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Abstract: Global initiatives such as the Paris Agreement and Agenda 2030 have united nations around common
sustainability goals, prompting critical discussions about the true nature of sustainability. A significant concern
highlighted by the United Nations is greenwashing —a practice where companies or organisations mislead the
public about the environmental benefits of their products or services. Tactics employed in greenwashing
include using unclear or misleading labels like “green” and “eco-friendly” or emphasising a single aspect of
the product’s lifecycle that appears sustainable while ignoring others. Environmental Product Declarations
(EPDs) have gained prominence in response to these challenges, particularly in New Zealand, where
government climate declaration regulations have fuelled their demand. This study aims to comprehensively
analyse existing EPDs for construction products by identifying and evaluating EPD programs, categorising
product types, assessing the completeness of Life Cycle Assessment (LCA) information modules, and verifying
the accuracy of declared impact values. The research methodology involves a systematic literature review,
drawing data from reputable databases, including Scopus, Elsevier, Taylor & Francis, MDPI, and Emerald
Insight, with data analysis conducted using ATLAS.ti 9 software. Examining the current state of EPDs in New
Zealand’s construction sector, this study aims to highlight best practices, identify areas for improvement, and
provide a foundation for enhancing the transparency and reliability of environmental impact assessments. The
findings will contribute to ongoing efforts to combat greenwashing and promote genuine sustainability in
construction projects, ultimately supporting the development of more environmentally responsible building
practices.

Keywords: Environmental product declarations; construction products; sustainability;
greenwashing and ATLAS.ti 9 software

1. Introduction

As global population trends upward, with projections nearing 10 billion by 2050, the
construction industry faces unprecedented challenges in sustainability [1]. The built environment’s
outsized impact on greenhouse gas emissions accounting for three-quarters of the annual total
underscores the urgent need for reform in building practices [2]. The construction sector grapples
with several key challenges. In New Zealand, construction and demolition generate 40-50% of landfill
waste, with each new home producing approximately 4 tonnes of waste [3]. Concrete production
alone contributes 1.4 million tonnes of greenhouse emissions annually in the country [4]. Buildings
consume energy throughout their lifecycle, from construction to demolition, leading to natural
resource depletion and significant greenhouse gas emissions [5].

The regulatory landscape is evolving to address these issues. The Paris Agreement aims to limit
temperature rise to 1.5°C, requiring a 40% reduction in global emissions by 2030 [6]. New Zealand
has introduced climate declarations for new construction projects, signaling a shift towards more
sustainable practices [7]. To improve sustainability, the industry is exploring several strategies.
Simple waste sorting could divert at least half of construction waste from landfills, reducing project
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costs and environmental impact [8]. Life Cycle Assessment (LCA) tools are being employed to
calculate a building’s environmental impact from cradle to grave, aiding in decision-making between
construction options and identifying major impact contributors [9,10].

Environmental Product Declarations (EPDs) have emerged as a key tool, providing transparent
data on product environmental impacts. These follow product-specific guidelines (Product Category
Rules) to ensure comparability (ISO, 2006). New Zealand’s proposed “Environmental Product
Declarations” initiative aims to ensure the reliability of green product claims, potentially requiring
third-party verification of environmental claims, including life-cycle considerations [11]. However,
implementing these strategies is not without challenges. Concerns have been raised about EPD
reliability, with issues of limited scope, accuracy, and lack of standardization identified [12]. Studies
show significant missing information in many EPDs, affecting their comparability [13]. There are also
concerns about the quality and consistency of data in EPD assessments, with lack of transparency in
data sources leading to doubts about product reliability [14].

The ISO 14025 standard for EPDs serves as a framework but lacks standardization in certain
aspects, creating gaps that need to be addressed [11]. To move forward, the construction industry
must invest in innovative waste reduction and recycling technologies, improve the accuracy and
completeness of EPDs, develop more standardized approaches to life cycle assessments, enhance
transparency in data collection and reporting, and collaborate across the supply chain to ensure
consistent sustainability practices [15]. Tackling these issues head-on, the construction sector can
significantly reduce its environmental footprint and contribute to global sustainability goals. The
path forward requires concerted effort, innovation, and a commitment to transparency and accuracy
in environmental reporting. As the industry evolves, these efforts will be crucial in creating a more
sustainable built environment for future generations. This study aims to conduct a comprehensive
analysis of existing Environmental Product Declarations (EPDs) for construction products. The
research objectives encompass identifying and evaluating EPD programs, categorizing product
types, assessing the completeness of Life Cycle Assessment (LCA) information modules, and
verifying the accuracy of declared environmental impact values.

