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Abstract. Building sustainability assessment increasingly demands life cycle coverage that captures environ-
mental burdens and trade-offs beyond operational energy, including embodied impacts and end of life (EoL)
outcomes under circular economy (CE) pathways. This review synthesises recent research on how Life Cycle
Assessment (LCA) supports the formation of Building Sustainability Index (BSI), with particular attention to
the stage-dependent distribution of impacts and the growing significance of embodied and EoL stages in
low-energy buildings, methodological sensitivities associated with system boundaries, datasets, and scenario
definitions, and the implications of EoL modelling and allocation choices for CE-oriented sustainability claims.
The paper further examines how life cycle thinking is operationalised within major certification schemes (LEED,
BREEAM and DGNB) and discusses comparability limitations when certification outcomes are interpreted as
sustainability indices. By consolidating methodological evidence and practice-oriented pathways, the paper
clarifies requirements for robust, transparent and comparable Life Cycle Assessment (LCA) informed sustain-
ability indices aligned with whole-life and circularity objectives.
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1. Introduction

The integration of sustainability into the built environment
has become a critical priority due to the construction sec-
tor's substantial contribution to global environmental im-
pacts. At a global scale, the buildings and construction
sector accounts for approximately 36-39% of final energy
consumption and around 37% of energy and process-
related CO, emissions worldwide (International Energy
Agency, 2019). In addition to operational energy use,
buildings generate significant embodied impacts through
material production, construction activities, maintenance,
and end of life (EoL) processes, highlighting the limitations
of assessments focused solely on the use phase.

Building sustainability is therefore increasingly under-
stood as a multi-dimensional concept encompassing en-
vironmental, economic, and social considerations across
the entire building life cycle. Within this context, Life Cycle

Assessment (LCA) has emerged as a core methodological
framework because it enables systematic, cradle-to-grave
quantification of environmental impacts associated with
material extraction, construction, operation, and EoL stages
(Kofoworola & Gheewala, 2008; Lasvaux et al., 2015; Dsilva
et al, 2023, Liu et al, 2023). By providing impact-based
evidence across life cycle stages, LCA supports transpar-
ent comparison of design alternatives and reduces the risk
of burden shifting between phases (Braganca et al., 2010;
Xue et al., 2021).

The role of LCA within building sustainability assess-
ment can be further clarified through a hierarchical per-
spective of life cycle-based evaluation approaches. As illus-
trated in Figure 1, sustainability assessment methods can
be conceptualised as progressing from a basic life cycle
perspective toward more integrated frameworks that com-
bine multiple impact categories and sustainability dimen-
sions. Within this hierarchy, LCA forms the analytical core
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that enables a transition from single issue indicators, such
as carbon or water footprints, to more comprehensive en-
vironmental assessment, and ultimately to integrated Life
Cycle Sustainability Assessment (LCSA) approaches that
incorporate environmental, economic, and social dimen-
sions (Finkbeiner et al., 2010; Schneider-Marin et al., 2022).

Against this background, this review examines the as-
sessment of the Building Sustainability Index over the en-
tire building life cycle using Life Cycle Assessment as a
unifying methodological foundation. The paper synthesis-
es evidence on the distribution of environmental impacts
across life cycle stages, analyses how LCA is embedded
within major building sustainability certification systems
and the implications for interpreting certification outcomes
as sustainability indices and discusses the emerging role of
digitalisation and artificial intelligence in enabling scalable,
transparent, and updateable LCA based BSI. This review
also provides a conceptual framing of life cycle-based sus-
tainability indicators, positioning LCA as the analytical core
of Building Sustainability Index development.

2. Methods

This review adopts a structured narrative literature review
approach to synthesise research on Building Sustainabil-
ity Index (BSI) and indicator-based sustainability assess-
ment frameworks across the entire building life cycle, with
particular emphasis on the role of Life Cycle Assessment
(LCA). The framework of the methodology for the review
are presented in Figure 2.

The identified sources were screened using predefined
inclusion and exclusion criteria. Studies were included if
they contributed to the methodological development of
sustainability indicators or indices, explicitly addressed
whole-life or life cycle-oriented building assessment, or

were relevant to the practical implementation of sustain-
ability assessment frameworks. Attention was given to
studies addressing LCA-based indicator formation, life
cycle stage-related environmental impacts, certification
system integration, and the role of digital tools in sus-
tainability assessment. Studies limited to single descriptive
case analyses without broader methodological relevance
were excluded from the primary analytical dataset.

