up (building lifespan
/ material lifespan))-1) *(material impacts Al to A5).

eFor C1, we used a generic value for machinery under a specific time. One
machinery was for the concrete demolition (crusher) and another regular
machinery for all the other demolition works.

*in case you use a different Option for each LCA module you should include

separately answers.

Provide reference document (if possible)

Is this previous Option* (Q6) close to (mark with X):

61/81



Q8

Q1

Generalize hypothesis * X  Provide reference document or brief
description (if possible)
eFor C1, crusher use was based on
concrete volume in the building.
Other machinery was modeled with
average consumptions per m2 of
floor based on Groupe AGECO

experience.
Simplified modeling 2 Provide reference document or brief
description (if possible)
Detailed modeling 3 Provide reference document or brief

description (if possible)
*in case you use a different Option for each LCA module you should include
separately answers.
Yinclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.
Can you specify how do you integrate the following aspects in the previous
Option*(Q6):

Which construction, deconstruction A5: no construction work was modeled
and replacement works do you C1: Concrete crushing, material handling
considered?

Which type of machinery and Machinery for material handling (lifts, air

machinery works do you considered? compressors, cranes...) and concrete
crusher during deconstruction.

Which fuels and energy machinery Average consumption per hour from the
consumption hypothesis do you ecoinvent datasets were used.
considered?

Which data sources or database do Average machine operation from the
you considered for impacts ecoinvent database were used.
calculation?

Do you include any other relevant

aspects? Can you specify?

*in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Do you include the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes No X Transports to regional storage site in
Switzerland (this applies also for
construction products manufactured
abroad) is covered in the construction
materials datasets. Delivery to building
site is often unknown and of low
importance.

In exceptional cases (helicopter
transports) A4 may be included.
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A5 Yes No X

Usestage(B2- Yes X No

B5)
C1 Yes X No
C2 Yes X No

Considered of minor importance; cutting
losses (wastes during construction) are
neglected because the amounts of
materials needed are determined
coarsely and generously. Furthermore,
there are no empirical data on material
specific cutting losses/wastes.

Q2 Which Option do you mainly use to model EN 15978 transport modules *(A4 and

Q3

C2) (mark with X):

Generalize X
hypothesis !

This only applies for C2 transports, for which 1 default
transport distance and one means of transport per waste

management option (landfill, incineration,
separation/recycling) is used.

Simplified
modeling ?
Detailed
modeling 3

Provide reference document or brief description (if possible)

Provide reference document or brief description (if possible)

*in case you use a different Option for A4 and C2 you should include A4 and C2

separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.

2include more than 2 or 3 possible distances, means of transport, etc.

3include a detailed modeling of transports.

Can you specify how do you integrate the following aspects in the previous (Q2)

Option:

Which are the considered products
and materials? Do you have any cut-
off rules for that?

Which transport distances do you
considered?

Which means of transport do you
considered?

Which fuels and consumption
hypothesis do you considered?

Do you include the return load (return
trip of transports)?

Which data sources or database do
you considered for impacts
calculation?

Do you include any other relevant
aspects? Can you specify?

10 to 20 km
Lorry, 20-28 tons, fleet average

diesel, 24.57kg/100km (=29.42
litre/100km)

Average payload: 5.8tons, including
return trip

KBOB LCA data DQRv2:2016 (retrieved
from www.ecoinvent.org,

https://db.ecoinvent.org/download/KBOB%20DQRv2 2016.zip?a

rea=3e2c0806caa3c

Most recent version available:

UVEK LCA data DQRv2:2018

demolishing efforts are included in C1,
same efforts and emissions per kg
material.
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Q4

Q5

Q6

Q7

Q8

Provide reference document (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the

manufacturers of the main building materials?

If your answer is YES, please indicate the estimate location and a brief description

of the hypotheses.

YES NO X Foreign production and import transports are taken into
account.

Provide reference document or brief description (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the

sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description

of the hypotheses.

YES NO X
Provide reference document or brief description (if possible)

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

A5: not taken into account

B4: standard lifetimes per building element as reported in SIA 2032, Annex C
(normative), no energy consumption for replacement but for demolishing work of
replaced building elements and materials.

*in case you use a different Option for each LCA module you should include
separately answers.
Provide reference document (if possible)

Is this previous Option* (Q6) close to (mark with X):

Generalize hypothesis * Provide reference document or brief
description (if possible)

Simplified modeling 2 Provide reference document or brief
description (if possible)

Detailed modeling 3 Provide reference document or brief

description (if possible)
*in case you use a different Option for each LCA module you should include
separately answers.
Yinclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.
Can you specify how do you integrate the following aspects in the previous
Option*(Q6):

Which construction, deconstruction replacement works are not considered,
and replacement works do you only replacement materials
considered?

Which type of machinery and general diesel consumption of building

machinery works do you considered? machines used in demolishing
Which fuels and energy machinery see above

consumption hypothesis do you

considered?
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Ql

Which data sources or database do
you considered for impacts
calculation?

Do you include any other relevant
aspects? Can you specify?

see above

*in case you use a different Option for each LCA module you should include

separately answers.
Provide reference document (if possible)

Do you include the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes No X

A5 Yes No X
Usestage(B2- Yes X No

B5)

C1 Yes No X

C2 Yes No X

Both the latest BNB and DGNB systems in
Germany do not include modules A4-5 as
well as C1-2 in their minimum system
boundaries. Reasons for this exclusion
are not clearly stated in BNB/DGNB
guidelines but lie in problems with data
acquisition and an assumed insignificance
of such impacts with regard to the overall
result. The possible inclusion in the next
version is currently investigated.

See above under A4

Both the latest BNB and DGNB systems in
Germany do include module B4. The basis
is default values for the service life of
building components and building
equipment

See above under A4

See above under A4

Q2 Which Option do you mainly use to model EN 15978 transport modules *(A4 and

C2) (mark with X):

Generalize
hypothesis *
Simplified
modeling ?
Detailed
modeling 3

possible)

possible)

(X)

Provide reference document or brief description (if
Provide reference document or brief description (if

A4 and C2 are not taken into account in BNB/DGNB.
Therefore, since default distances are not provided per

material type by BNB/DGNB systems, it is assumed that if
one wishes to include these modules in an assessment,
detailed modelling will be applied in relation to this
parameter. Okobau.dat provides average environmental
data in tonnes*km for different types of transport to assist
in calculations. For example, for small truck: “The dataset
refers to the transport of 1000 kg cargo on a distance of 1
km by truck (EURO 5) with 12-14 t permissible total weight
and 9.3 t payload in forwarding traffic with a utilisation
ratio of 85%. The extraction and processing of the fuel is
included. The production of the vehicle is not included in
the balancing.” (see:
https://oekobaudat.de/OEKOBAU.DAT/datasetdetail/proc

ess.xhtml?uuid=510e8761-8b2d-46a5-b8df-
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Q3

Q4

Q5

Q6

6d1ac321ce92&version=20.19.120&stock=0BD 2021 1I&l
ang=en)
*in case you use a different Option for A4 and C2 you should include A4 and C2
separately answers.
Yinclude 1 or 2 general distances, means of transport, etc.
2include more than 2 or 3 possible distances, means of transport, etc.
3include a detailed modeling of transports.
Can you specify how do you integrate the following aspects in the previous (Q2)
Option:

Which are the considered products

and materials? Do you have any cut-

off rules for that?

Which transport distances do you

considered?

Which means of transport do you

considered?

Which fuels and consumption

hypothesis do you considered?

Do you include the return load (return

trip of transports)?

Which data sources or database do

you considered for impacts

calculation?

Do you include any other relevant

aspects? Can you specify?

Provide reference document (if possible)
Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?
If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

YES NO X

Provide reference document or brief description (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

YES NO X

Provide reference document or brief description (if possible)

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

A5 and C1 are not taken into account in BNB/DGNB. However, Okobau.dat
provides data for a few selected construction activities:

(1) excavators per m3(e.g.
https://oekobaudat.de/OEKOBAU.DAT/datasetdetail/process.xhtml?uuid=f
4d930b5-ebe0-4b12-9de0-
e2ee391be029&version=20.19.120&stock=0BD 2021 lI&lang=en)

(2) pumping of concrete per m3 (e.g.
https://oekobaudat.de/OEKOBAU.DAT/datasetdetail /process.xhtml?uuid=f
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dcb26f9-1f0c-4766-ad94-
c093e5d259e1&version=20.19.120&stock=0BD 2021 II&lang=en)

*in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Q7 s this previous Option* (Q6) close to (mark with X):
Generalize hypothesis * Provide reference document or brief
description (if possible)
Simplified modeling 2 Provide reference document or brief
description (if possible)
Detailed modeling 3 Provide reference document or brief
description (if possible)
*in case you use a different Option for each LCA module you should include
separately answers.
Yinclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.
Q8 Canyou specify how do you integrate the following aspects in the previous

Ql

Option*(Q6):

Which construction, deconstruction replacement works/construction
and replacement works do you processes are not considered, only
considered? replacement materials and components

Which type of machinery and So far data are provided only for

machinery works do you considered? excavation and pumping of concrete.
Diesel Excavators are considered, e.g. for
Excavator of 15kW “The dataset includes
the production and consumption of diesel
necessary for the excavation of 1m? of
dirt (0.305 kg diesel per m3 of sand soil)”

Which fuels and energy machinery n.a.
consumption hypothesis do you
considered?

Which data sources or database do See Q6
you considered for impacts

calculation?

Do you include any other relevant n.a.

aspects? Can you specify?

*in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Do you include the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes X No

A5 Yes X No
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Q2

Q3

Q4

Q5

Usestage(B2- Yes X No

B5)
Cc1 Yes X No
C2 Yes X No

Which Option do you mainly use to model EN 15978 transport modules *(A4 and
C2) (mark with X):

Generalize Provide reference document or brief description (if possible)
hypothesis *

Simplified X  Provide reference document or brief description (if possible)
modeling 2

Detailed Provide reference document or brief description (if possible)
modeling 3

*in case you use a different Option for each LCA module you should include
separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.

2include more than 2 or 3 possible distances, means of transport, etc.

3include a detailed modeling of transports.

Can you specify how do you integrate the following aspects in the previous (Q2)
Option:

Which are the considered products and

materials? Do you have any cut-off rules

for that?

Which transport distances do you

considered?

Which means of transport do you

considered?

Which fuels and consumption

hypothesis do you considered?

Do you include the return load (return

trip of transports)?

Which data sources or database do you

considered for impacts calculation?

Do you include any other relevant

aspects? Can you specify?

Provide reference document (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?

If your answer is YES, please indicate the estimate location and a brief description of
the hypotheses.

YES NO

Provide reference document or brief description (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicating the estimate location and a brief description
of the hypotheses.

YES NO
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Provide reference document or brief description (if possible)

Q6 Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

* in case you use a different Option for each LCA module you should include
separately answers.
Provide reference document (if possible)
Q7 s this previous Option* (Q6) close to (mark with X):
Generalize hypothesis * X Provide reference document or brief
description (if possible)
Simplified modeling 2 X Provide reference document or brief
description (if possible)
Detailed modeling 3 Provide reference document or brief
description (if possible)
*in case you use a different Option for each LCA module you should include
separately answers.
Yinclude a general hypothesis.
Zinclude more than 2 scenarios/hypothesis.
3include a detailed modeling.
Q8 Can you specify how do you integrate the following aspects in the previous

(FR) FRANCE

Option*(Q6):

Which construction, deconstruction and
replacement works do you considered?

Which type of machinery and machinery
works do you considered?

Which fuels and energy machinery
consumption hypothesis do you
considered?

Which data sources or database do you
considered for impacts calculation?

Do you include any other relevant
aspects? Can you specify?

* in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Q1 Do youinclude the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.
A4 Yes X No
A5 Yes X No
Usestage(B2- Yes X No
B5)
C1 Yes No X
C2 Yes X No
Q2 Which Option do you mainly use to model EN 15978 transport modules *(A4 and

C2) (mark with X):
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Q3

Q4

Q5

Generalize X  Provide reference document or brief description (if possible)

hypothesis * See annex of this document
Simplified Provide reference document or brief description (if possible)
modeling ?
Detailed Provide reference document or brief description (if possible)
modeling 3

*in case you use a different Option for each LCA module you should include
separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.

2include more than 2 or 3 possible distances, means of transport, etc.

3include a detailed modeling of transports.

Can you specify how do you integrate the following aspects in the previous (Q2)
Option:

Which are the considered products All products are concerned
and materials? Do you have any cut-
off rules for that?

Which transport distances do you See annex
considered?
Which means of transport do you truck

considered?

Which fuels and consumption Like in ecoinvent 2.2

hypothesis do you considered?

Do you include the return load (return  Average load factor of ecoinvent

trip of transports)?

Which data sources or database do Ecoinvent 2.2

you considered for impacts

calculation?

Do you include any other relevant

aspects? Can you specify?

Provide reference document (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?

If your answer is YES, please indicating the estimate location and a brief description
of the hypotheses.

YES NO The user is free to choose this location and the
corresponding transport distance, see annex

Provide reference document or brief description (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the

sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description

of the hypotheses.

YES NO The user is free to choose this location and the
corresponding transport distance, see annex
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Q6

Q7

Q8

Provide reference document or brief description (if possible)

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

See annex

*in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Is this previous Option* (Q6) close to (mark with X):

Generalize hypothesis ? Provide reference document or brief
description (if possible)

Simplified modeling 2 X  Provide reference document or brief
description (if possible)

Detailed modeling 3 Provide reference document or brief

description (if possible)
*in case you use a different Option for each LCA module you should include
separately answers.
Yinclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.
Can you specify how do you integrate the following aspects in the previous
Option*(Q6):

Which construction, deconstruction Waste production
and replacement works do you

considered?

Which type of machinery and none

machinery works do you considered?

Which fuels and energy machinery none
consumption hypothesis do you

considered?

Which data sources or database do Ecoinvent 2.2

you considered for impacts

calculation?

Do you include any other relevant Treatment of building site waste

aspects? Can you specify?

*in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Annex: French EQUER method

Q2: The user informs 4 transport distances, the following default values are proposed:

Distance from manufacture to building site, 100 km

Distance from Building site to landfill, 20 km

Distance from Building site to incineration, 20 km
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Distance from Building site to recycling, 100 km

Transport by truck is considered.

Q6: For A5, the user chooses a surplus % of materials, 5% is proposed as default value.
This corresponds to broken elements on the construction site, surplus of ready mixed
concrete at the end of the day, parts of panels that remain unused after cutting the right
size etc.

For B4, the user informs 8 life spans, the following default values are proposed:

Doors and Windows (inside and facades), 30 years

Painting and finishes (inside and facades), 10 years

Equipment, 20 years

Other elements, same as whole building = 80 years or other value, 100 years

(HU) HUNGARY

Q1 Do youinclude the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes X No
A5 Yes X No
Usestage(B2- Yes X No
B5)
C1 Yes No X We have no data for this stage.
C2 Yes X No

Q2 Which Option do you mainly use to model EN 15978 transport modules *(A4 and
C2) (mark with X):

Generalize Provide reference document or brief description (if possible)
hypothesis *

Simplified X  Provide reference document or brief description (if
modeling 2 possible):

A4: Materials are classified into 4 transportation categories
depending on the number and location of manufacturing
plants (50 km lorry for materials produced locally; 150 km
lorry+30 km van for national production with 1-2 factories;
800 km freight rail+30 km van for imported products
transported by rail; 800 km lorry+ 30 km van for imported
materials transported on road)
C2: only one transport category: 20 km lorry
Detailed Provide reference document or brief description (if possible)
modeling 3

*in case you use a different Option for each LCA module you should include

separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.

Zinclude more than 2 or 3 possible distances, means of transport, etc.

3include a detailed modeling of transports.

Q3 Can you specify how do you integrate the following aspects in the previous (Q2)
Option:
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Q4

Q5

Q6

Which are the considered  data taken from ecoinvent
products and materials?

Do you have any cut-off

rules for that?

Which transport distances described above

do you considered?

Which means of transport  described above

do you considered?

Which fuels and taken from ecoinvent
consumption hypothesis

do you considered?

Do you include the return  yes

load (return trip of

transports)?

Which data sources or ecoinvent 3.5

database do you

considered for impacts

calculation?

Do you include any other  no

relevant aspects? Can you

specify?

Provide reference document (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

YES X NO

Provide reference document or brief description (if possible)

For nationally produced materials we check where the factories are located in the
country and based on the number of factories we classify materials into categories.
These categories are used for each material independent of the actual location of
the building.

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

YES NO X

Provide reference document or brief description (if possible)

Only one transport category is used

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

A5: material losses are included (2-5% depending on material) and in the previous
version of the tool 8 MJ/m3 electricity + 50 MJ/m3 diesel was included for the
construction process of the building

B4: replacement is calculated based on default lifetime of materials/ elements
C1: neglected due to missing data

*in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)
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Q7

Is this previous Option* (Q6) close to (mark with X):

Generic modelling®

X Provide reference document or brief description (if
possible)
see above

Simplified modeling 2

Provide reference document or brief description (if
possible)

Detailed modeling 3

Provide reference document or brief description (if
possible)

*in case you use a different Option for each LCA module you should include

separately answers.

Yinclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.

Q8

(NZ) NEW ZEALAND

Q1

Can you specify how do you integrate the following aspects in the previous

Option*(Q6):

Which construction,
deconstruction and
replacement works do
you considered?

For construction only material losses are included,
plus a general value for the construction process
taken from an ecoinvent report.

For replacement only the materials, their transport
and disposal are considered, not the replacement
process itself.

Which type of machinery
and machinery works do
you considered?

only a general value is considered

Which fuels and energy
machinery consumption
hypothesis do you
considered?

only a general value is considered

Which data sources or
database do you
considered for impacts
calculation?

ecoinvent 3.5

Do you include any other

relevant aspects? Can you

specify?

*in case you use a different Option for each LCA module you should include

sepa rately answers.

Provide reference document (if possible)

Do you include the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes X No

A5 Yes X No
Usestage(B2- Yes X No

B5)

C1 Yes X No

C2 Yes X No
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Q2

Q3

Q4

Which Option do you mainly use to model EN 15978 transport modules *(A4 and
C2) (mark with X):

Generalize Provide reference document or brief description (if possible)
hypothesis *

Simplified X  Provide reference document or brief description (if possible)

modeling ? — please see Module A4 Summary worksheet in the
accompanying “Construction transport (module A4)
v1.xlsx” spreadsheet for example transport distances
Detailed Provide reference document or brief description (if possible)
modeling 3

*in case you use a different Option for each LCA module you should include

separately answers.

Yinclude 1 or 2 general distances, means of transport, etc.

2include more than 2 or 3 possible distances, means of transport, etc.

3include a detailed modeling of transports.

Can you specify how do you integrate the following aspects in the previous (Q2)

Option:

Which are the considered
products and materials?
Do you have any cut-off
rules for that?

Which transport distances
do you considered?
Which means of transport
do you considered?
Which fuels and
consumption hypothesis
do you considered?

Do you include the return
load (return trip of
transports)?

Which data sources or
database do you
considered for impacts
calculation?

Do you include any other
relevant aspects? Can you

specify?

Please see materials/products listed in the
“Construction transport (module A4) v1 datasheet.
We include the main materials in structures, walls,
roofs, floors (for example). Currently, we do not
consider fixings, sealants, adhesives.

From manufacturer gate to construction site in
central Auckland, Wellington or Christchurch.
Road, ship, rail

Underlying data for fuel consumption, based on data
in Ecolnvent 3.1.

No.

CML

Includes transport of material that ends up in the
building, as well as transport of the material that
becomes waste at the construction site.

Provide reference document (if possible)

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?

If your answer is YES, please indicate the estimate location and a brief description

of the hypotheses.

Please look at Section 3 of the accompanying SR351 study report for an
explanation of how we have derived these transport distances.
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Q5

Q6

Q7

Q8

YES X NO

Provide reference document or brief description (if possible) - SR351 study report
accompanies this questionnaire

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

YES X NO

Provide reference document or brief description (if possible)

We assume a 20 km distance to landfill/cleanfill. Distances to recycling facilities
vary depending on the material, for example, steel and aluminium scrap are
exported overseas by ship.

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

Please go to www.branz.co.nz/builidnglca and select “Data”. In there, you will
see a list of all our datasheets, which provide scenario information for building
LCA. You can download the Construction site waste (module A5) v1, Building
materials replacement (module B4) v2 and Building end-of-life (module C1) v1
datasheets, to see how we have provided these data.

For information about how these have been developed, please see the
accompanying SR351 study report.

*in case you use a different Option for each LCA module you should include
separately answers.

Provide reference document (if possible)

Is this previous Option* (Q6) close to (mark with X):

Generalize hypothesis * Provide reference document or brief description (if
possible)

Simplified modeling 2 X Provide reference document or brief description (if
possible)

Detailed modeling 3 Provide reference document or brief description (if
possible)

*in case you use a different Option for each LCA module you should include
separately answers.

Yinclude a general hypothesis.

2include more than 2 scenarios/hypothesis.

3include a detailed modeling.

Can you specify how do you integrate the following aspects in the previous
Option*(Q6):

Which construction, We include construction of the elements set out in
deconstruction and the module A5 datasheet.

replacement works do We do not include smaller items such as fixings,
you considered? sealants, adhesives, therefore wastage of these

materials is also not included currently.
Other current exclusions include:
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Q1

Which type of machinery
and machinery works do
you considered?

Which fuels and energy
machinery consumption
hypothesis do you
considered?

Which data sources or
database do you
considered for impacts
calculation?

Do you include any other

relevant aspects? Can you

specify?

Packaging of construction materials.

Energy used for site machinery/power tools/site
office.

Shuttering/formwork.

Excavation activities.

See above.

For deconstruction, we include energy required for
this, which is allocated to structural materials only.
Data are based on an Athena Institute publication.
For further information, please see accompanying
SR350 study report (Appendix D4)

Machinery is powered by diesel. We use secondary
data from Ecolnvent 3.1, in particular the dataset
called “Diesel, burned in building machine”.

Ecolnvent 3.1

Please see SR351 study report and Appendix D of the
SR350 study report.

* in case you use a different Option for each LCA module you should include

separately answers.

Provide reference document (if possible) Key documents are SR351 study report
and SR350 study report (Appendix D). Also, for data, please see datasheets (as

set out above)

Do you include the following EN 15978 modules (mark with X)?
If your answer is NO justify by describing the reason of neglection.

A4 Yes

A5 Yes
Use stage (B2- Yes

B5)

C1 Yes

Cc2 Yes

X

No This is a mandatory stage to be included in
order to meet the minimum requirements
laid out in the RICS Professional Statement
available here.

This is a mandatory stage to be included in
order to meet the minimum requirements
laid out in the RICS Professional Statement
available here.

This is a mandatory stage to be included in
order to meet the minimum requirements
laid out in the RICS Professional Statement
available here.

This is not mandatory and exceeds the
minimum requirement in the document
linked above but its inclusion is nonetheless
strongly encouraged.

This is not mandatory and exceeds the
minimum requirement in the document
linked above but its inclusion is nonetheless
strongly encouraged.

No

No

No

No
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Q2 Which Option do you mainly use to model EN 15978 transport modules *(A4 and

Q3

C2) (mark with X):

Generalize Provide reference document or brief description (if possible)
hypothesis *

Simplified X  Provide reference document or brief description (if possible)
modeling ?

From the standard above:

“Transport emissions should be calculated as follows:
[A4] = Material or system mass (a) x transport distance (b)
x carbon conversion factor (c).”
Detailed Provide reference document or brief description (if possible)
modeling 3
*in case you use a different Option for each LCA module you should include
separately answers.
Yinclude 1 or 2 general distances, means of transport, etc.
2include more than 2 or 3 possible distances, means of transport, etc.
3include a detailed modeling of transports.
Can you specify how do you integrate the following aspects in the previous (Q2)
Option:

Which are the considered  You can find this information in Table 3 of the
products and materials? document above.

Do you have any cut-off

rules for that?

Which transport distances You can find this information in Table 7 (for A4) and

do you considered? Table 11 (for C2) of the document above.

Which means of transport  Also this information can be found in Table 7 (for A4)
do you considered? and Table 11 (for C2) of the document above.

Which fuels and Carbon conversion factors are taken from official UK

consumption hypothesis government publications.

do you considered?

Do you include the return  Partially. In fact, the carbon conversion factors

load (return trip of consider average rigid HGV with average laden. This

transports)? means that the mode of transport that should be
assumed is an average heavy goods vehicle (HGV) with
50 per cent load to account for the vehicles coming to
site empty and leaving with a 100 per cent load.

Which data sources or This information is given in Section 3.3.1 of the linked
database do you document. In short:

considered for impacts

calculation? Type lll environmental declarations and datasets in

accordance with EN15804 or 1SO21930 or ISO 14067
or ISO 14025, 14050, 14044 or PAS 2050.

