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Executive Summary

This report provides a critical review of current international standards, quantification methods, and
emerging challenges in applying Life Cycle Assessment (LCA) to built assets. Through a combination of
literature review and expert interviews, the study highlights the fragmented nature of existing LCA
standards, the variability in life cycle carbon accounting methods, and the need for clearer definitions
in LCA boundaries and data usage. Notably, the report distinguishes between process-based (P-LCA),
input-output (10-LCA), and hybrid (H-LCA) approaches, acknowledging their respective strengths and
limitations for different project phases. It also emphasises the growing role of digital tools, particularly
BIM-integrated workflows, in enhancing the accuracy and design utility of LCA models.
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Approach and Method

In this project, we undertook a comprehensive review of literature on life cycle assessment (LCA) of
the built assets, including academic journal publications and industry reports, to examine current
international standards, practices and approaches in conducting LCA of housing, building and
infrastructure assets. We also conducted interviews with 6 industry professionals from large property
developer, LCA consultancy, architecture firm, engineering consultancy firm and NABERS (National
Australian Built Environment Rating System) to gain insights into the status quo practices and
challenges in life cycle emissions measurement and benchmarking. A summary of literature review

and interview findings is presented under following headings and sub-headings.

Worldwide standards on LCA

Life Cycle Assessment (LCA) is defined as “the compilation and evaluation of the inputs, outputs and
potential environmental impacts of a product system throughout its life cycle” (ISO 14040: 2006). LCA
provides a useful tool to quantify the environmental impacts and assess the sustainability performance
of building and infrastructure projects. A review of international standards has identified a wide
spectrum of standards that are relevant to the LCA of built assets. These standards were published by
different international organisations, such as International Organisation for Standardisation, European
Commission for Standardisation, British Standard Institute and Royal Institution of Chartered Surveyors.

Some examples are provided as below:

e Buildings: ISO 14040:2006, ISO 14044:2006, ISO 21929-1:2011, ISO 21931-1:2010, EN
15978:2011, PAS 2050:2011, RICS Whole life carbon assessment for the built Environment;

e Infrastructure: ISO 14040:2006, ISO 14044:2006, I1SO 14064-1:2018, I1SO 15392:2019, I1SO
21931-2:2019, PAS 2080:2016

Key learnings from a review of international standards:

- We find that the ISO series of standards can be used in multiple areas and are usually concerned
with broad sustainability assessment (including wider ESG impacts), rather than focusing on life
cycle carbon emissions. It is important set out effective methods to facilitate life cycle carbon
emissions and benchmarking.

- Existing standards have considerable cross-overs and a high level of complexity. It is important

to streamline the methodology and process to enable measurement and benchmarking.



Quantification Methods for Life Cycle Emissions

Australia currently has no consistent method of measurement for life cycle emissions in the built

environment. The current quantification methods for life cycle emissions are listed below:
e Bottom-up approach (Process-based LCA, P-LCA)

This is a detailed iterative bottom-up approach, where a physical quantity of resource and energy use
across a stream of “unit processes” of production are quantified up and down stream of a given system
boundary point (Ward et al., 2017). P-LCA defines the system boundary by processes and divides the
target system into a series of process flows to model the inputs and outputs of every process. The P-
LCA method has been commonly used to understand impacts of a product and produce environmental
product declarations (EPDs), as well as used to quantify environmental impact at asset level (e.g.,
building, infrastructure). P-LCA has been integrated into various sustainability rating systems.

e Top-down approach (Input-output LCA, 10-LCA)

IO-LCA is a method that combines macro-economic and environmental input-output data for a
countries sub-sectors. In I0-LCA, the boundary often spans the global economy, which includes the
entire chain of suppliers (Suh et al., 2004). In Australia, the ABS provides 10 tables for use by industry.
I0-LCA is most commonly applied in macro policy modelling. It is the main method used by GHG
Protocol and PAS 2060 as quantification methods.

e Hybrid approach (H-LCA)

H-LCA is a method that combines the two methods by using 10 data to complement the processes
excluded in P-LCA (Crawford et al., 2018). H-LCA is often used at early design stages for the whole
building or infrastructure level with an aim to increase completeness where data is unknown. The main
advantage of this approach is that it improves the completeness of P-LCA while improving the reliability
of I0-LCA (Bullard et al., 1978).



