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institutional transformation. However, the evolution of research on
green innovation in school sustainability remains fragmented, with
limited understanding of how research priorities have developed over
time. This study therefore examines the historical development and
thematic evolution of green innovation research within the context of
school sustainability from 2015 to 2026. A systematic advanced search
was conducted using the Scopus database through a structured
combination of the main keywords green innovation, school, and
sustainability, resulting in a final primary dataset of 97 publications.
The selected studies were analysed chronologically and clustered into
three temporal phases according to publication trends and the evolution
of research findings. Phase 1, the Emergence and Foundation Phase
(2015-2018), comprised studies establishing the technological,
behavioural, infrastructural, and educational foundations of green
innovation in schools. Phase 2, the Consolidation and Transitional
Phase (2019-2022), demonstrated increasing integration of green
innovation with leadership, green skills, experiential learning,
institutional  capacity, circular practices, and environmental
performance. Phase 3, the Acceleration and Expansion Phase (2023—
2026), represented the most diversified stage, characterised by stronger
emphasis on curriculum integration, digital and green technologies,
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environmental leadership, partnerships, teacher and student
competencies, and system-level sustainability. Notably, publication
output peaked at 20 studies in 2025, before declining to 17 studies in
2026, while the thematic scope became increasingly systemic and
transformative. Overall, the findings demonstrate a clear chronological
shift from technology-oriented and infrastructure-based interventions
towards integrated socio-technical and institutional approaches,
positioning schools not merely as sites for implementing green
technologies but as dynamic ecosystems for cultivating competencies,
innovation, collaboration, and long-term sustainability.
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Introduction
Green Innovation in School Sustainability: A Historical Review

Green innovation has become an essential pathway to advancing school sustainability by
integrating environmental technologies, sustainable practices, educational processes, and
institutional transformation. The transition to more sustainable development faces constant
challenges. The effort towards school sustainability focuses on environmental impacts,
including the development and adoption of environmentally oriented products, services,
processes, and practices that incorporate novelty (Qin et al., 2025; Guinot et al., 2022). Due to
the growth in environmental awareness and increasing demand for sustainable practices,
research on green innovation has expanded substantially (Takalo et al., 2021). Bibliometric
evidence indicates a marked increase in research on innovation and sustainability, reflecting a
stable growth of the field and reaching a professional level of development across sectors
(Maier et al., 2020).

There has been a steady growth in green innovation research from 2011 to 2018. Publication
of articles in conjunction with school sustainability can be seen in top-ranked journal outlets,
and empirical quantitative surveys dominated the methodological landscape (Oduro et al.,
2021). However, research principally focuses on the Porter hypothesis and the resource-based
view, and the field lacks the adoption and development of novel theories (Oduro et al., 2021).
Sustainability-oriented innovation not only derives from its products, processes, or practices
but also involves making intentional changes to an organization's philosophy and values. It
paves the way to create and realize social and environmental value in addition to economic
returns. A critical review of the literature reveals limited attention to sustainability-oriented
innovation, with persistent gaps in its definition, conceptualization, measurement, and
alignment with contemporary practices. Moreover, existing research still has several
weaknesses, especially in defining what sustainability-oriented innovation means, explaining
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its conceptual framework, measuring it systematically, and ensuring that the concept reflects
current sustainability practices.

Green innovation in schools should be understood as a multidimensional concept
encompassing not only environmental technologies but also sustainable organizational values,
practices, processes, and capabilities. Previously, green innovation was often understood
mainly as environmentally friendly technologies, such as renewable energy, recycling
technologies, energy-efficient equipment, or pollution-control systems. However, newer
research recognizes that green innovation is not limited to technology. This development has
also widened the understanding of sustainability-oriented innovation beyond environmental
technologies to include organizational values, processes, practices, and capabilities that
generate environmental and social value alongside economic outcomes (Cillo et al., 2019). It
can also involve organizational values where schools may develop a culture that prioritizes
sustainability. It may also result in changing how activities are carried out, for example to
reduce waste or resource consumption. Practices may include adopting sustainable everyday
practices, such as recycling, energy conservation, and responsible consumption. Thus, this
develops the knowledge, skills, and abilities needed to implement sustainability.