The selected literature was subsequently analysed
using a thematic synthesis approach. The analysis fo-
cused on four main thematic strands. First, the review
examined the role of LCA as the methodological foun-
dation of BSI formation. Second, it synthesised evidence
on the relative influence of different life cycle stages
on building sustainability outcomes. Third, it analysed
how LCA is integrated into major building sustainability
certification systems and how certification results are
interpreted as sustainability indices. Fourth, it reviewed
the emerging contribution of digitalisation and artificial
intelligence to LCA-based sustainability assessment and
index development.

The results of this thematic synthesis were used to de-
velop a conceptual framework describing how life cycle-
based environmental evidence, certification logic, and dig-
ital support tools contribute to the formation of a Building
Sustainability Index.

The methodological workflow presented in Figure 2
summarises the main stages of the literature review pro-
cess, including literature identification, screening based
on predefined inclusion criteria, thematic analysis, and
synthesis of findings relevant to the development of LCA-
based Building Sustainability Index. This structured ap-
proach ensures a systematic and transparent evaluation
of the selected literature and supports the identification
of key methodological themes addressed in this review.
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Figure 1. Life cycle concept in hierarchy structure
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3. Analysis of the main aspect for the
model creation to building sustainability
index assessment

3.1. Design and construction stage in
LCA-based Building Sustainability Index
development

The relevance of Life Cycle Assessment to sustainability index
formation is strongly linked to its ability to capture the dif-
ferentiated impacts associated with distinct building life cycle
stages (Hollberg & Ruth, 2016). Standard LCA frameworks
typically consider phases ranging from raw material extrac-
tion and product manufacturing to construction, operation,
maintenance, and end of life processes, including demolition,
reuse, and recycling (Braganca et al., 2010; YImén et al., 2019).
Each of these stages contributes differently to the overall sus-
tainability performance of a building and therefore requires
appropriate representation within sustainability indices. The
literature review analysis on LCA-based Building Sustainability
Index development is presented in Table 1.

In the context of sustainability index development,
the definition of system boundaries represents a critical
methodological decision, as it determines which life cycle
stages and impact sources are included in the assessment
(Egemose et al., 2022). In this review, the life cycle struc-
ture is conceptualised in accordance with the principles
and modular structure defined in EN 15978 (European
Committee for Standardization, 2022), adopting a cradle-
to-grave perspective that encompasses material produc-
tion, construction, operational and maintenance activities,
and end of life processes. In addition, potential benefits
occurring beyond the assessed building life cycle such as
reuse, recycling, and recovery pathways are acknowledged
through an extended system perspective consistent with
the EN 15978 framework. The adopted system boundary

formation

and life cycle stage structure are schematically illustrated
in Figure 3.

Research indicates that early life cycle stages, particu-
larly material production and construction, are closely as-
sociated with embodied environmental impacts, which can
account for a substantial share of total life cycle emissions,
especially in energy-efficient and low-operational-energy
buildings (Lasvaux et al., 2015; Lee et al,, 2015). Conversely,
the operational phase remains a dominant contributor to
energy consumption and emissions over long service lives,
highlighting the need for sustainability indices to balance
short-term embodied impacts with long-term operational
performance (YImén et al,, 2019; Xue et al,, 2021).

End of life stages are increasingly recognised as criti-
cal components of life cycle-oriented sustainability assess-
ment, particularly in the context of circular economy strat-
egies (Wong & Fan, 2013). LCA-based studies demonstrate
that assumptions related to demolition practices, material
recovery, and recycling rates can significantly influence
overall sustainability outcomes (Xue et al.,, 2021; Dsilva
et al, 2023). Consequently, sustainability indices that ex-
clude or oversimplify end of life considerations risk un-
derestimating both environmental burdens and potential
benefits associated with circular material flows.