Key learnings from a review of quantification methods of life cycle
emissions:

- The P-LCA approach provides a good level of detail which supports in-depth analysis of a specific
product and process. However, when there is a high-level of supply chain complexity, there will
be incomplete data to conduct a thorough analysis. The completeness of materials quantities is
important for comparability purposes.

- Although IO-LCA is able to improve the completeness of the P-LCA method, it faces problems
including the age of input-output data, homogeneity assumption, the use of nationally averaged
data, and high levels of sector aggregation (Choi et al., 2016). I0-LCA can support feasibility/early
stage whole building assessment but may result in overstated results.

- H-LCAis helpful to early stage design and decision making of building or infrastructure assessment.
This approach has currently been incorporated into the GBCA GreenStar embodied carbon
calculator. In the upcoming NABERS Embodied Emissions Calculator, the H-LCA approach will be
adopted. Under NABERS’ proposed tool, product-specific emissions data from EPD will be used

and will apply conservative defaults where no emissions data is available.

Current Concerns in LCA Approaches for Built Asset

o The life cycle stages included

According to the European standard EN 15978, buildings transition through a range of life cycle stages.
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Figure 1. Terminology and related life cycle stages (Source: NABERS, 2022)



The calculation of operational carbon is relatively straigtforward. However, there has been no
concensus as to what should be considered as embodied carbon emissions. Industry professionals
generally believe that upfront emissions (A1-A5) should been considered in the calculation due to its
significant proportion in embodied carbon emissions, data accessibility and ease of communication.
The emissions (B1-B5) are difficult to quantify as there is a need for forecasting future maintenance
scenarios. Despite the increasing awareness of the importance of re-use, re-purpose and re-adapt,
there is a general industry concensus that Emissions from the demolition process are excluded from

life cycle emissions calculation.
o The scope of the life cycle emissions calculation

Clear definiton of the scope of life cycle emissions is crucial to enable accurate measurement and
consistent reporting. It is important to make sure “apples” are compared to “apples”, rather than
“oranges”. Construction projects generate emissions from a range of elements and there are several
ways to categorise the elements. Clearly defining the elements is important for consistency in
reporting and disclosure. There is no industry concensus as to what elements should be incorporated
in the scope of calculation. In the upcoming NABERS’ embodied emission calculator, cold shell is the

default building scope to be included in the meausrement.
e Allowable data

There are many different sources of emissions data that can be used for materials and products in a
building or infrastructure. The rules for allowable emissions data greatly influence the results of the
calculation. In the current practices, most organisations use existing EPD data. Where EPD data is
unavailable, they will conduct a survey of suppliers to receive an average. This practice is aligned with
the approach taken in the upcoming NABERS’ tool, NABERS will encourage verified product-specific

emissions data and will apply conservative defaults where no emissions data is available.
e Digital workflow for LCA calculation

Engineers have integrated digital engineering and carbon reduction through BIM-based life-cycle
carbon calculating. This integration allows engineers to treat life cycle carbon as a design parameter,
in addition to other traditional design parameters, such as structural integrity. The quality of data input
is the crucial focus point. It is widely accepted that the better data input, the more informative the
models can become. Digital technologies can also facilitate comparisons across different elements to
inform design decisions, which has significant impact on the life cycle emissions.



Recommendations

To improve consistency and credibility in LCA practices for built assets, it is recommended that a unified
national framework be developed, aligning with international best practices but tailored to Australia’s
regulatory and construction context. This framework should: (1) standardise the scope and boundaries
of LCA across project types; (2) prioritise the use of verified product-specific Environmental Product
Declarations (EPDs); (3) promote the use of H-LCA for early-stage assessments while supporting data
refinement through digital tools. Stakeholders should also invest in high-quality emissions databases
and build capacity across industry professionals through training and guidance documents.

Next Steps

Building on these findings, the next phase of the research should focus on co-developing a prototype
LCA digital workflow in partnership with key government and industry stakeholders, using real-world
case studies. Further consultation is also needed to establish consensus on allowable data types,
emission factors, and system boundaries for embodied carbon reporting. Finally, alignment with tools
such as the upcoming NABERS Embodied Emissions Calculator should be pursued to ensure
interoperability, support voluntary disclosure, and inform potential policy mandates that drive

emissions transparency and reductions across the built environment.



