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Abstract

Since the Brundtland Report (1987), its definition has anchored sustainable develop-
ment. An EBSCOhost co-mention scan (1987-2025) finds 259,112 records linking “sus-
tainable development” with the Brundtland Report—used only as a descriptive atten-
tion proxy, sensitive to coverage, indexing, keywords, and residual duplicates. We then
analyze concept-to-implementation barriers in building governance and propose an up-
date pathway: explicit boundaries, minimum disclosures, and assurance logic. Yet in
the built environment—characterized by long-lived assets, carbon lock-in, and net-zero
commitments—the definition is difficult to operationalize without explicit boundaries,
measurable indicators, and auditable trade-offs. We identify two concept-level weak-
nesses: (1) the definition reflects late-twentieth-century socio-technical conditions and
offers limited guidance for practice shaped by digitalized delivery and operations, ac-
celerated climate policy, and whole-life carbon accounting; and (2) its openness around
“needs,” “harm,” and trade-offs enables boundary ambiguity (e.g., operational versus em-
bodied emissions), fragmented standards and certifications, and greenwashing risks. We
propose a built-environment update pathway that (i) operationalizes “needs” and “harm”
through a minimum life-cycle indicator set linking affordability and occupant well-being
with operational energy performance and whole-life carbon outcomes; and (ii) strengthens
concept-consistent implementation via harmonized boundary declarations and verification
principles across existing net-zero and green building tools, supported by targeted AEC
capacity building.

Keywords: energy efficiency; whole-life carbon; carbon footprint; sustainability governance;
life-cycle assessment (LCA); building sector governance

1. Introduction

The built environment has become one of the most decisive arenas for sustainable
development and climate mitigation. Recent global assessments show that buildings and
construction account for a substantial share of global final energy use and energy- and
process-related CO, emissions, positioning the sector as a cornerstone for both energy
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Planning

saving and deep decarbonization [1,2]. At the same time, the sector is characterized by
capital-intensive, long-lived assets and strong lock-in dynamics: design, construction,
and retrofit choices made today can commit operational demand patterns and emissions
trajectories for decades, narrowing future mitigation options and raising the value of
early, credible action [3,4]. The IPCC identifies large, near-term building-sector mitiga-
tion potential through demand-side efficiency, electrification (notably heat pumps), and
cleaner energy supply, while stressing that policy-relevant accounting requires consis-
tent sector boundaries to avoid shifting impacts across life-cycle stages [5]. Finally, as
building mitigation performance is increasingly evaluated through whole-life perspectives,
boundary choices become determinants of comparability and credibility; without coher-
ent boundary and verification rules, the same “sustainable” claim can mask divergent
real-world outcomes [6-8]. Figure 1 illustrates how decision points across the building
life cycle—particularly early-stage material choices during planning and design—lock in
embodied carbon upfront while operational carbon accumulates over the use phase, un-
derscoring why boundary declarations and auditable indicators must be specified from
the outset. In scope, we focus on building-sector governance—residential and commer-
cial/institutional buildings across design, construction, operation, and retrofit—while
infrastructure is considered only insofar as it shapes system boundaries.
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Figure 1. Carbon Lock-In Across the Building Life Cycle and Decision Points for Decarbonization.

While the concept of sustainable development has roots in ecology, its contempo-
rary prominence is widely attributed to the 1987 Brundtland Report, “Our Common
Future” [9,10]. The report defines sustainable development as development that “meets the
needs of the present without compromising the ability of future generations to meet their
own needs” [10]. Over subsequent decades, this formulation has become a foundational
reference across policy and scholarship, often treated simultaneously as a normative bench-
mark and an intentionally elastic concept that can be mapped onto divergent priorities
and implementation pathways [11,12]. Since 1987, multiple related framings have also
shaped built-environment debates—most notably the SDGs, green growth/green economy
narratives, and the circular economy, alongside counter-proposals such as degrowth and
agrowth. Because these framings diverge normatively but intersect in their operational
demands, we do not attempt a parallel review of each; instead, we examine the boundary,
disclosure, and assurance specifications that condition credibility across them in building
practice. Rather than assuming a linear evolution from “sustainable development” to
“net-zero,” this paper treats net-zero targets as one outcome-oriented instrument among
several and focuses on the operational requirements—explicit boundaries, minimum indi-
cators, and assurance logic—that determine whether any framing can deliver measurable
environmental outcomes in buildings. It has also provided an important reference point for
later agenda-setting efforts that sought to reconcile poverty reduction, human well-being,
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and planetary stability. Consistent with this enduring influence, our bibliometric scan of
EBSCO-indexed publications (1987-2025) identifies 259,112 records featuring the keyword
“sustainable development” that also reference the “Brundtland Report”. This bibliometric
count is used descriptively as an indicator of the sustained citation and academic attention
given to the Brundtland Report. While this count provides a broad measure of the ongoing
relevance of the concept in academic literature, it is sensitive to database coverage, indexing
practices, keyword choices, and duplicates, and does not directly measure conceptual agree-
ment or causal influence. However, the persistence of this concept in academic references
highlights the need for clearer definitions and governance frameworks that can address the
ambiguities and operational challenges associated with these concepts.

However, despite its historical importance, the Brundtland definition is increasingly
difficult to operationalize in the built environment—particularly as professional practice
and policy agendas shift from aspirational “sustainability” language toward quantified net-
zero targets and whole-life carbon assessment [13-15]. Recent global assessments further
indicate that progress toward the Sustainable Development Goals has stagnated or re-
gressed across multiple dimensions [16]. Meanwhile, the latest synthesis of climate science
underscores that current mitigation efforts remain insufficient to meet long-term climate
and development objectives [1]. In the building sector, these pressures translate into gover-
nance and implementation questions that the Brundtland definition leaves under-specified,
because “needs,” “harm,” system boundaries, and verification logics must be made explicit
for long-lived, capital-intensive assets. For example, operationalizing “needs” in buildings
implicates health and indoor environmental quality as well as affordability and energy
poverty [17,18]. Defining “harm” requires boundary choices that can materially change
conclusions—especially the operational-versus-embodied split and whole-life accounting
conventions [6,19]. Finally, credible implementation requires verification against measured
performance, yet evidence on performance gaps and certification-to-outcome slippage
shows why “sustainable” claims can diverge from real energy and carbon outcomes [20,21].