The differentiated contribution of life cycle stages un-
derscores the importance of stage specific weighting and
transparent system boundaries in sustainability index for-
mation. Several authors note that partial life cycle cover-
age, as often observed in certification-based assessments,
may distort sustainability rankings and limit comparabil-
ity across projects (Onat et al., 2017; Larsen et al,, 2022).
Therefore, LCA based sustainability indices benefit from
explicitly linking impact categories and performance indi-
cators to specific life cycle stages, ensuring that sustain-
ability assessments reflect the full temporal and functional
scope of building performance.
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Figure 3. Assessment system boundary and life cycle phases applied in the evaluation of the Building Sustainability Index,

based on EN 15978

The life cycle structure illustrated in Figure 3 provides
the methodological foundation for constructing a Build-
ing Sustainability Index grounded in Life Cycle Assessment.

Life Cycle Assessment (LCA) is widely applied to under-
stand how environmental impacts are distributed across
the building life cycle and how trade-offs between stages
shape overall sustainability outcomes. Evidence from the
literature indicates that the relative contribution of life
cycle stages is not fixed: it depends on building type, ser-
vice life, energy system boundary conditions, climate, and
methodological choices (Khasreen et al., 2009; Finnveden
et al,, 2009; Hafliger et al., 2017). This section synthesises
current knowledge on the relative influence of design and
construction decisions, operational performance, and end
of life strategies, and highlights why stage interactions are
critical for robust building sustainability assessment.

Decisions taken at the design and construction stages
have long-lasting effects because they determine key pa-
rameters that remain “locked in” over the building’s ser-
vice life, including material composition, structural solu-
tions, envelope performance, and adaptability potential
(Khasreen et al., 2009; Zabalza et al., 2013). From an LCA
perspective, these decisions strongly influence embodied
impacts particularly those associated with raw material ex-
traction, processing, and product manufacturing (Cabeza
et al., 2021; Gomes et al,, 2019).

Material selection is frequently identified as a domi-
nant driver of embodied environmental impacts.

Literature mapping studies indicate that embodied en-
ergy and embodied carbon are highly material-dependent
and that progress in mitigation is constrained by data limi-
tations and decision-making barriers within design practice
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(Cabeza et al., 2021). In parallel, LCA sensitivity research
demonstrates that modelling choices for construction ma-
terials can substantially alter environmental results, which
has implications for comparability and for how sustainabil-
ity indices interpret better solutions (Hafliger et al.,, 2017).
These findings support the argument that sustainability
indices should explicitly account for the uncertainty and
variability associated with material-related assumptions.

The growing use of Environmental Product Declara-
tions (EPDs) has substantially improved the availability
of material-specific life cycle data for early design de-
cision-making. This trend is reflected in the steady in-
crease in the number of registered EPDs worldwide, with
particularly strong growth observed since 2020. Despite
this expansion, construction products still account for
a relatively limited share approximately one eighth of
all registered EPDs, highlighting both progress and re-
maining gaps in data coverage across the building ma-
terials sector. Because EPDs are typically developed in
accordance with EN 15804, they provide a standardized
and LCA-compatible basis for quantifying embodied
environmental impacts at the design stage. However,
the uneven distribution of EPDs across product groups
means that early-stage assessments often rely on a mix
of product-specific and generic data, reinforcing the
importance of transparency and uncertainty awareness
when sustainability indices aggregate material-related
impacts.

Taken together, the evidence presented in Figure 3
indicates that the expanding availability of EPD-based
life cycle data is creating new opportunities to inform
material-related decisions at early design stages. At
the same time, the uneven coverage of construction
products and the variability of available datasets sug-
gest that such information can only deliver its full value
when it is systematically embedded within structured
assessment processes. This reinforces the importance
of integrating life cycle-based evaluation methods into
the design workflow rather than treating environmental
data as an isolated input.

Integrating LCA earlier in the design workflow is
repeatedly emphasized to improve decision quality.
BIM-based approaches can support rapid comparison
of alternatives and enable more dynamic sustainability
evaluation, including alignment with certification-relat-
ed requirements (Azhar et al., 2011; Meex et al,, 2018;
Carvalho et al., 2021). Review evidence suggests that
BIM capabilities can increase the feasibility of applying
life cycle energy and environmental evaluation in prac-
tice, especially when the aim is to identify design-stage
levers with the highest long-term influence (Eleftheriadis
et al., 2017; Soust-Verdaguer et al., 2017; Li et al., 2023).
Overall, the literature converges on the conclusion that
design and construction decisions are pivotal not only
because they shape embodied impacts, but also be-
cause they constrain future operational performance
and end of life recoverability.

