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– Australia
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– Hong Kong
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– USA
– Hungary (o)
– India (o)
– Slovenia (o)
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Budget exhausted before ~ 2050

2400 Gt CO2 500 
Gt CO2

- 50% by 2030

ANNEX 72

As of 2020 only 500 Gt CO2 available
to meet 1,5°C (50% probability) 

IPCC AR6,Table SPM.2

Global Carbon Budget

a

Introduction of binding legal 
requirements from 2025 on

- Climate neutrality should be
achieved before 2040
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Technology and innovation pathways for zero-
carbon-ready buildings by 2030 

Austrian IEA TCP Day, “Mission Net Zero“- Vienna, 27th September 2022 

 
Ezilda Costanzo, IEA EUWP Building vice-chair (ENEA, IT) 
Chiara Delmastro, International Energy Agency (IEA) 

 

 

A strategic vision from the IEA Technology Collaboration Programmes 

ANNEX 72The Projects' Concepts Build Upon
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Short terms actions are urgently needed to achieve 2050 goals 

Decarbonising buildings requires drastic and immediate policy action to stimulate behaviour and technology shifts 

Global buildings sector CO2 emissions and floor area in the NZE by 2050 Scenario 
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§ There is a downward trend in 
operational emissions relating to an 
improved energy performance and 
increasing use of renewable energy.

§ The relative and absolute values of 
embodied impacts (here embodied 
GHG emissions) increase.

§ The consideration of the entire life 
cycle, the limitation of the 
upfront/initial emissions, as well as 
the development of overall goals and 
guidance values for operational and 
embodied GHG emissions are 
necessary.

Martin Röck, Marcella Ruschi Mendes Saade, Maria Balouktsi, Freja Nygaard Rasmussen, Harpa Birgisdottir, Rolf Frischknecht, Guillaume Habert, Thomas Lützkendorf, Alexander Passer,, 2019, 

Assessing Operational and Embodied 
Emissions – Current Trends

ANNEX 72
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IPCC - Climate Change 2022 – Mitigation of Climate Change (AR6 WG3): https://www.ipcc.ch/report/ar6/wg3/

Current Discussion on International Level ANNEX 72
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Monte Verità/TI
© Rolf Frischknecht, 2021

How does a net-zero GHG emissions 
building looks like?

ANNEX 72

0
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Embodied impacts
• Upfront
• Recurring 
• EoL

Operational impacts
• Regulated
• Unregulated
• User related
• Non-energy related 

Additional information
• Recycling potential
• Potentially avoided impacts from 

exported energy

Subtask 1: ExLife Cycle Model for Buildings ANNEX 72
Adapted from EN 15643 and current draft of EN 15978-1
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Recommended route to
(net) zero GHG emission
buildings

(2) Reduce
via low carbon

purchasing
strategies

(1) Reduce
via low carbon

design strategies

(3) Offset and/ or
balance

ANNEX 72Subtask 1:
How to reach net zero GHG emission buildings
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Lützkendorf, T. and Frischknecht, R., 2020. (Net-) zero-
emission buildings: a typology of terms and definitions. 

Buildings and Cities, 1(1), pp.662–675. DOI: 
http://doi.org/10.5334/bc.66

Net Zero Emission Approaches

Net balance 
(Aa)

Net balance
(Ab)

Technical 
reduction (Ba)

Technical
reduction (Bb)

Technical 
removal (Ca)

Technical
removal (Cb)

potentially 
avoided 
emissions

allocation indirect direct potentially 
reversible stable

Accounting for the 
potential benefits 
caused by 
exported energy 
produced on-site

Attributes the pro 
rata share of 
GHG emissions 
caused by on-
site energy 
production to the 
exported energy

Investment in 
projects, which 
lead to potential 
CO2/ GHG 
emission 
reductions
elsewhere such as 
investments in 
solar or wind 
power plants*

Investment in 
CO2/GHG 
emission reduction 
projects such as 
CCS equipment in 
coal power plants* 

Investment in 
projects, which 
remove CO2
from the 
atmosphere, but 
with potential
reversibility, such 
as biological 
fixation*

Investment in 
projects, which 
remove CO2
from the 
atmosphere, 
such as BECCS 
or DACCS*

Level of Ambition- +*contribution to initial financing and implement., or purchase of corresponding emission certificates

Zero emission

Absolute Zero

-

Use of 
construction 
materials/operati
onal energy with 
zero GHG 
emissions 
(including supply 
chain emissions)

ANNEX 72Subtask 1: Absolute versus Net Zero
Options to define and achieve (net) zero GHG emission buildings
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• Survey (D-A-CH und Worldwide)
• Online survey launched in 23 

countries
• Number of respondents: 1166 

(Europe: 956)
• Survey period: 2018/2019

ANNEX 72Subtask 1: Österr. Beitrag

19

Ø What is the current state of 
knowledge and practical 
application of the LCA-
method among designers?