2. Research Methodology

This paper use the “scientific procedures and rationales for systematic literature review (SPAR-
4-SLR)” methodology developed by Paul et al. [16] to comprehensively analyse significant research
works from 2010 to 2024 in academic literature from Scopus database [17]. The review process is
structured into three distinct stages: 1) Identification and acquisition of relevant literature, 2)
Organization and purification of the literary synthesis, and 3) Evaluation and reporting of the
synthesized literature, as illustrated in Figure 1 [18]. This systematic approach ensures a thorough
examination of the evolving landscape of environmental product declarations. Following these
stages, the study conducts a comprehensive analysis of existing environmental product declarations
for construction products. The following subsections describe the three key phases within the SPAR-
4-SLR protocol employed for the study.
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1. Identification
Review Domain: Environmental Product Declarations (EPDs) for construction

products.
Review Questions: categorizing product types. assessing the completeness of Life

2. Acquisition

Assembling

Search Mechanism and Material Acquisition: Scopus database
Search Period: 2010-2024
Keywords: (TITLE-ABS-KEY ("Environmental product declarations” OR "Environmental labels" AND

"Construction products" AND "Life cycle assessments"))

3. Organization
Organization Codes: Identifying and evaluating EPD programs, categorizing product
types, assessing the completeness of Life Cycle Assessment (LCA) information
modules, and verifying the accuracy of declared environmental impact values.

Arranging

4. Purification
Article Type Excluded: Proceeding and Book, Editorial
Article Type Included: 96 articles for analysis (Journal Articles, Review article, and

5. Evaluation

Analysis Methods: Atlast.ti9
Agenda Proposal Method: Thematic analysis (EPDs, Categories, LCA information,

value of EPD declarations).

Assessing

6. Reporting
Reporting Conventions: Figures, Tables, Network, Graphs and Texts.
Limitations: Data accessed from dimension review limited to literature review.

Figure 1. Overview of the SPAR-4-SLR Protocol Framework (Source Paul et al. [16]).

2.1.1. Assembling

The initial phase of the study, known as assembling, involved a comprehensive and systematic
approach to literature collection. This process was designed to ensure a thorough and representative
sample of relevant publications. The primary literature search was conducted in September 2024,
utilizing multiple reputable academic databases to capture a broad spectrum of research. The Scopus
database served as the primary source due to its extensive coverage of peer-reviewed literature in the
field. Additionally, Google Scholar was employed to capture relevant publications that might not be
indexed in Scopus, particularly conference proceedings and recent preprints.
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The search strategy was carefully crafted to identify publications focusing on Environmental
Product Declarations (EPDs), their evaluation, and related concepts within the construction industry.
A combination of controlled vocabulary and free-text terms was used to maximize the sensitivity and
specificity of the search. The search string included key terms such as “Environmental product
declarations” OR “Environmental labels” AND “construction products” AND “life cycle
assessments” along with their synonyms and related concepts.

The search encompassed works published from 2010 to September 2024, a timeframe chosen to
capture the evolution of EPD programs and sustainable construction practices over a significant
period. This temporal range allows for the identification of trends and developments in the field. The
initial search yielded a total of 97 publications across all databases. After removing duplicates, the
corpus was reduced to 96 unique publications. The Elsevier Mapping Initiative’s Science-Metrix
classification system was employed to further refine the search results, enhancing the precision of
literature identification. This classification system allowed for a more nuanced categorization of
publications based on their research focus and methodological approaches [19].

Following a rigorous preliminary screening process, a total of 96 articles were retained for in-
depth analysis. This corpus comprised 54 articles from the Scopus database and 42 articles from
Google Scholar, ensuring a comprehensive and diverse range of scholarly sources. This combination
of databases allowed for a broad capture of both peer-reviewed journal articles and other relevant
academic publications, providing a robust foundation for the study’s insights into Environmental
Product Declarations (EPDs) and sustainable design practices in the construction industry.

The inclusion of articles from both Scopus and Google Scholar enhances the breadth and depth
of the literature review, capturing a wide spectrum of research perspectives and methodologies. This
comprehensive approach strengthens the validity of the findings and ensures a more holistic
understanding of the current state of EPDs and sustainable construction practices. The selected
articles underwent a systematic categorization process based on their central themes, employing a
rigorous cross-referencing methodology to ensure consistency and relevance across the corpus [20].
This process involved multiple iterations of detailed abstract analysis, supplemented by full-text
reviews where necessary, to refine the literature base and align it precisely with the study’s objectives.

2.1.2. Arranging

The arranging phase involved a meticulous process of systematic organization and refinement
of the selected articles, guided by clearly defined inclusion and exclusion criteria [19]. This phase was
crucial in ensuring the relevance and quality of the literature corpus for subsequent analysis. A
comprehensive coding framework was developed, incorporating key metadata elements such as
journal title, author name, publication year, research methodology, and thematic focus. This multi-
dimensional coding strategy allowed for a more nuanced and granular analysis of the literature
corpus [21]. This methodical organization and coding strategy facilitates a thorough examination of
trends and patterns in identifying and evaluating EPD programs, providing a solid foundation for
subsequent analysis and synthesis of findings.