3.2. Operational phase and building
performance efficiency

The operational phase is widely recognised as one of the
most influential stages in whole life environmental perfor-
mance due to the cumulative effect of energy consump-
tion and associated emissions over long building service
lives (Finnveden et al., 2009; Gardner et al., 2020). In many
contexts, operational energy use can outweigh the en-
vironmental impacts associated with initial construction,
particularly in buildings with conventional energy perfor-
mance levels or extended operational lifetimes (Gardner
et al., 2020; Chandrasekaran & Dvarionieng, 2022).

Digital tools are increasingly applied to support the
assessment and management of operational performance,
particularly in the context of building upgrades and long-
term performance improvement strategies. Building In-
formation Modeling (BIM) enabled approaches facilitate
the integration of environmental and economic evalua-
tion across life cycle stages and support the systematic
comparison of operational improvement measures using
consistent datasets (Carvalho et al., 2020, 2021). In addi-
tion, the integration of BIM with Internet of Things (loT)
technologies enables enhanced data flow and real time
monitoring of energy use and system performance dur-
ing operation, providing a feedback mechanism to verify,
adjust, and optimise renovation and maintenance inter-
ventions over time (Chen et al., 2023). From a sustainabil-
ity assessment perspective, these developments support
a transition toward adaptive operational evaluation, in
which operational performance is continuously informed
by measured data and aligned with long-term life cycle
objectives.

In addition to digital assessment frameworks, sustain-
able building modernisation constitutes an important
pathway for achieving long-term operational performance
objectives.

The literature reviewed indicates a progressive reduc-
tion in annual primary energy consumption and associ-
ated CO, emissions over time, with projected reductions of
more than 50% in primary energy use and near-zero op-
erational emissions by 2050 relative to the 2020 baseline.
Although the specific reduction targets vary depending
on the analysed context, the reviewed studies consistently
demonstrate that life cycle-informed modernization strate-
gies can deliver substantial long-term operational benefits.
These findings further support the inclusion of operational
performance trajectories within sustainability indices in-
tended to capture whole-life building performance.

The projected trends highlight the scale of operational
performance improvements that can be achieved through
coordinated modernization strategies applied at the build-
ing stock level. The progressive reductions in primary en-
ergy consumption and operational CO, emissions illustrate
how long-term, life cycle-informed interventions can shift
the operational phase from being the dominant source of
environmental burdens towards a substantially mitigated
contributor. From a sustainability index perspective, such



trajectories emphasize the importance of representing not
only current operational performance but also anticipated
long-term performance pathways when assessing whole
life building sustainability.

3.3. End of life stage and circular economy
aspects

The end of life (EoL) stage plays a decisive role in building
sustainability assessment due to the increasing integration
of circular economy (CE) principles into policy frameworks,
certification schemes, and life cycle-based decision making
(Walker et al., 2018).

Evidence from LCA literature shows that EoL modelling
assumptions including demolition versus deconstruction
practices, recycling and recovery rates, substitution effects,
and reuse potential can significantly influence life cycle
results and sustainability rankings (Mirzaie et al., 2020; Lei
et al.,, 2023). These effects are particularly pronounced for
structural and envelope systems, where material choice,
connection detailing, and documentation determine the
feasibility of disassembly and high-quality material recov-
ery (Kakkos & Hischier, 2022; Trubina et al.,, 2024). As a
result, EoL performance is strongly path-dependent and
cannot be decoupled from earlier design and construc-
tion decisions.

Despite this relevance, EoL is frequently underrepre-
sented in applied sustainability assessments. Many as-
sessments rely on simplified or generic scenarios, even
though case-based studies demonstrate that alternative
EoL strategies such as reuse, remanufacturing, and re-
cycling can lead to substantially different environmental
outcomes depending on scenario definitions and method-
ological choices (Wolf et al., 2020; Lei et al., 2023). Circular
economy-oriented research further highlights that robust
assessment requires consistent modelling of material flows
across life cycle stages and transparent allocation of bur-
dens and benefits associated with recycling and reuse,
including effects occurring beyond the assessed system
boundary (Eberhardt et al.,, 2020; Gulck et al., 2022). In-
consistent treatment of these aspects risks biasing sustain-
ability scores in favour of or against circular strategies due
to accounting conventions rather than actual performance.