Earlier research established that green innovation is shaped not only by technological solutions
but also by organizational strategies, sustainability-oriented identities, and green creativity
(Garcia-Hernandez et al., 2022). In the school context, these dimensions provide a foundation
for understanding how green innovation can evolve into sustainable organizational practices
and educational initiatives. Schools deliberately adopt strategies to achieve environmental
goals, for example, reducing waste, conserving energy, recycling, or using sustainable
resources. Sustainability may emerge as a part of what the school considers itself to be. In a
school context, this could mean developing a school culture where teachers and pupils see the
school as environmentally responsible. People within the organization develop new and
creative ideas to solve environmental problems. For example, pupils designing products from
recycled materials or creating innovative ways to reduce school waste.

Traditional innovation research primarily emphasized economic outcomes, including
productivity, profitability, and short-term growth, with environmental considerations often
treated as peripheral to the innovation process. The emergence of green innovation has
progressively challenged this perspective by integrating environmental concerns into
innovation strategies, organizational capabilities, and implementation processes. For a school,
this could mean that an innovation is not considered successful merely because it is new or
saves money. It should also contribute to resource conservation, waste reduction,
environmental awareness, student participation, and sustainable school practices.
Implementation involves how the innovation is introduced—for example, through school
programmes, curriculum activities, co-curricular activities, recycling initiatives, energy-saving
practices, green projects, or student-led innovation. Recent research further positions green
innovation as a multidimensional process that generates environmental, social, and economic
value while supporting long-term sustainability (Qin et al., 2025). This conceptual evolution
provides an important basis for understanding how green innovation has progressively
extended beyond technological solutions to encompass organizational practices, human
capabilities, and sustainability-oriented processes, with significant implications for school
sustainability. School sustainability should not be understood merely as the adoption of green
technologies. It can also involve people, organizational practices, learning, creativity,
participation, and long-term behavioral change.
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The conceptualization of green innovation has progressively expanded to encompass
organisational capabilities, leadership, knowledge sharing, collaboration, and institutional
support. Research has demonstrated that leadership and organisational capabilities can
facilitate green innovation and creativity, while knowledge sharing may serve as an important
mechanism linking leadership and innovation outcomes (Qiu et al., 2025; Shen et al., 2025;
Vesterinen & Ratinen, 2023). In higher education, green innovation has similarly been
associated with dynamic capabilities, knowledge exchange, university—industry collaboration,
and institutional support, highlighting the role of educational institutions as important
knowledge and innovation ecosystems (Qiu et al., 2025; Sposab & Rieckmann, 2024).
Collectively, these findings indicate a shift from viewing green innovation primarily as a
technological outcome towards understanding it as an organizational process enabled by
leadership, capabilities, knowledge, collaboration, and institutional structures. However, this
organizational perspective remains less developed in school settings, particularly regarding
how such mechanisms support school-based green innovation and sustainability practices.

Within school settings, the emergence of green innovation can be traced to the broader
development of the green school movement and the growing recognition of education as a
mechanism for addressing environmental challenges. International milestones, particularly the
1972 Stockholm Conference and the 1992 Rio Earth Summit, strengthened the role of
education in promoting environmental awareness and sustainability (Garcia-Hernandez et al.,
2022). This development was subsequently reflected in initiatives such as nature-based
education and Eco-Schools, which encouraged schools to integrate resource conservation,
environmental management, and student participation into everyday practices (Garcia-
Hernéndez et al., 2022). By the early 2000s, the green school concept had further expanded to
encompass environmentally responsible infrastructure, school-based sustainability practices,
and learning environments that foster students' knowledge, attitudes, and connection with
nature (Garcia-Hernandez et al., 2022). Practical approaches such as project-based learning,
recycling, and school gardening further positioned schools as spaces for active sustainability
engagement (Garcia-Hernandez et al., 2022). These developments provide an important
historical foundation for understanding the subsequent emergence of green innovation in
school sustainability. Nevertheless, research focusing specifically on green innovation and its
implementation at the primary-school level remains comparatively limited, despite the
importance of early education in developing sustainable knowledge, attitudes, and practices
(Garcia-Hernandez et al., 2022).