Do you include any other

relevant aspects? Can you

specify?

Provide reference document (if possible)

Same link of Q1.
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Q4

Q5

Q6

Q7

Concerning the previous (Q2) Option, do you consider a default location of the
manufacturers of the main building materials?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

YES X NO

Provide reference document or brief description (if possible)

Please see Table 7 (for A4) of the document linked in Q1. Basically, if project-
specific information is unavailable, average distances and means of transport are
provided based on groups of materials (e.g. locally manufactured vs. globally
manufactured).

Please see Table 11 (for C2) of the document linked in Q1. Basically, for C2 the
scenarios are not material-specific but EoL-specific.

Concerning the previous (Q2) Option, do you consider a default location of the
sorting/recycling or end of life disposal points?

If your answer is YES, please indicate the estimate location and a brief description
of the hypotheses.

YES x NO
Provide reference document or brief description (if possible)

From the document linked in Q1:

For reuse/recycling elsewhere a 50km local transport is assumed whereas for
landfill/incineration the average between the two closest landfill sites is assumed.

Which Option, modeling principles or hypothesis do you mainly use to include T,
C&D process in A5, C1 EN 15978 modules and use stage* (provide brief
description, if possible):

Please see the following sections of the documents linked above:

Section 3.5.2.2 page 20 for A5
Section 3.5.3.4 page 22 for Use stage
Section 3.5.4.1 page 26 for C1

*in case you use a different Option for each LCA module you should include
separately answers.
Provide reference document (if possible)

Is this previous Option* (Q6) close to (mark with X):

Generalize hypothesis! X Provide reference document or brief description (if
possible)

This is the answer for A5 where a simplified
average figure (taken from a BRE publication) of
1400kgC0O2e/£100k of project value is given in
absence of more specific information.
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Q8

Simplified modeling 2

Detailed modeling 3

This is also the answer for C1 where an average
rate of 3.4 kgCO2e/m?
GIA (monitored from demolition case studies in
London is suggested)

X Provide reference document or brief description (if
possible)

This is the answer for B4, where indicative
component lifespans are given (see Table 9 of the
document linked above).

Provide reference document or brief description (if
possible)

*in case you use a different Option for each LCA module you should include

separately answers.

Yinclude a general hypothesis.
2include more than 2 scenarios/hypothesis.
3include a detailed modeling.

Can you specify how do you integrate the following aspects in the previous

Option*(Q6):

Which construction,
deconstruction and
replacement works do
you considered?

Which type of machinery
and machinery works do
you considered?

A5: As mentioned this is a weak point of the RICS
document where an average figure linked to project
value is used. Even if detailed and project-specific
assessments are encouraged | suspect that in practice
the average figure is most often used.

Use stage: from the document above “Module [B4]
must take into account any carbon emissions
associated with the anticipated replacement of
building components, including any emissions from
the replacement process.

All emissions arising from the production,
transportation to site and installation of the
replacement items must be included. This extends to
cover any losses during these processes, as well as the
carbon associated with component removal and EoL
treatment.

C1: again, an area of weakness of the document which
suggests an average figure. The risk is that in practice
most people would just use the suggested figure
although the standard does encourage to collect
project-specific data.

A5: See previous answer and section 3.5.2.2 of the
document linked in Q1.

Use stage: see previous answer and section 3.5.3.4 of
the document linked in Q1 and below.

C1: N/A
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Which fuels and energy
machinery consumption
hypothesis do you
considered?

Which data sources or
database do you
considered for impacts
calculation?

Do you include any other
relevant aspects? Can you

specify?

A5: N/A
Use stage: N/A

C1: N/A

A5: site waste rates for different materials should be
determined based on the standard wastage rates
provided by the WRAP Net Waste Tool (UK specific).

Use stage: scenarios should be based on data from
facilities management and maintenance Option
reports, facade access and maintenance Option, life
cycle cost reports, O&M manuals, guidance (e.g. CIBSE
Guide M and BCIS Life expectancy of building
components), international standards (e.g. 1ISO 15868-
5: 2008 Buildings and constructed assets — service life
planning, and manufacturers’ documentation). Also
lifespans value are given in Table 9 of the document.

C1: N/A/

*in case you use a different Option for each LCA module you should include

separately answers.

Provide reference document (if possible)

Always the same document linked here once more:
www.rics.org/globalassets/rics-website/media/news/whole-life-carbon-

assessment-for-the--built-environment-november-2017.pdf
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This publication is an informal background report. It was developed as part of the international research
activities within the context of the project IEA EBC Annex 72. Its contents complement the report “Context-
specific assessment methods for life cycle-related environmental impacts caused by buildings” by
Litzkendorf, Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the
author(s).

Together with this report, the following background reports have been published on the subject of “Assessing
Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC Annex 72) and
can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

Survey on the use of national LCA-based assessment methods for buildings in selected countries
(Balouktsi et al. 2023);

Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf, Balouktsi, Rock, et al. 2023);

Basics and recommendations on modelling of processes for transport, construction and deconstruction in
building LCA (Soust-Verdaguer et al., 2023);

Basics and recommendations on influence of service life of building components on replacement rates
and LCA-based assessment results (Lasvaux et al., 2023);

Basics and recommendations electricity mix models and their application in buildings LCA (Peuportier et
al., 2023);

Basics and recommendations on influence of future electricity supplies on LCA-based building
assessments (Zhang 2023);

Basics and recommendations on assessment of biomass-based products in building LCAs: the case of
biogenic carbon (Saade et al., 2023);

Basics and recommendations on discounting in LCA and consideration of external cost of GHG emissions
(Szalay et al., 2023);

Basics and recommendations in aggregation and communication of LCA-based building assessment
results (Gomes et al., 2023);

Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023);

Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international survey
(Satola et al. 2023).
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A basis for determining and assessing the operational greenhouse gas emissions of buildings (module B6 of
a building related LCA) and other impacts on resource depletion and environment already during design is
the realistic prognosis of the operational energy demand. Important input variables are the outside
temperatures during the heating and cooling periods as well as the thermal comfort requirements of the
users. As a result of the already occurring global warming, changes in the local climate will occur at the site
of specific buildings. This raises the question of what basis can and should be used to determine the
operational energy demand in the future. The presentation and discussion of corresponding possibilities is
the subject of this background report.

The report includes the description of the most used techniques for the introduction of global warming
expected climate variations within the context of building energy simulation through the downscaling of
existing global circulation models’ outputs and the manipulation of existing weather data files. It discusses
future provisional assessments of the air temperature variations throughout the current century as well as
the analysis of existing literature that estimates potential energy use variation in heating and cooling
throughout different climate zones in the world.

The main results highlight an increase in energy use for cooling in all the locations highlight the trend in rising
temperatures throughout the globe that may reach up to 4.5 degrees Celsius at the end of the century, if
compared to the current situation.

This will have significantimplications on the energy use to operate buildings, with severe (up to 40%) increase
in cooling energy use by the end of the century and peak power requirements and parallel reductions in
heating requirements.

Other consequences may impact traditionally heating dominated countries which may see the rise of cooling
requirements, also generating the need for HYAC equipment, actually generating a significant increase not
only in energy use during the operation stage, but as well in terms of embodied energy.

As the average buildings’ life cycle is in the range of the climate change time scale, the global warming trend
will require innovative and more climate resilient design, with smart solutions, wider use of passive building
design, improved urban solutions and planning (i.e. to counteract in-creasing heat island effects) for new
buildings as well as for the energy retrofitting of the existing building stock.

It is thus recommended to future-proof buildings designed today with climate change resilient technical
solutions as well as through the appropriate use of building energy simulation.
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Abbreviations

Abbreviations Meaning

AR4 Assessment Report Four

AR5 Assessment Report Five

BAU Business As Usual

CDD Cooling Degree Days

DRY Design Reference Year

EWY Example Weather Year

GCM Global Circulation Models

GHG Greenhouse Gas

HDD Heating Degree Days

IPCC Intergovernmental Panel on Climate Change
PPD Predicted Percentage of Dissatisfied
RCM Regional Climate Models

RCP Representative Concentration Pathways
SRES Special Report on Emission Scenarios
TAR Third Assessment Report

TRY Test Reference Year
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Global Circulation Models (GCM): they are numerical models of the main physical process in the
atmosphere, oceans and land surface and represent the state of the art of the modelling and simulation of
the global climate system in response to the increase of the concentration of greenhouse gases in the
atmosphere. GCMs are usually based on three dimensional grids with resolution higher than 250 km, thus
calculating and simulating the physics of the airflow of air and water masses: energy balances, wind flow and
speed, water currents and temperature, precipitations etc.

Regional Circulation Models (RCM): RCM models are based on limited areas and use a much denser
concentration of grid points for the numerical modelling and simulation, thus being able to catch specific local
microclimate trends and variations, which can often be very impactful in the performances of buildings. They
can usually be combined with GCMs as they use boundaries conditions deriving from GCMs.

Representative Concentration Pathways (RCP): defined respectively as RCP 2.6, RCP 4.5, RCP 6.0 and
RCP 8.5. The specific nomenclature used in the definition of the scenarios refers to the radiative forcing
implemented in the modeling, defined as the change in net — downward minus upward - radiative flux
(measured in Watts per square meter) at the tropopause or top of atmosphere due to a change in an external
driver of climate change, such as (and most prominently so) the concentration of carbon dioxide. These
scenarios are generally developed in time and extend also beyond the end of the XXII century.
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The effects of climate change are widespread in different areas and domains, including potential future
repercussions across nearly all the sustainable development goals, as well as, substantial variations on
current climate patterns will impact the standards of living for people throughout the world. Poverty, hunger,
health and well-being, clean water and sanitization, affordable and clean energy, cities and communities,
responsible consumption and production — are some of the most relevant Sustainable Development goals —
which can, and will, be impacted by an increase of extreme weather events which has risen dramatically in
the last years. Furthermore, due to a change in the average trends of most climate variables, such as, for
example, the increase in average air temperatures, climate change is also creating impacts on the world
beyond extreme events.

In the work of the Intergovernmental Panel on Climate Change (IPCC) (Edenhofer, Pichs-Madruga, &
Sokona, 2014) it is clearly mentioned that if no decisive action is undertaken on a global scale to decarbonize
economies, then business as usual scenarios identify an significant of the average air temperature increase
by the end of our century even by more than 4.5 degrees. Although this approach towards a widespread
decarbonisation must cover all sectors of the economy, the decarbonisation of the construction and real
estate sector, which is historically one of the main sectors contributing the worldwide CO2eq emissions, must
be considered as one of the main targets.

Since 1970, buildings have been significantly increasing their share of total carbon emissions, which are
mostly related to indirect CO2 emissions from the use of electricity in buildings in comparison to direct
emissions, which have remained constant during recent decades. Indirect emissions have instead largely
increased since the ‘70s, with at least a quadrupling of emissions from both residential and commercial
buildings (Edenhofer et al., 2014) .

According to the International Energy Agency, the building and real estate sector (International energy
agency, 2019a) accounts for 36% of final energy use and 39% of energy and process related carbon dioxide
emissions in 2018, with an 11% of this total being caused by manufacturing of building materials or, in other
words, being energy “embodied” in the building envelope and energy systems (Cabeza, Castell, & Pérez,
2014).

The emissions from the building and real estate sector have had in the past decade an increasing trend, in
particular in 2018 they have kept increasing for the second year in a row, reaching an all-time high.
(International energy agency, 2019b) This was caused by extreme weather which caused an increase in the
demand for heating and cooling, which accounts for roughly the 20% of the total energy use increase for
2018. ltis also worth mentioning that the building and real estate sector (sometimes also called area of action
“buildings”) has very high potential for decarbonization, because of the widespread use of low-efficiency
technologies and systems, both in terms of heating and cooling, as well as, in the quality of envelopes and
the limited worldwide availability of effective policies and investments towards sustainable and high-
performance buildings.

Moreover, the Pathways to Deep decarbonization project, developed by the Sustainable development
solutions network (Sachs, Tubiana, & (IDDRI), 2014) stressed the necessity to limit the average temperature
increase to 2°C at 2050 as per in the Paris agreement of COP21, clearly identifying the reduction threshold
for carbon emissions to 56%, if compared to the 2010 levels on a global scale.

As such, short-sighted polices in the field of energy and buildings and, therefore, the embrace of un-
sustainable economic pathways towards the next century could lead to potentially severe increases of energy
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uses in the built environment, which could enable the vicious cycle of further increasing climate change
phenomena through an increase in the emissions of carbon in the atmosphere.

This uncertainty makes the task to perform a robust and climate resilient design of sustainable buildings a
challenge. The context of building performance assessment requires insight on energy demand calculations
to be performed by assessing all geometrical and thermal features of the envelope and by performing specific
energy calculation by taking in consideration the impact of the local weather and climate.

Practitioners usually work with weather data files only valid for the current time and buildings have a long
lifespan: this means that designing buildings only for “today”, might mean that the weather conditions in the
future might be largely different than what the building is designed to withstand. This could translate into
increased energy uses, longer periods of thermal discomfort with higher predicted percentage of dissatisfied'
(PPD) and fundamentally a building design which cannot adapt to climate change related future scenarios.

The building design should evolve and adapt with the climate it is supposed to withstand: it is therefore
paramount to develop models to predict the evolution of global warming and its associated local
consequences in the coming decades by developing designs / models and simulation tools to help building
designers and energy specialists to design for the future climate change scenarios.

" provides an estimate of how many occupants in a space would feel dissatisfied by the thermal conditions
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Climate change can translate into several phenomena and issues. This chapter will discuss the impact that
climate change has, in terms of global warming, and on the energy use of buildings. Fundamentals of building
energy simulation will be summarized, the main issues and modeling approaches towards the modeling of
global warming into building simulation practice reviewed, with limits and strengths for each. Lastly the results
of a selected overview of research on the energy uses for buildings during the current century will be shown
and discussed.

Over the last two decades, IPCC has released a set of different emissions scenarios based on different
assumptions. Different scenarios were developed thus in 1990 (called SA90), 1995 (1S92) and 2000 (special
report on emission scenarios — SRES). These scenarios were used within the Third assessment Report
(TAR) and the Assessment Report Four (AR4) and were considered as some of the most relevant references
on the subject in the past decade.

In 2007, as reported in Figure 1, IPCC developed four specific emission scenarios used in the Assessment
Report Five (AR5) called “Representative Concentration Pathways” (RCP), defined respectively as RCP 2.6,
RCP 4.5, RCP 6.0 and RCP 8.5. The specific nomenclature used in the definition of the scenarios refers to
the radiative forcing implemented in the modeling, defined as the change in net — downward minus upward,
radiative flux (measured in Watts per square meter) at the tropopause or top of atmosphere due to a change
in an external driver of climate change, such as (and most prominently so) the concentration of carbon
dioxide. These scenarios are generally developed in time and extend also beyond the end of the XXII century.

Thus, the four RCP scenarios can be briefly described as:

— RCP 2.6: the radiative forcing has a peak at 3 W/m? then declining. This scenario assumes large
decarbonization actions and a substantial reduction in carbon-intensive practices in the next decades;

— RCP 4.5 and RCP 6.0 are two intermediate pathways which assume a stabilized rate of radiative forcing
between 4.5 and 6.0 W/m? after 2100 with constant concentrations thereafter;

— RCP 8.5 represents roughly a ‘business as usual’ with radiative forcing higher than 8.5 W/m? at 2100 with
a consecutive increase also after the beginning of the next century.
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Increase in global mean

Representative CO,,,
i : temperatures
Concentration Pathways concentration :
(RCP) Scenarios in 2100 at 2100 relative to
19862005 period
> RCP 2.6 400 ppm > to 1.7 °C
—> RCP 4.5 650 ppm > 1.1°Ct02.6°C
RCP L
Scenarios
—1  RCP6.0 850 ppm 1.4°Cto3.1°C
—  RCP8.5 1370 ppm 2.6°Cto4.8°C

: Representative Concentration Pathways IPCC scenarios (Edenhofer et al., 2014).

While they give an overview and aggregated information on what to expect as the perspective of global
warming is concerned, these scenarios and models do not per se include climate change predictions, but
rather investigate the variation of the main variables affecting climate change.

The development of variation trends for temperature and the other main climatic variables are usually
achieved instead through the use of Global Circulation Models (GCM): they are numerical models of the main
physical process in the atmosphere, oceans and land surface and represent the state of the art of the
modeling and simulation of the global climate system in response to the increase of the concentration of
greenhouse gases in the atmosphere. GCMs are usually based on three dimensional grids with resolution
higher than 250 km, thus calculating and simulating the physics of the airflow of air and water masses: energy
balances, wind flow and speed, water currents and temperature, precipitations etc.

However, as the focus is to develop tools and weather data files to be provided as input to the energy models
for the building sector, global circulation models have in fact a resolution considered too large which makes
it rather complex to identify a specific location/city. GCM outputs are usually “downscaled”, or, in other words,
transposed to spatial and temporal scales lower than those provided by the original GCMs (e.g. through
bilinear interpolation) (Zhu, Pan, Huang, & Xu, 2016).

Another alternative approach is called Regional Climate Models (RCM). The use of such models stems
directly from the previous considerations: the local microclimate can have significant impact on the building
performances, therefore using such coarse grid data can lead to some significant differences in the main
climatic variables being overlooked resulting in wrong assumptions being made in the building design. RCM
models are based on limited areas and use a much denser concentration of grid points for the numerical
modeling and simulation, thus being able to catch specific local microclimate trends and variations, which
can often have a great impact on the performances of buildings. RCM models can usually be combined with
GCMs as they use boundaries conditions deriving from GCMs.
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Building energy modeling and simulation is a discipline within building science, which aim at simulating all
energy uses within a building with the required spatial and temporal scale (usually hourly or sub-hourly) for
the investigated time span (generally one year). The models are physics — based and include detailed
building geometry descriptions, construction materials, lighting features, heating, cooling and ventilation
system requirements (and interconnections between them). These models also take in consideration users’
related features, including occupancy features, plug loads and thermostat settings.

Most building energy simulation tools implement the Heat Balance Method, which formulates energy and
moisture balances for the zone air and solve the resulting ordinary differential equations. The most common
formulation of the Heat Balance of the zone air is reported in Eq.1 (Bessoudo, Tzempelikos, Athienitis, &
Zmeureanu, 2010):

2 = N Qr + Ny Ay (T = T) + B2 my (T = T,) + minpCp (T = T) + Qe (1)
Where:
Z?’ji Q; is the sum of the convective internal loads
Zivj’l”f *h; A; (T — T,) is the convective heat transfer from the zone surfaces;

2?’;;"95 m; (T,; —T,) is the inter-zone air mixing;

muysCp (T« — T,) is the heat transfer due to infiltration of outside air;

Q, is the air heating/cooling systems energy output;

C, % is the energy stored in the zone air.

C,=p Cp Ce

p is the zone air density;

C, is the zone air specific heat;

C; is the sensible heat capacity multiplier. If set to 1.0, this only accounts for air capacitance, but it can
be increased to higher values to account for the additional capacitance in the air loop (e.g. duct work,
diffusers).

This set of equations, as well as, similar formulations for surface temperature and inter-zonal heat transfer
are solved simultaneously at every simulation time step, in order to identify a dynamic set of results for the
variables of interest: i.e. temperature, energy use and generation.

These models are always coupled with weather models, correlating available weather data with the building
modeling tool?. Standard meteorological years (e.g. Example Weather Year (EWY), Test Reference Year
(TRY), Design Reference Year (DRY)) are sets of meteorological data reporting values for every hour in a
year (thus 8760 values) for a specific location. These data sets are usually selected from a longer time period
(usually longer than ten years) and for each month in the year, the most in line with the historical database
is kept in the typical weather data. Solar radiation data is usually calculated from satellite data and through
the use of correlation and sky models, adapted to model solar radiation on the ground and on surfaces with
variable tilt and orientation, the other variables are taken from reanalysis approaches, such as ERA Interim
(Berrisford P, Dee DP, Poli P, Brugge R, Fielding K, 2011). Weather data include also all other climatic
variables impactful to the building energy performance e.g. humidity, wind speed and direction, water
precipitations, atmospheric pressure variations, all with one hour depth.

2 Dynamic building simulation software (e.g. IDA ICE and EnergyPlus) uses weather files consisting of parameter describing the weather,
with a temporal resolution of at least one hour. The main variables included in the weather files are: dry bulb temperature, relative
humidity, dew point temperature, atmospheric pressure, global horizontal radiation, direct normal radiation, diffuse horizontal radiation,
horizontal infrared radiation form the sky, wind speed and direction and total sky cover
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Building energy simulation is of particular interest in the field of the design of buildings, as a tool to model all
design choices (e.g. building form, building components and materials, etc.) with the ultimate goal of
guaranteeing increased comfort conditions to the occupants while saving energy and money in the process.

Another domain is the use for building labelling and certification, whereas the simulation of building
performances is used to generate a certificate highlighting the most relevant indicators of performance of the
building in terms of both envelope and energy systems.

Building simulation is also mostly used in the development of the design choices within the retrofit of existing
buildings to improve the performance in a process that is similar to the design of new buildings.

Finally, several applications of building simulation are available for research purposes, either for the purpose

of performance assessment of new building components/systems or control logics including innovative
mathematical and statistical modeling, or building neighborhood and districts analyses.
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It was previously mentioned that data generated from GCMs cannot be used directly in future building energy
uses predictions. Thus, usually two different approaches are available: statistical and building simulation
approaches.

Statistical studies are usually based on the development of correlations between historical time series of both
climatic parameters and building energy uses. These relationships can be used as means to predict future
weather conditions, however, excluding the relationship between the building envelope and the outdoor
environment.

A typical example in this field is the “degree-days” approach. The methodology is usually based upon a
single-measure steady-state approach aimed at quantifying building energy uses. It is also a common
approach adopted by the building industries to relate the trends of building energy consumption with local
climate conditions. As an example, heating degree days are usually calculated as in eq.2:

Degree Days = Y. 1(Ti—Te) (2)

Where Tiand Te are respectively internal (indoor heating setpoint temperature) and external temperature.
The advantage of this method is that it is simple and fast: through the analysis of historical temperature data
for a specific site, it is possible to easily have a first indication on how relevant will energy use for heating
and cooling could be. Furthermore, by creating correlations between the climate data, or by developing
steady state tools correlating physical properties of the envelope of a building with degree days, simplified
approaches are available in literature able to estimate a decently reliable assessment of energy consumption
for heating and cooling.

While these approaches can have some limits when dealing with high — performance and complex-shaped
buildings, they can provide a quick and simple first assessment of the energy uses of a building. They could
be used for further climate change impacts assessments to the built environment, provided they are
combined with reasonable estimations of degree days variations in the next decades.

Among the downscaling techniques available are statistical techniques (e.g., interpolation of the main climate
related variables), stochastic (whereas models can derive variables stochastically from a few independent
weather variables), or through the use of the “Morphing” method, which applies the monthly data from GCM
or RCM to hourly pre-existing weather data files, through operations of “shift”, “stretch” and a combination of
“shift” and “stretch”.

The results achieved from the previous step were used for development of weather data files to be used for
simulation of future energy performances in a non-steady state simulation environment.

However, since solar radiation, humidity, and building characteristics such as thermal mass are not
considered in degree-day analysis, studies have often found that this method can lead to large deviations
when compared to energy simulations (Cellura, Guarino, Longo, & Tumminia, 2018; Guarino, Tumminia,
Longo, Cellura, & Cusenza, 2022).

The alternative approach towards the prediction of future energy uses for specific future time frame or future
climate change scenario lies in the use of complementing building energy simulation, already briefly
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discussed in the previous paragraphs, with the use of specific tools and methodologies aimed at performing
climate change predictions.

Usually two approaches are available: the combination of climate projections with weather “generator”
approaches, that basically generate a new, future weather data file. Weather generation approaches are
based on algorithms that generate time-series of weather variables ensuring compatibility with a set of
statistical parameters of the original historical weather parameters distribution. Some specific examples are
reported in (Mylona, 2012), the tools COPSE (Levermore et al., 2012) and PROMETHEUS (Eames,
Kershaw, & Coley, 2010). The latter is used as a basis for the publication of the UK Climate Projections to
create future probabilistic reference years for use within thermal building models. The main advantages of
the weather generator are seen to lie in its potentially higher spatial resolution?, its ability to inform risk
analysis and that such files, unlike ones based on observed data, carry no copyright.

Another is the ‘morphing’ approach (Belcher, Hacker, & Powell, 2005) which means to alter existing weather
data through specific parameters which are variable on a monthly base and derive directly from RCP
(Representative Concentration Pathways) predictions.

This approach is based on a mathematical procedure that generates future monthly data to generate hourly
weather data to be used for building energy simulation. Every climate variable (xo) of the existing weather
data is modified by either a “shift”, a “stretch” or a combination of both techniques.