In engineering and policy practice, these under-specified choices are not interpretive
nuances—they can materially change the reported magnitude of “performance” and even
the direction of conclusions. In sustainable construction assessments, different declarations
of the functional unit and reference study period, and different system boundaries for
what is counted in the building “system”, can yield incompatible narratives of sustain-
ability performance for the same project [22,23]. Likewise, whole-life results can vary
substantially depending on which life-cycle stages are included (product and construc-
tion, replacements/maintenance, end-of-life) and on key methodological assumptions
(inventory datasets/EPDs, allocation rules, and end-of-life modeling) [23]. Without mini-
mum disclosure and verification expectations, such variability undermines comparability
across projects and jurisdictions and weakens auditability for codes, procurement, and
sustainable finance. Accordingly, this review specifies the minimum “rule-and-evidence”
infrastructure for implementable AEC governance—harmonized boundary declarations, a
minimum disclosure indicator set, and tiered assurance expectations tied to a verifiable
evidence chain.

This operationalization gap is amplified by the sector’s shift from an operational-
energy lens toward whole-life perspectives—integrating life-cycle energy and life-cycle
carbon across construction, use, and end-of-life stages [24,25]. As operational energy is
reduced through efficiency retrofits and electrification, embodied emissions from materials,
construction, replacements/maintenance, and end-of-life processes tend to become propor-
tionally more significant—especially for high-performance buildings—making boundary
choices central to credible decarbonization pathways [26-28]. The IPCC’s AR6 mitigation
assessment for buildings identifies substantial near-term potential via demand-side effi-
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ciency, electrification (e.g., heat pumps), and cleaner energy supply, while emphasizing
that policy-relevant accounting depends on consistent sector boundaries and definitions
for life-cycle stages and responsibilities. Methodologically, building LCA and embodied-
carbon estimates can vary materially with scope, datasets/EPDs, allocation rules, and
model choice, creating comparability and governance challenges unless assumptions are
disclosed and harmonized [29-34].

A second challenge is that the Brundtland definition’s deliberate conceptual
openness—especially around what counts as “needs,” “harm,” and acceptable trade-
offs—permits wide latitude in interpretation, which becomes problematic when sustain-
ability must be translated into building codes, procurement rules, investment criteria, and
performance-based accountability [35,36]. In the building sector, this looseness material-
izes as boundary ambiguity and inconsistent “net-zero” narratives—for example, when
operational energy/carbon is emphasized while embodied emissions from materials, con-
struction, maintenance, and end-of-life are excluded, or when balancing rules (metrics,
temporal scopes, renewable supply options, grid interaction, offsets) differ across defi-
nitions and jurisdictions [14,37,38]. A related governance consequence is fragmentation:
multiple assessment tools, certification schemes, and reporting practices coexist with dif-
fering scopes, weightings, and verification expectations, which undermines cross-project
comparability and creates incentives for strategic compliance rather than highest-impact
decarbonization [39,40]. These dynamics also elevate greenwashing risks in real estate
and construction, because sustainability claims can be framed around selectively chosen
indicators while obscuring material impacts that fall outside the declared boundary [41-43].
The resulting proliferation of sector guidance on “net-zero carbon buildings” is therefore
best read as an applied response to definitional under-specification—an attempt to stan-
dardize boundaries, metrics, and verification expectations where the Brundtland framing
remains normatively powerful but operationally thin [38,44]. Finally, to avoid overly ab-
solute terminology while preserving policy ambition, the International Energy Agency
has promoted “zero-carbon-ready buildings,” defined as highly energy-efficient and re-
silient buildings that use renewable energy directly or rely on an energy supply that can be
fully decarbonized, with the concept explicitly covering both operational and embodied
emissions—thereby reinforcing why boundary and verification rules are central to credible
building-sector decarbonization [45].

In this paper, “governance” is used in an instrumental sense: the rule-and-evidence
infrastructure that translates sustainability intent into comparable and auditable building
outcomes. Current caveats in built-environment practice include fragmented standards
and certification ecosystems, inconsistent boundary conventions, and uneven verifica-
tion intensity—conditions that weaken comparability across projects and invite strategic
compliance and greenwashing. Accordingly, governance is not treated as an end in itself,
but as the enabling mechanism through which the holistic goals—verifiable energy sav-
ings, whole-life carbon reduction, and protection of core social needs—can be delivered
consistently at scale.

Against this backdrop, this paper revisits the Brundtland concept through a built-
environment lens to clarify the minimum specifications required for credible energy-saving
and net-zero implementation in buildings—namely system boundaries, measurable in-
dicators, and assurance logic. The remainder of the paper outlines the methods, devel-
ops two concept-level weaknesses that hinder operationalization in the buildings-and-
construction sector, and then proposes two governance recommendations to improve
comparability and credibility across existing net-zero and green building tools.
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2. Materials and Methods

This study adopts a two-step approach. First, a bibliometric scan of EBSCOhost-
indexed publications (1987-2025) was performed using a search string that combined
“sustainable development” with “Brundtland Report” and “Our Common Future.” The
search string used was (“sustainable development”) AND (“Brundtland Report” OR “Our
Common Future”). The search was restricted to records indexed under all available collec-
tions within EBSCOhost. Inclusion criteria required that publications contain the keyword
“sustainable development” and explicitly reference the Brundtland Report or Our Common
Future in the title, abstract, or keywords. Exclusion criteria eliminated non-indexed publi-
cations, irrelevant records, or those lacking any explicit reference to the Brundtland Report.
Duplicates were identified and removed using EBSCOhost’s built-in tools, ensuring only
unique records were included.

The bibliometric scan was used descriptively to track citation trends and gauge the
continued reliance on the 1987 Brundtland definition across academic literature. The pri-
mary aim of this scan was to identify the volume and timing of references to the Brundtland
Report in relation to the broader sustainability discourse, rather than to establish causality
or conceptual endorsement.

Second, a structured narrative review and conceptual analysis was conducted to
examine how the Brundtland definition has been operationalized in the building and con-
struction domain. This analysis focused on the evolving specifications of sector boundaries,
the introduction of life-cycle indicators (including both operational and embodied carbon
measures), and the use of governance instruments to support implementation. The review
identifies two key concept-level weaknesses: (1) the persistent lack of clarity in bound-
ary setting and indicator specifications across tools and standards, and (2) the failure to
integrate comprehensive verification rules.

These analyses provide the foundation for diagnosing the weaknesses in current
governance frameworks and inform the development of recommendations for building-
sector governance improvements aimed at enhancing comparability and auditability.

3. Key Weaknesses of the Sustainable Development Concept in the
Built Environment

3.1. Weakness One: The Concept Does Not Reflect Changes in Socioeconomic Development

The Brundtland conceptualization of sustainable development needs updating [36].
Published in 1987, Our Common Future and its defining sentence are now nearly
four decades old [46]. Yet the built environment—buildings, infrastructure, and the urban
systems in which they operate—has entered a very different socioeconomic and socio-
technical context [47]. This matters because the sector is dominated by long-lived, capital-
intensive assets and strong path dependence [3,48]. In such settings, conceptual foundations
are not neutral [3]. Definitions shape what counts as progress [12]. They also influence
which indicators are selected, what trade-offs are permitted, and what is treated as legit-
imate in practice. If sustainable development is treated as a stable premise across time,
the risk is not only academic stasis. It is practical misalignment in the rules and evidence
used to govern delivery and performance. In buildings and construction, misalighment can
produce ambiguous performance claims, inconsistent boundary setting, and governance
gaps. These frictions can slow or distort energy saving and decarbonization efforts [20].