The evolution of educational innovation has also introduced digital technologies as potential
mechanisms for supporting sustainability-oriented learning. Information and communication
technologies have been used in educational innovation through gamification, virtual
simulations, and digital portfolios, providing opportunities for active experimentation while
supporting more sustainable learning practices (Garcia-Hernandez et al., 2022). ICT in
educational innovation processes related to sustainability is mostly associated with the design
of gamification and experimentation strategies through virtual simulations, which can be
motivating for students while facilitating the understanding of abstract concepts, especially for
those with learning difficulties (Garcia-Hernandez et al., 2022). These strategies provide safe
scenarios for active experimentation, achieving a higher degree of sustainability in educational
proposals, while the use of e-portfolios can stimulate more sustainable behaviours and reduce
paper consumption (Garcia-Hernandez et al., 2022).
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Social networks and fast communication channels are raising public awareness and creating
global public opinion in favor of caring for the planet, a change influenced by educational
innovation projects being developed in higher education across many countries (Garcia-
Hernandez et al., 2022). More recent developments in Green Artificial Intelligence have
extended this discussion by examining how intelligent technologies can improve learning
efficiency, resource use, and educational management while contributing to broader
sustainability objectives (Qiu et al., 2025). These direct effects generate positive spillover
effects cascading into innovation performance, economic efficiency, and environmental
sustainability, aligning with the United Nations Sustainable Development Goals (Qiu et al.,
2025). Green Al technology affects learning efficiency, management and service efficiency,
resource dependence, and costs through direct pathways, while student-oriented educational
transformation and technological innovation serve as indirect pathways to support the
transformation of educational systems (Qiu et al., 2025). However, the effectiveness of
technological innovation is also influenced by organisational readiness, leadership support,
available resources, and resistance to change(Shen et al., 2025). Sustainability competences in
education have become a central concern across primary and secondary levels, with systems
thinking competence and collaboration competence being the most commonly studied,
followed by action-oriented and values thinking competence, leaving futures thinking
competence less investigated.

Alongside technological developments, research has increasingly emphasised the
competencies required for students and teachers to engage meaningfully with sustainability.
Sustainability competence research across primary and secondary education has particularly
examined systems thinking, collaboration, action-oriented thinking, and values thinking, while
futures thinking remains comparatively less investigated (Vesterinen & Ratinen, 2023).
Alongside technological developments, research has increasingly emphasised the
competencies required for students and teachers to engage meaningfully with sustainability
(Vesterinen & Ratinen, 2023). Sustainability competence research across primary and
secondary education has particularly examined systems thinking, collaboration, action-oriented
thinking, and values thinking, while futures thinking remains comparatively less investigated
More recent research similarly highlights critical thinking, systems thinking, and action
competence as important foundations for preparing students to respond to complex
sustainability challenges (Sposab & Rieckmann, 2024). A holistic approach to competence
development is needed that integrates cognitive, affective, and behavioral components, though
a research bias persists with a predominance of studies from Europe, particularly Germany and
Sweden (Sposab & Rieckmann, 2024). Sustainable and green chemistry can be decisive in
overcoming the insularity of chemical disciplines in high school, yet it is not well-embedded
in educational practices (Celestino, 2023). This situation is slowly changing through the
implementation of systems thinking in teaching practice, which shows interconnections
between the molecular world and sustainability (Celestino, 2023).

The growing emphasis on sustainability competencies has also encouraged more
interdisciplinary and systemic approaches to teaching. For example, sustainable and green
chemistry has been proposed as a means of connecting disciplinary knowledge with broader
sustainability challenges, with systems thinking helping students understand relationships
between scientific concepts and environmental issues (Celestino, 2023). Such interdisciplinary
approaches demonstrate a broader movement towards preparing students to understand and
respond to complex sustainability challenges rather than treating environmental issues as
isolated topics.(Celestino, 2023).
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At the same time, the sustainability of educational innovations has emerged as an important
concern. Existing research identifies considerable variation in how the sustainability of
educational innovations is conceptualised and notes the limited empirical foundation
underlying some theoretical models(Prenger et al., 2022). A systematic review of 44 empirical
publications identified four broad categories influencing the sustainability of educational
innovations: school organisational characteristics, innovation characteristics, individual
characteristics, and contextual characteristics(Prenger et al., 2022). Based on a systematic
review of 44 empirical publications, the sustainability of educational innovations has been
defined as the process of integrating the intervention's core aspects in organizational routines
that are adaptive to ongoing work, with maintenance or continuation of improved results
(Prenger et al., 2022). Four main factors influence the sustainability of educational innovations:
school organizational characteristics, innovation characteristics, individual characteristics, and
context characteristics (Prenger et al., 2022). There is no hierarchy to be found in the literature
on these factors.