Shifting operation basically raises or reduces all values of the time series by a specific value for each month
of interest.

For example, the future hourly atmospheric pressure (p) could be calculated directly from the present hourly
value of the atmospheric pressure (po) and from the monthly increment in atmospheric pressure (Apm), as in
the following equation:

P =Po+ Apm 3)
whereas the subscript “0” relates to currently used weather data files, “m” is referred to monthly data, while
the absence of subscripts implies that the term refers to future data.

The operation of “stretching” refers instead to the possibility of proportionally perform variations in climate
parameters by using scaling factors. It is mostly useful if the climate change forecasts are available as a
fractional monthly change. For example for the global horizontal radiation (r), an increase for monthly average
solar shortwave flux received at the surface (Arm) is obtained. A scaling factor for the month m (am) is
calculated from the absolute variation (Arm) and the monthly mean (fom) from the baseline climate as in the
following equation 4:

A = 1 + 20 @)

Tom
This scaling factor is then multiplied to all months m in the time series using the following equation:
T = Uy 1o (5)
where ro is the hourly current global horizontal radiation, r is the global horizontal radiation.

A further operation to be potentially performed is the simultaneous occurrence of both the previously
described techniques. An operation of simultaneous shift and stretch is used for climatic variables such as
dry-bulb temperature to reflect changes in both the daily mean and the peak daily values. For the dry-bulb
temperature taken as example the following parameters are assessed: the monthly daily mean temperature
variation (Atm), the monthly daily maximum temperature variation (Atmax,m) and the monthly daily minimum
temperature variation (Atmin,m).

3 Spatial resolution is intended as a measure of the smallest object that can be analysed by a climate model (e.g. in degrees of
latitude and longitude or in km).
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Using Atmaxm and Atminm, the scaling factor for the dry-bulb temperature (awm) is calculated through the

following equation, using monthly mean values from both the current and future data:

atm — étmax,m‘ftmin,m (6)
t —tomi
omax,m~tominm

where tomaxm and tominm are the monthly mean of the current daily maximum temperature and the monthly
mean of the current minimum daily temperature, respectively (Cellura et al., 2018).

Thus, when the previous parameters have been calculated it is possible to determine the future hourly
variable dry bulb temperature through the following equation:

t=to+ Atp+arm (to — Atom) (7)

where to is the present hourly dry-bulb temperature and At ,,is the monthly mean temperature variation in
the current climate for the month m.

Table 1 shows the methodology applied to the climate variables contained in the weather file.

: Methodology used for each modified climate variable.

Dry bulb temperature [°C] Combination of a shift and a stretch operation
Relative humidity [%] Shift operation
Dew point temperature [°C] Calculated based on morphed dry bulb temperature and morphed

relative humidity using psychometrics formulae

Atmospheric pressure [Pa] Shift operation
Global horizontal radiation [Wh/m2] Stretch operation
Direct normal radiation [Wh/m2] Calculated based on global horizontal radiation using solar

geometry equations

Diffuse horizontal radiation [Wh/m2] Stretch operation

Horizontal infrared [Wh/m2] Calculated from morphed values for cloud cover, dry bulb
radiation form the sky temperature and vapour pressure

Wind speed [m/s] Stretch operation

Total sky cover [tenths of sky] Stretch operation

The different approaches tend to be recognized as effective in different domains: it is generally accepted that
the morphing method is particularly effective provided the original weather data are detailed enough and able
to adequately describe the variability of the local climate. However, since most commonly climate data used
in building practice uses average and conservative values, statistical and stochastic approaches tend to be,
more effective in the description of extreme climate change events, thus often causing higher peak power
estimations for heating and cooling, although more computationally intensive (Moazami, Nik, Carlucci, &
Geving, 2019).

Finally, it is useful to mention some official organizations in some countries which are currently providing
future weather files, such as UK (CIBSE, 2022) or Germany (DWD, 2022).
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In this section some results from research on the topic of effects of global warming to energy use will be
investigated with a focus on research in the European area as an example*. Variation trends on temperature
and the main climatic parameters will be shown, as well as, corresponding variations in energy uses for
heating and cooling.

The research from (Cellura et al., 2018) is taken as example and focuses on the European context using
some of the techniques mentioned in the previous section. In this case, the approach to the modeling and
simulation of the effect of global warming is developed using dynamic building energy simulation. The
building modeled is a simple detached building, based on one thermal zone enclosure, with non-residential
use. The study develops a wide range of parametric analyses based on a set of different cities across Europe,
choosing specific envelope features for the building, according to the existing local legislation in place and
performs a downscaling of GCM data (CESM1(Camb5)) using the morphing method to address the impact of
global warming to the cooling and heating energy needs of the building sector, across the different RCP
scenarios investigated by IPCC.

The application of the morphing method to the currently available weather data files by using the climate
forecasts for 2035, 2065, 2090 of the IPCC, delivers the results reported in Figures 2 and 3. In particular,
Figure 2 reports variation in air dry bulb temperature for 2035 in business as usual (BAU) scenarios in both
the RCP 2.6 and 8.5 IPCC scenarios. All cases report significant increases of the average air temperature.
In the best case scenario (RCP 2.6) the average temperature is supposed to increase between 1.6 °C
(Barcelona, Pisa, Palermo) and 1.9 °C (Thessaloniki). On the other hand, the BAU scenario shows
temperature increases variable between 1.92° C in Palermo and 2.56 °C in Thessaloniki.

=
/ MwBarcelona

[1.73.
X k\/fl.z =

alencia o

W RCP8S5 B RCP2.6 Longitude
: Variation of air temperature forecasts according to RCP 2.6 and 8.5 for 2035.

Similar trends can be found also in the case for 2090 (Figure 3), whereas the increases of average
temperature become more substantial: on average the increases in the RCP 2.6 scenario is equal to 2.1 °C
while it is 5.3° for the RCP 8.5. In the first case the lowest values are reported for Palermo, equal to 1.8°C,
while the highest for France (2.4°C, Montpellier and Nice). Scenario 8.5 shows that the trends for Valencia

4 Climate Change will also have significant impacts on embodied energy use and impacts (i.e. installation of cooling devices in cold
dominated countries) that are however beyond the scope of this report.
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show the highest increase in average annual temperature (6.1°C) while the lowest increase is reported for
Palermo (4.4 °C).

m RCPS5 ® RCP26 Longitude

: Variation of air temperature forecasts according to RCP 2.6 and 8.5 for 2035.

Also monthly variation data is reported in Figure 4 for all cities investigated. The RCP 2.6 data air temperature
for 2090 report increases variable between 0.79°C in January (Thessaloniki) to 3.05°C in August (Nice).
These data increase significantly for the case of RCP 4.5 up to 4.73 °C in July (Valencia) and 1.77 °C in
November (Venice) and RCP 6.0, whereas these values reach an increase of 1.85 for January (1zmir) and
6.07 in June (Nice). The highest values fall into the RCP 8.5 category as the increase in air temperature
ranges between 3.04 °C in January and 8.98 °C in Thessaloniki.

All these variations on air temperature have of course implications on the expected heating and cooling
energy uses in buildings. According to the specific scenarios developed in (Cellura et al., 2018), the expected
following heating and cooling demand can be traced throughout Table 2.

Table 2 shows the variability within all the investigated cities of the heating/cooling energy required to meet
the heating setpoints of 20°C in winter and 26°C in summer, expressed in kWh of final nergy of
cooling/heating per m? of walkable area. The future heating/cooling energy required requirements were
calculated considering an ideal building model built in TRNSYS environment (Klein, 1988). In detail, for all
the sites analysed a low-rise building model is used as ideal case study with a total heated area of 81 m2. An
isolated one-storey high building was chosen to adopt the worst conditions for cooling since climate change
will most likely increase this typology of energy use in the future. Since the typical lifetime of buildings is in
the range of 50-100 years and in order to ensure representativeness the buildings modelled, the building
envelope features are chosen in compliance with the minimum requirements for a new non-residential
building in force each country analysed (IEA, 2017). In particular, the U value for vertical surfaces varies from
0.28 W/(m? K) in Venice to 1 W/(m? K) in Thessaloniki. All walls have an internal mass layer (brick, 30 cm for
external walls) and external insulation, the thickness of which varies as function of the city analysed and the
regulations in force. The average global window U-value varies from 1.4 W/(m? K) (Venice) to 3W/(m? K)
(Palermo).
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Table 2: Future heating and cooling energy demands.

Today 2035

Heating Cooling Heating [kWh/m?] Cooling [kWh/m?]

[kWh/m?] [kWh/m?] | RCP2.6 RCP4.5 RCP6.0 RCP8.5 RCP2.6 RCP4.5 RCP6.0 RCP8.5
Marseille 43.33 24.98 33.52 32.88 34.65 31.81 42.73 46.67 42.05 48.02
Montpellier 43.80 18.78 35.67 34.56 36.52 32.55 36.75 41.73 36.78 42.95
Nice 30.97 16.33 21.26 20.71 20.3 19.15 31.66 35.01 32.46 37.24
Athens 33.18 35.65 24.44 24.06 24.93 22.32 57.97 58.67 54.81 62.8
Thessaloniki 59.88 26.04 48.88 45.6 50.47 44.69 49.11 46.05 45.58 55.5
Genoa 33.36 17.71 29.19 28.68 30.76 291 36.17 39.21 35.04 40.8
Messina 14.51 34.71 8.69 8.77 9 8.62 48.19 51.16 46.05 53.88
Naples 31.11 23.89 221 21.59 23.72 20.94 40.79 42.26 38.25 44.8
Palermo 13.22 29.64 6.96 6.77 7.84 6.59 43.22 44.06 41.01 46.44
Pisa 46.55 17.55 36.88 35.9 38.15 35.17 30.88 33.21 29.97 35.71
Rome 31.77 21.91 23.71 23.57 25.11 22.88 36.16 38.34 34.48 40.24
Venice 76.06 13.08 62.19 61.88 64.79 61.36 29.38 32.32 28.63 34.67
Barcelona 37.43 15.45 26.55 24.75 28.07 24.79 29.71 32.8 29.51 33.41
Valencia 24.83 23.89 22.82 22.63 22.79 20.22 48.93 51.26 47.55 53.31
Izmir 43.27 33.90 33.96 33.96 34.54 31.09 59.08 59.07 55.67 66.19

Heating Cooling Heating [kKWh/m?] Cooling [kW ]

[k m?] [kWh/m?] RCP2.6 RCP4.5 RCP6.0 RCP85 RCP2.6 RCP4.5 RCP6.0 RCP8.5
Marseille 43.33 24.98 31.44 29.47 27.27 22.46 46.73 52.74 50.65 65.99
Montpellier 43.80 18.78 33.32 31.42 28.76 23.9 40.37 47.54 44.8 61.42
Nice 30.97 16.33 19.42 17.63 14.95 11.78 34.61 40.48 40.18 54.45
Athens 33.18 35.65 23.73 20.69 18.94 14.58 59.71 65.25 66.55 79.75
Thessaloniki 59.88 26.04 48.69 43.45 39.21 32.84 48.98 56.61 53.03 73.8
Genoa 33.36 17.71 28.15 25.49 24.9 20.06 38.52 45.09 41.64 57.64
Messina 14.51 34.71 8.49 7.34 6.03 512 51.99 56.94 55.15 71.21
Naples 31.11 23.89 211 18.77 17.37 13.89 42.67 47.75 46.98 62.35
Palermo 13.22 29.64 6.34 5.21 4.49 3.12 45.93 49.5 49.92 62.22
Pisa 46.55 17.55 34.37 31.88 31.21 24.43 33.5 38.34 37.47 50.78
Rome 31.77 21.91 22.52 20.4 19.09 14.99 38.53 43.38 42.28 56.1
Venice 76.06 13.08 60.56 56.1 55.73 47.62 31.8 37.39 36.03 49.45
Barcelona 37.43 15.45 24.32 21.49 20.28 15.05 33.02 37.52 35.56 48.09
Valencia 24.83 23.89 20.89 19.78 18.26 13.71 52.57 59.12 59.04 76.56
Izmir 43.27 33.90 32.41 30.49 28.15 21.78 60.53 66.76 68.29 81.94

Today 2090

Heating Cooling Heating [kKWh/m?] Cooling [kWh/m?]

[KWh/m?] [KWh/m?] RCP2.6 RCP4.5 RCP6.0 RCP85 RCP2.6 RCP4.5 RCP6.0 RCP8.5
Marseille 43.33 24.98 30.34 27.5 24.38 20.87 45.86 54.51 61.47 78.97
Montpellier 43.80 18.78 31.42 29.83 26.01 22.41 39.94 49.05 56.37 76.71
Nice 30.97 16.33 17.98 16.18 12.05 10.39 34.58 41.83 50.47 67.44
Athens 33.18 35.65 22.58 18.4 14.95 11.33 60.88 70.09 74.94 96.34
Thessaloniki 59.88 26.04 46.57 40.11 37 26.42 51.71 61.9 66.66 93.21
Genoa 33.36 17.71 27.44 23.75 22.43 17.95 37.46 46.41 53.28 70.43
Messina 14.51 34.71 8.39 5.87 5.76 3.84 51.62 59.07 65.06 81.23
Naples 31.11 23.89 20.64 16.52 15.23 111 42.26 51.01 55.71 73.97
Palermo 13.22 29.64 6.27 4.29 3.71 2.22 45.4 52.74 57.29 70.63
Pisa 46.55 17.55 34.06 29.78 27.31 21.62 32.53 40.16 45.22 61.2
Rome 31.77 21.91 22.24 18.32 17.14 12.7 38.05 45.77 50.65 66.93
Venice 76.06 13.08 60 53.64 49.46 43.43 31.37 40 4491 62.1
Barcelona 37.43 15.45 24.2 19.95 18.13 12.39 31.55 39.12 44.41 58.68
Valencia 24.83 23.89 21.77 18.55 14.9 10.95 51.68 66.57 71.08 96.08
Izmir 43.27 33.90 31.99 27.48 23.73 17.51 61.69 71.86 76.97 102.16
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The immediate trend easily recognizable leads to a large increase in cooling in the next years with a sizable
reduction instead in heating requirements as well. Table 2, in particular shows very variable results: the
simulations for 2035 identify a high increase in cooling, reaching on average 81% for RCP 2.6, 91% in the
case of RCP 4.5, 75% for RCP 6.0 and 104 % in the scenario RCP 8.5, if compared to current standards.
On average, RCP 2.6 scenarios show an average increase in cooling requirements of 20.2 kWh/m? while
for the 8.5 scenarios, this value reaches 53.5 kWh/m?2.

A similar but reversed trend is to be expected for heating demand, with reductions in impact for heating
variable on average between 24.6% for the RCP 2.6 scenario up to 29.1% for scenario RCP 8.5 for 2035.
For 2090 instead, on average, the decrease in heating requirements is thus expected to be reduced by 18.5%
in scenario RCP 2.6, and by 27.9%, 33.8 and 58.3% respectively for the other scenarios (RCP 4.5, 6.0, 8.5).

As reported in Table 3, previous studies already analyze the effect of a warmer climate on building energy
performances (Jiang, Liu, Czarnecki, & Zhang, 2019; Kikumoto, Ooka, Arima, & Yamanaka, 2015; Liu et al.,
2020) in the USA (Shen, 2017; Shen & Lior, 2016), in Canada (Berardi & Jafarpur, 2020; Robert & Kummert,
2012), in Australia (Wang, Chen, & Ren, 2010), in Asia (Chan, 2011; Huang & Hwang, 2016) and in Europe
(Farrou, Kolokotroni, & Santamouris, 2016; Jentsch, Bahaj, & James, 2008; Roux, Schalbart, Assoumou, &
Peuportier, 2016) using as input different GCMSs, climate change scenarios, future time slices. In this context,
the scientific community seems to agree that climate change will have a negative effect on the energy
performance of buildings (lvan Andri¢, Le Corre, Lacarriére, Ferrdo, & Al-Ghamdi, 2021), but regardless of
building sizing and modeling assumptions, the common perspective is that cooling in buildings is going to
have a more relevant impact on building energy performances in the next decades than today.

: Summary of research on the effect of the climate change on building energy performances.

Southampton 2020, UKCIP02 The study describes a method for the integration of future UK (Jentsch
(UK) 2050 and climate scenarios into the EnergyPlus weather file formats and etal,
2080 demonstrates the importance of climate change analysis through 2008)

a case study example. Simulations of a case study building
(university of Southampton office building) highlight the potential
impact of climate change on future summer overheating hours
inside naturally ventilated buildings.

25 locations 2100 IPCC TAR The study presents a methodology to create weather files which (Crawley,
throughout represent climate change scenarios in 2100 and heat island 2008)
the world impacts today, considering 25 locations throughout the world.

Moreover, examples of how heat island and climate change

scenarios affect the annual energy performances of small office

building case study for three (cold, tropical and temperate

cliomates) of the 25 locations investigated haare showed. In cold

climates, the net change to annual energy use due to climate

change will be positive — reducing energy use on the order of 10%

or more. For tropical climates, buildings will see an increase in

overall energy use due to climate change, with some months

increasing by more than 20% from current conditions. Temperate,

mid-latitude climates will see the largest change but it will be a

swapping from heating to cooling, including a significant reduction

of 25% or more in heating energy and up to 15% increase in

cooling energy.

Alice 2050 and IPCC TAR The study investigates the potential impact of climate change on  (Wang et

Springs, 2100 the heating and cooling energy requirements of residential houses al., 2010)
Darwin, in five regional climates varying from cold to hot humid in
Hobaurt, Australia.. The total heating and cooling energy requirements

Melbourne would vary significantly under different climate change scenarios.

and Sydney In the temperate climates of Sydney, for example, in 2100 the

(Australia) increase in the total heating and cooling energy consumption

would be 120% and 530% when the global temperature increases
by 2 °C and 5 °C, respectively.
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Hong Kong
(China)

Montréal and
Massena
(Canada)

10 different
cities (USA)

Taipei
(Taiwan)

Iraklio,
Thessaloniki
and Patra
(Greece)

Macon
(France)

Lisbon
(Portugal)

Philadelphia,
Chicago,
Phoenix and
Miami (USA)

Guangzhou
(China)

Geneva
(Switzerland)

2011-
2030,
2046-
2065,
2080-
2099

2020 -
2050

2040-
2069

2020,
2050 and
2080

2020,
2050 and
2080

2035,
2055,
2085

2050

2040 -
2069

2020,
2050 and
2080

2010-
2039,
2040-

IPCC TAR

IPCC TAR

IPCC TAR

IPCC TAR

IPCC TAR

IPCC AR5

IPCC TAR

IPCC TAR

IPCC TAR

IPCC TAR
and IPCC
AR5

The aim of the study is to develop a set of Hong Kong hourly (Chan,
weather data files for building energy simulation use, 2011)
incorporating the future climate change. Moreover, the impact of

climate change on building energy consumption in office and

residential buildings under different emission scenarios are also

evaluated. The results indicate that there will be substantial

increase in air-conditioning energy consumption under the impact

of future climate change, ranging from 2.6% to 14.3% and from

3.7% to 24% for office building and residential flat, respectively.

The research investigates the use of the downscaling method to  (Robert &
generate hourly future weather data files. The impact of using Kummert,
these weather files on the energy performance of an NZEB case 2012)
study is then assessed. The results show that the net-zero target

is missed for most of the future climate change scenarios

investigated.
In the study, future hourly weather are used to predict future (Shen &
performance of renewables energy systems for low energy Lior,

residential buildings in 10 different climate zones in the USA. The 2016)
results show that buildings with the present configurations of

renewable energy systems will be losing their capability to meet

the zero-energy goal in half of the considered climate zones.

Hourly future weather year series for Taipei, Taiwan, are (Huang &
constructed. Using these future weather data, buildings thermal Hwang,
performances are assessed considering an ideal residential 2016)

apartment building. The simulations reveale increases in cooling
energy by 31%, 59%, and 82% in the three time slices
investigated (2020, 2050 and 2080).

This paper presents results of a study of the impact of future (Farrou et
climate change scenarios for the three climatic regions of Greece al., 2016)
on the design of the envelope of a hotel building.The simulation

results indicate a mean increase in the cooling energy demand by

34% in 2050 and 63% in 2080 if compared to today. On the other

hand, heating energy demand is expected to decrease by 29% in

year 2050 and 46% in year 2080.

The objective of this study is to evaluate life cycle impacts of (Roux et
residential buildings, integrating climate change and evolution of  al., 2016)
the energy mix on the long term. The results show that heating

energy demand could decrease from 24 to 44%, whereas cooling

energy demand could increase also by a factor 8.

The main goal of this paper is to develop a methodology for (I Andri¢
assessing the future heat energy demand on a large scale et al.,
(districts/cities), taking into account both direct and indirect 2016)

impacts of climate change on district heat demand. The results
suggest that heat demand density could decrease within the
range of 22.3-52.4% in 2050 compared to 2010, depending on
weather and renovation scenario studied.

The goal of this research is understand building energy use (Shen,
pattern to the year of 2050 in United States by means of 2017)
projecting future hourly weather data for building simulation tools.

Case studies in four representative cities in the U.S. show that

climate change is to have great impacts on residential and office

building energy use during the years of 2040-2069. The change

of yearly energy use is predicted to be variable from -1.64% to

14.07% for residential building. Moreover, the growing peak

electricity load during cooling seasons is going to exert greater

pressure for the future grid.

This study investigated the potential impact of climate change on  (Song &
the total energy consumption of housing sector in Southern Ye, 2017)
China. The indoor temperatures in 2020s, 2050s and 2080s will

increase by 0.82 °C, 1.91 °C and 3.41 °C, respectively. The total

heating and cooling energy use of 3.5 and 5.5 star-buildings are

projected to increase by 25% and 20% respectively with a 1.0 °C

global warming.

The study provides an overview of the major approaches to (Moazami
create future weather data sets based on the statistical and et al.,
dynamical downscaling of climate models. A number of weather 2019)
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2069 and data sets for Geneva were synthesized and applied to the energy
2070- simulation of 16 ASHRAE standard reference buildings (non-
2099 residential buildings), single buildings and their combination to

create a virtual neighborhood. Depending on the type of building,
the relative change of peak load for cooling demand under near
future extreme conditions can still be up to 28.5% higher
compared to typical conditions. Moreover, the analysis of the
virtual neighborhood revealed that the peak electric power
demand for the neighborhood can increase by 4.0%, 7.6% and
16.8% under near-term, medium-term and long-term future

scenarios.
Hong Kong 2035, IPCC AR5 The study aims to evaluate the impacts of climate change on the (Liu et al.,
(China) 2065 and building energy demand and indoor thermal comfort of mixed- 2020)
2090 mode residential buildings in Hong Kong using the adaptive

thermal comfort model as the thermal comfort criterion. The
results indicate that by the end of this century, the indoor
discomfort percentage in the cooling seasons are expected to
increase from 21.9% to 36.0% and 50.4% under RCP4.5 and
RCP8.5 scenarios, respectively, while the annual cooling load is
expected to increase up to 278.80%.

Different 2080 IPCC AR5 The study presents Heating Degree Days (HDD) and Cooling (Ramon,
location Degree Days (CDD) maps for Belgium for the current and future Allacker,
(Belgium) climate perspective considering the RCP8.5 climate change De
scenario. The results show a decrease of the HDDs with 27% Troyer,
between 1976-2004 (3189 HDD) and 2070-2098 (2337 HDD). In  Wouters,
contrast, the CDD were found to increase with a factor 2.4 from & van
167 CDD to 401 CDD in the same timeline. Smaller reductions in Lipzig,
average HDD were moreover found in urban areas compared to 2020)

rural areas. For the CDD, a higher absolute increase was found
for urban areas and the Northeast of Belgium.

Toronto 2070 IPCC TAR The study investigates the effects of climate changes on the (Berardi
(Canada) and IPCC heating and cooling energy demand of buildings in the city of &
AR5 Toronto using ASHRAE standard reference buildings (non- Jafarpur,
residential buildings) as building models . The results show an 2020)

average decrease of 18%—-33% for the heating energy use
intensity, and an average increase of 15%—126% for the cooling
energy use intensity by 2070, depending on the baseline climatic
file of use and building typology. The results also demonstrate the
need to perform building modelling with sensitivity analysis of
future climate scenarios in order to design more resilient

buildings.
10 different every |IPCC AR5 The study used a building simulation-based method to predict the (Zou,
cities (China) year for life cycle energy performance of residential buildings in different Xiang,
2020 to climate zones of China. It finds that compared with the data of the Zhan, &
2099 current weather files, the average temperature will increase from  Li, 2021)

5.36 °C to 2.72 °C and 2.53 °C to —-0.21 °C by the end of this
century in RCP 8.5 and RCP 2.6, respectively. Moreover,
compared with the energy demand under the weather conditions
of the current weather files, the changes in life cycle heating
energy and cooling energy will be 33.9 kWh/m2 and 11.2 kWh/m2
in RCP 2.6, 40.2 kWh/m2 and 17.4 kWh/m2 in RCP 8.5.