Because it is widely invoked as a normative and governance reference, the Brundtland
definition functions less as a static rule and more as a framework that guides boundary
setting and priority trade-offs. Frameworks of this kind are not epistemically stable: as
evidence, technologies, policy objectives, and institutional capacities change, the same
wording can be mobilized to justify divergent implementations. Without an explicit review-
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and-update pathway, interpretive drift accumulates and undermines comparability and
accountability—particularly in high lock-in sectors such as buildings [49,50].

As Godfrey-Smith notes, some theories operate primarily as context-dependent frame-
works for coordination rather than as closed scientific explanations [51]. Sustainable
development belongs to this coordinating category: it is valuable because it organizes
decision-making under uncertainty, but that value depends on periodic clarification of
what counts—system boundaries, indicators, and assurance expectations—as contexts
evolve. In buildings, where investments are long-lived and performance claims are increas-
ingly audited, leaving these elements implicit increases the risk of inconsistent reporting
and strategic boundary selection [52].

3.1.1. Socioeconomic Change Matters More in Buildings Because of Long-Lived Lock-In

This subsection establishes the first structural weakness: the Brundtland definition
leaves key implementation variables under-specified in buildings, making boundary-setting
and indicator choice unavoidable rather than optional. Treating the Brundtland definition
as a stable premise implicitly imports the late-1980s framing of “sustainable development”
into today’s building decisions, even though goals, indicators, and practice are historically
contingent [12]. In that period, policy debates in many advanced economies were still
shaped by the productivity slowdown and its macroeconomic implications [53]. Related
analyses also emphasized measurement issues and structural change as part of the produc-
tivity narrative that influenced how energy and industrial performance were discussed [54].
In contrast, contemporary building-sector priorities are increasingly shaped by climate-risk
assessment and disclosure expectations in real estate and construction markets [55]. This
shift is reinforced by sector-specific work showing that climate-related financial disclosure
is becoming a governance issue for property and construction firms, not only an environ-
mental aspiration [56]. Socioeconomic change matters more in buildings because the stock
is long-lived: once built, assets and institutions can create carbon lock-in that slows tran-
sitions even when alternatives are available [48]. Recent synthesis work further confirms
that long-lived capital—including buildings and infrastructure—is a systematic source of
lock-in that can hinder rapid decarbonization [57]. Operationally, building governance
is now moving toward whole-life carbon accounting and stock-scale decision support,
which makes boundary setting and data choices more consequential than Brundtland’s
general wording implies [13,58]. As operational energy demand is reduced, embodied
emissions from materials, construction, and replacement cycles can represent a larger share
of whole-life impacts, increasing the practical stakes of system boundaries and method-
ological choices [59]. Finally, if boundaries and verification expectations remain weakly
specified, auditability declines and greenwashing incentives rise—an issue documented
across sustainability claims and directly relevant to building-sector “low /zero-carbon”
narratives [41].

3.1.2. Digitalization and New Governance Conditions Are Reshaping Sustainable
Development Practice

This subsection argues that digital tools do not “solve” the Brundtland definition’s
normative under-specification; instead, digitalization acts as a governance stress test that
exposes under-specified choices by forcing explicit declarations of boundaries, data prove-
nance, indicators, and verification procedures—and it can only enable implementation once
those choices are specified and auditable. Digital transformation has become a defining
feature of the contemporary socioeconomic context, and the COVID-19 period accelerated
its diffusion into everyday services and governance routines [60]. International policy
actors increasingly argue that digital technologies can accelerate progress across many
SDG targets, while simultaneously intensifying governance, equity, and accountability
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concerns [61]. Recent scholarship therefore frames “digital governance” not as a technical
add-on but as a sustainability-relevant institutional capacity—shaping transparency, par-
ticipation, and implementation effectiveness [62]. At the same time, the digital economy
has material and environmental footprints (energy demand, supply-chain impacts, and
rebound effects) that complicate “digital-for-sustainability” narratives [63]. Empirical work
also cautions that digitalization-driven development pathways can generate new resource
pressures and externalities if governance does not explicitly manage these trade-offs [64].

These dynamics are especially concrete in the built environment, where digitalization
is being embedded across the full project life cycle—from design and procurement to oper-
ation, retrofit, and end-of-life [65]. In buildings, these governance questions materialize
through data-intensive delivery and operations that can enable continuous monitoring,
simulation, and measurement and verification [66]. Beyond BIM, the literature increas-
ingly frames digital twins as an interoperability layer for performance assurance, but also
notes risks: data quality gaps, fragmented ownership, and uneven capacity across the
supply chain can create new accountability failures if boundaries and verification rules
are not explicit [67,68]. Recent work also highlights the potential and limits of Al-enabled
analytics for fault detection, demand management, and retrofit optimization, reinforcing
the need to specify what is measured, over what boundary, and under which assurance
procedures [69,70]. Put differently, digitalization increases the visibility and stakes of
boundary and verification choices: when concepts remain under-specified, digital tools
tend to multiply incompatible outputs rather than converge practice. In short, digitalization
raises the ceiling for operationalization, but it simultaneously increases the importance of
transparent boundary declarations and auditable indicator definitions in building-sector
sustainability claims [46].

3.1.3. From Chapter Review to Sector Misalignments: Why the 1987 Framing No Longer
Maps Cleanly onto Buildings

This subsection shifts from conceptual critique to sector mechanics, showing why
the 1987 framing no longer maps cleanly onto contemporary building delivery, opera-
tion, and governance. Rather than reproducing a chapter-by-chapter reassessment of
Our Common Future, we highlight three misalignments between its late-1980s framing
and the requirements of contemporary building decarbonization. Each misalignment
has direct implications for system boundaries, indicator selection, and the credibility of
building performance claims [36]. Figure 2 reproduces Lélé’s synthesis of the Brundtland-
era causal framing, highlighting feedbacks among poverty, affluence, and environmental
degradation and the mediating roles of access to resources, technology, and culture val-
ues. When applied to buildings—where long-lived assets and net-zero claims require
explicit boundaries, measurable indicators, and auditable trade-offs—this macro framing
leaves “needs,” “harm,” and implementation choices under-specified. Figure 3 therefore
translates the needs-harm-trade-offs chain into built-environment terms and summarizes
three misalignments that motivate the boundary, disclosure, and assurance requirements
discussed below.