Articles on different innovations identify different factors of influence, and more research is
needed on discriminating factors and how they interact within different forms of education
(Prenger et al., 2022). The empirical-based model developed in this review should be validated
in practice to create transparency and focus in sustainability research (Prenger et al., 2022).
These findings suggest that sustaining educational innovation requires more than introducing
a new intervention; it depends on the interaction between the innovation, individuals,
organisational structures, and the wider educational context.

Taken together, the literature indicates that green innovation in educational contexts has
evolved from relatively fragmented, technology-oriented approaches to broader approaches
encompassing pedagogy, sustainability competencies, organisational capacity, leadership,
collaboration, and systemic transformation. However, existing research remains fragmented
across these dimensions, with limited understanding of how the focus of green innovation
research in school sustainability has evolved. Gaps also remain in empirical validation,
geographical representation, and the translation of green innovation principles into sustained
educational practice across different educational contexts. Therefore, a historical examination
of the literature is needed to clarify how the research focus has changed, which themes have
emerged or gained prominence, and which areas remain underexplored. Accordingly, this study
examines the historical development and thematic evolution of green innovation within school
sustainability research from 2015 to 2026 based on Scopus-indexed publications.
Methodology

Data Collection

This historical review systematically traces the development of research on green innovation
in school sustainability using publications indexed in the Scopus database. A predefined search
strategy was used to identify relevant publications related to green innovation, school contexts,
and sustainability. Retrieved records were screened using predetermined inclusion and
exclusion criteria to ensure their relevance to the scope of the review. The selected publications
were then organized chronologically to examine changes in publication trends, thematic
emphasis, conceptual development, and emerging research directions from 2015 to 2026.
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Table 1: Search Strategy

Keyword Green Innovation, School Sustainability

Inclusion Environmental Science, Article, English, Education, Green
Innovation, SDG 12

Exclusion Other language, Other Subject Area, Other Document

Final Search String (Scopus) Green Innovation School Sustainability Sustainability
Development Goal 12 SDG 12 AND ( LIMIT-TO (
LANGUAGE , "English" ) ) AND ( LIMIT-TO (
DOCTYPE, "ar" ) ) AND ( LIMIT-TO ( SRCTYPE , "j")
) AND ( LIMIT-TO ( PUBSTAGE , "final" ) ) AND (
LIMIT-TO ( SUBJAREA , "ENVI" ) ) AND ( LIMIT-TO (
EXACTKEYWORD , "Education" ) OR LIMIT-TO (
EXACTKEYWORD , "Green Innovation" ) OR LIMIT-
TO (EXACTKEYWORD, "Sdg 12" ))

Number of Primary Article 97

Source: Scopus

The search strategy combined three conceptual components: green innovation, school contexts,
and sustainability or environmental terms. The publication-year limits restricted the search to
studies published between 2015 and 2026, while the language filter limited the results to
English-language publications.

The data collection strategy was designed to achieve high topical relevance, methodological
consistency, and bibliographic quality in identifying literature on green innovation within
school sustainability. The search was anchored on the core concepts of “Green Innovation” and
“School Sustainability”, with Sustainable Development Goal 12 (SDG 12) incorporated to
strengthen alignment with responsible consumption and production. To ensure scholarly and
disciplinary relevance, the inclusion criteria restricted the dataset to English-language journal
articles at the final publication stage, indexed within environmental science, and associated
with the exact keywords Education, Green Innovation, and/or SDG 12. These restrictions were
theoretically justified because the review focuses specifically on the intersection between
environmental sustainability, educational settings, innovation, and SDG 12 rather than on green
innovation broadly. Articles published in other languages, document types, or subject areas
were excluded to minimize conceptual heterogeneity and potential inconsistencies in
interpretation. The use of Scopus as the sole data source further provides a consistent
bibliographic environment in which publication metadata and indexing criteria can be
systematically applied. Such a structured selection process enhances transparency and
reproducibility while reducing the risk that the chronological patterns identified are driven by
inconsistent retrieval or subjective source selection.