Cooling requirements may double or triple if compared to current trends, with corresponding reductions in
heating requirements. This will potentially result in a reduced use of natural gas and other fossil fuels
combusted for heating and, at the same time, in the increase in electricity demand used to power cooling
systems. For countries with a predominantly coal-based electricity mix, this evolution will lead to increasing
levels of GHG emissions associated with building operation, if the current carbon intensity of their mix
remains unchanged in the future.

These trends can also have unforeseen consequences. It is possible to expect i.e. relevant cooling in

traditionally “cold” countries, with unexpected increases also of embodied energy tied to the production and
acquisition of new cooling machines and HVAC systems.
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This will also result in other impacts related to the ongoing global warming, resulting a vicious cycle that may
lead to increase of carbon emissions and heat island effect pushed by an increase in cooling demand and
thus further contributing to global warming.

Besides the provisional nature of the studies previously discussed, it is also worth discussing another relevant
aspect within the methodologies of energy use assessments and in particular within morphing modeling.

It has already been previously mentioned that several provisional models exist, within the Global Circulation
approaches. Choosing one model over another means to have a second layer of uncertainty which is based
upon the assumptions and modeling choices performed at the GCM modeling stage, which are translated
into the air temperature provisional trends and also on the energy uses for air conditioning assessments.

Figure 5 shows an example of variability between average temperature during the years in the future in the
time slice investigated by RCP scenarios, by showing the monthly future projections developed by different
GCM, chosen in a limited number for the sake of brevity. Increases in air temperature between the various
models for e.g. RCP 4.5 amount to 2.4 °C in the case of ACCESS 1.3 and 3.3 for HadGEM”-CC at the end
of the century, while these values are higher for RCP 8.5 reaching +5°C in the case of ACCESS 1.3 and
HadGEM2-CC.

It is worth mentioning that while the trend in air temperature is rather common among all results from the
alternative models, relevant different can be traced up to +2°C between the outputs of different models.
Moreover, model ACCESS 1.3 performs forecasts that are higher than the others for about 50% of the months
of investigation, while ACCESS 1.0 shows the most moderate data. This of course does not in any way aim
at giving substantial and quantitative indications on the aforementioned models, since the data used refer to
a specific point in a grid which covers in most cases the whole world and on a specific climatic parameter
among a very wide range. However, since the focus is on the modeling of consequences in relation to global
warming within the building and real estate sector, these uncertainties on one of the more relevant parameter
to building energy performances need to be taken in consideration.

If dynamic building energy simulation is performed, the results from the lower section of Figure 5 can be
found. The same substantial variability between energy uses for heating and cooling can be traced for both
RCP 4.5 and 8.5 that was envisaged in Figure 5. In this specific case for example, RCP 4.5 results can vary
as much as 35% simply by choosing one data source or another, if cooling is concerned.
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Figure 5: Variation in temperature trends between 2030 — 2090, RCP 4.5 and 8.5 for the city of Palermo — Italy and
future heating and cooling energy demand within the RCP4.5 and RCP8.5 scenarios.
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Predicting the evolution of global warming in the next decades is by itself a very complicated matter with
considerable implications and potential ramifications for the political, technical, environmental domains. The
application to the construction and real estate sector of climate change analyses are paramount: since
buildings usually have an expected life span of around a century, meaning what is being built today needs to
be able to withstand the evolution of climate in the coming decades/century, therefore pointing to the research
gap of climate resilience which needs to be integrated and considered in building and energy systems design
for the future. Furthermore, appropriate modeling and techniques which are able to quantitatively integrate
these considerations early in the design phase in order to correctly size systems and design buildings.

The approach towards the modeling of the effects of climate change is usually performed through the use of
specific modeling techniques, mostly developed within climate science research with coarse resolution and
mostly oriented to large scale variations of the parameters of interest. Specific techniques of downscaling
are able to derive averaged values for use in more specific applications for site specific analyses, otherwise
other techniques involving more refined and detailed meshing and calculations are available and usable,
either making a combined use of GCM and RCM or through statistical trend analyses and future projections.
The techniques used for future climate assessment in the building sector include statistical means and
morphing of existing and available datasets, with a wide range of variability and different potential results in
using all these techniques.

Nevertheless, the approaches proposed are most of the time limited to the use of specific research domains,
where it is now in most cases accepted that the constraints coming from global warming should be included
in the design of buildings, but these are concerns that do not properly invest the practitioner's community.
This is for sure due to the limited availability of easy to use (and not time-consuming) tools that may allow
practitioners to simply implement these kinds of analyses into their design.

While this is understandable, it is of undeniable concern in the near future that severe spikes in cooling needs
could put the current energy systems in crisis. Furthermore, this aspect could be more severe in countries
with the highest construction rates (especially in northern Africa and in Asia), which tend to often use well
known 'International’ architectural styles without including bioclimatic aspects in the design.

Climate change could cause worsening of current issues of high performance buildings such as overheating
even in non-traditionally cooling dominated countries, coupled with a large increase in power generation
needs for cooling. Moreover, this aspect could also lead to an increase in the buildings embodied energy,
due to a greater use of new systems and solutions to counteract overheating. Therefore, future research
should not only focus on studying the effects of climate change on the buildings energy use, but extend these
boundaries and investigate the relationships between climate change and the entire building life cycle. Thus,
it becomes of fundamental importance to integrate, as well as the effects of climate change, the life cycle
perspective in an integrated and multidisciplinary design approach of buildings, through the use of the Life
Cycle Assessment method, a well-established methodology for assessing the environmental impacts along
the building life cycle from extraction, manufacturing, transportation, operation, maintenance and end of life.

LCA is an important instrument to help reduce the overall environmental burden of buildings and provide
insights into their overall energy and environmental performance. Since LCA approaches cover the whole
lifespan of a building, the assessment of its long-term performances and its related impacts are challenging,
especially so if climate change is considered.

As such, approach Life Cycle Assessment using merely one average year means neglecting the variability
of the impact an evolving climate might have on the building, which was shown to be significant in previous
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chapters. For these reasons, the impact of future climate change on the energy performance of buildings,
according to projections of future weather data, is relevant and shall be considered in building LCA.

It is thus crucial to develop corresponding official scenarios and datasets for future climate evolution.
Datasets should be based on future climate scenarios aiming at achieving the resilience of buildings to
climate change.

This will have a significant impact on the results and might lead towards a shifting towards cooling for heating
dominated countries and a reduction in heating energy use which may have additional repercussions also
on the Life Cycle performances of the building (e.g. increase in use of cooling equipment).

To conclude, the methodologies proposed are in all cases valid and efficient with slightly different strengths
and applicability suggestions: it is however necessary for the future of building energy simulation, either
practitioners or in research, to adopt one. Results can vary slightly according to the modeling choices
performed, however global warming will vastly impact also the energy uses of the building sector in the close
future: not fully addressing it from the early stage of the building design will not solve the problem and could
potentially — as already mentioned — worsen it.
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This publication is an informal background report. It was developed as part of the international research
activities within the context of IEA EBC Annex 72. Its contents complement the report “Context-specific
assessment methods for life cycle-related environmental impacts caused by buildings” by Lutzkendorf,
Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the author(s).

Together with this report, the following background reports have been published on the subject of “Assessing

Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC Annex 72) and

can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

— Survey on the use of national LCA-based assessment methods for buildings in selected countries
(Balouktsi et al. 2023);

— Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf, Balouktsi, Rock, et al. 2023);

— Basics and recommendations on modelling of processes for transport, construction and deconstruction in
building LCA (Soust-Verdaguer et al., 2023)

— Basics and recommendations electricity mix models and their application in buildings LCA (Peuportier et
al., 2023)

— Basics and recommendations on influence of future electricity supplies on LCA-based building
assessments (Zhang 2023)

— Basics and recommendations on assessment of biomass-based products in building LCAs: the case of
biogenic carbon (Saade et al., 2023)

— Basics and recommendations on influence of future climate change on prediction of operational energy
consumption (Guarino et al., 2023)

— Basics and recommendations in aggregation and communication of LCA-based building assessment
results (Gomes et al., 2023).

— Basics and Recommendations on Discounting in LCA and Consideration of External Cost of GHG
Emissions (Szalay et al. 2023)

— Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023)

— Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international survey
(Satola et al. 2023)

It is important to mention that parts of the analysis of service lives of building components in this report is
based on a survey among experts which was realized during the first half of 2019. The authors would like to
acknowledge the following survey contributors: Greg Foliente (Australia), Alexander Passer (Austria),
Damien Trigaux (Belgium), Vanessa Gomes (Brazil), Antonin Lupisek (Czech Republic), Harpa Birgisdottir
(Denmark), Bruno Peuportier (France), Thomas Lutzkendorf & Maria Baloutski (Germany), Chi Kwan Chau
(Hong Kong), Eri Alsema (Netherlands), Dave Dowell (New Zealand), José Silvestre (Portugal), Tajda Potrc
Obrecht (Slovenia), Antonio Garcia & Bernadette Soust-Verdaguer (Spain), Alice Moncaster (United
Kingdom) and Manish Dixit (United States of America).
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The operational and embodied GHG emissions are recorded and evaluated in a life cycle analysis of
buildings. The embodied emissions are composed of the modules A1-A5 (upfront), B2-B5 and C1-C4. For
reasons of simplification, concrete calculations usually focus on A1-A3, B4, C3-C4.

Module B4 makes a significant contribution to the results of a building LCA. Components and systems that
are either replaced very frequently or cause high environmental impacts (initially and when replaced) are
important. For the modelling of B4, there are different methodological questions for which methods need to
provide answers. This is the aim of this report. It particularly discusses the service lives definitions, the service
life values of building components/elements and their related uncertainties and variabilities based on values
found in literature as well as default values used in A72 countries. The latter values were collected based on
a survey among A72 experts. This report also illustrates the consequences/ influence on the result of the
variability of service life values of building components, the replacement rate calculation method and the
reference study period on the basis of a case study. Finally, recommendations are provided.
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Abbreviations

Abbreviations Meaning

BITS building integrated technical systems

CEN European Committee for Standardization

CRB Kompetenzzentrum fiir Standards in der Bau- und Immobilienwirtschaft
DHW domestic hot water

eBKP der elementbasierte Baukostenplan

ESL estimated service life

EPD environmental product declaration

GHGe greenhouse gas emissions

ISO International Organization for Standardization
LCA life cycle assessment

LCC life cycle costing

PDF probability density functions

RSL reference service life

RSP reference study period of the building

SIA The Swiss Society of Engineers and Architects
SL service life of the material
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Component: item manufactured as a distinct unit to serve a specific function or functions. A building
component is a part of a building, fulfilling specific requirements/functions (e.g. a window or a heating
system). The service life of a building component can be shorter than the full service life of the building.
Building components are sometimes referred to as “building elements” (ISO 21931-1:2022).

Environmental Product Declaration (EPD): claim which indicates the environmental impacts and aspects
of a product, providing quantified environmental data using predetermined parameters and, where relevant,
additional environmental information (prEN 15978-1:2021).

Life cycle Assessment (LCA): LCA is a systematic set of procedures for compiling and examining the inputs

and outputs of materials and energy, and the associated environmental impacts directly attributable to a
building, infrastructure, product or material throughout its lifecycle (ISO, 2006).
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1. Context

Buildings are a combination of a variety of different components/elements with different reference service
lifetimes. While the load bearing structure can generally be designed for a lifetime of 50 to 100 years, there
are building elements that are likely to be replaced sooner, for example at 30 years for the windows. The
service life of a building element also determines the number of replacements during the reference study
period (RSP) of the building. These replacements are accounted for in the so-called module B4 replacement
and generally covers the replacement(s) of building element, including the deconstruction and end of life of
existing elements (materials, technical systems) as well as the production and installation of a new (and
identical) element. Due to the different application context and in-use conditions, the service life and the
related replacement rate of building elements remain uncertain parameters of the building LCA model. The
uncertainty of the available service lives’ data in literature affects the reliability of the building LCA results
and more specifically the assessment of the replacements (Module B4 according to EN 15978). Error!
Reference source not found..1 presents the building life cycle stages according to SN EN 15978
highlighting the replacement module B4 object of analysis of this report.
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Figure 1.1: Building life cycle stages according to SN EN 15978 (CEN/TC 350, 2011) including the replacement stage

As far as the LCA of the replacement stage is concerned, it can be calculated, using Eq. 1,

LCAreplacement = (LCA Product and Construction Process + LCA End of life) * k (1 )

where:
k is the replacement rate that occurs during the RSP of the building. It can be calculated for a given

building element as shown in Eq. 2,

_ RSP
e=""—1 (2)
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where:
RSP is the reference study period of the building according to SN EN 15978 (CEN/TC 350, 2011)
(years);
SL service life" of the element (years).

This current methodological background report discusses 4 methodological assumptions:

— the service lives (SL) of building elements (background definition, current values and their inherent
variabilities/uncertainties),

— the different levels of details to define the service lives in an LCA, depending on the level of decomposition
of the building model,

— the different building lifetime (or RSP in EN 15978) used to calculate the replacement rate,

— the calculation of the replacement rate k.

In order to quantify the effect of the service lives’ uncertainty on the total LCA, building case studies are used
in different countries to illustrate the current practice and the influence of these assumptions on the
replacement stage calculation in building LCAs.

Remark: In this methodological report, the “service life” term is used for referring to all the different available
terms such as lifetime / service life / duration of use for a building element (as presented in the next sub-
section). For the temporal system boundaries in the life cycle of buildings, a distinction is made between the
technical or economic service life on the one hand, and the reference study period (RSP) on the other. All
statements in this background report relate to an assumed RSP.

" In the normative context e.g., following SN EN 15804 and SN EN 15978, this term is called “Reference Service Live” (RSL)
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At present, different methodological assumptions are used to assess the replacement stage in a building

LCAie.,

— The service lives definitions and values of building elements and their related uncertainties and
variabilities

— The level of details for fixing the service life of a building element (cf. the different level of details for the
building decomposition in the A72 report by Passer et al. 2023)

— The value for the RSP of the building

— The calculation method for the replacement rate

The following sections present a brief introduction of these different topics.

This section reports the different definitions and values for the service life of building elements. It also
presents some empirical evidence of the current variabilities in values used in LCA methodologies and in
other contexts of use.

Different service life values are defined in the literature for the building elements and technical systems. The
term ‘service life’ (or lifetime) can be defined in various ways, depending on the scope of the final user e.g.
building designer, owner, LCA or LCC expert, (Lasvaux et al, 2020). According to Thiebat (2019), the service
life of a building (and by extrapolation, the service life of building component and material, as well) can be
classified into physical (service life that corresponds to the lifetime allowed by physical degradation
procedures), functional (that takes additionally into account the ‘performance/requirements ratio’) or
economic service life (service life that corresponds to the residual economic value). Furthermore, the
international standard ISO 15686 (ISO, 2011, p.31), distinguishes among the service life, the reference
service life, the estimated service life, the predicted service life and the service life assumption during the
design (planned service life). In the Swiss context, the Swiss Society of Architects and Engineers (SIA)
differentiates the technical service life (SIA, 2016), (SIA, 2015), from the useful life (SIA, 2016), (SIA, 2015)
& (SIA, 2003) or the amortization period (SIA, 2010), used for LCA calculations. Furthermore, other terms
related to service life exist? such as:

— Defined service life (based on conventions)

Defined service life for calculations (Rechenwert)

Guarantied service life

(expected) Lifetime under defined conditions of use and maintenance

Average length of stay (mittlere Verweildauer)

Table .1 presents some of the definitions, found in different CEN, ISO and SIA standards.

2 Personal communication with T. Lutzkendorf, (26.03.2019)
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Example of definitions of the “lifetime” of building elements (not exhaustive)

Lifetime SIA 480 (SIA, 2016)  "The technical lifetime is the period between the commissioning of
a component and its subsequent replacement with a decrease in
reliability or an increase in maintenance and replacement costs of
its components”

Technical lifetime SIA 480 (SIA, 2016) "period between the commissioning of a component and its
Technische lebens- subsequent replacement with a decrease in reliability or an

dauer (de) increase in maintenance and replacement costs of its components”
Duration of use SIA 480 (SIA, 2016)  “Prescribed time interval elapsed between startup and replacement
Wirtschaft of a component or installation. The usage time is limited either by
Nutzungsdauer (de) technical lifetime or by a possible replacement to meet new needs

(comfort, aesthetics, new assignment, etc.) or to improve the
technical performance (e.g. the balance sheet improvement

energy)”
Amortisation lifetime  SIA 2032 (SIA, 2010) "The amortization period is the period during which the embodied
Amortisationszeit (de) energy (or other environmental impacts) for the manufacturing and

disposal is amortized. With the exception of the foundation
excavation and the supporting structure, the depreciation period
corresponds to the duration of use (see definition above).

For the foundation excavation and the support structure, the fixed
amortization period is less than what would be the duration of use,
S0 as not to load future generations with depreciation
corresponding to the current investments in embodied energy”

Predicted service life  ISO 15686-1 (ISO, "service life predicted from performance recorded over time in
2011, p.31) accordance with the procedure described in ISO 15686-2"

Reference Service Life SO 15686-1 (ISO, "service life of a product, component, assembly or system which is

(RSL) 2011, p.31) known to be expected under a particular set, i.e. a reference set, of

in-use conditions and which can form the basis for estimating the
service life under other in-use conditions”

Service live (Dulling, 2006) "period of time after installation during which a facility or its
component parts meet or exceed the performance requirement"

Estimated service life 1SO 15686-1 (ISO, "service life that a building or parts of a building would be expected

(ESL) 2011, p.31) to have in a set of specific in-use conditions, determined from
reference service life data after taking into account any differences
from the reference in-use conditions”

Expected life when ISO 15686-1 (ISO, "Life as the designer has indicated to the Client specification to
designing 2011, p.31) support decisions"

Multiple studies, as stated by Silvestre, Silva & de Brito (2015), have identified the deterministic (Factor
Method as defined in ISO 15686 standard), the probabilistic and the engineering method (combination of the
previous two), as possible ways to determine and predict the service life. In practice, the service life
constitutes a quite complex material parameter, which is affected by a variety of different factors, not
necessarily technical. Dulling (2006) mentioned that the service life is affected by the design level, the
material and the workmanship quality, the maintenance level and cleaning (affecting the durability), the
external and internal climate and the operational environment (affecting the degradation). Furthermore, as
summarized by Cooper (2004), multiple scientific research suggested that among the parameters that
influence the service life are ‘the design, the technological change, the cost of repair and the availability of
parts, the household affluence, the residual and resale values, the aesthetic and the functional quality,
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fashion, advertising and social pressure’. In the PI BAT project (Office fédéral des questions conjoncturelles,
1993), other parameters are mentioned, like the new legal requirements or the cost-effectiveness, among
other external factors influencing the obsolescence of the materials. In addition, Jakob (2007) and Wilson,
Crane & Chryssochoidis (2015) identified a variety of different parameters (socio-economic, etc.) behind
material replacement for energy-efficient renovation in buildings.

Example of the Factor Method:

To obtain a prediction of the estimated service life (ESL), the factor method is used. It is defined in the ISO
Standard 15686 (1SO, 2011), (ISO, 2012). It estimates ESL by weighting RSL values using on-site (expected)
conditions of the element for seven factors known to influence service life (Bahr & Lennerts, 2010; Moser &
Edvardsen, 2002).® For each of these seven factors, ISO standards suggest weights ranging from 0.8 for
conditions that heavily accelerate element deterioration to 1.2 for conditions that greatly prolong the service
life of an element. Under perfect conditions, ESL values can therefore exceed RSL values by a factor of
almost 3.6, while under the worst possible conditions ESL is about 80% shorter than corresponding RSL.

The Factor Method, according to which the reference service life is corrected by seven factors, to account
for the different non-technical parameters that affect the service life, has been criticized for its reliability, as
stated in Straub (2015). Straub presented the main objections, concerning this method, of an expert
committee gathered to examine the problematic of the service life of building products. Some of these
objections of the committee concerned whether the factors should be multiplied, quantified or expressed in
numbers. In addition, Straub summarizes further studies (Bahr & Lennerts, 2010; Nireki et al., 2002; Re
Cecconi & lacono, 2005) that proposed ways to optimize the Factor Method.

There are many sources and documentations providing service lives values for building elements. Some
were recently reported in the Swiss DUREE research project (Lasvaux et al, 2020), funded by the Swiss
Federal Office of Energy. This project started in 2017 an international, European and Swiss literature review
to collect service lives data of building elements and technical systems. The data were then reported in a
database with a decomposition of the building which started from the eBKP classification on construction
cost. The database includes the five main categories of the functional nomenclature of the SN 506511
standard. These main categories where further decomposed into two-subcategories, according to SN 506511
and five more sub-categories were added in the DUREE database, in order to cover more detailed building
components.
Service life data were collected from the following types of sources:
a. inthe LCA literature (service lives values as conventional or recommended data to national LCA

methodologies),

in the LCC literature (service lives support to LCC analyses)

in other sources grouped as “management” to depict different contexts of use:

— building portfolio and real estate management,

— professional owners,

— experts from the bank & insurance sectors,

— experts from the building energy management,

— association of tenants & owners,

— other expert groups,

— specialised websites,

— other.

3 These factors include: (A) element’s quality that accounts for the quality of materials but also potential damages occurring during
transport and storage (B) design level that accounts for the integration of the element in the building structure hence its protection from
erosive forces, (C) on-site implementation quality that assesses if the element has been correctly installed, (D) the internal physical
environment that takes into account the erosive forces affecting the element from the inside (e.g. a window installed in a kitchen or
bathroom), (E) external physical environment capturing the exposure to external corrosive forces, (F) use conditions that measures the
element’s usage intensity, and (G) maintenance conditions.
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Other sources for service lives exist, such as the service lives data, provided in the IEA EBC Annex 72
(Subtask 1) during the Activity 1.1, based on surveys in order to define national methodologies, conducted
in early 2019 (data from SB tool CZ (Czech Republic), Dutch program (The Netherlands), TOTEM LCA tool
(Belgium), Denmark LCA method (Denmark), Pleaides ACV (France), University of Sevilla (Spain) based on
Mithrarathe et al (2004), BRANZ estimate (New Zealand), BBSR Tables (Germany), etc.). The Annex 72
partners filled an Excel template with an extraction of the DUREE database building decomposition with
national data of building elements’ service lives. By doing so, the calculations of descriptive statistics for the
Annex 72 can be based on the DUREE database.

2.1.3 Empirical variability of data provided by Annex 72 partners

Within this project, all partners were asked to reply to a survey as part of the subtask 1 related to the LCA
methodology. Within this survey, a subsection was dedicated to the survey on building reference service
lives as implemented in every country within their LCA methodologies (or tools) for buildings. Table 1.2
presents the countries that gave their data, but not all of them were subsequently used. When this happens,
the reason is reported in the table below in the “comments” section.

Table 1.2: List of Annex 72 partners who provide the service lives used in their national LCA methodologies

A72 participating Taken into account Comments

countries from which  for the descriptive

data were collected statistics

Australia No Service lives provided using a former building decomposition
Belgium Yes

Brazil No Only a few data were reported as Brazil has no measured service

life database.

Czech Republic Yes -

Denmark Yes -

France Yes -

Germany Yes -

Hong Kong No Service lives provided using a different building decomposition
Netherlands Yes -

New Zealand Yes -

Portugal Yes -

Slovenia Yes -

Spain No Service lives were provided which come from literature sources

from other countries

Switzerland Yes -

United Kingdom No Service lives provided using a different building decomposition
USA Yes Literature data were taken as individual data in the descriptive

statistics calculation

Figure 2.1 shows the descriptive statistics of eight building elements, using the data provided by the Annex
72 partners. These building elements correspond to some building elements usually assessed during the
LCA of a new building or for an energy-related building renovation. The values are represented using
boxplots; the box representing 50% of the observed values (interquartile range), the whiskers the first and
ninth percentile and the median is represented by the horizontal plain black line inside the box.
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Figure 2.1: Descriptive statistics for eight building elements, from data reported by the Annex 72 partners as part of
Activity 1.1. Survey on national LCA methodologies*.

2.1.4 Empirical variability depending on the context of use of the data
As different definitions and contexts of use are identified in the literature (cf. Table 2.1), it is interesting to
separate the service life data according to their context of use. As an illustration,
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Figure 2.2 shows the descriptive statistics for the same building elements, using all the data gathered in the
DUREE database during the Swiss DUREE project. The sample was separated in three source types, i.e.

4 A compact facade is a plain facade (excl. structural element) that comprise an external covering, the thermal insulation (e.g., an
EPS) and a mortar to glue the complex onto the structural wall.