Ø What are the barriers?
Ø What can be recommended 

for action?

12 3

Balouktsi, M., Lützkendorf, T., Röck, M., Passer, A., Reisinger, T., Frischknecht, R., 2020. Survey results on acceptance and use
of Life Cycle Assessment among designers in world regions: IEA EBC Annex 72. IOP Conf. Ser. Earth Environ. Sci. 588, 032023. 
https://doi.org/10.1088/1755-1315/588/3/032023

LCA Survey
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80th LCA Forum - Biogenic carbon and climate
change mitigation: silver bullet or flash in the
pan?

https://video.ethz.ch/events/lca/2022/spring/80th.html

Biogenic carbon modelling and 
assessment in buildings LCA:

the IEA EBC Annex72 consensus
Alexander Passer

Marcella Ruschi Saade
June 9th, 2022

  
 

    

 
80th LCA Discussion Forum 

 
Biogenic carbon and climate change mitigation:  

silver bullet or flash in the pan? 
 

9 June 2022, ETH Zentrum campus, Alumni Pavillon and/or online 
 

We cordially invite you to the 80th Discussion Forum on Life Cycle Assessment 
The official language of this event is English 

 

Renewable feedstocks and their biogenic carbon are one of the key elements of greenhouse gas 
emission policies towards net zero. However, today various approaches exist to model flows and 
related climate change impacts of biogenic carbon and biogenic CO2, including disputed 
approaches and regulations which attribute reduced Global Warming Potentials for late CO2 
emissions.  
 
Companies are starting to compensate their fossil-based CO2 emissions caused in manufacturing 
with reforestation projects. Others sell their fossil CO2 emission reductions achieved by 
switching to renewable materials as emission certificates to third parties. And again others claim 
reduced CO2 emissions of their products compared to current standard products (handprints). 
 
This LCA forum will provide a synopsis on the various approaches and facets of modelling 
biogenic carbon and biogenic CO2 in the building and construction sector and offers a discussion 
platform for resolving or better understand the positions and arguments related to contentious 
issues. It is supposed to foster harmonisation and, where not achievable, at least to contribute 
to increase transparency. 
 
A Keynote speech of Dr. Cyril Brunner, Climate Physics group, ETH Zürich, will set the floor for 
an informative and comprehensive 80th LCA forum on biogenic carbon assessment and climate 
mitigation in the construction sector. 
 

We look forward to meeting you in Zürich 

 

 
Rolf Frischknecht 
treeze Ltd. 
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• The definition of the design steps, the definition of the tasks in each design step and an overview of 
the relevant milestones for performing LCA;

• An overview of the systematic building decomposition methods and the appropriate levels at each 
design step;

• An overview of the tools that can be used for LCA and a selection process for choosing the right 
LCA tool;

• Strategies on how to reduce the design-related uncertainties;
• An overview of the visualisation of the LCA results and which are appropriate in the selected design 

steps.

What can be found in the report and background reports?

ANNEX 72Subtask 2: Design Tools
Lead AT: Alexander Passer

21

The purpose is to provide support to the design decisions-makers during the design process with the 
design decision table



- The stakeholders involved into the planning process should be 
aware what decisions should be made in which design step.

- The design steps are following RIBA´s recommendations.

ANNEX 72Subtask 2: Integration into Design Process
Definition if the Design Steps

22



In principle, an assessment method 
must be applicable across every 
design step. Therefore, it is important 
to disaggregate the building according 
to:

• existing granularity of the building 
model

• availability of appropriate data 
(generic/average versus specific)

Soust-Verdaguer, B., et al., 2023. Using systematic building
decomposition for implementing LCA: The results of a comparative

analysis as part of IEA EBC Annex 72. J. Clean. Prod. 384, 135422. 
https://doi.org/10.1016/j.jclepro.2022.135422

ANNEX 72Subtask 2: Integration into Design Process
Systematic Building Decomposition

23



Procedure for tools’ identification from toolset, Di Bari et al. 2022 

ANNEX 72Subtask 2: Choosing the Right Tool
Selection Procedure for Tools

A selection process was developed to 
choose the most appropriate tool for 
each design step.