2.1.3. Assessing

The culminating phase of the study encompasses a comprehensive assessment, integrating
rigorous evaluation and detailed reporting of findings [17]. This phase is crucial for synthesizing
insights and ensuring the reliability and validity of the research outcomes. The evaluation segment
provides an in-depth overview of the analytical methodology employed, utilizing a mixed-methods
approach that combines qualitative content analysis with quantitative bibliometric techniques. This
multi-faceted analytical strategy allows for a nuanced understanding of both the thematic content
and the meta-trends within the literature corpus.

For data analysis and trend identification, ATLAS.ti 9 software was utilized, leveraging its
advanced capabilities in qualitative data analysis [22]. This sophisticated tool facilitated a rigorous
examination of patterns, themes, and relationships within the literature corpus. The software’s
network analysis features were particularly valuable in mapping the interconnections between key
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concepts and identifying emerging research clusters. The study acknowledges its limitations,
including the focus on English-language publications and the reliance on specific databases. These
limitations are carefully considered in the interpretation of results to ensure balanced and
contextualized conclusions.

Given that the review relied exclusively on publicly available secondary data accessed through
reputable academic databases, ethical approval was not required for this research [23]. Nevertheless,
the study adhered to ethical standards in systematic review practices, ensuring transparency,
reproducibility, and integrity throughout the research process. From the initial corpus of 96 articles
(54 from Scopus and 42 from Google Scholar), all publications were subjected to in-depth analysis
using ATLAS.ti 9 software. This advanced qualitative data analysis tool was employed to extract
nuanced insights and identify emerging patterns within the literature [24]. ATLAS.ti is widely
recognized for its efficacy in qualitative analysis, particularly when dealing with substantial amounts
of textual and graphical data [25].

The results derived from the ATLAS.ti analyses are presented using a combination of narrative
synthesis and visual representations. The visualizations are designed to facilitate easy understanding
of complex relationships and temporal trends within the research field. This robust analytical
approach ensures a thorough examination of the current state of knowledge regarding
Environmental Product Declarations and sustainable practices in the construction industry, while
also identifying gaps and opportunities for future research.

3. Critical Analysis of EPD Literature

3.1. Overview of Existing Environmental Product Declaration (EPD) Schemes

In New Zealand, the primary Environmental Product Declaration (EPD) program is operated by
EPD Australasia, a collaborative initiative with Australia [11]. This program plays a pivotal role in
developing and managing EPDs for construction products across both nations, fostering sustainable
building practices and environmental transparency in the region. EPD Australasia adheres to
international standards, particularly ISO 14025 and EN 15804, ensuring that the EPDs produced are
globally recognized and comparable [26]. This alignment with international norms facilitates the
integration of New Zealand and Australian products into global green building projects and
sustainability initiatives. The program covers a wide range of construction materials and products,
including but not limited to concrete, steel, timber, insulation, and various finishing materials [27].
Providing comprehensive life cycle assessments, EPD Australasia enables manufacturers to
communicate the environmental impacts of their products transparently and credibly [28].

For the New Zealand construction industry, this program offers several significant benefits.
Firstly, it allows local manufacturers to compete more effectively in international markets where
EPDs are increasingly required or preferred [29]. Secondly, it supports the country’s commitment to
reducing carbon emissions and promoting sustainable development in the built environment. The
EPD process involves rigorous data collection and analysis, covering aspects such as raw material
extraction, manufacturing processes, transportation, installation, use phase, and end-of-life scenarios
[30]. This holistic approach provides valuable insights for product improvement and innovation,
driving the industry towards more sustainable practices.

Furthermore, EPD Australasia actively engages with various stakeholders, including
government bodies, industry associations, and academic institutions. This collaboration ensures that
the program remains relevant and responsive to the evolving needs of the construction sector and
environmental regulations in both New Zealand and Australia [31]. As green building certifications
like Green Star NZ gain prominence, EPDs are becoming increasingly important for project teams
seeking to achieve higher ratings. The availability of local EPDs through EPD Australasia simplifies
this process for New Zealand projects, promoting the use of environmentally preferable products
and supporting evidence-based decision-making in sustainable construction [32].

The development of general guidelines for scheme management and the application of Life
Cycle Assessment (LCA) methodologies could significantly mitigate these obstacles. Furthermore,
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fostering mutual recognition among different schemes would contribute to a more unified approach
[27]. In this context, the European Commission has taken a step forward by publishing a guide that
aims to promote consistency and compatibility across EPD programs [33]. To illustrate the current
landscape, Table 1 provides an overview of the primary existing programs for EPD registration. This

compilation highlights the diversity of schemes available, underscoring the need for harmonization
efforts.