Misalignment 1: Defining “needs” in building-service terms. In buildings, “needs” are
experienced as access to safe, healthy, and affordable services (thermal comfort, indoor air
quality, lighting, and basic energy services), not as energy consumption per se. Operational-
ization therefore requires indicators that link service outcomes and affordability to energy
use and emissions, so that poverty-reduction objectives do not translate into long-lived
harms through inefficient or carbon-intensive lock-in [17,71,72].

Misalignment 2: Accounting for harm over long-lived life cycles and lock-in. Building
investments commit societies to material stocks, technologies, and operating patterns for
decades, so harms must be evaluated across the full life cycle—from materials produc-
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tion and construction to use-phase replacements and end-of-life processes. The growing
emphasis on whole-life carbon makes boundary choices central to credible decarboniza-

tion pathways, and it elevates the importance of consistent reporting conventions for
comparability [47,73-77].
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Figure 2. A more realistic representation of the poverty environmental degradation problem [36].
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Figure 3. Translating “Needs” and “Harm” in the Built Environment: Three Misalignments.

Misalignment 3: Trade-offs are now mediated by policy, finance, and delivery systems.
Our Common Future framed energy and industry choices as environmental choices, but
today’s building decarbonization is shaped by rapidly evolving climate policy, procurement
requirements, and market instruments that reward claims as well as outcomes. Without
explicit boundaries and assurance logic, trade-offs can be obscured or displaced (e.g.,
shifting emissions upstream into materials supply chains or downstream into offsets),
undermining the credibility of net-zero and “sustainable building” narratives [5,13].

These misalignments are amplified in fast-urbanizing contexts where construction-led
growth can expand housing supply but can also embed high-carbon materials and infras-
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tructure at scale. This increases both the stakes of early design choices and the incentives
for over-claiming in markets with uneven disclosure and verification capacity [30,78-81].
For building-sector governance, the implication is that the Brundtland concept must be
supplemented by explicit boundary rules and disclosure minimums that can travel across
programs and tools.

This need for specification is also reflected in how UN frameworks have evolved
from broad principles toward more target-oriented agendas that demand measur-
able outcomes—an evolution that building-sector definitions and tools must be able
to accommodate.

3.1.4. The UN’s Evolving Frameworks Underline Why Brundtland’s Concept Must Be
Updated for Buildings

This subsection shows that the evolution of global sustainability frameworks changes
the practical interpretation of “needs” and “harm,” widening the gap between Brundtland
language and building-sector decision rules. This need for specification is also reflected
in the evolution of UN frameworks from broad principles toward goal-based monitoring
architectures designed for implementation and reporting—f{rom the MDGs to the SDGs
and the 2030 Agenda [82]. A long-standing critique is that, while the Brundtland defini-
tion works as a unifying normative reference, it remains under-specified for operational
decision-making when social “needs” must be reconciled with quantified ecological con-
straints [83,84]. In building-sector terms, that under-specification becomes visible when
decarbonization pathways proceed without explicit safeguards for affordability, indoor
health, and distributional impacts, or when housing expansion advances without stringent
energy/carbon requirements—both of which can lock in future retrofit burdens and un-
dermine long-run emissions trajectories [17,18,85]. The SDGs sharpen this implementation
logic by emphasizing measurable targets across domains, and Sachs (2012) explicitly frames
this as a shift toward quantification and policy focus [86]. Unlike these time-bound goal sets
with formal follow-up and review, the Brundtland definition itself has remained essentially
fixed, even as building governance has become increasingly metric-driven [5,46,83]. The
implication for buildings is therefore straightforward: maintaining “sustainable develop-
ment” as a governing concept requires clearer boundary declarations and decision rules
that can support comparable disclosure and credible verification in practice.

3.1.5. Continued Reliance on the Literature Is Precisely Why Updating Matters

This subsection consolidates the misalignment diagnosis by stating why a built-
environment update must be expressed as operational rules—explicit boundaries, min-
imum indicators, and verification logic—rather than as an abstract definition alone. A
bibliometric scan of EBSCOhost-indexed publications (1987-2025) combining “Brundtland
Report”/“Our Common Future” with “sustainable development” retrieved 259,112 records.
Figure 4 reports the annual frequency of EBSCOhost-indexed records that co-mention “sus-
tainable development” and the Brundtland Report/“Our Common Future” over 2011-2025.
Co-mentions rise steadily after 2015 and accelerate in the early 2020s, peaking in 2024 before
declining in 2025, while remaining well above pre-2020 levels. This trend is descriptive
rather than causal: it indicates sustained and growing scholarly reliance on the Brundt-
land framing as a reference point, which strengthens the case for clarifying its operational
meaning for building-sector boundary setting, disclosure, and verification.
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Figure 4. The number of “Brundtland Report” and “Our Common Future” or “sustainable develop-
ment” citations from 2011 to 2025, retrieved from EBSCO in Nov 2025.

3.2. Weakness Two: Conceptual Vagueness and Boundary Ambiguity in the Built Environment

The second key weakness of the Brundtland concept lies in its consensus-building
formulation logic: the definition was designed to be broadly acceptable across diverse stake-
holders, and this inclusiveness intentionally left key terms under-specified [52]. The Brundt-
land Commission explicitly sought a definition that could “travel” across governmental,
corporate, and civil-society contexts, which helps explain its exceptional longevity [46].
However, the same breadth has an operational cost: contemporary professionals must trans-
late “sustainable development” into decisions, metrics, and accountability mechanisms,
and in the built environment—where long-lived assets, large capital flows, and life-cycle
impacts dominate—definitional precision becomes a precondition for credible energy sav-
ing and decarbonization. A long-standing critique is therefore not that the Brundtland
definition is “wrong,” but that it is too indeterminate for implementation—particularly
because it does not operationalize “needs,” specify what counts as “harm,” or clarify the
mechanisms by which an environmentally sustainable society is to be achieved [87-89].