The criteria that was observed:

• usability,
• functionality,
• interoperability and 
• compliance of currently available 

LCA tools

24



Source: A72 report by Passer et al. (ST2)

ANNEX 72Subtask 2: Handling of Uncertainties
Typology of sources

Uncertainties in relation to
• LCA-method in use
• Data quality
• Design variability

Further research is needed to 
capture, assess and communicate 
the degree of uncertainty of an 
assessment result.

25



Two different strategies are proposed how to reduce the unceratinties during the design 
process:

• Project development strategy (reduce the uncertainty by the evlolution of the
available data

• Optimization strategy (identification of the most important materials/components
and their optimization in the beginning of the design)

Subtask 2: Handling of Uncertainties
Two Possible Approaches for the Design Process

ANNEX 72
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Review of visualising LCA results in the design process of buildings
Hollberg A., et al.. (2021) Review of visualising LCA results in the design 

process of buildings. In: Building and Environment, 190, 
107530, https://doi.org/10.1016/j.buildenv.2020.107530.

A selection process was developed to choose the 
most appropriate visualization type for the results

A distinction was made based on the LCA goals 
set for the project

• Hotspots
• Comparison
• Correlation, uncertainty and sensitivity
• Benchmarking
• Spatial distribution
• Temporal distribution

Subtask 2: Visualization of the Results
Selection Procedure of different Visualization Types

ANNEX 72
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Subtask 2: Main Results
Available from Spring 2023

ANNEX 72

The Design Decision Table - Part 1 

Design steps:

• Objectives
• Milestones
• Important considerations
• Stakeholders
• Information needed
• Purpose of the LCA

28



The Design Decision Table - Part 2 

Design steps:

• Task of the design stages
• Decomposition levels to be used
• Tools (BIM)
• Uncertainties
• Visualization types to be used
• Purpose of the LCA

Subtask 2: Main Results
Available from Spring 2023

ANNEX 72
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Subtask 3: Case Studies ANNEX 72
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ANNEX 72Subtask 3: Österr. Beitrag
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Case Studies: BE2226, China, Wood-Building & Inffeldgasse

LCA and BIM: Visualization of environmental potentials 
in building construction at early design stages

Corresponding case study author: Martin Röck, Graz University of Technology, 
Austria (martin.roeck@tugraz.at)
Original publication: Röck M, Hollberg A, Habert G, Passer A. LCA and BIM: 
Visualization of environmental potentials in building construction at early design 
stages. Build Environ 2018;140:153–61. DOI: 
https://doi.org/10.1016/j.buildenv.2018.05.006

Fig. 1: Schematic workflow showing the link of aggregated LCA data for multiple construction options 
and BIM; Automated identification of element quantities and calculations of total embodied impact; 
Analysis and visualization of LCA results and improvement potential.

Abstract
Purpose/aim
This case study showcases an approach using Building Information 
Modeling (BIM) to assess a wide range of construction options and their 
embodied environmental impact. 
Method
We use a conceptual BIM model to evaluate a variety of material 
compositions for different building elements and the potential contribution of 
elements to the total embodied impact of the building design. 
Results
Applying the method to a case study we can see that it allows to quickly 
identify which element has the greatest potential for improvement at the 
building scale and where to focus during a conceptual design stage. 
Conclusions
The BIM-integrated approach enables identification of design specific 
hotspots which can be visualized on the building model for communication 
of LCA results and visual design guidance.

https://doi.org/10.1016/j.buildenv.2018.05.006


Comparison of the environmental assessment of an 
identical office building with national methods

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

SUSTAINABLE BUILT ENVIRONMENT CONFERENCE 2019 (SBE19 Graz)
IOP Conf. Series: Earth and Environmental Science 323 (2019) 012037

IOP Publishing
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Figure 4. GHG emissions of the electricity mixes applied in the assessment of the operational 
electricity demand (module B6) of the reference building in g CO2-eq/kWh.  
*: value back-calculated from the GHG emissions of B6 