Table 1. Existing Environmental Product Declaration (EPD) Schemes.

Area Initiative
- The International EPD System —EPD
- The Norwegian EPD Foundation—EPD
- French Agency on Environment and Energy Management (ADEME)—Product
Environmental Footprint
- BRE Global Environmental Profiles Scheme (EPD) for construction products—EPD
- German Institute of Construction and Environment (IBU)
- The Environment and Development Foundation (EDF)—EPD
Asia - Japan Environmental Management Association for Industry (JEMAI)—PCF
- Korean Environmental Industry & Technology Institute of (KEITI)—EPD
- FP Innovations—EPD Program on Wood Products
- NSF National Center for Sustainability Standards—EPD
North - The Institute for Environmental Research & Education—Earthsure EPD
America - The Green Standard —EPD
- The Sustainability Consortium
- UL Environment—EPD
. - EPD Australasia Program —EPD
Australia and . . .
New Zealand - Type Il Environmental Declaration in ISO Terminology —EPD
- Green Star—EPD

Europe

3.2. Overview of the Environmental Product Declaration (EPD) Australasia Program

The EPD Australasia Program is a regional initiative designed to develop and promote
Environmental Product Declarations (EPDs) in Australia and New Zealand [11]. EPDs are
standardized documents that provide transparent, verified information about the environmental

impact of products throughout their lifecycle. Figure 2 provides the overview of the EPD Australasia
program.

Registration and Verification
Processes

| I Structure and Governance

is associated with

is associated with

is associated with

EPD Australasia Program

v
—

is associated with

Identifying Main Product
Categories

Alignment with International
Standards

Figure 2. EPD Australasia Program.

3.2.1. Structure and Governance
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EPD Australasia, established in 2014, is a non-profit organization dedicated to developing and
managing an Environmental Product Declaration (EPD) Program for Australia and New Zealand
[34]. This structure reflects the collaborative nature of the initiative, bridging the sustainability efforts
of both countries in the construction and manufacturing sectors. The organization’s governance is
two-tiered, consisting of board of directors and an Advisory Panel [35]. The board of directors is
responsible for the overall strategic direction and management of EPD Australasia. They ensure that
the organization maintains its non-profit status while fulfilling its mission to promote environmental
transparency in product manufacturing [36].

The Advisory Panel plays a crucial role in guiding the organization’s activities. Comprising
industry experts from various fields related to construction, manufacturing, and environmental
science, this panel provides valuable insights and recommendations [37]. Their expertise helps ensure
that the EPD Program remains relevant, scientifically sound, and aligned with industry needs and
international best practices. This governance structure allows EPD Australasia to maintain a balance
between operational efficiency and technical expertise [38]. The board focuses on organizational
management and strategic planning, while the Advisory Panel contributes specialized knowledge to
inform program development and implementation [39].

3.2.2. Registration and Verification Processes

The registration and verification processes for Environmental Product Declarations (EPDs)
through EPD Australasia involve a comprehensive series of steps designed to ensure accuracy,
compliance, and credibility [40]. This rigorous approach is fundamental to maintaining the integrity
of the EPD program in Australia and New Zealand. The process begins with an initial application
from a company seeking to register an EPD [27]. This step involves submitting basic information
about the product and the organization, allowing EPD Australasia to assess the application’s
suitability and provide guidance on the next steps [41]. Following acceptance of the application, the
EPD development phase commences. This crucial stage involves conducting a detailed life cycle
assessment (LCA) of the product, following ISO 14040 and ISO 14044 standards. The LCA examines
the product’s environmental impacts across its entire life cycle, from raw material extraction to end-
of-life scenarios [42,43].

Once the EPD is developed, it undergoes a stringent verification process. EPD Australasia
mandates that all EPDs be independently verified by a recognized third-party verifier. This
requirement is a cornerstone of the program’s credibility [44]. Verifiers, who must be approved by
EPD Australasia, scrutinize the EPD and its underlying LCA data to ensure compliance with relevant
standards such as ISO 14025 and EN 15804, as well as the specific program rules set by EPD
Australasia.

The verification process typically involves:

A thorough review of the LCA methodology and calculations
Checking the consistency and accuracy of data used
Ensuring proper interpretation and presentation of results
Confirming adherence to EPD Australasia’s program rules.

LN

After successful verification, the EPD moves to the final registration stage. EPD Australasia
reviews the verified document, assigns a registration number, and officially publishes the EPD on its
website, making it publicly accessible [43]. This multi-step process, with its emphasis on independent
verification, ensures that registered EPDs provide reliable, comparable, and transparent
environmental information about products in the Australian and New Zealand markets.