From a BSI perspective, these findings imply that the
EolL stage should be conceptualised as a scenario space
rather than a fixed endpoint. Sustainability indices intend-
ed to support circular decision-making must therefore
capture alternative EoL pathways and reflect their interac-
tions with upstream design choices.

3.4. Integration of LCA into building
sustainability certification systems

Life Cycle Assessment (LCA) is increasingly incorporated
into building sustainability certification systems as a means
of moving beyond fragmented, theme-based indicators
toward a more comprehensive life-cycle-oriented evalu-
ation of environmental performance.

E. Lenkevicius, J. Tamosaitiené. Insights into the entire building life cycle assessment (LCA): existing trends, challenges and prospective...

Strategies related to adaptability, disassembly, and re-
use can influence environmental impacts differently across
life cycle stages, and LCA provides a necessary analytical
basis for evaluating whether such strategies result in net
environmental benefits rather than impact shifting (Bloms-
ma & Brennan, 2017; Pomponi & Moncaster, 2017). In this
respect, LCA strengthens the environmental credibility of
circularity-oriented credits and labels by grounding them
in quantified whole-life performance.

The growing role of LCA within building sustainabil-
ity certification systems reflects a broader transition to-
ward quantified, life-cycle-based performance assessment.
At the same time, differences in how LCA is embedded
across certification schemes particularly with respect to
system boundaries, data sources, and life cycle stage cov-
erage have important implications for the interpretation
and comparability of certification outcomes when they are
used as indicators of building sustainability.

4. Scope and principles of LCA integration
in building sustainability certification
systems

The integration of Life Cycle Assessment (LCA) into build-
ing sustainability certification systems represents a meth-
odological shift from fragmented, theme-based indicators
toward a coherent, whole life-cycle-based evaluation of
building environmental performance.

In practice, LCA integration typically operates at two
interconnected levels: product-level environmental infor-
mation and whole-building environmental performance
modelling (Lasvaux et al., 2015; Rosario et al,, 2021). How-
ever, the coexistence of generic datasets and multiple
product- or company-specific EPDs for similar materials
introduces methodological challenges, making it necessary
for certification systems to clearly define how product-lev-
el data are incorporated into whole-building LCA calcu-
lations to ensure consistency and comparability (Lasvaux
et al,, 2015).

The scope of LCA integration is also inseparable from
life-cycle stage coverage. Although LCA is fundamentally
defined as a method spanning stages from raw material
extraction to end-of-life, certification practice has histori-
cally prioritised the operational phase, particularly energy
use. Earlier stages raw material extraction, product manu-
facturing, and construction as well as end-of-life processes
have often been addressed only partially or indirectly. This
imbalance is increasingly problematic, as the relative con-
tribution of different life-cycle stages varies significantly
depending on building type, energy-efficiency level, and
material composition, meaning that an operationally fo-
cused assessment does not necessarily reflect total life-
cycle environmental performance (Bernardi et al., 2017;
Larsen et al., 2022; Binz & Jager, 2024).

In response, the scope of LCA integration within certi-
fication systems has gradually expanded beyond new con-
struction to include refurbishment, retrofit, and adaptive
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New construction

Refurbishment

Figure 4. Intervention pathways considered within the scope of LCA-based building sustainability assessment

reuse interventions. LCA is widely applied to compare
alternative intervention strategies and to assess the envi-
ronmental implications of refurbishment decisions, thereby
providing a robust methodological basis for certification
schemes that seek to evaluate the sustainability of the
existing building stock (Kim et al., 2021; Strzelecki et al.,
2025). This broader scope supports whole-life decision-
making and allows certification systems to better reflect
sustainability priorities within the built environment.

Finally, end-of-life and construction and demolition
waste scenarios constitute a critical component of LCA
scope in certification systems. The literature emphasises
that without systematic modelling of end-of-life pathways
including recycling, reuse, disassembly, and disposal it is
not possible to reliably assess circular strategies or de-
carbonisation potential, particularly for material-intensive
solutions (Dams et al., 2021; Mesa et al., 2021). As a result,
the inclusion of end-of-life scenarios is increasingly treated
not as an optional extension, but as a necessary element
of certification systems that claim whole-life or circular
performance.

As illustrated in Figure 4, the scope of LCA integration
in building sustainability certification systems extends be-
yond the mere inclusion of LCA calculations and involves
explicit decisions regarding the object of assessment, life-
cycle stage coverage, data integration, and the treatment
of different intervention types, including new construction,
refurbishment, and reuse.