3.4.  Issues encountered during the assessment 
During the assessment of the reference building the authors of this paper encountered several issues 
with the provided data. Most of the issues were related to missing life cycle inventory data for specific 
materials, such as “vacuum insulation panels” and different aggregation stages in the information 
provided and the data available. The issue encountered with the aggregation level concerned the 
product level (e.g. reinforced concrete, instead of having separate LCI data on concrete and reinforcing 
steel) and the life cycle stages (e.g. data only available for the whole life cycle and not for Modules A, 
B and C separately). Furthermore, differences in the units of the building data and the available LCA 
data occurred (e.g. pieces vs. m3 of stairs). To overcome the limitations of lacking LCI data for 
materials the authors used proxies, EPDs or did not consider the material and building elements at all 
(e.g. elevator). 

4.  Preliminary results: greenhouse gas emissions caused by the be2226 building 
The preliminary results of the assessment of the GHG emissions caused by the manufacturing, 
construction, use and end of life of the reference building “be2226” are presented in Figure 5. The 
total GHG emissions reported are between 10 and 71 kg CO2-eq/m2a depending on the national 
approach used.  

 

 

Figure 5. Greenhouse gas emissions in kg CO2-eq per m2 and year of the reference 
building “be2226” assessed according to the national/regional approaches of the 
countries listed (preliminary results). 
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foundation, etc.), and a material classification (including concrete in 
situ, reinforcing steel, etc.), which leads to three vertical levels of 
decomposition. The information in the template does not reach specific 
manufacturers for the materials; this information is thus not included in 
the structures for building decomposition of the reference building, 
which is a limitation of the present study. 

The structure is organized according to the material quantity take-off 
that was automatically extracted from the BIM model of the building. 

3. Results and discussion 

3.1. Overview of state of play in annex countries 

In the context of the IEA EBC Annex 72 participant countries, 
different national SBDMs are used to organize the information of the 
buildings when conducting the LCA. A summary of the collected con-
tributions is presented in Table 1, including:  

● Name of the country: Refers to the Annex participant country.  
● Name of the standard or guideline: If it exists, this refers to the name 

of the code, standards, guideline or regulation of the SBDM.  
● Main purpose: refers to the main purpose for which the SBDM was 

developed. 

The SBDM used for building decomposition is generally composed of 
tables based on national standards for building construction cost esti-
mations (e.g., UK, Germany, Switzerland). In several cases, they are 
based on national standards for the organizing of building parts or ele-
ments (e.g., Belgium). Other countries (e.g., France, Czech Republic) 
proposed specific structures for applying of LCA. 

The overview of the collected data about the national SBDM is pre-
sented in Table A1, in the Supplementary data section. It provides 
evidence of the heterogeneity of the SBDM analyzed, which could be due 
to the differences in the classification of building elements, the criteria 
to organize the building elements (levels of decomposition and hori-
zontal subdivision), and the naming codes. 

3.1.1. Analysis and implications regarding the ISO standards aspects 
Based on an in-depth review of the SBDM, it was identified that most 

of them (such as Austria, Belgium, Germany, Netherlands, New Zealand, 
Switzerland, Spain and UK) integrate at least three or four vertical levels 
of decomposition (from the complete building level to the element or 
material level): a first level integrates the general classification of the 

Fig. 3. View of the reference building (Source: exterior view Building 2226 
Norbert Prommer). 

Fig. 4. Scheme for reference building decomposition using the Austrian standard (source: Soust-Verdaguer et al. (2020) prepared by authors based on ÖNORM 
B1801 (ÖNORM, 2015)). 

B. Soust-Verdaguer et al.                                                                                                                                                                                                                      
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DIGITALES 
BAUWERKS-
MODELL
Veröffentlichte Dateitypen:
Autodesk Revit 2020
IFC2X3-Koordinationsansicht

Materialien:
ca. 50

IFC-Elementtypen:
insgesamt ca. 9290 

BIM MODEL AGNHB - BIM model 2021



Inffeldgasse 13, PZ02, BIM Model

34

https://graz.pure.elsevier.com/de/publications/inffeldgasse-13-pz02-produktionstechnikzentrum-2-bim-model



UNEP (2020)