3.2.3. Alignment with International Standards

EPD Australasia’s alignment with key international standards is a cornerstone of its program,
ensuring that Environmental Product Declarations (EPDs) produced in Australia and New Zealand
are globally relevant and comparable [45]. This alignment is particularly crucial in today’s
interconnected global market, where construction products and materials frequently cross
international borders. The program primarily focuses on two pivotal international standards.
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The first is ISO 14025:2006 - Environmental labels and declarations - Type III environmental
declarations - Principles and procedures [46]. Developed by the International Organization for
Standardization (ISO), this standard provides the fundamental framework for Type III
environmental declarations, which include EPDs. It outlines the principles and procedures for
developing these declarations, ensuring a consistent approach worldwide [47]. Key aspects of ISO
14025 include defining the objectives of Type IIl environmental declarations, specifying requirements
for EPD programs, and establishing procedures for data verification and declaration development
[48].

The second key standard is EN 15804:2012+A2:2019 - Sustainability of construction works -
Environmental product declarations - Core rules for the product category of construction products
[49]. This European standard, developed by the European Committee for Standardization (CEN),
provides specific rules for EPDs in the construction sector. Widely recognized beyond Europe, it
serves as a benchmark for construction product EPDs globally [50]. EN 15804 covers detailed
requirements for conducting Life Cycle Assessments (LCAs) for construction products, specifications
for reporting environmental impacts, resource use, and waste categories, and guidelines for ensuring
consistency and comparability between EPDs for construction products [51].

Adhering to these standards, EPD Australasia ensures that EPDs produced under its program
are scientifically robust and credible, comparable with EPDs from other international programs,
recognized and accepted in global markets, and aligned with best practices in environmental impact
assessment and reporting [31]. This alignment facilitates several benefits for Australian and New
Zealand manufacturers. It enhances international market access, as their EPDs are recognized
globally. It increases competitiveness in tenders and projects requiring standardized environmental
information [52]. The alignment also streamlines compliance with various green building rating
systems worldwide and simplifies the process for obtaining EPDs valid in multiple markets.
Furthermore, this standardization supports decision-makers, architects, and builders in making
informed choices about construction materials across different international contexts, contributing to
more sustainable building practices globally [53]. Ensuring that EPDs from Australia and New
Zealand are comparable with those from other countries, EPD Australasia plays a crucial role in
facilitating transparency and sustainability in the global construction industry [54]. Figure 3 depicts
the international standards connected to EPDs.
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Figure 3. International Standards in EPDs.

3.2.4. Identifying Main Product Categories

Understanding these product categories is crucial for stakeholders in the construction industry,
including architects, builders, suppliers, and regulators. It allows for informed decision-making in
material selection, considering factors such as performance, cost, sustainability, and compliance with
building codes [55]. Moreover, knowledge of these categories helps in identifying trends, forecasting
demand, and developing strategies for innovation and improvement in the construction sector [56].
The construction products used in New Zealand reflect a balance between local resources,
environmental considerations, seismic requirements, and international best practices [56]. As the
industry evolves, there is an increasing focus on sustainable and innovative products that can meet
the changing needs of the built environment while addressing challenges such as climate change and
resource efficiency [57]. Figure 4 provides the product categories of EPD.
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Figure 4. Main Product Categories.

Timber products are a crucial category in New Zealand’s construction industry, reflecting the
country’s significant forestry sector. The abundance of local timber resources has led to a wide range
of wood-based construction materials, including structural lumber, engineered wood products like
laminated veneer lumber (LVL) and cross-laminated timber (CLT), as well as wood-based panels
such as plywood and oriented strand board (OSB) [58]. These products are extensively used in
residential and commercial construction, offering sustainability benefits and aligning with New
Zealand’s cultural and environmental values [59].

Concrete and cement products form another vital category, including ready-mix concrete,
precast concrete elements, cement-based mortars, and grouts. These materials are essential for
foundations, structural elements, and various finishing applications [60]. New Zealand’s seismic
activity has influenced the development of specialized concrete products designed to withstand
earthquakes.

Steel and metal products play a significant role in construction, particularly in commercial and
industrial buildings. This category encompasses structural steel beams and columns, reinforcing steel
for concrete, light gauge steel framing, and metal roofing and cladding materials. The durability and
strength of these products make them indispensable in many construction projects [61].

Insulation materials are crucial for energy efficiency and comfort in New Zealand’s varied
climate. This category includes products like fiberglass bats, polyester insulation, foam boards, and
reflective foil insulation. The emphasis on energy-efficient buildings has led to increased demand for
high-performance insulation products [62].