Application of these criteria resulted in a final dataset of 95 primary journal articles, which
represents a focused evidence base for examining the evolution of green innovation research
within school sustainability. The relatively targeted number of publications is not necessarily a
limitation; rather, it indicates that the review deliberately prioritized specificity and conceptual
coherence over volume. Broad searches of “green innovation” can generate thousands of
records across business, engineering, manufacturing, technology, and environmental
management, many of which have limited relevance to educational settings. By progressively
restricting the dataset to education-related, environmentally oriented, peer-reviewed journal
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articles with explicit connections to green innovation and/or SDG 12, the present review

improves the interpretability of longitudinal patterns. The 95 articles therefore provide a
manageable yet sufficiently focused corpus for identifying changes in publication activity,
research themes, conceptual orientations, and emerging directions. Importantly, the resulting
trends should be interpreted as reflecting the Scopus-indexed scholarly literature that satisfies
the predefined eligibility criteria, rather than the entire global body of research on school
sustainability. This distinction strengthens the methodological defensibility of the review by
clearly defining the boundaries within which its chronological findings can be generalized.

Data Clustering

In a chronological review of Green Innovation in School Sustainability, clustering publication
data by temporal patterns provides an analytical framework for moving beyond a year-by-year
description of publication output towards a more meaningful interpretation of how the research
field has evolved. The literature was systematically retrieved from the Scopus database, using
predefined keywords and advanced search strategies to identify relevant and high-quality
publications. Following data collection, publications were grouped according to publication
year and annual publication volume, enabling periods with similar research activity to be
examined collectively. Such temporal clustering is important because individual annual
fluctuations may not adequately represent the broader development of a research field; instead,
grouping years with comparable publication patterns can reveal distinct stages of scholarly
development, including periods of emergence, consolidation, transition, acceleration, or
expansion. This approach therefore enhances the interpretability of longitudinal publication
patterns by identifying meaningful shifts in research intensity and allowing changes across
temporal phases to be discussed systematically. In particular, clustering helps distinguish
relatively stable periods from substantial increases or decreases in scholarly attention, thereby
providing a clearer basis for explaining the evolution of green innovation research within
school sustainability. Importantly, the resulting clusters are interpreted as descriptive temporal
phases derived from publication distribution, rather than as predetermined historical categories.
This ensures that the classification remains grounded in the empirical evidence while providing
a structured foundation for subsequent discussion of research trends, thematic developments,
and emerging directions within the literature.
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Annual Publication Trends in Green Innovation
and School Sustainabiity
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Figure 1: Annual Publication Trends in Green Innovation and School Sustainability
(2015-2026)

Phase 1: Emergence and Foundation (2015-2018)

The period from 2015 to 2018 represents the Emergence and Foundation phase of research
connecting green innovation, environmental sustainability, and educational environments.
During this period, publication activity remained relatively modest, indicating that the topic
was still developing as a distinct area of scholarly inquiry. The literature initially focused on
environmental technologies, green infrastructure, behavioral factors, and educational
applications before gradually broadening towards implementation, institutional support, and
sustainability-oriented learning. This pattern suggests that early research primarily established
the technological, behavioral, and conceptual foundations of green innovation in educational
settings.

Phase 2: Consolidation and Transitional (2019-2022)

The Consolidation and Transitional Phase, covering 2019-2022, demonstrates a comparatively
stable but modest level of scholarly production. Publication output fluctuated between three
and five articles annually, with the lowest point occurring in 2019. Rather than representing
sustained expansion, this pattern suggests a period of knowledge consolidation and gradual
transition. Research during this phase appears to have maintained the established interest in
environmental sustainability while progressively broadening attention towards innovation,
educational transformation, and sustainability-oriented practices. The relatively limited
publication volume indicates that green innovation in school sustainability had not yet become
a strongly established research stream. Nevertheless, this phase is important because it
represents the transition from initial conceptual exploration towards a more recognizable and
structured research domain.

Phase 3: Acceleration and Expansion (2023-2026)

The period from 2023 onwards represents a pronounced Acceleration and Expansion Phase,
characterized by a substantial increase in scholarly output. Publications rose from 11 articles
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in 2023 to 14 in 2024 and reached a peak of 21 articles in 2025. This sharp increase indicates
growing scholarly attention towards the intersection of green innovation, education, and
sustainability. The expansion may reflect the increasing prominence of sustainability-oriented
education, climate action, technological innovation, and the implementation of the SDGs
within educational institutions. The 2026 figure of 15 publications should, however, be
interpreted cautiously if the Scopus data were collected before the completion of the
publication year. Overall, the marked increase after 2022 suggests that green innovation in
school sustainability has transitioned from a relatively niche research topic into an increasingly
visible and expanding scholarly domain.