A ventilated fagade is a fagade comprising an air tightness and the insulation inside a frame in wood or metal and a covering on the
exterior.
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service lives used for LCAS calculations, the ones used for LCC and the other ones used by building owners
among others (called “management”). In the next result, the Annex 72 data are filling the different samples
(mostly the LCA one and sometimes the LCC one if the service lives are also used for LCC calculations).

A quick look at the results confirms the inherent variability in the collected values. A substantial spread of
service lives’ can be observed for the eight building elements while it is possible to rank the elements by
median service lives values from the heat producer with about 15-20 years to the ventilated fagade with about
(45-50 years). Median SL values for the other elements fall in-between. It can be concluded that there is no
source type that presents systematically lower or higher service life data. More information can be retrieved
from the DUREE report® and in the Data in Brief paper and Excel table gathering the descriptive statistics’.
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Example of reported values in the literature used for different purposes (LCA calculations, LCC calculations
and other sources like professional building owners) based on the studies by Lasvaux et al (2020).

Figure 2.3 presents a general description of a building and its decomposition in different levels. Each building
element (e.g., Roof) consists of several building components (e.g., C4.4 roof, F1 roof covering, G4 interior
roof covering), which have different functions and belong to different construction categories. The
classification system marks individual building components, based on the Swiss code of construction costs
(e-BKP). Other decomposition systems exist and are further described in the A72 report by Passer et al.
(2023) as well as by Soust-Verdaguer et al. (2020).

5 And energy calculations

6 Lasvaux S. et al 2019. "DUREE Project: Analysis of lifetimes of building elements in the literature and in the renovation practices and
sensitivity analyses on building LCA & LCC case studies”, Swiss Federal Office for Energy (SFOE), Final report, June 2019, available
online: https://www.aramis.admin.ch/Texte/?ProjectiD=38626 .

" K. Goulouti, P. Padey, A. Galimshina, G. Habert, S. Lasvaux 2019. “Dataset of service life data for 100 building elements and
technical systems including their descriptive statistics and fitting to lognormal distribution”, Data in Brief, Volume 36, June 2021,
available online (Open Access): hitps://www.sciencedirect.com/science/article/pii/S2352340921003462
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Construction categories:
B C. Structure

D. Technical equipment
B L-+F. Envelope

G. Interior

ROOF

C4.4. Rool

F1. Roof covering

G4. Interior Roof finishing

INTERIOR WALL ——————————

C2.2. Interior wall \‘:INDOW'

G3. Interior wall finishing E3. Window
PARTITION WALL 1 BALCO\\
C4.3. Balcony

G1. Partition wall
G3. Interior wall finishing

CEILING

EXTERIOR WALL ABOVE GROUND
C2.1B. Exterior wall above ground
E2. Exterior wall finishing above ground

. C4.1 } ciling G3. Interior wall finishing
G4. Interior Ceiling finishing N
G2. Floor covering COLUMN
TECHNICAL EQUIPMENT " C3. Column
D1. Electric equipment
D5.2. Heat generation
D5.3/D5 4. Teat distribution and delivery
D7. Ventilation equipment 1 FOUNDATION

)8 Water (sanita - > y
D8 Water (sanitary) equipment C1. Base slab

G2. Floor covering

EXTERIOR WALL UNDER GROUND
C2.1A. Exterior wall under ground
E1. Exterior wall finishing under ground

General description of the building, building element, building component and construction categories
according to Cavalliere et al. (2019).

As shown in Figure 2.3, the service life of a building element can be defined at different levels of details.

However, as a building element gather different components with different functions, it is not appropriate to

define a single service life for a multi-layered element. The service life is thus defined for each component

(or layer). For instance, depending on the scope of the assessment, the service life can be attributed for 2

levels of details according to Figure 2.3:

1. construction categories (structure, technical equipment, envelope (wall and roof external coatings as
well as windows and doors), interior (i.e., non-load-bearing walls and interior finishing))

2. detailed components & layers (e.g., roof covering, interior roof finishing etc.)

If more product-specific data are available, the service life can also be defined even further for specific

product using the information of reference service live (RSL) in the Environmental Product Declaration (EPD).

Indeed, the definition of the service live in practice will be a function of two “limiting” criteria:

— First, representative renovation practices® should be considered in order to avoid misleading service lives
definition. For example, in practice, if the rendering and the external insulation are replaced at the same
time, the two components should not be distinguished in the view of their service lives even if literature
sources provide a service live for the rendering and the insulation. At least, the lowest service life should
be used for both materials (layers). The same problem exists with the windows (glazing and framing).
They are generally replaced as a single component and thus define different service lives does not
correspond to reality.

— Second, possible lack of service lives data for very specific elements or for innovative products may not
allow attributing service lives in a lower level of details.

The RSP period can vary depending on the national LCA methodology and the context of use of the
assessment results. The national LCA methods generally uses conventional values for this parameter. In
Switzerland, the LCA national method (Cahier Technique SIA 2032, 2010), (Cahier Technique SIA 2040,
2011) proposes 60 years. The SIA 480 standard does not define an RSP but the service life of the building

8 And representative of the reference context of use as mentioned in EN 15804 and EN 15978.
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structure instead. The SIA 480:2004 standard considers from 80 to 100 years (SIA, 2004) while the revised
2016 version considers from 40 to 120 years with an intermediate value at 75 years (SIA, 2016). In addition,
the SNARC method, used in early design stages, considers 30 years (SIA, 2004). Other LCA methods in
Europe consider 50 years (BBSR, 2011), 80 years (Izuba-Energies, 2019) or even 120 years (IEA - Annex
72, 2019).

Using 30 years can be appropriate in order to amortize the LCA of the construction over a short period (e.g.
to comply with environmental / public policies goals such as the carbon neutrality by 2050) or for building
typologies with shorter lifetime, while using 100 years allows to account for a longer life cycle, which may
represent better the reality. In general, many national LCA methodologies consider 50 to 60 years to calculate
the LCA®.

In general, the service lives of structural building elements correspond/coincide to the RSP in a building LCA.
The underlined assumption for the RSP will affect the number of times a building element needs to be

replaced. As the service lives found in the literature (see
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Figure 2) present substantial variations, the replacement rate will be a function of the elements’ service lives
and the RSP values.

Currently there are mainly two different approaches on how to deal with replacements in the life cycle
inventory of a building:

— Approach A: Annualised impacts per building element;

— Approach R: Rounded up number of replacements of building elements;

— Approach S: Simulation of the building life cycle.

The three approaches are described in the following.

Approach A, Annualised impacts per building element
The annualised environmental impacts of a building element are calculated taking into account the service
life (or the reference service life (RSL) or the adjusted expected service life) of the element. First, the

® Cf. SBE Graz paper from Rolf Frischknecht and the current Activity 1.1 on survey of national LCA methodologies
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environmental impacts of manufacturing a particular building element (e.g. a window) are determined.
Secondly, the environmental impacts are divided by the reference service life (RSL) of this building element
(e.g. 30 years). These two steps are repeated for all the building elements, which compose the building under
assessment. Finally, all resulting values, per year, are added up, a sum which corresponds to the annual
environmental impacts of the building under consideration. This approach is applied in Switzerland in the
technical bulletins SIA 2032 (SIA 2020) and SIA 2040 (SIA 2017), in which the distinction between initial
efforts and efforts due to replacements are of little interest and the residual values are simply neglected.

Approach R1, Rounded up number of replacements

First, the number of replacements of a particular build-ing element (e.g. a window) is determined by dividing
the reference service life (reference study period) of the building (e.g. 60 years) by its reference service life
time (e.g. 30 years) minus 1. In this example, the windows will be replaced only once during the service life
of the building. In case that the RSP of the building is 50 years, the exact number of replacements would be
0.67. Since fractional replacements are not possible, these values are rounded up to the next integral number
(in the example: 1). Secondly, the environmental impacts of manufacturing a particular building element (e.g.
a window) are determined. Thirdly, the environ-mental impacts of manufacturing all building elements of a
building are added up to get the environmental impacts of the product stage (Modules A1-A3). Fourthly, the
environmental impacts of manufacturing all building elements of a building are multiplied by the number of
replacements and then added up to get the environmental impacts of replacements during the use stage
(Module B4). Fifthly, the total environmental impacts of the product and the use stage are divided by the RSP
of the building under assessment. This approach is required by the CEN standard on the assessment of the
environmental performance of buildings.

Approach R2, rounded up number of replacements with a certain condition

This approach distinguishes the obtained values for the calculated number of replacements depending on a
threshold. If the replacement rate is higher than a percentage (e.g., 20%) of its integer value it is rounded up,
otherwise it is rounded down'°. Like that, overestimation of the replacement rate can be avoided, in case is
the number of replacements is very small, e.g. 1.05 times. Practically, this means that if the end of life of a
building element is close to the end of the building RSP, this is no replacement.

However, even if Approach R1 and R2 reflect better the reality of the replacement rate, the use of the
fractional one presents a negligible influence on the building LCA results, especially compared to the choice
of the RSP value (cf. Case studies results’ section of this report).

1 Such calculation rule is currently implemented in existing building LCA tools
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Approach R3, component-specific rounded up

The analysis of the aging process of real buildings shows that the replacement rate in the case of components
is often overestimated''. Most of building components often turn out to be more robust than expected, or the
building owners are more tolerant of an aged state. An approach can be that for such building components,
the calculated number of replacements is always rounded down and no replacement is assumed in the last
5-10 years of the life cycle model. However, the situation is different with technical equipment that is critical
for safety and efficient operation. In these cases, since a planned replacement must always be carried out,
and often is mandatory, the number of replacements can be rounded up. This leads to a component-
differentiated approach which so far is not seen applied in any of the national methods, tools, but is presented
as a possibility in the draft of upcoming EN 15978.

Approach S: Simulation of the building life cycle

A simulation process accounts for environmental impacts using a one-year time step'2. Each building element
has an age counter, incremented each year. When the age reaches the life span, impacts corresponding to
the replacement processes are added. Replacement is not considered anymore after 90% of the building life
span.

! See: Ritter, F. (2011). Lebensdauer von Bauteilen und Bauelementen-Modellierung und praxisnahe Prognose (Vol. 22). TU
Darmstadt.

2 E.g. Pleiades ACV EQUER, see Polster, B., Peuportier, B., Blanc Sommereux, |., Diaz Pedregal, P., Gobin C. and Durand, E. Eval-
uation of the environmental quality of buildings - a step towards a more environmentally conscious design, Solar Energy vol. 57 n°3,
pp 219-230, 1996
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This section presents a case study that draws on the findings of the Swiss DUREE research project (Lasvaux
et al, 2020) and the related journal paper (Goulouti, Padey, Galimshina, et al., 2020).

Service lives data, collected in the DUREE database'® and combined with Annex 72 service lives data
(collected in the survey on national LCA methodologies) present a substantial variability and uncertainty as
shown in the

Figure and 2.2. It is thus important to assess whether their empirical variabilities affect the reliability of
the building LCA results and more specifically the reliability of the replacement stage calculation. The data
were used, for the determination of the probability density functions (PDF) for each building component of
the case studies. In this building case study, they are first used to calculate a replacement rate k (see Eq. 1)
for each element type by dividing each service life with a reference study period (RSP) chosen at 60 years.
Then, the service life data were transformed in replacement rates and the PDFs of the element types were
defined, by fitting a lognormal distribution. The present study takes into account the uncertainty of the element
types service life (input of the model) in the building LCA (output — response of the model).

Remark & Scope of the probabilistic LCA: All the other uncertainties related to the parameters of the
building LCA e.g. uncertainty of the operational energy use of the building and the LCA are not within the
scope of this study. By doing so, the relative importance of the service lives’ uncertainties is solely
evaluated, taking into consideration that a small uncertainty on the total LCA result (output), derives from
an insignificant influence of the service life (input).

One way to identify the error propagation, due to the uncertainty of the input on the output, is to use the
Monte Carlo method within a probabilistic framework. 40’000 Monte Carlo simulations are computed in order
to probabilistically take into account the replacement of the building elements. Like that, the Probability
density functions (PDF) of the LCA outputs are defined. Finally, the Sobol’ Sensitivity Indices are calculated
following (Saltelli et al, 2008) to determine the impact of the service lives’ variability on the LCA uncertainty,
for the different building elements.

This methodology is applied to one Swiss residential building case study located in Zirich and for the
greenhouse gas emissions (GHGe) indicator. Table 2.1 presents the characteristics of the residential
building.

Characteristics of the new constructed residential building

Construction type Medium weight
Materials for the structure Wood & concrete
Type of facade Compact & ventilated
Type of roof Sloping roof
Energy reference area 350

Energy standard Minergie-ECO
Accommodation units 2

'3 Based on the Swiss DUREE research project, final report available here: https://www.aramis.admin.ch/Texte/?Project|D=38626
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Basement Yes

Number of floors 3
Heating device District heating
Energy source Wood chips
Solar panels No
Heating 106
Domestic Hot Water (DHW) 75
Ventilation 24

The life cycle domains and phases of materials and building integrated technical systems (BITS) are defined
according to SIA 2032 (SIA, 2010) and SIA 2040 (SIA, 2011) as shown in Table 3.2. The basic life cycle
domains are the Construction and that of the Operational energy use. Table 3 shows the different life cycle
domains and the corresponding phases taken into account, in the present study. No other environmental
impacts were considered in this approach (e.g. maintenance, or environmental impact due to mobility of the
users, as stated in SIA 2040).

The baseline RSP value is first defined at 60 years and the replacement rate is fractional. In the next
sections, alternative assumptions will be evaluated.

Life cycle stages of a building adapted from SN EN 15978; in green the included stages for the “construction”
domain and in orange the “operational energy use” according to SIA 2032 and SIA 2040.

According to SN EN 15978 standard
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Construction X X X
Operational energy use X

(X = calculated in the LCA of the Swiss residential building according to the SIA technical books)

The Swiss building element classification scheme, for cost estimation, eCCC-Bat in French, (or eBKP-H, in
German) is used to classify the building elements. The classification of eBKP-H nomenclature has already
been used to report the service lives data. Each building element consists of several building components,
which have different functions and belong to different construction categories.

In this case study, the service lives data are those of the second level of analysis according to the Swiss

DUREE research project (Lasvaux et al, 2020). This means that 16 difference service lives data are used for
the modelling of the replacement phase of the building LCA.

Figure presents the result of the probabilistic LCA (the first part entitled the uncertainty analysis of one
new construction case study (B1), for the GHG emissions) compared to two deterministic LCA suing
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G 359

deterministic service lives from Swiss documentations (SIA 2032 and CRB). The probabilistic LCA (right,
noted “DUREE DB”) is about [u=22 kg COz.eq/(m?y), 0?=3?], while the deterministic LCA, from SIA 2032
reports a value of [20.4 kg COze¢/(m?y)] and CRB [mean=19 kg CO2.eq/(M?y)]. The results show that the
uncertainty of the replacement rate can significantly affect the LCA uncertainty. The replacement stage in
the probabilistic LCA, accounts for 14% to 36% of the GHG emissions for the B1 residential building.
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o [¢)] o

GHG emissions [kg COzgeq/(m2 vl
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SIA 2032 CRB - mean DUREE DB
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Figure 3.1: Contribution analyses for the probabilistic LCA and comparison with the deterministic LCA, using the SIA
2032 and CRB - mean service lives (taken from Lasvaux et al (2020) and Goulouti, Padey, Galimshina, Habert &
Lasvaux (2020))

Figure presents the synthesis of the second part of the probabilistic LCA (i.e., the sensitivity analyses
using the Global Sensitivity Analysis and Sobol Indices (Saltelli et al, 2008)) for the GHG emissions of the
residential building B1.
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Element Type
Names of the building elements:
D1 Hectrical instalations D5 4 Heat diffusion E2 3 Ventilated facade G1_ Internal parfitions
D5.2 Heat production D7. Ventilation E3.1 Windows G2. Flooring
D5.2d Solar collector D&. Sanitary equipment  F1. Flat or slanted roof G3. Wall coverings
D5 3 Heat distribution E2 2 Compact facade F1 3 Slanted roof G4 Ceiling coverings
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Sobol’ sensitivity Indices (main and total effect) for the GHG emissions of building B1 taken from Lasvaux et
al (2020).

The outcomes of this building LCA case study are the following:

— If a threshold is defined at 0.10 for the sensitivity indices, only six element types out of 16 are the most
influential on the LCA uncertainty, i.e. E2.2 (compact fagade), the E3.1 (windows), the F1.3 (sloping roof),
the G2 (flooring), G3 (internal finishing). This means that special attention should be given when defining
the service lives for these element types in further LCA calculations;

— The uncertainty of the technical systems service lives (D element type) present low impact on the LCA
uncertainty for the GHGe. If this finding remains valid for other case studies and LCA indicators, the LCA
model could be simplified and conventional deterministic values would be sufficient to model this aspect,
instead.

The same building case study (B1) is used as already presented in Table 3.1. In connection to the Annex 72
(Passer et al. 2023), the building LCA can follow different building decomposition (from major element to sub-
elements and layers of materials). In Switzerland, the eBKP-H nomenclature form the CRB (Code for the
construction costs) is used with different levels of details. It is thus possible to break down the building LCA
in a sum of different elements, each one having its LCA value and its service life. In connection to the Life
Cycle Cost (LCC), such approach exists and allows to define a service life for one main category (e.g., the
technical equipment) but also for a sub-category (e.g., the heating system) and another more precise element
(e.g., the heat producer). Table presents the number of service lives that can be for two different levels of
details (taken as an example, as other configurations are possible). By doing so, it is possible to conduct
building LCA with a varying level of details.

eBKP-H codes and the corresponding names of the element types included in the case studies taken from
Lasvaux et al. (2020).
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Building LCA
eCCC-Bdt element types considered New construction case study
First analysis Second analysis
- C. Structure fixed at 60 years fixed at 60 years
D. Technical equipment X
D1. Electrical installations X
D5. Heating system
D5.2 Heat production X
D5.2d Solar thermal collectors X
D5.3 Heat distribution X
D5.4 Heat emission X
D7. Ventilation and AC systems X
D8. Sanitary equipment X
- E. Facade rendering X
E2. Facade rendering against exterior
E2.2 Compact facade X
E2.3 Ventilated facade X
E3. Windows, doors
E3.1 Windows X
F. Roof X
F1. Covering
F1.2 Flat roof X
F1.3 Slanted roof X
G. Interior X
GL1. Internal partitions X
G2. Flooring X
G3. Wall coverings X
G4. Ceiling coverings X
Total number of service lives' values 4 16

For example, a building LCA can be calculated in early design or in a simplified approach using the 4 main
categories (structure, technical equipment, facade rendering, roof, interior) with one LCA value (based on
statistics or aggregated data) and service lives for each category. It is also possible to have a more detailed
analysis as show in Table . In practical application, the need for a low level of details may be justified by the
need of doing a quick & simplified LCA™ (also valid for a quick & estimated LCC) while more detailed analysis
will be justified to compare more defined case building projects. Different types of screening, simplified and
detailed LCA, can be done and more information is provided in the Annex 72 report by Passer et al. (2023).

As an illustration, probabilistic GHG emissions using PDF of service lives can be calculated for both levels
of analysis (from Table ), Figure . These results present the same values as in

Figure by providing the complete PDF instead of the “error bar” for the probabilistic GHG emissions
(noted “DUREE DB?” in the graphics.

4 Here, the proposed building decomposition comes from the “life cycle cost” perspective & community. It can be used for building LCA
and building LCC that do not aim at linking building energy simulation (BES) and building LCA as the building elements of the thermal
envelope (used in BES) and those not included in the BES (such as the foundations) added for the building LCA are not differentiated.
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First level of analysis (4 service lives) Second level of analysis (16 service lives)
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PDF of the probabilistic LCA for the B1 case study in the first level of analysis and comparison with the
deterministic LCA, using the SIA 2032 and CRB service lives (left); PDF of the probabilistic LCA for the B1 case study
for the second level of analysis as presented in the previous section (right), adapted from the DUREE research project
(Lasvaux et al, 2020)

In Figure (left), the probabilistic LCA in the first level of analysis is calculated [u = 23.22 kg CO2-
eq/(m?y), o = 5.52] and compared with the deterministic LCA of the SIA 2032 [19.2 kg CO2-eq/(m?y)] and
CRB [min=28.1 kg CO2-eq/(m?y), mean=18.9 kg CO2-eq/(m?y) and max= 15.1 kg CO2-eq/(m?y)]"®. The three
CRB values (min — mean — max) correspond to the minimum, mean and maximum service lives, which mean
maximum, mean and minimum replacement rates, respectively. The most probable value of the LCA, i.e.,
the mode of the distribution (xm=20 kg CO2-eg/m2y) is slightly higher than the deterministic SIA 2032 and
CRB-mean (4% and 6% respectively). Figure (right) shows the PDF of the probabilistic LCA for the second
level of analysis, along with the deterministic LCA, from SIA 2032 [20.4 kg CO2-eq/(m?y)] and CRB [min=43kg
CO2-eq/(m?y), mean=19 kg CO2-eq/(m?y), max=17 kg CO2-eq/(m?y)].

This example shows the feasibility to calculate the probabilistic LCA using different levels of analysis (and
building decomposition) for both the LCA and the definition of the service lives.

The same building case study (B1) is used as already presented in Table 3.1. The building RSP is varied
from 30 up to 120 years, with intermediate values of 50, 60, 80 and 100 years, in order to identify the influence
on the LCA of this methodological convention. The intermediate values derive from the most common used
RSP among the LCA methodologies, applied in different countries (Janjua et al., 2019). The calculation was
conducted for the B1 building case study. The contribution analyses and the sensitivity indices were
calculated for the GHG emissions indicator.

Error! Reference source not found. presents the contribution analyses of the Swiss building B1 for the
different RSP, for the probabilistic LCA for the GHG emissions. The median of the replacement rate is plotted,
along with the first and third quartiles. As expected, looking at the median value, the share of the
manufacturing stage decreases, from 57% to 23%, while the replacement environmental impact increases,

'3 The 95% confidence interval of the mean is narrow [u = 23.22 kg CO,_., /(m?y) £ 0.05], revealing the accuracy of the simulations.
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from 15% to 42%, when shifting from 30 years to 120 years. This is due to the shift in the life cycle stages,
when the RSP is extended: the share of the replacement phase increases, since replacement occurs more
times, during 120 years, while the impact of the initial construction (manufacturing stage) decreases, since it

is apportioned to much more years.

30 years 50 years 60 years 80 years100 years120 years

30
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o
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Figure 3.4: Contribution analyses for the probabilistic GHG emissions using the DUREE database for different building
lifetimes of 30, 50, 60 80, 100 and 120 years, taken from Lasvaux et al (2020) and Goulouti, Padey, Galimshina, Habert
& Lasvaux (2020)

Figure presents the results of the scenario analysis for the 6 different RSP values using the Sensitivity
Analysis and Sobol’ Indices of the probabilistic LCAs. The outcomes of the sensitvity analyses for different

RSP for one building (B1) are the following:
— The same influential building elements can be identified as presented in the Swiss case study in Section

3.1
— Varying the reference study period (RSP) of the building from 30 to 120 years leads to a significant
variation of the sensitivity indices of the most influential element types. Thus, the RSP is an influential

parameter on the LCA and LCC uncertainty.
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Mames of the building elements:
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D5.2d Solar collector D&. Sanitary equipment  F1. Flat or slanted roof G3. Wall coverings
D5 3 Heat distribution E2 2 Compact facade F1 3 Slanted roof G4 Ceiling coverings

Sobol’ Indices for the GHG emissions and the B1 case study for different building lifetimes of 30, 50, 60,
80, 100 and 120 years, taken from Lasvaux et al (2020) and Goulouti, Padey, Galimshina, Habert & Lasvaux (2020)

The same building case study (B1) is used as already presented in Table 3.1. The baseline scenario for
reporting the LCA results in above sections considers the fractional mode, as defined in SIA 2032 and SIA
2040. In the current section, the fractional mode is compared with the rounded mode, according to SN EN
15978 (CEN/TC 350, 2011). In addition, the “rounded - 20%” mode is included. According to this mode the
replacement rate is rounded up, in case that it is higher than 20% of its integer value, otherwise it is rounded
down. Such a calculation mode may be implemented in some of the building LCA calculation software, as
for example in Logiciel Pleaides ACV (lzuba-Energies, 2019). Like that, overestimation is avoided in case
that the replacement rate is very small, e.g. k = 1.05.

Figure presents the PDF of the B1 case study for the GHG emissions. The three different ways of calculating
the replacement rate result to slightly different PDFs (differences approximately 14%, for the mean), with the
following properties, i.e. [u = 24.5 kg CO,_eq /(M?y), (0% = 2.7%)], [u = 25.5kg CO,_eq /(m?y), (0% = 3?)],
[u = 22.0kg CO,_eq /(m?y), (6 = 3?)], for the rounded 20%, rounded up and fractional mode, respectively.