These scoping decisions form the methodological
foundation upon which certification results are produced
and interpreted, directly influencing their robustness and
suitability as indicators of building-level sustainability per-
formance.

4.1. Certification systems as sustainability
indices: structural differences in LCA
integration

As certification systems increasingly inform investment de-
cisions, public procurement, and policy frameworks, they
are frequently treated in practice as de facto sustainability
indices. Within this framing, LCA plays a critical role by
shifting certification logic from predominantly descriptive
requirements toward quantified, impact-based evaluation
across multiple environmental categories. Rather than
serving as a supplementary calculation tool, LCA increas-
ingly functions as a quantitative backbone underpinning
composite sustainability scores.

Nevertheless, certification systems differ fundamentally
in how LCA evidence is embedded within their assessment
architectures. Credit-based systems prioritise flexibility and

accessibility by allowing multiple compliance pathways,
whereas performance-based systems integrate mandatory
life cycle evaluation more deeply into certification logic.

To clarify how these methodological and structural dif-
ferences manifest in practice, and how they affect the suit-
ability of certification outcomes as sustainability indices
Table 2 compares Leadership in Energy and Environmental
Design (LEED), Building Research Establishment Environ-
mental Assessment Method (BREEAM), and German Sus-
tainability Building Council (DGNB) with respect to their
assessment logic, life cycle stage coverage, data require-
ments, and implications for sustainability index formation).

Table 2 shows that LEED's flexible, credit driven archi-
tecture allows the same certification level to be achieved
through different strategies that may yield substantially
different life cycle environmental outcomes. As a result,
LEED certification functions primarily as a relative perfor-
mance label rather than a direct proxy for whole-life envi-
ronmental impact. BREEAM occupies an intermediate posi-
tion, retaining a credit-based structure while increasingly
embedding LCA and circular economy indicators within a
European standards-oriented framework. DGNB, by con-
trast, is explicitly designed as a life cycle performance-
based sustainability system, in which LCA constitutes a
mandatory and central quantitative component integrated
across environmental, economic, and socio-cultural di-
mensions from the outset.

These structural distinctions are reflected in how cer-
tification systems address individual life cycle stages. At
the design stage, LEED encourages early sustainability
strategies but does not consistently require quantified
LCA, whereas BREEAM more actively incentivizes early-
stage life cycle thinking, particularly for material-related
impacts. DGNB places strong emphasis on early-stage LCA
modelling as a prerequisite for informed decision-making,
positioning LCA as a design support and optimisation tool
rather than a post hoc verification exercise. Similar pat-
terns are observed across construction, operational, and
end of life stages, where DGNB systematically requires
quantified assessment, while LEED and BREEAM may ad-
dress these stages indirectly or selectively through credits.

5. Conclusions

The reviewed literature published between 2008 and
2026 demonstrates a clear increase in research attention
devoted to life-cycle-based building sustainability assess-
ment, particularly in relation to embodied impacts, circular
economy strategies, and digitalised sustainability evalua-
tion approaches. This growing body of work reflects the
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requirement

assertions rather than mandatory
whole-life evaluation

environmental performance, though
still partly credit-driven

Criterion LEED BREEAM DGNB
Role of Credl‘t based, erX|b.Ie rating; Credit-based but more structured; Designed explicitly as a life cycle
P functions as a relative performance |. . . N
certification . . increasingly used as a semi- performance-based sustainability
label, not a direct proxy for life cycle N o ; h . .
system as . - quantitative index, especially in index, integrating environmental,
S environmental magnitude. Scores . . :
sustainability . European contexts with stronger LCA | economic, and socio-cultural
; can mask LCA hotspots due to point | _ ) .
index . alignment dimensions from the outset
aggregation
LCA is optional or credit-driven; LCA is integrated more .
Explicit LCA used mainly for comparative systematically for materials and LCA is mandatory and central to

assessment logic, forming a core
quantitative backbone of the system

Alignment with
EN 15804 / EN
15978

Limited and indirect; system
originally developed outside
European standardisation context

Stronger alignment with
European standards; EN-based
LCA increasingly embedded in
assessment logic

Explicitly aligned with EN 15804 and
EN 15978, enabling standardised
life cycle scenario definition and
comparability