Cladding and roofing materials protect buildings from the elements and contribute to their
aesthetic appeal. This category includes weatherboards (both timber and composite), brick and stone
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veneers, fiber cement sheets, metal cladding systems, concrete and clay roof tiles, and long-run metal
roofing. The selection of these materials often reflects regional architectural styles and climate
considerations [62].

Flooring products encompass a wide range of materials used for both residential and
commercial applications. This includes timber flooring, carpet, vinyl, ceramic tiles, and polished
concrete. The choice of flooring materials often depends on the specific requirements of each space,
considering factors like durability, maintenance, and aesthetic preferences [63].

Plumbing and electrical components, while less visible, are essential for the functionality of
buildings. This category includes pipes, fittings, wiring, switchgear, and fixtures. The rapid
development of smart home technologies has led to the integration of more sophisticated electrical
and plumbing systems in modern construction [64]

3.3. Sustainable Development

The Earth’s biosphere provides essential resources that underpin human survival and societal
progress. However, there’s growing concern that excessive consumption by current generations may
deplete these vital supplies, potentially jeopardizing the well-being of future populations [65]. The
rapid industrialization of recent centuries has led to increasingly apparent negative consequences
stemming from resource overexploitation. As awareness of these environmental and social issues has
spread, the concept of ‘sustainability’ has gained prominence [66]. At its core, sustainability aims to
balance present needs with long-term ecological and social health. The United Nations defines it as
“meeting the requirements of today without undermining the capacity of forthcoming generations to
fulfill their own necessities” [65].

1.  Economic viability (ensuring financial stability and growth)
2. Environmental stewardship (preserving ecosystems and minimizing ecological harm)
3. Social responsibility (promoting equity, well-being, and community cohesion)

This framework is often referred to as the ‘Triple Bottom Line” approach [67]. It suggests that
organizations should evaluate their performance not just in financial terms, but also by considering
their environmental and social impacts. In the context of manufacturing, this means businesses are
increasingly expected to integrate ecological and social considerations into their operations while
maintaining profitability [68]. The goal is to foster a more holistic approach to industrial practices
that aligns with broader sustainability objectives. The relationship between sustainable design
principles and the overarching aim of sustainable development is complex and multifaceted as
shown in Figure 5, involving numerous interconnected factors and stakeholders.
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3.3.1. Sustainable Design Products

Sustainable design, a crucial component of the broader sustainable development framework, has
gained traction in corporate environments due to its potential for both environmental stewardship
and business advantages [69]. These benefits often include operational cost reductions and enhanced
market appeal [70]. As organizations increasingly recognize the value of sustainable practices, they
are integrating these principles into their product development processes and overall business
strategies [71]. Within the product development lifecycle, the design phase plays a pivotal role in
shaping a product’s environmental impact. Designers, particularly those in industrial and product
fields, wield significant influence over critical factors such as material selection, manufacturing
processes, energy efficiency, product lifespan, and end-of-life considerations [72]. This positioning
allows designers to be key drivers of sustainability initiatives, as their decisions can dramatically
affect a product’s overall ecological footprint [73]. Figure 6 provides the sustainable design outputs
of EPD.
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The concept of sustainable design has evolved over time, with various interpretations and
approaches emerging. These can be broadly categorized into three main philosophies: green design,
eco-design, and design for sustainability [74]. Green design typically focuses on reducing obvious
environmental impacts, often through material substitution or incremental improvements. Eco-
design takes a more holistic approach, considering the entire product lifecycle and aiming to
minimize overall environmental impact. Design for sustainability expands beyond environmental
concerns to include social and economic factors, aligning with the triple bottom line concept [75]. This
progression from green design to eco-design and then to design for sustainability reflects a shift from
narrow, problem-specific solutions to more comprehensive, systems-level thinking in design
practices [76]. Green design often addresses immediate and visible environmental issues, while eco-
design broadens the scope to consider less obvious impacts throughout a product’s life. Design for
sustainability takes this even further, integrating environmental considerations with social
responsibility and economic viability [77].

As the understanding of sustainability challenges deepens, design philosophies continue to
evolve, pushing towards more integrated and impactful solutions. Modern sustainable design
practices increasingly emphasize circular economy principles [78], regenerative design [79], and
biomimicry [80], among other innovative approaches. These evolving concepts reflect a growing
recognition that truly sustainable design must not only minimize negative impacts but actively
contribute to environmental and social well-being [81]. The role of designers in this evolution cannot
be overstated. As sustainability becomes increasingly central to business strategies and consumer
preferences, designers are tasked with balancing aesthetic and functional requirements with
environmental and social considerations [82]. This demands a broader skill set and knowledge base,
encompassing not just traditional design principles but also an understanding of materials science,
lifecycle analysis, and social impact assessment [83]. Sustainable design represents a dynamic and
crucial field within the broader context of sustainable development. Its evolution from simple green
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design principles to comprehensive sustainability frameworks mirrors our growing awareness of
environmental and social challenges [74]. As we move forward, the integration of sustainable design
practices into all aspects of product development and business strategy will likely become not just a
competitive advantage, but a necessity for long-term success in a resource-constrained world [84].