Figure presents the Sobol’ Indices for the three different calculation modes for the replacement rate. The
results show that the tendency of the sensitivity indices remains the same, independently of the calculation
type. As a result, even if rounded up, or rounded - 20% may better reflect the reality of the replacement rates,
the use of the fractional replacement rate does not change the order of the sensitivity indices and their impact
on the LCA uncertainty.
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Fractional, rounded up, rounded 20% influence on the Sobol’ Indices for the GHG emissions and the B1
case study, taken from Lasvaux et al (2020) and Goulouti, Padey, Galimshina, Habert & Lasvaux (2020)
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The outcomes of the sensitvity analyses for different RSP for one building (B1) are the following:

— The same element types can be identified as presented in the Swiss case study in Section 3.1.

— The LCA uncertainty is not influenced by the calculation mode of the replacement rate, i.e. fractional
according to Swiss SIA 2032 / SIA 2040 standard or rounded up according to SN EN 15978 standard.
Hence, both modes could be used in further LCA analysis.

— The results show that the tendency of the sensitivity indices remains the same, independently of the
chosen calculation method. As a result, even if rounded up and rounded (20%) may better reflect the
physical reality of replacement rates, the use of a fractional rate does not change the sensitivity of the
LCA.

This case study concerns only one LCA indicator (GHG emissions), tested for one system boundaries (Swiss
LCA method from SIA 2032 & SIA 2040 technical books), and for one building case study. The complete
research study supporting this project's report can be found in the DUREE project final report'® and
associated papers'”8,

Last but not least, this case study helps to better understand the consequences of uncertain service lives
values, uncertain reference study period for buildings but does not contain yet rules and guidance for a better
modelling of module B4. The next chapter presents the rules and guidance.

6 Lasvaux S. et al 2019. "DUREE Project: Analysis of lifetimes of building elements in the literature and in the renovation practices
and sensitivity analyses on building LCA & LCC case studies”, Swiss Federal Office for Energy (SFOE), Final report, June 2019,
available online: https://www.aramis.admin.ch/Dokument.aspx?DocumentlD=50999.

7K. Goulouti, P. Padey, A. Galimshina, G. Habert, S. Lasvaux 2019. “Uncertainty of building elements’ service lives in LCA & LCC of
buildings: what matters?”, Building & Environment, Volume 183, October 2020, available online:
https://www.sciencedirect.com/science/article/pii/S0360132320302638 ?via%3Dihub .

8 K. Goulouti, P. Padey, A. Galimshina, G. Habert, S. Lasvaux 2019. “Dataset of service life data for 100 building elements and
technical systems including their descriptive statistics and fitting to lognormal distribution”, Data in Brief, Volume 36, June 2021,
available online (Open Access): hitps://www.sciencedirect.com/science/article/pii/S2352340921003462
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4. Conclusions and Guidance on How to
Handle Replacements (Module B4)

The following conclusions, rules and recommendations come from the main A72 report by Litzkendorf,
Balouktsi and Frischknecht et al. (2023).

Module B4 makes a significant contribution to the results of a building LCA. Components and systems that
are either replaced very frequently or cause high environmental impacts (initially and when replaced) are
important. For the modelling of B4, there are different methodological questions for which methods need to
provide answers. First, the definition of the service lives for different types of building elements is
unavoidable. Special attention should be given to building elements whose uncertainty may have an
important impact on the final LCA result. Second, there are several approaches to calculate the replacement
rate based on components’ service lives. Third, a matter of question is at what level of detail the service life
of a component comprised of several layers of varied service lives must be fixed. Rules and
recommendations for action are provided below to support the handling of such calculations in building LCAs
(Table 4.1 and gray box below).

Table 4.1: Rules on how to model replacements

ISSUE(S) RULE(S)

How to deal with the 1. Default values for the service lives of all possible construction products and
uncertainty of technical equipment shall be provided

building elements’ 2
service lives?

For fixing the default values for the most influential service lives of building
elements on the total LCA result, uncertainties shall be handled, robustness
of results shall be checked (through ranges)

How to calculate the 3. It shall be clearly stated whether Approach A (Annualised impacts per

replacement rate of building element), approaches R1, R2 or R3 (rounded up approaches) or S

building elements? (simulation) shall be followed when calculating the replacement rate.
Particularly, for approach R3, it shall be made clear for which components,
products and equipment the number shall be always rounded up (never
rounded down) including a justification.

At which level of 4. If two products/layers are typically replaced at the same time, the two
detail shall the components shall not be distinguished in the view of their service lives even
service life of a if literature sources provide different service live for these two products. At
building element be least, the lowest service life shall be used for both materials (layers).
defined?

G397 32/36



National standardisation bodies (application / use case: C, see Table 1.2)

a. Develop and provide tables with default service life values for building elements and construction
products

b. Provide service life ranges for influential building elements based on empirical evidence to assist
designers to examine the robustness of the LCA results following a probabilistic approach

Developers / providers of sustainability assessment systems (application / use case: C, see Table

1.2)
c. use the default service life values for building elements provided by your national standards.

Researchers (application / use case: B, see Table 1.2)

d. run sensitivity analyses to investigate the significance of effects of various service life ranges for
different components on the final LCA outcome

e. provide empirical evidence on the actual service life of building components under different conditions
of use

Construction product manufacturers (application / use case: F, see Table 1.2)
f.  provide different default values for service life according to different conditions of use
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This publication is an informal background report. It was developed as part of the international research
activities within the context of IEA EBC Annex 72. Its contents complement the report “Context-specific
assessment methods for life cycle-related environmental impacts caused by buildings” ” by Litzkendorf,
Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the author(s).

Together with this report, the following background reports have been published on the subject of “Assessing
Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC Annex 72) and
can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

Survey on the use of national LCA-based assessment methods for buildings in selected countries
(Balouktsi et al. 2023);

Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf, Balouktsi, Rock, et al. 2023);

Basics and recommendations on modelling of processes for transport, construction and deconstruction in
building LCA (Soust-Verdaguer et al., 2023);

Basics and recommendations on influence of service life of building components on replacement rates
and LCA-based assessment results (Lasvaux et al., 2023);

Basics and recommendations electricity mix models and their application in buildings LCA (Peuportier et
al., 2023);

Basics and Recommendations on Influence of Future Electricity Supplies on LCA-based Building
Assessments (Zhang 2023);

Basics and recommendations on influence of future climate change on prediction of operational energy
consumption (Guarino et al., 2023);

Basics and recommendations on discounting in LCA and consideration of external cost of GHG emissions
(Szalay et al., 2023);

Basics and recommendations in aggregation and communication of LCA-based building assessment
results (Gomes et al., 2023);

Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023);

Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international survey
(Satola et al. 2023).
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There is a general consensus that CO2 emissions contribute significantly to climate change and that
mitigation is one of the most important challenges of the current generation. At least since the new EN 15804+
A2:2019, which distinguishes between emissions from fossil and biogenic sources, there has been
discussion on how to address emissions from biogenic sources. The current report discusses the different
approaches to assessing biogenic carbon. The approaches have different methods to allocate emissions
within the observed system.

The report provides an overview and explanation of the most common approaches to assessing biogenic
carbon. In LCAs for buildings, biogenic CO2 is typically accounted for using two different approaches: the
0/0 approach (or carbon-neutral approach) and the -1/+1 approach. The 0/0 approach considers only the
contribution of greenhouse gases from fossil sources, while the -1/+1approach considers the uptake of CO2
emissions during the growth of biogenic materials and their release at the end of the life cycle. The overall
results at the end of the life cycle should be the same, the only difference being that the -1/+1 takes into
account fluxes of biogenic carbon. There are also approaches that use time-dependent characterization
factors and propose two different possible scenarios: (i) assuming that uptake occurs before the building is
constructed, i.e., before the material is harvested, thus following the natural carbon cycle, or (i) assuming
that uptake occurs after the bio-based material is harvested, taking into account the regrowth of trees, thus
compensating for exactly the amount of material that was harvested.

The report evaluates biogenic carbon fluxes using the various approaches discussed and provides
recommendations for (a) the inventory level and (b) the impact assessment level. The use of wood/biomass
materials is desirable, but it is important that the whole life cycle is considered to avoid misinterpretation of
results. Requirements should be formulated not only for A1-A3, but should also include the associated
disposal modules C3-C4. As an alternative, requirements for A1-A3 should be formulated separately for
GWHPfossil and GWPbiogen. Due to limited consensus, dynamic modelling of biogenic carbon should be
used with caution, while that standards shall be relying on static characterization factors and a net-zero life-
cycle balance for biogenic CO2 (Modules A1-C4), unless the biogenic carbon is permanently and safely
stored in dedicated underground storage or permanently stored in carbonated cement used in concrete.
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Abbreviations

Abbreviations Meaning

AT72 IEA EBC Annex 72

CF Characterisation Factors

DOCf Degradable Organic Carbon Fraction

EoL End-of-Life

EPD Environmental Product Declaration

GABC Global Alliance for Buildings and Construction
GWP Global Warming Potential

GTP Global Temperature Potential

IPCC Intergovernmental Panel on Climate Change
LCA Life Cycle Assessment

NZ New Zealand

RSL Reference Service Life
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Global Warming Potential (GWP): Impact category (or characterization factor for climate change)
describing the radiative forcing impact of one mass-based unit of a given greenhouse gas relative to that of
carbon dioxide over a given period of time. A time frame of 100 years is currently most commonly used and
accepted. [kg-CO2eq] (adapted from ISO 14067:2018)

Carbon content: refers to the amount of carbon stored in (physically contained in) a product or building.
This physical carbon is contained in biogenic products such as timber (called biogenic carbon) as well as

fossil-based products such as plastics.

Energy source: source from which useful energy can be extracted or recovered either directly or by means
of a conversion or transformation process.

Energy carrier: substance or phenomenon that can be used to produce mechanical work or heat or to
operate chemical or physical processes.
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The contribution of buildings to global greenhouse gas emissions (GHG) is widely acknowledged (IEA GABC
2018). Many strategies to lower resource consumption and emission intensity during buildings’ life cycle have
been proposed during the last decades, with varying reduction potentials. Using so-called ‘bio-based’
products, i.e. materials based on renewable feedstocks that absorb CO:2 during their growth, has been
increasingly proposed as a climate change mitigation measure (Ministére de la transition écologique, 2020;
Pomponi & Moncaster, 2016; Moschetti et al., 2019; Pefaloza et al., 2016, Carcassi et al., 2022). Among the
realm of bio-based products used in buildings, wood stands out as a historically adopted structural choice,
mostly in light-framed construction or low-rise residential buildings (Churkina et al. 2020) and in recent years,
with cross-laminated timber (CLT), in multi-storey apartment and office buildings (Hoxha et al 2020). With
the increasing acknowledgement of steel and concrete as energy or GHG emission-intensive products,
design decision makers in general gradually opt for using wood as a replacement of the latter traditionally
employed structural materials.

Nonetheless, the potential reduction in GHG emissions from replacing minerals or metal-based materials
with wood (or other bio-based products) must be properly estimated. Through a range of indicators, the
international standardized method of life cycle assessment (LCA) has been used to calculate the impacts of
new solutions and projects. The LCA method has four main steps: goal and scope definition, life cycle
inventory, impact assessment and interpretation.

Global warming potential (GWP) is the indicator used to translate the effects of emissions of GHG generated
during a building’s life cycle into their contribution to increased radiative forcing. The most common gases
contributing to the GWP indicator are the CO2, CH4, N2O and CO. CO2 emissions should be distinguished
between fossil and biogenic sources. Biogenic CO: is absorbed during the growth of biobased materials
(Carcassi et al. 2022).

In the 6" assessment report of IPCC, it is stated that every tonne of CO2 emission adds to global warming
resulting in a near linear relationship between cumulative CO2 emissions and the increase in global surface
temperature, irrespective of the time when the emission takes place (Figure 1, IPCC 2021). This is a fact
which is important to keep in mind when reading this report.

The modelling of biogenic carbon in life cycle assessments of buildings still lacks methodological consensus
(Hoxha et al. 2020). Typically, in building LCAs, biogenic CO: is accounted for using two different
approaches: the 0/0 (or carbon neutral) approach and the -1/+1 approach. The first considers by default that
the uptake of COz2 during the growth of the bio-based material is compensated by its release at the end of its
service life (Hoxha et al 2020). Consequently, the 0/0 approach considers only the contribution of gases from
fossil sources to the GWP calculation. The -1/+1, on the other hand, considers both the uptake during growth
and the release at the end of life (Hoxha et al. 2020). Standards (EN 15804:2019) highlight that if the uptake
is accounted for, the release must also be considered in end-of-life recycling, landfilling and incineration. The
life cycle-based greenhouse gas emissions arising from the two approaches should be equal, the only
difference being that with the -1/+1 approach one can track the biogenic carbon flows throughout the full life
cycle.
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: Near-linear relationship between cumulative CO2 emissions and the increase in global surface temperature
(IPCC 2021).

Aiming at solving the abovementioned issues, the so-called ‘dynamic’ or ‘time dependent’ approaches for
biogenic carbon accounting have been developed with focus on carbonation of recycled concrete with
biogenic CO2 and bio-based materials modelling (Guest et al., 2013; Cherubini et al., 2011; Arehart et al.,
2021) and others which can be applied to any context, product or system (Levasseur et al., 2010). The
definition of time-dependent characterization factors proposed by Levasseur et al., (2010) is based on some
key value-based choices when it comes to calculating biogenic carbon uptake in bio-based products used in
buildings. Two different scenarios have been addressed in literature: (i) assuming that the uptake happens
before the building is constructed, i.e., before the harvesting of the material, following the natural carbon
cycle or (ii) assuming that the uptake happens after the bio-based material is harvested, considering regrowth
of trees, compensating for the exact amount of material that was harvested (Pefaloza et al., 2016). The
dynamic calculation approach has been portrayed as a pertinent way to account for biogenic CO2 uptake
and release in buildings LCA (Hoxha et al., 2020), and it has harnessed the attention and interest of
policymakers who aim to define rules for wood products modelling in LCAs (Ministere de la transition
écologique, 2020; Zibell et al. 2021).

Considering the lack of consensus on the appropriateness of the different currently available methods to
account for biogenic carbon in buildings, this chapter aims to discuss the opposing views and derive
recommendations based on the calculation guidelines published by the Intergovernmental Panel on Climate
Change (IPCC, 2021) and the increasing knowledge on carbon sources, sinks and deriving budgets.

The report is structured in two main parts: discussion and recommendations for biogenic carbon accounting
at (a) the inventory level, and (b) the impact assessment level. The final section of the report presents a
brief discussion on the development of non-binding orientation values or binding secondary requirements for
greenhouse gases in building products, more specifically wood and biomass-based products.
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The modular structure proposed in the European standard EN-15978 (2019) is used to subdivide the building
system, including the product and construction stage (module A), use stage (module B) and end-of-life stage
(module C). The subsequent product system is referred to as module D beyond the system boundary. Figure
2, extracted from Hoxha et al (2020), illustrates the 0/0 approach for a wooden product used in a building. A
distinction is made between the forest system, the building system and a potential subsequent product
system, in case of wood recycling. As can be seen in the figure, biogenic CO: is not considered in any of the
modules. In the cases where wood is landfilled after reaching the end of its service life, the release of biogenic
methane (CHa) is modelled in module C, due to its higher impact on global warming compared to biogenic
CO2. Because biogenic CHs emissions shall be and are taken into account this approach is not to be
considered nor called a "climate neutral" approach. Data collection for building LCAs following this approach
therefore does not require any consideration of the amount of CO2 absorbed during forest growth, nor
released during end of life.

Forest system Building system Potential subsequent
product system

+ CH, t + CH,

Mod A Mod B Mod C Mod D

: The 0/0 approach to model biogenic carbon uptake and release. The dotted lines indicate the product systems
which fall outside the building system boundaries. Source: Hoxha et al (2020).

Figure 3 (Hoxha et al. 2020) illustrates the -1/+1 approach, in which both biogenic CO2 uptake (-1) and
release (+1) are considered, as well as the transfers of biogenic carbon between the different systems. The
uptake of biogenic CO:2 during the forest growth is transferred to the building system and reported as a
negative emission in module A, whereas at the end-of-life of the building, biogenic CO2 (or CO or CHa) is
released or the carbon content is further transferred to a subsequent product system (in case of recycling).
In both situations a positive emission is reported in module C. It must be noted that the biogenic CO2 balance
should be zero for all product systems. Also, because biogenic CH4 emissions shall be and are taken into
account this approach is not to be considered nor called a "climate neutral" approach.
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Forest system Building system Potential subsequent
product system

+CO, +CO;

+CO +CO

+CH, + CH,
+CO, -lco, +/co, -ico,

.............. t
Mod A Mod B Mod C Mod D

: The -1/+1approach to model biogenic carbon uptake and release. The dotted lines indicate the product systems
which fall outside the building system boundaries. Source: Hoxha et al (2020).

Building LCAs conducted with the -1/+1 approach therefore require the calculation of the amount of CO:
absorbed by the wooden product(s) used in the building, which — at the end of life — will be considered as
released in its entirety. It is noteworthy, however, that typical life cycle databases currently do not include
detailed, mass-balanced information on the biogenic CO2 content absorbed by biobased materials during
their growth. In fact, when encountering biogenic CO:z information in life cycle databases, practitioners must
ensure that the carbon balance is maintained, which might entail in some efforts regarding data adaptation.

In some countries, variations of the -1/+1 approach are observed, which are not allowed in others. A
noteworthy variant is the -1/+1* approach, in which the right-hand-side depends on the end-of-life fate case
of the product and on whether or not landfills are considered a permanent sequestration, or specifically
whether it is recycled, sent to landfill (>0) or incinerated (+1) (Figure 4). The -1/+1* means that the fixation of
biogenic carbon is considered, but no or not all biogenic carbon is modelled as an emission at the end of life.
In Australia, Canada, France and New Zealand, wood sent to landfill gets a GWP factor close to zero but
substantially lower than +1. Wood that exits the system boundary, e.g. for reuse, recycling gets a “+1” in NZ,
and then the potential benefit of its reuse, recycling is calculated in module D. The interpretation of landfills
as a permanent or temporary sequestration varies among countries. In Australia and New Zealand, two
values of degradable organic carbon fraction (DOCT) for softwood timber are allowed: NZ applies the lower
value of 0.1% while AU could use either 0.1% or applies the higher value of 10% (Australian Government,
2016; Wood Solutions, 2020), which results in 99.9% and 90 % assumed permanent sequestration in NZ
and AU, respectively. The comparison between New Zealand and Australia shows the impact of applying
two different DOCT scenarios in landfilling, because the share of biogenic carbon released at end-of-life by
incineration and degraded carbon in landfills is nearly the same (AU: 10.5%, NZ: 10.1%). Both countries use
the same EPD datasets, which supply two different DOCf values for landfilled softwood timber: one option is
a DOCf value of 10% estimated from Australia’s National Greenhouse Accounts (Australian Government
2016), and the other option is a DOCf value of 0.1% based on the bioreactor laboratory research on
Australian Radiata Pine (Wang et al., 2011).
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Figure 4: Methods applied on modelling biogenic carbon in the LCA bio-based products. Carbon fixation is assumed to
happen either before the construction stage or carbon fixation during the use stage of the building life cycle.

It should be noted that extensive research in Australia over many years involving both bioreactor laboratory
research and actual landfill studies of several softwood timber species and various types of engineered wood
products (Ximenes et al., 2019) have largely supported the earlier results of (Wang et al., 2011). Summing
up numerous studies and accounting for uncertainties, Ximenes at al. (2019) recommended a 1.4% carbon
loss for wood in landfills in Australia and noted that “disposal of wood in landfills in Australia results in long-
term storage of carbon, with only minimal conversion of carbon to gaseous end products”.

In the French EQUER method (Table 1), negative biogenic CO2 emissions are accounted for in the production
stage if a new tree is growing which is the case for wood from certified forests. If the wood stems from non-
certified forests, the same amount of carbon is stored in the building as if it were stored in the forest.
Therefore, no carbon fixation is considered (“0” instead of “-1”). At the end of life, the quantity of biogenic
CO:z2 is emitted if the wood is incinerated, but not if the wood is landfilled or recycled (see Table 1). In France
a 0/+1 approach is used if no tree is regrowing (i.e. the forest is transformed to agricultural or built-up land)
or if the wood stems from native forests (EN 15804+A2) and the wood is incinerated at the end of life
(meaning that no fixation of biogenic carbon is considered, but emissions do happen at the end of life).

Table 1: Biogenic carbon accounting according to the French Equer method

. . Production/ Production/ Eol-Landfill,
Timber harvesting . . .
EoL-Incineration recycling or reuse
Sustainable forest management -1/ +1 -1/>0
(a new tree is growing)
Other case (non-certified forest) 0/+1 0/>0

2.3 The Time-dependent Approach

The time-dependent approach is most frequently adopted by using the calculation procedure proposed by
Levasseur et al. (2010). The following figures illustrate the two scenarios that can be considered related to
the timing of biogenic carbon sequestration in the forest: (a) assuming that trees grow before the use of the
harvested wood product, following the natural carbon cycle (Figure 5), or (b) accounting for the so-called
“regrowth” after harvesting, assuming an equal amount of the harvested trees would start growing right after
the production process (Figure 6) (Pefialoza et al., 2016; Pittau et al., 2018). Results may vary considerably
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between the two approaches (Pefialoza et al., 2016) - this issue is further detailed in the next section, related
to the impact assessment level.

Potential subsequent
product system

Building system

Forest system

+CO, +CO,

+CO +CO

+ CH, t + CH,
PR :

gl
<CO;
Mod A Mod B Mod C Mod D

TIME

Figure 5: The time dependent approach, considering that trees grow before the use of the harvested wood product. The
dotted lines indicate the product systems which fall outside the building system boundaries. Source: Hoxha et al (2020).
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Figure 6: The time dependent approach, considering that trees regrow after harvesting. The dotted lines indicate the
product systems which fall outside the building system boundaries. Source: Hoxha et al (2020).
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Analogously to the -1/+1 approach, the time-dependent approach requires that all biogenic CO:2 considered
to be absorbed during trees’ growth is released at the end of life. The data requirements in this approach,
however, are more complex than in the previous one, because the practitioner would need to determine (i) a
yearly amount of CO2 being absorbed during material growth, instead of the full content of CO2 in the wooden
product, and (ii) the rotation period of the forest, i.e. the time it takes for the trees to reach maturity and be
felled. It is not uncommon to find building LCA studies relying on detailed forestry models to determine the
latter parameters (Hoxha et al. 2020, Pittau et al. 2020, Carcassi et al. 2022). In these cases, care must be
taken to account only for the COz: that is actually transferred to the building system, i.e. “stored” within the
mass of wooden product.

Considering the data and inventory modelling needs of these approaches, we hereby draw recommendations

that should be considered regardless of the biogenic carbon accounting approach adopted:

a. The physical, life cycle-based balance of biogenic carbon contained in construction products, building
elements and buildings shall be net zero. This may require significant adjustments in currently available
life cycle inventories of materials based on renewable feedstocks such as wood. In particular, the
allocation of raw material inputs shall reflect the physical flows irrespective of the allocation approach
chosen. (Both 1 kg of wood beam and 1 kg of sawdust require an input of at least 1 kg of wood each.)

b.  When construction materials containing biogenic carbon are either expected to be recycled or landfilled
at the end of life of the building or the building element, an amount of biogenic CO2 emissions equivalent
to the biogenic carbon content shall be accounted for. Biogenic CO:2 safely and permanently removed
and stored in dedicated underground facilities shall be treated differently.

c. If an existing building is replaced by a new one, the biogenic carbon stored in the existing building and
the subsequent release of biogenic CO:2 shall be taken into account.

d. Natural flows of biogenic carbon in forests and on agricultural land (i.e. biogenic carbon not transferred
into harvested products) left in forests such as branches, leaves and other residues shall be disregarded
and not allocated to the products harvested.

e. The absorption of CO2 shall not be accounted for, if the wood stems from forests which sold CO2-
emission certificates based on CO:2 absorption to third parties.
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The calculation of the global warming potential (GWP) for the 0/0 approach follows Equation 1, which depicts
the sum of the products of each greenhouse gas emission and their respective characterization factor, as
defined by the IPCC. For simplification purposes, only CO2, CO, N20O and CH4 emissions are considered in
the equation. Since no biogenic CO: is accounted for in this approach, only fossil CO2 emissions take part in
the GWP calculation.