Design stage

Encourages early design strategies
but allows multiple compliance
pathways that may not require
quantified LCA

Actively incentivises early stage
life cycle thinking, particularly for
materials and embodied impacts

Strong emphasis on early-stage
LCA modelling as a prerequisite for
informed design decisions

Construction

Typically underrepresented; impacts
may be indirectly addressed via

More explicit consideration of
construction impacts, though often

Quantitatively addressed within LCA
scope, supporting more complete

impacts

performance

stage credits rather than quantified LCA scenario-based life cycle coverage

Historically dominant focus; Balanced treatment of operational Integrated treatment of operational
Operational operational energy strongly and embodied impacts, with impacts within life cycle framework,
stage weighted relative to embodied growing emphasis on whole-life avoiding over-weighting single

stages

End of life stage

Frequently simplified or generic;
EoL often weakly linked to design
decisions

Eol increasingly addressed,
particularly where circularity credits
are claimed, but scenario definitions
vary

Explicit EoL modelling required,
including demolition/deconstruction
scenarios consistent with standards

Beyond system
boundary
(circularity)

Limited and inconsistent;
circular benefits may be credited
qualitatively

Partial treatment of circular benefits;
depends on specific credits and
assessor interpretation

Systematically included, enabling
consistent accounting of reuse,
recycling, and recovery benefits

Overall suitability
for a life cycle-
based BSI

Low moderate, requires strong post-
processing and harmonisation to
function as an index

Moderate high, increasingly
compatible with BSI logic when LCA
scope is clearly defined

High, structurally aligned with BSI
principles and life cycle sustainability
assessment (LCSA)

increasing importance of whole-life environmental perfor-
mance, embodied impacts, circular economy strategies,
and the integration of digital tools into sustainability eval-
uation. The thematic synthesis conducted in this review
further indicates that the literature most consistently em-
phasises LCA as the methodological backbone of building
sustainability assessment, together with whole-life stage
coverage, system boundary definition, and the integra-
tion of environmental evidence into broader sustainability
frameworks.

Across the literature, the relative influence of life cycle
stages is context-dependent and shaped by design and
construction decisions that lock in embodied impacts and
constrain future operational performance and end-of-life
outcomes. As operational energy decreases in low-energy
buildings, embodied and end-of-life stages gain increasing
importance, making stage trade-offs essential for robust
index interpretation. End-of-life modelling and circular
economy pathways are major sources of variability in sus-
tainability assessment results because outcomes depend
strongly on scenario definitions and allocation choices.
Therefore, Building Sustainability Index (BSI) should treat

end-of-life (EoL) assessment as scenario-dependent and
clearly document all methodological assumptions, includ-
ing benefits occurring beyond the system boundary.

The review further shows that certification schemes
such as LEED, BREEAM, and DGNB differ structurally in
how LCA is embedded, limiting the direct comparability
of certification outcomes when used as sustainability in-
dices. These differences relate not only to life cycle stage
coverage, but also to aggregation logic, data sources, and
the treatment of circularity and end-of-life aspects. From
a BSI perspective, methodological harmonisation remains
essential for improving transparency, robustness, and
comparability across building sustainability assessments.

Finally, digitalisation and artificial intelligence can im-
prove the scalability and practical applicability of LCA-
based BSI through automated inventory generation, ear-
ly-stage impact prediction, and dynamic updates across
the building life cycle. However, these developments do
not replace the need for standards-consistent boundaries,
transparent data provenance, and explicit communication
of uncertainty. Overall, the findings of this review indicate
that robust BSI development depends on the combined



Journal of Environmental Engineering and Landscape Management, 2026, 34(2), 186-197

integration of life cycle thinking, methodological consist-
ency, certification awareness, and emerging digital support
tools.

The novelty of this review lies in the integrated evalu-
ation of whole-life LCA principles, certification system
structures, circular economy pathways, and emerging
digitalisation approaches within the context of Building
Sustainability Index development. The study contributes
to a clearer understanding of how methodological choices,
life cycle stage coverage, and certification logic influence
the robustness and comparability of sustainability assess-
ment outcomes. Future research should focus on the de-
velopment of harmonised and quantitatively comparable
Building Sustainability Index methodologies integrating
dynamic LCA datasets, circular economy indicators, and
Al-supported assessment tools.
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