3.3.2. Eco-Design Products

Eco-design has emerged as a crucial approach in sustainable product development, focusing on
integrating environmental considerations throughout the design process. According to Pigosso and
McAloone [72], eco-design can be defined as “a proactive management approach that integrates
environmental concerns into product development processes” (p. 413). This strategy aims to
minimize resource consumption and environmental impact across a product’s entire lifecycle, from
raw material extraction to end-of-life disposal.

It’s important to distinguish eco-design from its predecessor, green design. While green design
typically addresses specific environmental issues, eco-design takes a more comprehensive approach.
Ceschin and Gaziulusoy [74] emphasize that eco-design considers the full spectrum of environmental
impacts, encompassing production, distribution, use phases, and eventual disposal. This holistic
perspective allows for more effective mitigation of environmental harm and often leads to innovative
solutions that benefit both the environment and the product’s overall performance.

Several key strategies characterize the eco-design approach. These include optimizing material
efficiency by selecting environmentally preferable materials and minimizing material use [85],
enhancing energy efficiency by reducing consumption during production and use phases [86], and
extending product lifespan through designs that promote durability, repairability, and upgradability
[87]. Additionally, eco-design focuses on facilitating end-of-life management by incorporating
features that support recycling or biodegradability [88] and minimizing the use of toxic substances
in both product composition and manufacturing processes [89].

De los Rios and Charnley [82] further expand on these strategies, suggesting that successful eco-
design also involves close collaboration between designers, engineers, and environmental specialists.
This interdisciplinary approach ensures a holistic consideration of sustainability throughout the
product development process. By bringing together diverse expertise, companies can more
effectively navigate the complex challenges of balancing environmental concerns with functional
requirements and market demands.

The implementation of eco-design principles has shown tangible benefits beyond environmental
improvements. A study by Plouffe et al. [90] demonstrated that companies adopting eco-design
practices experienced improvements in product quality, cost reduction, and market share. These
findings suggest that eco-design can be a driver of innovation and competitive advantage, aligning
environmental responsibility with business success.

As the field evolves, eco-design is increasingly intersecting with other cutting-edge concepts in
sustainable design. For instance, principles of circular economy are being integrated into eco-design
practices, emphasizing closed-loop systems where products and materials are reused, refurbished,
and recycled [78]. Similarly, biomimicry — the practice of emulating nature’s time-tested patterns and
strategies —is providing new inspiration for eco-design solutions [80]. These intersections are pushing
the boundaries of sustainable product development even further, opening up new possibilities for
creating products that not only minimize harm but potentially contribute positively to environmental
and social systems. Eco-design represents a significant evolution in sustainable product
development. Considering environmental impacts throughout a product’s lifecycle and integrating
this consideration into the core of the design process, eco-design offers a pathway to more sustainable
production and consumption patterns. As environmental challenges continue to grow in urgency
and complexity, the principles and practices of eco-design are likely to become increasingly central
to product development across industries.

3.3.3. Green Design Products
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The environmental impact of product manufacturing and consumption has become a pressing
concern in recent decades. The pollution generated throughout a product’s lifecycle has been linked
to various ecological issues, prompting a shift in design philosophies towards more sustainable
practices [74]. This shift has led to the emergence and evolution of green design principles, which
aim to mitigate the environmental harm caused by industrial activities.

Contrary to popular belief, the concept of green design predates the modern environmental
movement. Spangenberg, Fuad-Luke, and Blincoe [91] note that elements of green design can be
traced back to pre-industrial practices, where resource scarcity often necessitated efficient and
localized production methods. However, it was the increasing awareness of environmental
degradation in the late 20th century that brought green design to the forefront of industrial practices.
This heightened consciousness catalyzed a more formal and systematic approach to incorporating
environmental considerations into product design.

Green design, as a formal concept, emerged as an initial response to mounting environmental
concerns. It typically focuses on addressing specific environmental issues within the product
development process. According to Pichette et al. [92], early green design strategies often centered
on singular aspects such as material selection, energy efficiency, or end-of-life considerations. These
targeted approaches allowed businesses to take concrete steps towards reducing their environmental
impact without necessitating a complete overhaul of their production processes.