For the built environment, this critique implies two closely related deficiencies: (i) the
definition does not specify what “needs” mean in operational terms, and (ii) it does not
clarify mechanisms, system boundaries, or verification logic [52]. In practice, repeated
international adoption has not resolved this indeterminacy; instead, the concept’s openness
often expands as it is implemented under different mandates, incentives, and account-
ability regimes. In the building sector, this amplification is structurally reinforced by a
multi-actor delivery chain—governments and NGOs, but also developers, asset owners,
investors, rating-system operators, designers, contractors, and manufacturers—each of
whom can claim alignment while implicitly selecting different boundaries, indicators, and
time horizons, weakening comparability across projects and jurisdictions [89]. Owing
to this under-specification, practitioners frequently rely on discretionary interpretation
rather than shared decision rules, and this becomes more consequential under contem-
porary decarbonization and “just transition” imperatives. Recent just-transition research
emphasizes that decarbonization must integrate poverty reduction and equity objectives to
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preserve legitimacy and inclusiveness [90]. Consistent with this, UNDP stresses that a just
energy transition requires governance arrangements that institutionalize fairness, inclusion,
and accountability rather than relying on aspirational targets alone. These concerns map
directly onto the built environment, where affordability, energy poverty, healthy indoor
conditions, and climate resilience are “needs” that must be specified alongside carbon
and energy targets rather than assumed to be co-produced by decarbonization [17]. When
“needs” and “harm” are not operationalized in building terms, project teams can optimize
for what is easiest to report—e.g., modeled operational energy or an aggregate rating
score—while leaving embodied carbon, offset dependence, post-occupancy performance,
and affordability /health outcomes outside scope; the result is boundary gaming, non-
comparable metrics, and weak verification that undermine both decarbonization credibility
and distributional legitimacy [90].

3.2.1. Direct Misuse: Invoking “Sustainable Development” to Justify Inconsistent
Boundaries and Unverifiable Claims in Buildings

This subsection defines and illustrates direct misuse: project-level actors exploit under-
specification to select favorable boundaries, metrics, and evidence thresholds, producing
non-comparable “net-zero” or “sustainable” narratives. There are two broad forms of
misuse of the Brundtland concept in practice: direct and indirect [36]. Direct misuse
arises when the definition’s looseness allows actors to operationalize key terms—especially
“needs” and “harm”—in ways that privilege narrow interests, short time horizons, or
convenient reporting choices [87]. We use a practical criterion to distinguish the two. Direct
misuse is claim-level: the distortion is driven by project-specific accounting and reporting
choices (e.g., functional unit, system boundary, reference period, datasets/EPDs, allocation
rules, and verification thresholds) that materially change what is counted and evidenced.
Indirect misuse is framing-level: the distortion is driven by a shift in how “development”
is interpreted (e.g., toward growth-as-development), which changes what trade-offs and
priorities are treated as legitimate in policy, finance, and public narratives, even when
individual project claims appear internally consistent. In the built environment, this most
often takes the form of boundary ambiguity and selective accounting: projects can be
branded as “sustainable” while the chosen scope, metrics, and evidence base are tailored
to produce favorable narratives, weakening accountability even when intentions appear
aligned [91].

A clear building-sector example is the proliferation of “net-zero” and “low-carbon”
claims without consistent definitions, transparent boundaries, or verification rules [14,37,38].
Because Brundtland does not specify what counts as “harm” across time and system bound-
aries, actors can frame sustainability around near-term objectives—lower bills, market posi-
tioning, or compliance optics—while downplaying longer-term and indirect impacts [46].
In practice, some claims privilege operational energy/carbon (annual consumption reduc-
tions, on-site renewables) while excluding embodied emissions from materials, construc-
tion, maintenance, and end-of-life processes [13,92].

This divergence is not merely semantic: it reflects different accounting boundaries and
different interpretations of what is inside the “net-zero” footprint. As illustrated in Figure 5,
ambiguity arises at two levels—(i) what is counted within the operational boundary, and
(ii) which life-cycle stages are included in the embodied /whole-life scope, together with
how exports and future consumption are treated. The figure also highlights recurring
“claim-design” ambiguities, which is why explicit boundary declarations and verification
rules are central to credibility. Others depend heavily on offsets without clear disclosure
of residual emissions, the durability and additionality of the mitigation instrument, or
the evidentiary basis for equivalence over time. Empirical evaluations of carbon crediting
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further suggest that quality varies widely across projects, reinforcing why “net-zero” claims
require auditable rules rather than rhetorical flexibility [93].

Whole-Life carbon
Operational Boundary Embodied Whole-Life-Boundary

Operational Boundary
) e
W \AsE i ﬁ
glmna :

® ]ind Use(Heating, cooling, ® Materials / Construction
lighting, Plug Loads) ® Replacement / Maintenance
® Treated Floor Area ® End-of-Life / recycling
® Metering boundary ® Future Consumption / Renewable
\0 Renewable Procurement/RECs J Export
Typical Ambiguity Points: Net-Zero Building Claim Typical Ambiguity Points:
® Tenants vs. Base Building? . . o
® Onsite Renewables Included? Boundary Declaration : Malnte'n gnce/Replac?ement.
® REC/Offsets & Claim and Verification Demolition Impacts?

Beyond Footprint? - e Qi

Figure 5. Boundary Ambiguity in Net-Zero Buildings: Operational vs. Embodied and
Whole-Life Scopes.

A second building-sector example is the use of certification or rating outcomes as a
proxy for sustainability without specifying which “needs” are being served and which
“harms” are being constrained [94]. Because the Brundtland definition does not prescribe
mechanisms, some actors treat “meeting needs” as equivalent to achieving a certification
level or accumulating points across heterogeneous categories, even when key outcomes are
not verified post-occupancy or when major impacts remain outside scope [20,95]. In prac-
tice, assessment tools vary substantially in emphasis—some prioritize operational energy,
others foreground water, materials, indoor environmental quality, site, or management
processes—so projects labeled “sustainable” may still perform unevenly on energy saving
and carbon reduction when evaluated against consistent, comparable metrics [21,94]. This
can shift incentives toward strategic compliance rather than high-impact interventions,
and it can channel investment toward easily claimable features rather than measures that
deliver durable decarbonization [96].

A third direct-misuse pathway appears in urban development and renewal projects jus-
tified as “sustainable development” because they satisfy visible near-term needs—economic
growth, housing delivery, or amenity upgrades—while producing longer-term harms that
are weakly captured in conventional narratives and appraisal practices. In the built envi-
ronment, these harms often include displacement and affordability loss—an established
concern in “ecological/green gentrification” debates—together with uneven access to the
benefits of greening and upgrading [97]. They also include increased heat exposure and
indoor/outdoor habitability risks when densification or redevelopment proceeds without
climate-responsive urban and building design, which can concentrate vulnerability rather
than reduce it [98]. Without an operational definition of “needs” (including affordability,
health, accessibility, and resilience) and “harm” (including whole-life carbon and distribu-
tional impacts), projects can be framed as sustainable while eroding the intergenerational
and justice-oriented intent that the Brundtland concept was meant to protect [97,99].
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In short, direct misuse in the built environment stems from the same structural weak-
ness highlighted by Castro: a definition broad enough to secure consensus but too inde-
terminate to discipline implementation. The result is that “sustainable development” can
legitimize divergent—and sometimes contradictory—practices, including those that dilute
accountability and slow genuine energy saving and decarbonization.