GW Py = Xt Gcoz,fossit(t) * GWPcoz + Xt Gcna fossit+biogenic(t) * GWPcya + Xt co,fossit(£) * GWPeo +
Xt In20,fossit () * GWPyz0 (1)

With:

Jcoz,fossit(t) = emissions of fossil COzat time t

JcHa fossil+biogenic (1) = emissions of fossil and biogenic CH, (methane) at time t
Jco,fossit (t) = emissions of fossil CO at time t

9n20.fossit(t) = emissions of fossil NzO at time t

GWP.p, = IPCC characterization factor of CO;

GWPcy4 = IPCC characterization factor of CH,

GW Py = IPCC characterization factor of CO

GW Py, = IPCC characterization factor N2O

The calculation of GWP when adopting the -1/+1 approach must also consider the uptake and emissions of
biogenic CO2, along with other greenhouse gas emissions (Equation 2). The sign used for the uptake of CO2
shall be negative.

GWP_1/41 = Xt Gcoz fossit+biogenic (£) * DOCfcoz ¥ GWPcoy + Xt Gcna fossitwbiogenic (£) * DOCfeys * GWPcyy +
Zt gCO,fossil+biogenic (t) * DOCfCO * GWPCO + Zt gNZO,fossil+biogenic (t) * DOCfNZo * GWPNZO (2)

With:

Jcoz fossit+biogenic (t) = emissions and removals of fossil and biogenic CO: at time t
Jcna fossit+biogenic (t)= emissions of fossil and biogenic CH4 (methane) at time t
Jco,fossit+biogenic (t)= emissions of fossil and biogenic CO at time t
9N20,fossil+biogenic (£)= €missions of fossil and biogenic N20 at time t

GWP,, = IPCC characterization factor of CO2
GW P4 = IPCC characterization factor of CH4
GWP., = IPCC characterization factor of CO

GW Py, = IPCC characterization factor of N2O
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DOCf¢o, = degradable organic carbon fraction of COz2 (for the -1/+1 approach the value is 1)
DOCfcy, = degradable organic carbon fraction of CH4 (for the -1/+1 approach the value is 1)
DOCf, = degradable organic carbon fraction of CO (for the -1/+1 approach the value is 1)

DOC fy,0 = degradable organic carbon fraction of N2O (for the -1/+1 approach the value is 1)

The calculation of GWP when adopting the -1/+1* approach must also consider the uptake and emissions of
biogenic CO2, along with other greenhouse gas emissions (Equation 4). The sign used for the uptake of CO2
shall be negative. The formula for the -1/+1* approach is the same as the formula for the -1/+1 approach
expect that the emissions and removals of the greenhouse gasses are multiplied by the degradable organic
carbon fraction (DOCf) that is not equal 1. For further information about the DOCf used for the -1/+1*
approach see also 2.2.2.

To properly comprehend the dynamic characterization factors proposed by Levasseur et al. (2010), one must
understand how the traditionally employed characterization factors are calculated. Two main factors have to
be considered: (a) the radiative efficiency of the gas (Hartmann et al. 2013), or, in very simple terms, its
capability to absorb solar radiation; and (b) the decay pattern of the gas, which indicates how the
concentration of a certain gas in the atmosphere changes with time after an emission pulse. The calculation
approach consists in multiplying the decay equation (time-dependent) of each GHG by their specific radiative
forcing per unit of mass, which is represented by the division of the radiative efficiency (assumed to be
constant) by the GHG concentration. The resulting equation (Equation 3) — still a function of time — coupled
with the amount of GHG emitted, governs the instantaneous radiative forcing curve, indicating how much an
emission of a certain quantity of that GHG can increase the radiative forcing in the atmosphere.

IRF = A; - C;(t) (3)

Where Ai is the radiative forcing per unit mass. For the CO2, CH4 and N20 the values are respectively: Ay, =
1.76 - 107Wm-2kg-1; Acy, = 1.28- 107Wm-2kg-1; Ay,o = 3.9 - 10~ 3Wm-2kg-1.

Ci is the decay equation of each GHG (represented by i). For CO2 emissions and assuming a background
concentration of 378 ppm, the Bern carbon cycle-climate model is used. It presents the decay in time of the

initial unitary impulse att= 0 (Joos et al. 2001):

3

-t 4

Ccoz(t)=a0+2ai-efi )
i=1

Cco, (t) is the decay pattern of a CO2 pulse emission.

a; are the coefficients for the calculation of CO2 fractions remaining in the atmosphere. They have the values:
ay = 0.217; a; = 0.259; a, = 0.338 and a; = 0.186.

T; are the perturbation time. They have the values t; = 172.9; 7, = 18.5; 73 = 1.186 years.
For the other GHGs, the first order exponential decay function is used as described by Equation 5:

=t

Cenyn,o(t) = €T )]
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The perturbation times for CH4 and N20 gases are respectively t = 12 years and 114 years (Shine et al.,
2007).

Then, one must calculate the cumulative effect in radiative forcing, by integrating the instantaneous radiative
forcing curve (described by Equation 6) for a certain period of time. The definition of the time in which the
curve is integrated is called the ‘time horizon’ of the GWP calculation, and equals the moment in which the
warming effect is observed. Typically, a 100-year time horizon is adopted as this is the time horizon applied
in the Kyoto protocol and all international negotiations.

CRF = fOtAi -C; (1) (6)

To quantify the cumulative radiative forcing of the emission of 1 kg of a greenhouse gas in relation to that of
1 kg of COz, the result for the cumulative radiative forcing of a certain amount of GHG is divided by the
cumulative radiative forcing effect of a same amount of COz (Equation 7).

TH
Jo A Ci(®)
TH
fo Aco, * Cco, (1)

GWPry = (7)

In typical GWP calculations, the IPCC determines the cumulative effect of 1kg of each GHG, in relation to
that of CO., for a set of fixed time horizons (20 and 100 years for the GWP and 20,50 and 100 for GTP- while
the GWP is a measure of the heat absorbed over a given time period due to emissions of a gas, the GTP is
a measure of the temperature change at the end of that time period relative to COz2), obtaining the so-called
characterization factors (CF). That allows an LCA practitioner to obtain an aggregated value of the GHGs
emitted during the life cycle of a product or system by using these official CFs. This is the exact approach
used in Equations 2, 3 and 4, for 0/0, -1/+1 and -1/+1* approaches, respectively.

The proposal of time-dependent CFs by Levasseur and colleagues (2010) was based on these authors’
judgement that when applying the fixed CFs to emissions happening at different times, one would get the
cumulative effect of global warming at different moments in the future. Adding up these values to represent
the full life cycle GWP is perceived by the cited authors as an inconsistency and a breach of the LCA’s time
horizon. Claiming to adjust this, Levasseur et al (2010) proposal consists on integrating the instantaneous
radiative forcing function (Equation 3) in yearly time steps instead of applying a fixed time horizon — therefore
getting a CF for each year in an analysis. These yearly CFs are multiplied by the emission (or uptake)
happening in that respective year, and eventually added up to represent the total global warming effect at a
certain (arbitrarily fixed) time horizon. The cause and source of emissions (reference study period (RSP) of
building) and impacts of those emissions are independent of each other and thus (may) have different time
periods.

This latter time horizon is a choice to be made by the LCA practitioner. The results will vary quite significantly
depending on this arbitrary choice. If calculating the overall warming effect 100 years after the building was
built, the effect of emissions associated to the end of life of the building (say 75 years after it was built) is
significantly underestimated — because 25 years later there is a “cut-off” of that effect due to the time horizon
adopted.

Since the time-dependent approach moves away from the agreed upon reasoning behind the calculation of

CFs by the IPCC, valid questions can be raised as to its robustness and/or relevancy:

a. there are no recommendations for time dependent CFs in any official IPCC documents, despite the
proposal having been published over ten years ago;
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the concept of time zero for GWP calculation is different than time zero for a specific LCA: the IPCC
assumes that time zero for GWP calculation is the time of emission, regardless of whether it is happening
today or a few decades from now;

the setting of the time horizon for time-dependent LCAs seems to carry a political weight: a short TH
decreases the relevance of emissions happening at a later stage, pointing to a stimulus on short-term
solutions to control climate change, whereas a very long TH allows for the perception that delaying
emissions for a few decades has a negligible effect on the overall warming of the atmosphere.

Considering the opposing views on the calculation of GWP in so-called “static” (0/0 and -1/+1) and time-
dependent approaches, we hereby draw important messages to be considered in building LCAs containing
wood products:

a.

If opting for a time-dependent assessment of biogenic carbon flows, the time horizon at least be set to
100 years plus the final year of the reference study period (let's say, 50 or 60 years after the
construction). With this time horizon, the results of the dynamic assessment and of the -1/+1 approach
(if the carbon balance mentioned in section 2 is assured) are identical.

Renewable materials used in building elements and buildings store biogenic carbon temporarily1. The
temporary biogenic carbon storage has hardly any effects on the overall cumulative radiative forcing nor
on the overall temperature increase. However, it offers a few decades of time to develop technologies
to separate biogenic carbon and store it permanently after the end of life, either in buildings or in
dedicated final carbon repositories.

Considering the need for clear practical guidelines in building LCAs that shall allow for harmonization and
benchmark creation, the recommendations of the authors are:

C.

Since the publication of Levasseur et al. (2013) scientific knowledge regarding climate change and CO:
emissions progressed. While annual budgets were discussed in the past, global total budgets are
considered relevant today (IPCC 2021). Hence, the time of release of a ton of CO2 does not matter and
has hardly an influence on its ultimate effect on the longterm rise of global mean surface temperature
(which should not exceed 1.5°C). Hence, the GWP of an emission of CO: shall be independent of time
and equal 1 kg CO2-eq per kg.

The integration time (usually 100 years) used to determine the global warming potential (GWP) and the
global temperature increase potential (GTP) applies independently of the time of release of CO2 and
other greenhouse gases. The integration time on one hand and the reference study period and the
lifetime of a building on the other are fully independent. A fixed time horizon (of e.g. 100 years) shall not
be reasoned with the (fixed) integration time used to determine GWP and GTP.

Still, acknowledging the importance of benchmarks and of increasing CO2 uptake and storage, it is
recommended to introduce legally binding benchmarks on biogenic carbon content (minimum biogenic
carbon content in a building, >XX kg Cbiogenic/m?), since it is justified to believe that during the period of
temporal carbon storages new technologies will be developed that will provide the possibility of
permanent storage. Such a benchmark shall be kept separate from a carbon footprint benchmark
(maximum fossil greenhouse gas emissions, <XX kg CO2-eq/m? and/or < xx kg CO2-eq/m?a). The next
section further discusses binding benchmarks and recommendations thereof.

" Considering the fact that landfilling is forbidden. Since there are also special cases, like the -1/+1* notes herein and in the submitted
journal paper (i.e., esp. the conclusions and recommendations therein), this report recommends that jurisdictions about landfill
practice and measure/present DOCf values are developed. As an international guideline, this report should recognize that some (or
many) countries use landfills primarily (or where incineration is not the main or only practice, etc. and should also provide
recommendation how to handle these cases.
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In connection with funding conditions and legislative initiatives to limit greenhouse gas emissions in the life
cycle of buildings, represented as GWP, the question arises as to whether and to what extent GHG emissions
as a result of the production (and construction) of the building (i.e. embodied emissions) can and should be
introduced in the form of non-binding orientation values or binding secondary requirements for modules A1-
A3 or A1-A5.

According to EN 15804 A2 and EN 16643, the information on GWP should be additionally subdivided into
GWProssil, GWPhiogenic and GWPwwe. This makes it possible to distinguish between fossil and biogenic
greenhouse gas emissions. The -1/+1 approach is part of GWPhbiogenic. Emissions of biogenic methane are
also accounted for in the latter indicator. Shares caused by land use or land use change (luluc = land use
and land use change) are usually neglected. In addition, the content of biogenic carbon in the material,
product and structure shall be reported in "kg C", as briefly mentioned in the previous section.

If partial characteristic values for A1-A3 are taken from life cycle assessments for buildings, this part
corresponds to the -1 approach for A1-A3. Shares according to +1, to be assigned to module C, are then not
visible. In the case of above-average use of products made of wood or biomass in the production and
construction of the building, the sub-value A1-A3 for GWP1tal can assume very small or even negative values.
Larger amounts of fossil GHG emissions are supposedly compensated by negative GWPhpiogenic contributions.
The question arises as to the steering effect of corresponding effects.

Annex 72 experts identify three separate positions on how to handle the issue:

Position A:

Low or negative values for A1-A3 with above-average use of wood/biomass are desirable and are intended
to have a steering effect in the direction of increased use of renewable raw materials.

In a national view of greenhouse gas emissions in annual slices, they show that CO: is removed from the
environment in the growth phase. However, assigning this to the time of construction of the building is a gross
simplification and does not apply to wood in particular. The situation is different for fast-growing biomass,
where there is approximately a temporal correspondence. However, the time of storage of CO:2 (as well as
its release) is not decisive for the overall global temperature increase.

When considering annual emissions in annual slices at the national level, two additional considerations would
have to be made: (1) How many GHG emissions will be released this year by the end-of-life of dismantled
products? (2) How many GHG emissions will be released at what point in time by the end of life of products
now in use and can this point in time be delayed by further use/cascade use? Again, it is pointed out that this
is not important with regard to global warming effects as a whole.

There is a (small) risk of using wood/biomass beyond necessity in the interest of low values at A1-A3. There
is also arisk of false incentives. In particular, negative values would suggest that more extensive construction
measures benefit the environment. This can only be put into perspective by including other indicators and
makes it clear once again that an isolated consideration of greenhouse gas emissions is not a solution.

Position B:

The use of values according to -1/+1 for sub-values (as orientation values, secondary requirements or as
main requirements) to A1-A3 is considered methodologically not permissible. In particular, the lack of visibility
of emissions at the end of the life cycle is met with criticism. The use of the 0/0-approach for an isolated
presentation of A1-A3 is discussed. In this way, corresponding products are included in the consideration as
"greenhouse gas neutral" in the area of biogenic GWP.

22/26



On the other hand, however, this can be interpreted as a methodological break and produces problems of
presentation when dividing an LCA into phases A, B and C.

Position C1:
Requirements should not be formulated for A1-A3 alone, but mandatorily take into account the associated
disposal modules C3-C4.

Position C2:

As an alternative to C1, requirements for A1-A3 should be formulated separately for GWP1ossi and GWPbiogenic.
In addition, land register entries must be made to ensure that the quantities of biogenic and fossil carbon
used in buildings are separated and permanently sequestered during demolition.
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Considering the current state of knowledge on dynamic modelling of biogenic carbon in buildings, the
scientifically questionable application of a fixed time horizon and the derivation of time dependent GWP
factors, the variability and uncertainty due to choices of important (newly introduced) parameters, and the
lack of consensus on the latter, standards and regulations for LCAs of buildings shall rely on static
characterisation factors and on a net zero biogenic CO2 balance over the full life cycle (modules A1-C4)
unless the biogenic carbon is permanently and safely stored in dedicated underground storage facilities? or
permanently stored in carbonated cement used in concrete.

2 Certain jurisdictions and national authorities have published documented/measured values on the degradable organic carbon
fraction in landfills, which allows to determine the share of landfilled biogenic carbon released back to the atmosphere. Some
countries such as Australia and New Zealand use this information to determine the net sequestration of biogenic carbon in the life
cycle of buildings.
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This publication is an informal background report. It was developed as part of the international research
activities within the context of the project IEA EBC Annex 72. Its contents complement the report
“Context-specific assessment methods for life cycle-related environmental impacts caused by buildings”
by Litzkendorf, Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with
the author(s).

In the context of IEA EBC Annex 72, several surveys were carried out and evaluated. In a survey, the
level of knowledge of designers around assessing the environmental performance of buildings and
using life cycle assessment (LCA) in the design process to support decisions, as well as the need for
further development of principles and tools for a wider use of LCA, were analyzed.

This background report focuses on the topic of applied LCA in the design process. In most cases, the
surveys were carried out with the support of the national and regional architects’ associations in the
following countries: Australia (AU), Austria (AU), Canada (CA), China (CN), Czech Republic (CZ),
Denmark (DK), Finland (FlI), France (FR), Germany (DE), Hungary (HU), India (IN), Italy (IT), The
Netherlands (NL), New Zealand (NZ), Norway (NO), Portugal (PT), Slovenia (Sl), Spain (ES), Sweden
(SE), Switzerland (CH), United Kingdom (UK), United States (US). The response rate among the
participating countries varies a lot.

Together with this background report, several papers have been published. A list is part of introduction
on page 11.
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The progress in dealing with the basics of an applied life cycle assessment (LCA) as a prerequisite for
quantitative assessments of the environmental performance of buildings and its direct application in the
design process is very dynamic on the one hand and shows major differences on the other hand. While
some designers already have knowledge of the basics and experience with LCA application, others are
taking a wait-and-see attitude for thew moment but are planning to deal with the topic more intensively
in the mid-term future. It became clear that the following prerequisites must be met for a wider use of
LCA as a tool for assessing environmental performance:

— Demand and reward of such services by clients

— Legal requirements including clear methodological bases

— Quality-assured data and public available data basis

— Quality-assured assessment tools

— Offers for training and further education.

In countries where these conditions exist or are just being created, the use of LCA is increasing

significantly. Some of the designers in these regions perform LCA themselves during design (preferred
way of working) or commission specialized service providers.
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Abbreviations

Abbreviations Meaning

BIM Building Information Modelling

EPBD Environmental Performance of Buildings Directive
GHG Greenhouse Gas Emission

IEA International Energy Agency

LCA Life Cycle Assessment
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The achievement of goals to reduce operational and embodied environmental impacts in the life cycle
of buildings as a contribution to sustainable development is linked to various prerequisites. One of them
is the integration of calculation processes, design comparisons and evidence of achievement of the
corresponding goals in the design and decision-making processes for new construction and
refurbishment projects. This in turn is linked to the fact that the actors involved are aware of the problem
and are motivated to devote themselves to this task, as well as are sufficiently qualified and have the
necessary means and opportunities.

Developments in recent years and decades have led to the provision of various design and assessment

principles, methods and tools. In particular, the use of LCA as an instrument for quantifying and

assessing life cycle-based environmental impacts of buildings enables to determine and assess the

operational and embodied impacts in context and to influence them in a targeted manner during the

design process. In addition, there is the further development of:

— corresponding methods for calculation and assessment, including their harmonization through
standardization activities with specific application reference for building products and buildings,

— the provision of data and databases with environmentally relevant information on products and
processes on a uniform basis,

— the development of calculation and assessment tools from simple component catalogs to complex
software solutions (including BIM).

Reliable databases, clear methods and practical tools are also prerequisites for the introduction of

binding life cycle-based environmental requirements for buildings.

Several groups of actors are directly and indirectly involved in the development of goals and
requirements of an individual, institutional or legislative nature as well as in the corresponding design
and decision-making processes. Thus, it is the task of the state to preserve the natural basis of life in
terms of safeguarding future generations. The real estate industry combines securing the future viability
of its companies with assuming responsibility for the environment and society, which has corresponding
consequences for the formulation of the task for new construction and refurbishment projects and the
management of building stocks. Increasingly, environmentally relevant features and properties are
included in the valuation and the determination of financing conditions (e.g. TAXONOMY in Europe),
which leads to a demand for corresponding information. According to the ideas of the European
Commission (draft for the EPBD, 2021), the life cycle GHG emissions should be included as information
in the mandatory energy certificate. On the other hand, the industry is increasingly willing to provide the
required LCA data for building products of all kinds on a harmonized basis. The need for the exchange
of information between actors along the value chain becomes clear.

Ultimately, the first goal is to influence the design of new construction and refurbishment projects in
terms of resource conservation and climate protection - as additional requirements in an already
complex target system. Calculations using the applied LCA are required, in which information from the
quantity determination is linked to lifecycle-based environmental data of building products, services and
processes. It is currently being discussed which groups of actors can fulfill these tasks. Sustainability
auditors, energy consultants, cost surveyors and other service providers who can take on these tasks
are under discussion. They would then have to prepare their results for the designers and be in close
contact with them. But which tasks can the designers take on directly and are they adequately prepared
for them and are the necessary framework conditions in place? What is the status of preparation for
tasks that require the creation of an LCA and to what extent are such tasks already performed?
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Answering these questions was the subject of a specific part of a survey prepared by IEA EBC Annex
72 that was carried out in several A72 participating countries and then assessed. Important results are
presented here; otherwise, reference is made to the published results and conference papers:

Survey results on acceptance and use of Life Cycle Assessment among designers in world regions:
IEA EBC Annex 72 (Balouktsi et al., 2022) — conference paper summarizing selected results of the
survey

Drivers, barriers and development needs for LCA in the Nordic building sector: a survey among
professionals (Rasmussen et al. 2020) - conference paper summarizing selected Danish and
Swedish results of the survey

Attitude Towards LCA in Hungary and Czechia: Results of a Survey among Building Design
Professionals (Szalay & Lupisek, 2022) - conference paper summarizing selected Hungarian and
Czech results of the survey

The level of knowledge, use and acceptance of LCA among designers in Germany: A contribution
fo IEA EBC Annex 72 (Lutzkendorf & Balouktsi, 2022) — conference paper summarizing selected
results of the full report below

Integration of environmental aspects in the design process of buildings - state of knowledge, degree
of implementation, proposals for action (Integration von Umweltaspekten in den Planungsprozess
von Gebauden — Kenntnisstand, Umsetzungsgrad, Handlungsvorschlage) (Litzkendorf et al. 2020)
— national report

The results of this survey can be combined with the results of other previous surveys on this topic, also
in terms of tracking the progress made in some particular regions (e.g. see Table 1).

Table 1: Overview of selected previous surveys concerning the use of LCA in the building sector (Adapted from:
Balouktsi et al., 2022)

Target group Geographic No. of
scope respondents

Klingele et al. Environmental aspects and life Architects & planners Germany 305
(2007) cycle data in the building design
Sibiude etal.  LCA-related needs of building AEC community & France 121
(2014) stakeholders to feed back LCA tool public policy experts

developers
Han & Srebric  Role of LCA in building Building system us 96
(2015) system design process designers
Olinzock et al. LCA use in the North AEC community us 250
(2015) American building community
Schlanbusch  Knowledge gaps and issues in Wide range of Nordic 57
et al. (2016) building LCA and the role of stakeholders in the countries

BIM, need for collaboration building industry

between the Nordic countries

WBCSD (2016) Use of life cycle metrics AEC community World 69

Jusselme et al. LCA at early building design Architects & Europe 495

(2020) stages engineers

A72 survey Dissemination and status of Architects & World 1166
application of LCA engineers (Europe: 956)
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This report focuses on the level of acceptance of LCA as useful tools/processes and the status of current
application in the daily practice, as well as the identification of barriers/problems/gaps from the
practitioner’s point of view. To collect the viewpoint of building design professionals and consultants on
these aspects in an effective and economical way, Annex 72 conducted an online questionnaire survey
using Lime Survey software. The survey was disseminated in 23 countries using different instruments
to increase visibility (e.g. mailing lists of association of architects, social networks and newsletters). The
survey was also translated in 9 languages. Since the survey was web-based and adapted to the local
language where necessary, responses could be effectively collected from a large number of design
professionals. A total of 1166 answers were gathered after at least two successive reminders per
country from 11/15/2018 and 12/15/2019.

The questionnaire was primarily composed of three types of questions: (a) single-selection multiple-
choice questions (b) multiple-selection multiple-choice questions, (c) free textbox questions. Most of
the multiple-choice questions also included a textbox where respondents could provide information
beyond the pre-defined response categories. The whole survey had four parts, as illustrated in Figure
1, and it started with a welcome page that briefly explains the purpose, structure and duration of the
survey, the procedures to be followed as well as that the survey is voluntary and confidential. In overall,
the questionnaire survey was comprised of 48 questions. Acknowledging its significant length as a
potential reason for abandoning it before its completion, the survey was designed in a flexible way so
that participants can choose between a long and a short version.

Once individuals have chosen whether to continue with the short or long version, the first question
concerns whether participants consider environmental performance requirements and assessment
results in their design decisions. This first branching separates those respondents who are currently
applying such assessments (regularly or occasionally) from those who are not. These two groups follow
different questions in part A of the survey up to the first questions of part B where a second branching
occurs that separates those respondents who also apply LCA from the basic “green designers”. Then,
all “branches” occurring are directly guided toward the questions in the second half of part B of the
survey dealing with the application of BIM. After the completion of Part B of the survey, respondents
can clearly be grouped into six groups (see Figure 1), with the most advanced being “BIM-LCA
frontrunners”, i.e. designers who are currently integrating both LCA and BIM into their decision-making
process. The last four parts of the survey (C, D, E & F) are followed by all respondents.
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WELCOME PAGE

AQ Long version of the survey?

Yes [1171

Al Do you consider requirements and assessment results of environmental
performance in you design decisions?