Some common strategies employed in green design include sourcing materials locally to reduce
transportation-related emissions [50], designing products for easy disassembly to facilitate recycling
[93], selecting materials with lower environmental impact [94], and minimizing or eliminating the
use of hazardous substances [89]. These strategies represent practical, implementable solutions that
can yield tangible environmental benefits. Focusing on specific aspects of the product lifecycle,
companies can make meaningful progress towards sustainability goals while gradually building the
capacity for more comprehensive environmental initiatives.

While these approaches represent significant steps towards reducing environmental impact, it’s
important to note the limitations of green design. Pigosso, McAloone, and Rozenfeld [95] point out
that green design often addresses environmental issues in isolation, potentially overlooking the
complex interplay of factors that contribute to a product’s overall ecological footprint. This narrow
focus, while beneficial in its own right, may not always capture the full spectrum of environmental
implications associated with a product’s lifecycle.

As understanding of environmental systems grow, so has the approach to sustainable design.
Modern perspectives, as outlined by Ceschin and Gaziulusoy [74], advocate for a more holistic
approach that considers the entire product lifecycle and its broader systemic impacts. This evolution
has led to the development of more comprehensive frameworks such as eco-design and design for
sustainability. These advanced approaches build upon the foundations laid by green design,
expanding the scope to encompass a wider range of environmental, social, and economic factors.

Despite its limitations, green design remains a valuable starting point for companies beginning
their journey towards more sustainable practices [96]. It offers tangible, implementable strategies that
can yield immediate environmental benefits while paving the way for more comprehensive
sustainability initiatives. As businesses become more adept at incorporating these initial green design
principles, they often find themselves better equipped to tackle more complex sustainability
challenges [97]. In this way, green design serves not only as a means of reducing immediate
environmental impacts but also as a steppingstone towards more holistic and transformative
approaches to sustainable product development.

4. Conclusions

Environmental Product Declarations (EPDs) have emerged as a crucial tool in combating
greenwashing and promoting genuine sustainability in the construction industry, particularly in
New Zealand and Australia. The EPD Australasia program, aligned with international standards ISO
14025 and EN 15804, provides a robust framework for transparent and credible environmental impact
reporting of construction products. The evolution from green design to eco-design and design for
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sustainability reflects a growing understanding of the complex interplay between environmental,
social, and economic factors in product development. This progression has led to more holistic
approaches in sustainable design, emphasizing lifecycle thinking, circular economy principles, and
broader systemic impacts. The construction industry in New Zealand and Australia has made
significant strides in adopting EPDs across various product categories, including timber, concrete,
steel, insulation, cladding, flooring, and plumbing materials. This adoption reflects a commitment to
transparency and sustainability in the built environment sector.

The adoption of EPDs has far-reaching implications for the construction industry and beyond.
It enhances the competitiveness of New Zealand and Australian products in global markets where
environmental credentials are increasingly valued. The growing use of EPDs may influence future
building regulations and green building certification systems, potentially leading to more stringent
environmental requirements. The detailed lifecycle assessments required for EPDs can drive
innovation in product design and manufacturing processes, leading to more sustainable construction
practices. EPDs also promote greater transparency throughout the supply chain, encouraging
suppliers to improve their environmental performance. Furthermore, the availability of standardized
environmental information through EPDs can educate consumers and professionals, leading to more
informed decision-making in construction projects.

Therefore, to further advance the field of sustainable construction and EPDs, several areas of
future research are proposed. Long-term impact assessment studies are needed to evaluate the
environmental and economic effects of widespread EPD adoption in the construction industry.
Comparative analyses could explore the effectiveness of EPDs versus other environmental
certification schemes in driving sustainable practices. Investigating the potential for integrating EPD
data with Building Information Modeling (BIM) systems could facilitate more sustainable design
decisions. Research into methodologies for incorporating social impact assessments into EPDs would
move towards a more comprehensive sustainability evaluation. Exploring how EPDs can be adapted
or extended to better support circular economy principles in construction is another crucial area for
investigation. Studies on the challenges faced by small and medium enterprises in implementing
EPDs and strategies to overcome these barriers would be valuable. Research on consumer
understanding and the effectiveness of EPDs in influencing decision-making in construction projects
could provide insights for improving communication and adoption.

Efforts to improve the harmonization of EPD schemes globally to enhance comparability and
reduce market barriers are also needed. Exploring the potential of Al and machine learning in
streamlining the EPD development and verification process could lead to more efficient and accurate
assessments. Finally, assessing the impact of EPD adoption on national and international
environmental policies related to construction and manufacturing would provide valuable insights
for policymakers and industry leaders. These research directions could significantly contribute to the
advancement of sustainable practices in the construction industry and enhance the effectiveness of
EPDs as a tool for environmental transparency and improvement. As the field of sustainable
construction continues to evolve, ongoing research and development in these areas will be significant
in addressing the complex challenges of building a more sustainable future.
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