3.2.2. Indirect Misuse: Conflating Sustainable Development with “Sustainable Growth” in
the Built Environment

This subsection defines indirect misuse as discourse-level reframing of sustainable
development into “sustainable growth,” which shifts the meaning of legitimate trade-offs
and normalizes sufficiency-blind expansion. Unlike direct misuse, this pathway does
not hinge on boundary definitions within a single project claim; it hinges on how the
discourse of “sustainable development” is reinterpreted to normalize continued expansion
under sustainability-labeled qualifiers. While Figure 5 highlights boundary ambiguity as
a technical route to weak or incomparable net-zero claims, a parallel pathway operates
at the level of language and framing. As Figure 6 shows, “sustainable development” can
be decomposed into “sustainability” and “development”. When the literal reading of
sustainability is paired with development-as-growth, the concept readily collapses into
“sustaining growth”—a contradictory or trivial interpretation that enables a rhetorical
shift from “development within constraints” to “growth with qualifiers” [36]. In the built
environment, this semantic drift has tangible consequences: urban expansion, rising floor
area, and construction-led development can be narrated as “sustainable” via incremental
efficiency gains even when absolute energy use, material throughput, and cumulative
emissions continue to increase [100]. This is particularly problematic because buildings
embody long-term resource commitments: once a high-carbon stock is built, adjustment is
slow and costly, and the window for rapid decarbonization narrows.
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Figure 6. The semantics of sustainable development, source [36].
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The broader argument that “sustainable growth” is neither sustainable nor feasible
is echoed by The Limits to Growth [101]. While the built environment is not the only
domain implicated, it is among the most materially intensive; if “sustainable development”
drifts into a synonym for “sustained construction growth,” the concept can inadvertently
legitimize pathways that raise long-run environmental burdens even when near-term
economic benefits are emphasized [102].

Taken together, direct and indirect misuses show why the Brundtland definition’s
looseness is not a neutral feature. In the built environment, vagueness enables boundary
gaming, weak verification, fragmented tool use, and semantic drift toward growth-oriented
narratives that can also shape policy priorities and investment signals. Without revisiting
and operationalizing the concept, it will continue to justify practices inconsistent with
credible building-sector energy saving and carbon reduction, undermining both climate
objectives and the intergenerational justice logic central to Brundtland’s original intent [36].

4. Possible Solutions to Improve the Sustainable Development Concept
for the Built Environment

The weaknesses of the sustainable development concept described above have existed
from the beginning and have intensified as socioeconomic conditions and implementa-
tion contexts have evolved. Although the Brundtland concept remains valuable as a
normative anchor, its canonical definition is difficult to operationalize for contemporary
built-environment decision-making, where energy saving and decarbonization depend on
explicit boundaries, measurable indicators, and credible verification. The practical goal is
therefore not to replace the Brundtland concept, but to refocus and reinvigorate it so that it
can guide building-sector implementation more consistently.

To achieve this, two complementary mechanisms are proposed. First, a standing
review-and-update mechanism for the built environment should periodically clarify the
operational meaning of “needs,” “harm,” and acceptable trade-offs in building terms, in-
cluding system boundaries (e.g., operational versus embodied carbon) and a minimum
life-cycle indicator set that links well-being and affordability with operational energy per-
formance and whole-life carbon outcomes. Second, an implementation-alignment and
verification mechanism should reduce fragmentation across existing net-zero and green
building standards, certifications, and disclosure tools by specifying baseline requirements
for transparency and comparability (boundary declarations, metric definitions, and verifi-
cation principles), supported by targeted capacity building for architecture—engineering—
construction professionals. Together, these mechanisms aim to improve the credibility and
comparability of building performance claims and accelerate energy efficiency improve-
ments and carbon reduction across buildings and construction.

4.1. Recommendation One: Establish a Standing Review-and-Update Mechanism for Sustainable
Development in the Built Environment

Due to the weaknesses of the Brundtland concept identified above—its declining fit
with contemporary socio-technical conditions and its persistent conceptual vagueness—an
explicit, periodic update mechanism is needed to keep the definition operational for the
built environment. In buildings and construction, sustainable development is increasingly
invoked to justify design choices, investment decisions, standards, and claims of “net-zero”
or “low-carbon” performance. Yet these applications require clarity on system boundaries,
minimum indicators, and acceptable trade-offs (e.g., operational versus embodied carbon;
affordability and health versus cost and carbon constraints). A standing review-and-update
mechanism would not replace the Brundtland definition’s normative value; rather, it
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would translate that value into versioned, evidence-informed guidance that can be applied
consistently in building-sector decision-making.

A practical reference point is the way influential planning and design concepts have
been maintained through structured community-based revision. The concept of New
Urbanism, updated through the Congress for the New Urbanism (CNU), illustrates how
a shared framework can remain adaptable over time while retaining continuity. New
Urbanism aims to address urban sprawl, recreate communities, and improve quality of
life while protecting the natural environment through the redesign of regions, neighbor-
hoods, and buildings [103,104]. Trudeau [105] argues that New Urbanism provides a
sustainability-oriented response to the environmental harms associated with suburban
sprawl. Importantly, the concept has been revisited through organizational processes: since
its establishment in 1993, CNU has maintained a charter, convened practitioners and re-
searchers, and documented evolving priorities and principles over time. While sustainable
development is broader in scope than New Urbanism, this example demonstrates the value
of a transparent process that periodically clarifies a shared conceptual foundation and
tracks its evolution.

Translating this logic to the Brundtland definition, a review-and-update mechanism
should be designed around four principles. First, legitimacy and inclusiveness: because
sustainable development is used across jurisdictions and sectors, updates must be devel-
oped through broad participation and credible representation, rather than closed expert
deliberation alone. Second, transparency and version control: updates should be published
as clearly dated versions with explicit change logs (what changed, why, and what evidence
supports the change), allowing researchers and practitioners to cite and apply the concept
consistently. Third, evidence-informed synthesis: each update cycle should review relevant
empirical and methodological developments affecting the built environment (e.g., whole-
life carbon accounting, retrofit policy and finance, indoor environmental quality, climate
risk and resilience). Fourth, operational clarity: the mechanism should produce guid-
ance that is actionable for building-sector implementation—especially around boundaries,
indicators, and trade-offs—without turning the concept into a narrow checklist.

In practical terms, the mechanism’s outputs should focus on clarification rather than
certification. At minimum, each revision cycle should produce:

/A7,

1. A refined interpretive statement of “needs”, “harm”, and acceptable trade-offs in
built-environment terms;

2. A boundary guidance note that standardizes key scopes and accounting choices
(operational versus embodied carbon, time horizons, and the treatment of offsets);

3. A minimum indicator set that links energy performance and whole-life carbon with
occupant well-being (health, comfort), affordability, accessibility, and resilience;

4. A short “implementation implications” brief that links the conceptual update to the
alignment and verification functions described in Recommendation Two.