B10 How would you describe you organisation's (current/future) use of BIM? <> END OF SURVEY

o
) Yes/Partially | No : 1
1| C1
ENVIRONMENTAL A3 (1095 il f&? v ez
PERFORMANCE A4 ALZ ' les
ASSESSMENT IN A5 i | ca  DATANEEDS
THE DESIGN OF A6 1 | es
BUILDINGS A7 :
:g 1 | D1
. Bi NEED FOR
B1 Are you familiar with environmental LIfe Cycle Assessment (LCA) of | | pg | REGULATION
construction products and buildings? 1
'
1 | E1 | USE OF SPECIFIC
B2 How would you describe you organisation’s (current/future) use of LCA? : DATABASES & TOOLS
F1
i
We currently use | We currently do not use : Eg
B
B4 |324] 71+ 649 =720 : F4
BS | FS RESPONDENTS
DESIGN B6 V| Fe BACKGROUND
WORKFLOWS & B7 V| FT
ENVIRONMENTAL B8 [ ] 1 | F8
ASSESSMENT i ith ildi r X delli o : F9
TooLS B9 Are you familiar with Building Information Modelling (BIM)? ! [F10
i
i
1
'
Positive | Negative Positive | Negative Positive | Negative : 1. BIM-LCA frontrunner
B11| 67 257 B11|309 411 B11] 12 59 : 2. LCA practitioner, but BIM laggard
B12 B12 B12 | 3.Green design-BIM potentialist, but LCA laggard
B13 B13 B13 1 4. Green design potentialist, but LCA & BIM laggard
I 5
'

B14 B14 B14 . BIM practitioner, but green design laggard
_________ e o P o e - — —— — — — 6.Green design & BIM laggard

: Schematic overview of the overall survey. The numbers in the rectangular grey boxes correspond to the
number of respondents that followed each critical point of the survey. (Source: Balouktsi et al., 2022)
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First of all, it should be stated that the development of projects to reduce or avoid undesired effects on
the global environment and the conservation of natural resources is a task of the government in its role
as a legislator. In the case of a specific construction project, compliance and implementation is the
responsibility of the clients, for whom the law stipulates the minimum requirements, but who also must
live up to their responsibility towards the environment and society. Usually, clients are supported by
designers. This results in close cooperation, which leads to the determination of design goals in early
project phases. In addition to the requirements for technical and functional performance, goals for
environmental, social and economic performance should also be defined and agreed upon — the
principles for this are already part of the European standards. Environmental impact and resource use
reduction thus becomes a design goal. It is therefore natural that these goals must be considered and
achieved during design. This results in specific tasks for specific phases or steps of building design -
see also report by Passer et al. (2022).

The situation in the individual countries, as well as in a country comparison, proved to be extremely
heterogeneous, at least up to the date of responses to the survey. Dealing with life cycle assessment
(LCA) tasks in the design was dependent on, among other things (from most important to least important
on overage):

— level of demand by client

— the size of the design office/ in-house expertise

— the availability of information/data

— the existing regulations and incentives

— amount of time effort

— the previous training and further education on the subject

Looking at regions individually the significance of each factor changes based on the conditions in place.

For example, the answers of DACH region are dominated by participants from Germany, where the
availability of information is freely accessible (therefore less participants indicated this as a barrier).
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ecame clear that there are big differences in:

the level of knowledge of the basics and details of an LCA: The survey showed that many
respondents are familiar with the basics of LCA but there is important lack of knowledge about its
detailed application (about one third of respondents, see Figure 3).

the level of knowledge and application of relevant standards: although over the last decade,
strong support for LCA has been given by both international and European standardization activities,
an impressively high number of respondents indicated that, not only they do not refer to international
standards in their daily practice (which was expected), but they have not even heard of them (almost
60% of respondents).

the level of knowledge and use of existing tools: Most respondents are not familiar with the
different LCA databases and tools. As an average, less than one fourth applies such tools in the
daily practice. When it comes to BIM as certain type of instrument gaining in importance in
architectural practice, only a small share of respondents reported to currently apply BIM for
integrating LCA data, while already one third of respondents use BIM for quantities extraction (see:
Balouktsi et al., 2022).

the type and scope of personal experience with LCA: although less than one third of the
respondents are currently using LCA in their decision-making on average (Figure 4)', this share
ranges from more 10% (Asia: CN + IN) to more than 70% (Western Europe: FR + NL + UK). The
latter percentage is assumed to be high due to the legal requirements in place in France and the
Netherlands (Lutzkendorf, & Balouktsi, 2022). Positively, more than half of respondents are planning
to use LCA in the medium-term future, on average.

80 =

D-A-CH Region of Western Europe
Eastern Europe
North Europe
Rest fo Western Europe
S Southern Europe
i Asia
e X Other
53% Global Average

con

T ™
Yes, | have a good Yes, but just with
knowledge of the basics

the subject matter

. Answers to the question “Are you familiar with environmental Life Cycle Assessment (LCA) of
struction products and buildings?”, including a division into regions. Note 1: based on 720 respondents; Note

2: The countries representing each region are (order starting with the higher number of respondents): DACH Region

=D

E + AT + CH, Asia = CN + IN, Southern Europe = ES + PT + IT + Sl, Northern Europe = DK + SE + NO + FI,

Eastern Europe = HU + CZ, Rest of Western Europe = FR + NL + UK, Other = CA + US + AU + NZ (Source:
Balouktsi et al., 2022)

"It should be noted that the average share of designers regularly using LCA is influenced by the sample: DACH has by far the
most respondents and a larger share of designers (after Asia) with no or little knowledge on LCA.



D-A-CH Region of Western Europe
80 = Eastern Europe
North Europe
Rest fo Western Europe
s Southern Europe
- Asia
57% e X Other
Global Average

60 =

48%

40 =

28%

20 =

We currently use We plan to use LCA We do not plan to
LCA in the medium use LCA in the
term medium term.

Figure 4: Answers to the question “How would you describe your organisation's (future) use of LCA?”, including a
division into regions. Note 1: based on 720 respondents; Note 2: The countries representing each region are (order
starting with the higher number of respondents): DACH Region = DE + AT + CH, Asia = CN + IN, Southern Europe
=ES + PT + IT + S, Northern Europe = DK + SE + NO + FI, Eastern Europe = HU + CZ, Rest of Western Europe
=FR + NL + UK, Other = CA + US + AU + NZ (Source: Balouktsi et al., 2022)

As a result, some of the designers are already preparing LCA and others are preparing to be able to
offer this in the near future. Another part of the respondents would like to subcontract such tasks. Only
a small proportion of designers do not want to get involved in this area of responsibility in the medium
term.

In particular, the - planned or already implemented - introduction of relevant funding programs and/or
legal requirements means that the demand for corresponding expertise and authorization is growing
rapidly. Requirement values will be tightened to such an extent that subsequent calculations by experts
will not suffice. The need for design-accompanying use is therefore once again pointed out.

The situation will improve in the medium term. Comparable to the tasks involved in determining costs,
reference values and experiences emerge that will make the designer's work easier until they can fall
back on knowledge they have gained themselves.

The tasks of the designers are seen, among other things, in:

— If assessment of existing buildings with regard to energy consumption, emissions, convertibility,
refurbishability

— Aduvising clients on finding and setting goals, advising on legal requirements and funding programs

— Creation of LCAs as part of design in the context of building and component optimization and to
support variant comparisons

— Creation of evidence that the client makes available to third parties (including building supervision,
bank, valuation professionals)
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The following recommendations can be given for the expansion of possibilities for the design-
accompanying use of the applied LCA:

Integration of the determination, assessment and targeted influencing of the environmental impacts
of buildings as well as the provision of the required evidence in the service profile of the building
design with instructions for individual work phases - see the related work by Royal Institute of British
Architects (RIBA)?, among others.

Assignment by the client and appropriate remuneration including the provision of time and fee funds
for variant comparisons

Legal requirements to limit the use of resources and the undesirable effects on the environment in
the life cycle of buildings; if necessary, it is recommended to start by including binding requirements
in funding programs (package of methods, databases, calculation and verification rules) — e.g. this
has been the most recent approach in Germany?3.

Provision of easily accessible and generally recognised/tested calculation values/databases for the
creation of life cycle assessments, such as the German database Okobau.dat and the Swiss
databases KBOB.

Provision of practical design and assessment tools of varying complexity (software, component
catalogues)

Offers for training and further education

Expansion of the range of services offered by specialist designers, consultants and life cycle
assessment experts

Note: This summary includes insights that were gained up to early 2020. Attention is drawn to the high
dynamics of the development of this topic.

2 For details, see: https://www.architecture.com/knowledge-and-resources/resources-landing-page/riba-plan-of-work, as well
as, https://riba-prd-assets.azureedge.net/-/media/GatherContent/Test-resources-page/Additional-
Documents/RIBASustainableQutcomesGuide2019pdf.pdf?rev=5013ea18b10949f1af0a14cb439fcb32

3 E.g. see information on the QNG label (only in German): https://www.nachhaltigesbauen.de/austausch/beg/
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This publication is an informal background report. It was developed as part of the international research
activities within the context of IEA EBC Annex 72. Its contents complement the report “Context-specific
assessment methods for life cycle-related environmental impacts caused by buildings” by Litzkendorf,
Balouktsi and Frischknecht et al. (2023). The sole responsibility for the content lies with the author(s).

Together with this report, the following background reports have been published on the subject of “Assessing

Life Cycle Related Environmental Impacts Caused by Buildings” (by Subtask 1 of IEA EBC Annex 72) and

can be found in the official Annex 27 website (https://annex72.iea-ebc.org/):

— Level of knowledge & application of LCA in design practice: results and recommendations based on
surveys (LUtzkendorf et al. 2023);

— Basics and recommendations on modelling of processes for transport, construction and deconstruction in
building LCA (Soust-Verdaguer et al., 2023);

— Basics and recommendations on influence of service life of building components on replacement rates
and LCA-based assessment results (Lasvaux et al., 2023);

— Basics and recommendations electricity mix models and their application in buildings LCA (Peuportier et
al., 2023);

— Basics and recommendations on influence of future electricity supplies on LCA-based building assess-
ments (Zhang 2023);

— Basics and recommendations on assessment of biomass-based products in building LCAs: the case of
biogenic carbon (Saade et al., 2023);

— Basics and recommendations on influence of future climate change on prediction of operational energy
consumption (Guarino et al., 2023);

— Basics and recommendations in aggregation and communication of LCA-based building assessment
results (Gomes et al., 2023);

— Basics and recommendations on discounting in LCA and consideration of external cost of GHG emissions
(Szalay et al. 2023);

— Documentation and analysis of existing LCA-based benchmarks for buildings in selected countries
(Rasmussen et al., 2023)

— Rules for assessment and declaration of buildings with net-zero GHG-emissions: an international survey
(Satola et al. 2023)

It is important to mention that parts of the analysis of in this report is based on a survey among experts via a
questionnaire which was realized during 2020. The authors would like to acknowledge the following survey
contributors in addition to the ones already identified in the author list: Laetitia Delem (Belgium), Julie Zelezna
(Czech Republic), Paul Mittermeier & Anna Braune (Germany) Erik Alsema (Netherlands), Ricardo Mateus
(Portugal), Groupe AGECO (Canada) and Manish Dixit (USA).
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This background report examines existing mandatory or voluntary national assessment methods for the life
cycle related environmental impacts caused by buildings (LCA-based methods for environmental
performance assessment) with the aim to provide an overview of their major variations. Part of this overview
also explores the type and extent of awareness and application of these methods in each country covered.
The descriptions of the methods and the situation in different countries are based on a survey among the
A72 experts.

This forms a first basis to develop rules and recommendations for national authorities and private
organisations on how to create or improve such methods which was one of the main objectives of Annex 72.

Particularly, this report first provides a concise overview of the situation in 17 participating countries in Annex
72, covering Europe, Oceania, North America and Asia, and addressing the following topics:

— Historical background/ Beginning of the application of LCA in the construction sector

— Situation in the field of LCA application /Application context

— Methodological bases

— Databases

— Number of applications and users

— Integration into the design process

— Acceptance and dissemination

The overviews cover the situation up to early 2021. In a second step, this analysis was also combined with
a structured multi-part questionnaire to acquire more details of the methods, especially in relation to their
differences in:

— System description

— Modelling aspects

— Environmental indicators

— Assessment standards, data, tools and benchmarks

— Market Conditions and driving forces

With the help of the questionnaire the details of 25 methods from 19 countries were reported and analysed.
The analysis showed great variations among the methods in use. Each country has a different starting point
and is at a different stage of development in this field. Nevertheless, to enable comparability and usability of
lifecycle-based results, the provision of a consistent and transparent basis for a methodology and reporting
structure for environmental performance assessment of buildings in line with international and regional
standards is needed. The present background report intends to contribute to this.
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Abbreviations

Abbreviations Meaning

AP Acidification Potential

ADP Abiotic Depletion Potential

AT72 IEA EBC Annex 72

BIPV Building-integrated Photovoltaic

EoL End-of-Life

EP Eutrophication Potential

EPBD Energy Performance of Buildings Directive
EPD Environmental Product Declaration

GFA Gross Floor Area

GHG Greenhouse Gas Emissions

GWP Global Warming Potential

HFA Heated Floor Area

HVAC Heating, Ventilation, Air-conditioning

IEA International Energy Agency

IPCC Intergovernmental Panel on Climate Change
ISO International Organization for Standardization
KBOB Koordinationsgremium der Bauorgane des Bundes
LCA Life Cycle Assessment

LCC Life Cycle Costing

LCI Life Cycle Inventory

LCIA Life Cycle Impact Assessment

MEP Mechanical, Electrical and Plumbing

NFA Net Floor Area

ODP Ozone Depletion Potential

PE Primary Energy

PE,nr Primary Energy, non-renewable

POCP Photochemical Ozone Creation Potential
RSP Reference Study Period

SIA Schweizerischer ingenieur- und architektenverein
vVOC Volatile Organic Compound
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Life cycle Assessment (LCA): LCA is a systematic set of procedures for compiling and examining the inputs
and outputs of materials and energy, and the associated environmental impacts directly attributable to a
building, infrastructure, product or material throughout its lifecycle (ISO, 20086).

Global Warming Potential (GWP): Impact category (or characterization factor for climate change)
describing the radiative forcing impact of one mass-based unit of a given greenhouse gas relative to that of
carbon dioxide over a given period of time. A time frame of 100 years is currently most commonly used and
accepted. [kg-CO2eq] (adapted from ISO 14067:2018)

Indicator: quantitative, qualitative or descriptive measure (ISO 15392:2019).
Life cycle stage: all consecutive and interlinked stages in the life of the object under consideration. The life
cycle comprises all stages, from raw material acquisition or generation from natural resources to end-of-life

(ISO 21930:2017).

Information module: distinct parts for a building’s life cycle for which impacts are to be declared. Each
building’s life cycle stage is comprised of more than one information modules.

Operational impacts: Impacts associated with energy and water consumed during a building’s operation.
Embodied impacts: When an environmental impact of a product is characterized as “embodied” it does not
mean that it is really embodied in the product itself. It is used in a metaphorical sense to describe the impacts

caused by life cycle stages of a product other than the operation (embodied in a virtual sense).

System boundary: boundary representing what building parts and life cycle stages are included and what
not in the building assessment (adapted from EN 15978:2011)

Component: item manufactured as a distinct unit to serve a specific function or functions. A building
component is a part of a building, fulfilling specific requirements/functions (e.g. a window or a heating
system). The service life of a building component can be shorter than the full service life of the building.
Building components are sometimes referred to as “building elements” (ISO 21931-1:2022).

Benchmark: reference point against which comparisons can be made (ISO 21678:2020).

Environmental Product Declaration (EPD): claim which indicates the environmental impacts and aspects
of a product, providing quantified environmental data using predetermined parameters and, where relevant,

additional environmental information (prEN 15978-1:2021)

Reference unit: Denominator of a characteristic value to which the numerator is related.
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To develop a well-informed guideline for national authorities and private organisations on how to create or
improve context-specific methods for the assessment of life cycle-related environmental impacts caused by
buildings (A72 report by Litzkendorf et al. (2023)), it is important to examine existing methods and standards
first. The aim of this background report is to provide an overview and analysis of existing national methods
of/approaches to life cycle assessment of buildings, which in some cases are mandatory (i.e. part of building
codes and regulations), in others voluntary (i.e. part of voluntary sustainability certification systems, national
standards, funding activities or research activities), and to discuss the major variations in building LCA, and
therefore the challenges of harmonising it. Part of this overview is also to explore the type and extent of
awareness and application of the methods in the countries.

In order to analyse the possibilities of further development and gradual alignment of the methodological
foundations, it is necessary to identify areas of potential alignment and context-specific reasons behind key
methodological choices. To this end, this background report presents the results of an international survey
among the in Annex 72 involved experts and country representatives on the methodologies applied to assess
the environmental impacts of buildings in some of the participating countries.

Regardless of whether an official mandatory or voluntary national method is in place, Section 2 provides a
concise overview of the situation in some participating countries in Annex 72 in relation to:

— Historical background/ Beginning of the application of LCA in the construction sector

— Current situation in the field of LCA application /Application context

— Methodological bases

— Databases

— Number of applications and users

— Integration into the design process

— Acceptance and dissemination

This overview covers the situation up to late 2020/early 2021. For the Annex 72 participating countries with
a particular method in place, details of the methods were provided by means of a multi-part questionnaire
which was filled out by country representatives or national experts. A short analysis of the answers is
presented in Section 3. The questionnaire survey intended to reveal the various levels of development of
different methods and differences in approaching life cycle environmental assessments of buildings. Topics
covered were:

— System description

— Modelling aspects

— Environmental indicators

— Assessment standards, data, tools and benchmarks

— Market conditions and driving forces
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Historical background/ Beginning of the application of LCA in the construction sector

The use of building certification systems in Austria dates back to late 1990 and follows up initiatives like e.g.
IISBE. One of the first systems was developed within several research projects, now launched under the
umbrella of OGNB. In late 2000 the DGNB system was founded and adapted in Austria by OGNI.

Situation in the field of LCA application /Application context (as of early 2021)

The LCA methodology for the assessment of buildings’ environmental performance throughout their life cycle
is not mandatory in Austria. As an alternative, various building certification schemes exist, that can be applied
in order to get an insight into their environmental performance.

As an example, the klimaaktiv framework (Klimaaktiv, 2021) provided by the Austrian government, has the
most applications throughout the market. Yet, klimaaktiv does not require a full LCA according to EN 15978.
For the embodied impacts in klimaaktiv, the so-called ‘OlI3-Index’ (IBO, 2021), developed by the company
IBO Verein und GmbH is applied. The ‘Ol3-Index’ evaluates the ecological quality of the building materials
on the basis of the environmental indicators global warming potential, acidification potential and the demand
for non-renewable primary energy and represents the performance as a single number. In the calculation,
the user can change between different system boundaries. Regarding the operational impacts, klimaaktiv
addresses the mandatory energy certificate calculation according to EC (2010). Overall, klimaaktiv is a
certification system that rates a building’s quality via a scoring system. The criteria in klimaaktiv thereby are
heavily focused on energy performance, yet a slight shift is observed towards a more holistic view of the
building.

Other voluntary certification frameworks are the OGNB-Total Quality Building (TQB) (OGNB, 2021)
framework or the ‘Holistic Building Program’ (HBP) (Bundesimmobiliengesellschaft, 2021) by the Austrian
governmental real estate company BIG, that in general behave very similar to the klimaaktiv certification
framework.

The most advanced framework applied in Austria, that includes a full life cycle LCA, is the certification system
by OGNI (OGNI, 2021), which has adopted the DGNB methodology for Austria. As with DGNB, it requires a
full LCA based on EN 15978:2011.

Methodological bases

The methodologies to perform an LCA in Austria are the Austrian national standards based on the EN 15978
and EN 15804. Yet, the beforehand described ‘Ol3-Index’, used by klimaaktiv, TQB and HBP does not state
the modularity principle of EN 15978 explicitly. This index includes, depending on the system boundary
chosen, the environmental impacts until the refurbishment (Module B4). To the authors’ knowledge, the end-
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of-life emissions (Module C1-C3) and benefits and loads beyond the system boundary (Module D) are not
included in the ‘OlI3-Index’.

As mentioned before, the OGNI methodology, based on the DGNB methodology, as it demands a full life
cycle LCA, addresses the modularity principle according to EN 15978 and addresses the major modules
throughout the life cycle.

Databases

The main database available in Austria is ‘Baubook’ (baubook, 2021), which is also developed and
maintained by the company IBO Verein und GmbH. This database, in the authors’ view, gets the most
recognition throughout the market, since it is used to calculate the beforehand described ‘OI3-Index’. This
database is linked with various software applications for the calculation of the mandatory energy certificates
for buildings.

Yet, users conducting solely LCA studies as well as environmental product declarations (EPD), also apply
the Swiss Ecoinvent database (Wernet et al. 2016) in Austria. Within DGNB / OGNI system the dkobaudat
database is being used.

Number of applications and users
We do not have any relevant data for this.

Integration into the design process

As it is not mandatory in Austria to perform a LCA of a building, the integration into the design process is
currently still under development in research projects. To the authors’ knowledge, currently available software
packages are performing like databases and do not allow a smooth design process.

Acceptance and dissemination

With recent developments, we see that the topic of LCA implementation gains more and more acceptance.
Cities and governments increasingly set their focus on environmental issues and with that, also financial
resources are set free for LCA calculations of buildings.

Historical background/ Beginning of the application of LCA in the construction sector

In recent years, various steps have been taken to integrate LCA in the Belgian building practice (Trigaux, et
al., 2018). Firstly, since 2010, a national LCA method, called MMG (“Environmental profile of building
elements”), was developed to assess the environmental impact of building elements and buildings in a
harmonized way (Allacker, et al., 2018). Secondly, a national database was established with specific data for
Belgian construction products based on Environmental Product Declarations (EPDs) (Belgische Staatsblad
2014). Thirdly, a web-based calculation tool TOTEM (“Tool to Optimize the Total Environmental impact of
Materials”) was launched in 2018.

Situation in the field of LCA application /Application context (as of late 2020)
The TOTEM tool can be used by architects and other building stakeholders on a voluntary basis.
Furthermore, the use of TOTEM is required in the Flemish sustainability rating tool for public buildings “GRO”,

more specifically for the fulfillment of the material-related assessment criteria (Flemish Government 2019).

TOTEM currently focuses on residential and office buildings, but the tool will be extended to other building
typologies in future.

Methodological bases
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The MMG LCA method is in line with current LCA standards and methods in Europe (CEN 2011; CEN 2013;
EC 2013; EC-JRC 2011) and specifies the life cycle scenarios for the Belgian context. The whole building
life cycle is considered, including the product stage (modules A1-A3), construction process stage (modules
A4-A5), use stage (modules B2, B4, B5 and B6) and end-of-life stage (modules C1-C4). Module D is not
included as it falls outside the system boundaries and is not compulsory (CEN 2011; CEN 2013).

Databases

In the current version of the TOTEM tool, generic environmental data from the Swiss Ecoinvent database
(version 3.3) are used for the Life Cycle Inventory (LCI) (Wernet et al. 2016). Preference is given to Western
European transformation processes to ensure the representativeness for the Belgian context. When generic
Western European processes are lacking, Swiss data records are adapted by replacing the energy and water
flows by European corresponding processes. In future, specific environmental data from the Belgian EPD
database will be included in TOTEM.

Number of applications and users
As TOTEM is a relatively recent tool, the implementation in the building practice is still in its early stages. In
June 2019 about 2000 users were registered on the TOTEM website.

Integration into the design process
The implementation of TOTEM in the building practice is still in its early stages. The number of architects
and building stakeholders using LCA during the design process is currently rather limited.

Acceptance and dissemination

The acceptance and dissemination of LCA among Flemish architects was investigated in a survey in 2014
Meex (2018). The results showed that architects mainly focused on energy-related aspects. Less than half
of the participants had heard of the term “LCA” and only a limited number used LCA in their architectural
practice. When LCA was used, it was mainly in a passive way, i.e. by consulting LCA databases, rather than
in an active way, i.e. by making LCA calculations. As the survey was carried out before the launch of the
TOTEM tool (2018), an update would be required.

Historical background/ Beginning of the application of LCA in the construction sector

Environmental life cycle assessment is being used in Czech Republic for applications in the construction
sector since about 2010. At the beginning it was used for scientific use. The motivation was the fact that the
legislation on the compulsory Energy Performance Building Declaration for all buildings came into force in
the Czech Republic in that time. The environmental quality of buildings has been therefore in scientific
projects enriched by other parameters, such as embodied energy of building materials. It was based on the
LCA method, number of indicators was limited.

Situation in the field of LCA application /Application context (as of late 2020)

Currently, the only national LCA methodology is embedded in SBToolCZ, the Czech multi-criteria building
assessment. This national method is therefore used for all bui