Governance Main Stakeholders

Subtask 4: LCA databases ANNEX 72

• Global survey on LCA database situation
• Guidelines on how to establish an LCA 

database for the construction sector

35



Deliverables Available Q2 2023 on: ANNEX 72
https://annex72.iea-ebc.org/

36

https://annex72.iea-ebc.org/


Nr. Title

B Report on Context-specific methods guidelines on the environmental life cycle assessment of 
buildings, including biogenic carbon assessment

C Report on guidelines for designers on how to optimise the life cycle performance of buildings using 
design tools such as BIM

D Report on national LCA databases used in the construction sector
E Report on building case studies
F Report on environmental benchmarks of buildings,

including zero emission buildings
G Report on how to establish an LCA database targeted to the construction sector
I Optimisation case studies
J Understanding the impact of individual, industry & political decisions on transitions towards 

environmental sustainability 
Annex 72 Summary Report

Official Deliverables (Reports) ANNEX 72

37



Signed by 40+ scientists from 25 countries worldwide (Europe, Asia, Americas, Oceania)

29 October 2021, Monte Verità

The Monte Verità Declara)on
On a built environment within planetary boundaries

ANNEX 72

38

Introduce legally binding maximum target values for GHG-emissions of 

new constructions and of refurbishments by 2025 latest with a roadmap 

to net zero by 2035.
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Dissemination Events ANNEX 72

• SBE BERLIN
– Special session to present

Annex 72 results

40

Buildings LCA and digitalization: Designers' toolbox based on a survey. Di Bari, R., Horn, R., Bruhn, S., Alaux, N., Ruschi Mendes Saade, M., Soust-Verdaguer, B., Potrč Obrecht, 
T., Hollberg, A., Birgisdottír, H., Passer, A. & Frischknecht, R., 2022, In: IOP Conference Series: Earth and Environmental Science. 1078, 1, 012092.

• Common methodology guidelines
• Methods for the development of 

and case studies for deriving 
empirical environmental benchmarks

• Guidelines how to use 
building design and planning tools

• Guidelines to 
establish national/regional 
databases and share national 
experiences



Output - Publications ANNEX 72
Conference Papers Published on Following Important Conferences

• D-A-CH SBE 22 - Sustainable Built Environment - For a Built Environment Within Planetary Boundaries, 
20-23 September 2022, Berlin, Germany

• CESB 22 - Sustainable Built Environment - Central Europe towards Sustainable Building, 4-6 July 2022, 
Prague, Czech Republic

• Pre COP 26 - Climate Expo, 17-21 May 2021, Glasgow, UK
• WSBE 20 - World Sustainable Built Environment - Beyond2020 2-4 November 2020, Gothenburg, 

Sweden
• SUSTAINABLE BUILT ENVIRONMENT D-A-CH CONFERENCE 2019 (SBE19 Graz) 11–14 September 

2019, Graz, Austria
• Sixth International Symposium on Life-Cycle Civil Engineering, Ghent, Belgium, October 2018
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Output - Publications ANNEX 72
Most cited Paper

42

• Embodied GHG emissions of buildings –
The hidden challenge for effective 
climate change mitigation
Röck M., Saade M. R. M., Balouktsi M., 
Rasmussen F. N., Birgisdottir H., 
Frischknecht R., Habert G., Lützkendorf T. 
and Passer A. (2020) 



• Using systematic building decomposition for implementing LCA: The results of a 
comparative analysis as part of IEA EBC Annex 72. Soust-Verdaguer, B., Obrecht, T. P., Alaux, 
N., Hoxha, E., Saade, M. R. M., Röck, M., Garcia-Martinez, A., Llatas, C., Gómez de Cózar, J. 
C. & Passer, A., 15 Jan. 2023, in: Journal of Cleaner Production. 384, 135422.

• Climate mitigation in the Swedish single-family homes industry and potentials for LCA as 
decision support
Brismark J., Malmqvist T., Borgström S. (2022) Climate mitigation in the Swedish single-family 
homes industry and potentials for LCA as decision support. In: Buildings, 12 (5), 
588. https://doi.org/10.3390/buildings12050588

• Influence of methodological choices on maintenance and replacement in building LCA
Francart N., Widström T., & Malmqvist T. (2021). Influence of methodological choices on 
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Thank you!
All the reports and background reports and the Design decision table will be available from spring 2023
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