To operationalize Item (3) in a minimally comparable and auditable way, Table 1 pro-
poses a minimum disclosure indicator set that links operational energy and whole-life car-
bon to basic occupant outcomes and affordability, while making boundary choices explicit.

Table 1. Proposed minimum disclosure indicator set for operationalizing “needs” and “harm”

in buildings.
Dimension Minimum Disclosure Boundary Notes Minimum Evidence Anchor Refs
Functional unit, floor area Declare operational scope ior}ilplett.ed lzouncllatr}i
Boundary declarati definition, assessment period, and whole-life scope; dec aration tempate; 571315
oundary declaration geography, building type; explicitly list exclusions ata—sgurcc;ireglsﬁer, (5,7,13-15]
included/excluded scopes and rationale version/date o
method used
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Table 1. Cont.

Dimension

Minimum Disclosure

Boundary Notes

Minimum Evidence

Anchor Refs

Operational energy

Annual delivered energy by
carrier and key end uses;

Specify metering boundary;
treatment of on-site

Utility bills/submetering
logs; metering plan; basic

[5,20,106,107]

performance intensity metric normalized generation/export; weather QA/QC
by area normalization approach
. . Must state emission factor Calculations workbook;
o ional GHG A.r(linual. oPeraf’clo?al GHG; source and temporal factor source
perationa el demlss.lo.n actor slc:'urce alignment; treatment of documentation; [5,108]
emissions and year; time-matching RECs/guarantees-of-origin  traceability for certificates
approach if claimed : ;
and double counting if used
Declare system boundary:
. Whole-life carbon result; product/construction, LCA report summary
Whole-life o . use-stage I —
: breakdown at minimum into ; with inputs list; EPD
carbo? f/ emb?dwd + embodied vs. operational; replacements/maintenance, coverage statement; data [6-8,13,19,28,31,92]
ife-cycle major contributors end?of—hfe; treatment of quality level
refurbishment scenarios and

end-of-life assumptions

Net-zero claim

Claimed net-zero type;
on-site vs. off-site renewables;

Explicitly state whether
embodied/WLC is included;
offsets only after reductions;

Renewable procurement
evidence; offset
certificates; disclosure of

[5,14,15]

components residual emissions; disclose :
g . ; s residuals and
offsets used additionality /durability reconciliation
criteria used
Report whether metrics are C i .
- ; ommissioning records;
Minimum set of IEQ/comfort design-stage, S
. : ; . O monitoring snapshot or
Occupant well-being proxies and basic commissioning-stage, or POE plan. ref d [18]
safety /health considerations  operational monitoring; state b ; r;f re ]‘;‘ref‘ce
assumptions and limitations guidelne basis
State household /income Administrative data
Affordability /energy Affordability indicator and basis or tenant type; disclose source or documented [17]
burden distributional note data source and whether it is assumptions;
modeled or measured calculation note
o If relevant, disclose Mark as context-dependent; Scenario description;
Accessibility and accessibility baseline and . . . S
iy o specify hazard scenario and  cited standard/guideline [5,16]
resilience resilience-related

performance statement

scope if claimed

if used

These disclosure minimums are intended to be taken up by Recommendation
Two’s alignment and assurance function, which can translate them into harmonized bound-
ary declarations and tiered verification expectations across existing tools.

Institutionally, the mechanism does not need to imply a single global authority, but it
does require a convening arrangement that can mitigate fragmentation in sustainability
governance [109]. A credible pathway is to embed the mechanism within an internationally
recognized platform, with technical participation from built-environment stakeholders and
alignment with major sustainability agendas. Democratic participation and procedural
legitimacy are critical to ensure that revisions gain broad acceptance [110], particularly
given the diffusion of actors and responsibilities in contemporary environmental gover-
nance [111]. The key design objective is not institutional expansion per se, but the creation
of a stable process capable of issuing periodic, citable clarifications that reduce interpretive
drift in research and practice.

Finally, this mechanism should prioritize built-environment issues where Brundtland-
era under-specification is most consequential. For example, the report’s discussions of
urbanization and the relationship between small and large cities remain relevant to con-
temporary urban development pressures [46], but they require updating in light of today’s
decarbonization imperatives, retrofit needs in existing building stocks, and equity concerns
such as energy poverty and housing affordability. Likewise, the mechanism should explic-
itly address the built environment’s contemporary transition challenges: whole-life carbon,
verification expectations for net-zero claims, and the integration of decarbonization with
health and resilience outcomes.
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A review-and-update mechanism alone, however, is not sufficient. Even a clarified
definition can be misapplied if standards, certifications, and disclosure tools continue to
embed inconsistent boundaries and verification practices. For this reason, Recommendation
Two complements the present proposal by focusing on implementation alignment, compa-
rability, and capacity building across the tool landscape of buildings and construction.

4.2. Recommendation Two: Create an Implementation-Alignment, Verification, and
Capacity-Building Organization for Built-Environment Sustainable Development

Even if the Brundtland definition is periodically clarified through the review-and-
update mechanism proposed in Recommendation One, the concept can still be misap-
plied if implementation tools continue to embed inconsistent boundaries, metrics, and
verification practices. This problem is especially acute in the built environment, where
“sustainable development,” “low-carbon,” and “net-zero” claims are often made through
a fragmented landscape of standards, certification schemes, and disclosure frameworks.
Therefore, the second recommendation is to establish a permanent implementation-oriented
arrangement—an institutional “alignment and assurance” function—whose primary role is
to improve comparability, credibility, and professional capacity in building-sector practice,
rather than to invent an entirely new sustainability agenda.

A useful reference point is the LEED (Leadership in Energy and Environmental De-
sign) system administered through USGBC/GBCI, which illustrates how implementation
credibility is strengthened when rating rules are explicit, scope is consistently declared,
quality assurance is built into assessment routines, and professional training supports
repeatable application at scale. The lesson for our purposes is not to position any single
scheme as the arbiter of “sustainable development,” but to extract these institutional design
features—clarity, QA, and capacity building—as requirements for an interoperability-
oriented assurance layer across diverse net-zero and green building tools.

However, the aim of this recommendation is not to replicate LEED as a single universal
arbiter of “sustainable development.” Instead, the proposed organization would perform
three narrowly defined functions that directly respond to Weakness Two (conceptual
vagueness and boundary ambiguity) in the built environment:

1. Tool alignment and interoperability. Building on the clarified concept produced under
Recommendation One, the organization would publish baseline requirements that
existing net-zero and green building tools can map to—especially around boundary
declarations (operational vs. embodied carbon; time horizons), minimum metric
definitions, and disclosure expectations. This is best framed as an interoperability
layer rather than a replacement of existing standards. The objective is to reduce frag-
mentation and make claims comparable across jurisdictions and certification systems.

2. Verification principles and assurance pathways. The organization would articulate
minimum verification expectations (what evidence is required, how performance
is checked, and which claims require third-party review), thereby reducing green-
washing risk and raising confidence in building performance statements. A practical
way to operationalize this is to define tiered assurance levels with explicit deliver-
ables and trigger conditions. Tier 1 would require a standardized disclosure package
(Table 1) with a completed boundary declaration template, traceable data sources, and
a claim reconciliation sheet that reports residual emissions and any RECs/ offsets used.
Tier 2 would add independent verification through structured document review and
consistency checks, ensuring that declared boundaries align with reported metrics,
that calculations reconcile arithmetically, and that key inputs can be corroborated
through spot checks against metering evidence and material /LCA assumptions. Tier 3
would be required for high-stakes or public-facing claims and would include audited
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verification with performance checks against measured operation where feasible,
plus validation of offset quality criteria. By explicitly tying each tier to the Table 1
evidence items, the same “net-zero/low-carbon” label becomes auditable rather than
rhetorical. This function aligns with the broader governance insight that credible
net-zero pathways depend on accountability structures and transparent reporting,
not merely on aspirational targets.
Professional capacity building for AEC implementation. Because buildings are deliv-
ered through complex actor networks, concept-consistent implementation depends on
trained professionals who can apply boundaries, metrics, and verification consistently.
This capacity gap is amplified—not resolved—by digitalization: as BIM/digital twins
and data-intensive M&V proliferate, weak boundary competence, low data literacy,
and unclear assurance responsibilities become binding constraints on producing
comparable and auditable sustainability claims. The organization would therefore
accredit training content (rather than monopolizing training), develop role-based
competencies (design, construction, commissioning, operations, auditing), and en-
courage harmonized professional standards that reduce interpretive drift in practice.
To support diffusion at scale, these competency profiles and training materials can
be embedded in university and continuing-professional education curricula and ref-
erenced by professional bodies and accreditation schemes, thereby mainstreaming
boundary, metric, and assurance-related skills across AEC roles. Figure 7 summa-
rizes this governance architecture as a closed loop: performance data, standards
evolution, and policy signals feed the standing review-and-update function, which
issues versioned guidance, changelog notes, and boundary clarifications; these are
then operationalized by the assurance layer through boundary declaration templates,
crosswalk mappings, verification tiers, and capacity building, yielding harmonized
outputs that in turn generate performance data feedback for the next update cycle.

Performance Data Standards Evolution Policy Signals

: Input Data :‘I
Recommendation One: Recommendation Two:

Standing Review-and-Update Revi
eview &
Eview & Update Layer Update Eayer | Alisnment & Assurance Layer

® Boundary Declaration Template
® Crosswalk Mappings

® Verification Tiers

® Capacity Building

ih (% Harmonized OQutputs: ﬁ ‘

Net-Zero Green ® Comparable Disclosure Net-Zero Rating
Standards Certifications ® Credible Claims Standards Frameworks

® Less Greenwashing

Performance Data Feedback

Alignment/Assurance Layer

® Versioned Guidance
® Changelog Notes
® Boundary Clarifications

Figure 7. Two-Mechanism Governance Loop: Linking Specification, Disclosure, and Verification.

In addition, this implementation arrangement should explicitly interface with sus-

tainable finance and investment governance where relevant. Decarbonization in build-
ings increasingly depends on aligning capital allocation with credible definitions of “low-
carbon” and “net-zero” activities. The World Bank and related initiatives emphasize the
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importance—and the complexity—of sustainable finance taxonomies for guiding invest-
ment classification and coordination. The proposed organization’s role here would be
limited and practical: providing a built-environment-relevant “activity and performance”
schema that can be referenced by financiers and policymakers without requiring a single
global taxonomy for all sectors.

Finally, this recommendation should be framed in institutional terms that remain
compatible with a theory-driven paper. The organization could be established as a multi-
stakeholder platform supported by internationally recognized conveners, but it need not
rely on a single, centralized global authority. Its legitimacy would derive from transparent
governance, public technical documentation, and demonstrated interoperability benefits
for existing tools. Emerging digital technologies can further support this architecture by
enabling more consistent measurement, reporting, and auditing—while also requiring
adaptive governance to manage new risks and responsibilities.

Together with Recommendation One, this proposal completes a coherent pathway
from concept to practice: the first mechanism periodically clarifies and versions the meaning
of sustainable development for the built environment, while the second reduces fragmen-
tation and improves credibility by aligning boundaries, strengthening verification, and
building professional capacity—thereby accelerating energy efficiency improvements and
carbon reduction across buildings and construction.

5. Conclusions

This paper revisits the Brundtland Report’s definition of sustainable development
through the lens of the built environment and identifies two weaknesses that increasingly
constrain credible energy saving and decarbonization in buildings and construction. First,
the definition has not been substantively updated since 1987 and therefore reflects late-
twentieth-century socioeconomic and technological assumptions that provide limited oper-
ational guidance for contemporary building-sector practice shaped by accelerated climate
policy, digitalized delivery and operations, and life-cycle carbon accounting. Second, the
definition’s intentional broadness—while historically important for consensus—leaves
key terms such as “needs,” “harm,” and acceptable trade-offs under-specified. In the
built environment, this under-specification can translate into boundary ambiguity (e.g.,
operational versus embodied carbon), fragmented standards and certification landscapes,
non-comparable claims, and heightened greenwashing risks.

Rather than discarding the Brundtland concept, the paper argues for preserv-
ing its normative intent while making it operational for building-sector governance.
Two complementary mechanisms are proposed. The first is a standing review-and-update
mechanism that periodically clarifies the operational meaning of “needs,” “harm,” and
trade-offs in building terms, issues versioned guidance with transparent change logs, and
provides boundary notes and a minimum life-cycle indicator set that links whole-life carbon
and operational energy performance with core social needs such as health, affordability,
accessibility, and resilience. The second is an implementation-alignment and assurance
mechanism that reduces fragmentation across existing net-zero and green building tools
by establishing baseline requirements for transparency and comparability (boundary dec-
larations, metric definitions, and verification principles), supported by targeted capacity
building for architecture—engineering—construction professionals.

Together, these mechanisms provide a coherent pathway from concept to practice: they
discipline interpretation without imposing a single universal tool, strengthen the credibility
and comparability of building performance claims, and support policy coherence and
investment alignment. By translating the Brundtland definition into actionable boundaries,
indicators, and verification expectations for the built environment, the proposed framework
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aims to accelerate energy efficiency improvements and carbon reduction across buildings
and construction, while better integrating decarbonization with human well-being and
equity considerations.
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