Result and Discussion
Annual Publication Trends in Green Innovation and School Sustainability (2015-2026)
Phase 1: Emergence and Foundation (2015-2018)

The first phase, covering 2015-2018, represents an emergence and foundation period in
research connecting green innovation, environmental sustainability, and educational
environments. In 2015, the literature remained relatively dispersed, with research addressing
environmental innovation from behavioral, technological, architectural, and educational
perspectives. Daskalakis (2016) demonstrated that behavioral factors could explain firms’
environmental innovation decisions, with empirical modeling providing evidence that multiple
behavioral elements influence innovation behavior. In the school context, (Varras et al., 2015)
the development of extensive green roofs for four school sites in Piraeus, highlighting the
potential of school infrastructure to provide environmental and social benefits through
stormwater management, energy conservation, microclimate improvement, and biodiversity
restoration. Lin (2015) demonstrated the practical potential of green building design through
the Magic School of Green Technology, where appropriate and low-cost technologies produced
substantial energy-saving outcomes. However, the 2015 evidence also contained broader
environmental and non-school-specific studies, indicating that the research field had not yet
developed a clearly defined school sustainability research boundary. This pattern suggests that
early scholarship was primarily concerned with establishing the technical feasibility,
environmental value, and behavioral foundations of green innovation rather than systematically
examining school sustainability as an integrated educational phenomenon.

The 2016-2018 publications indicate a gradual broadening from individual technologies
toward implementation, institutional support, educational engagement, and sustainable campus
development. Haraksingh (2016) identified education and sensitization as important
mechanisms for accelerating renewable-energy adoption, while Badi & Pryke (2016) that clear
and manageable risk allocation could encourage sustainable-energy innovation within school-
building projects, although excessive capital-cost risk could constrain implementation.
Izvekova et al. (2016) green technologies and certification systems through examples of
schools in the United States and Russia, reinforcing the relevance of green infrastructure to
educational settings. By 2017, the literature showed stronger integration between sustainability
and learning where Kawada (2017) stated that educational materials able to motivate
elementary pupils to collect waste, while Rizzo et al. (2017) and Li et al. (2017) demonstrated
how a university sustainability living laboratory could support co-designed green technologies
using recycled materials. According to Li et al. (2017), extensive implementation is
implemented in Taiwan’s Sustainable Campus Program, linking environmental education,
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campus renovation, technological innovation, community engagement, and student learning.
Denan et al. (2017) and Bonoli & Pulvirenti (2018), however, identified an implementation gap
in Malaysia: environmental awareness was evident, but relatively few schools had progressed
toward applying green technologies, indicating the importance of institutional, community, and
physical-environmental support. The 2018 studies extended this trajectory toward green-school
design, green technology, environmental applications, and behavioural dimensions. Denan et
al. (2017) focused on climate-responsive design and green technology, while Bonoli &
Pulvirenti (2018) focused on environmental applications of green roofs and fagades.
Collectively, Phase 1 shows a gradual shift from isolated technological and conceptual
initiatives to more integrated approaches to school sustainability involving infrastructure,
pedagogy, behaviour, and institutional implementation.

Phase 2 : Consolidation and Transitional (2019-2022)

The second phase, covering 2019-2022, demonstrates a noticeable expansion and integration
of green innovation research, particularly through stronger connections between environmental
innovation, education, behavioural practices, and institutional sustainability. Bahzar (2019)
examined green transformational leadership, ethical leadership, green creativity, and eco-
innovation within higher educational institutions, with PLS-SEM results indicating that
leadership and eco-innovation contributed positively to environmental performance and energy
efficiency. This finding suggests an increasing recognition that green innovation is influenced
not only by technological solutions but also by organisational leadership and institutional
capacity. More directly related to school sustainability, Kamis et al. (2019)investigated Green
Skills among Year Five primary school pupils through a quasi-experimental intervention. The
findings showed that pupils demonstrated good levels of waste management, 3R, and water-
use practices, with no significant gender differences. The study consequently demonstrated the
potential for structured Green Skills education to translate sustainability concepts into practical
environmental behaviour. Together, the 2019 findings indicate an important shift from the
predominantly infrastructure-oriented concerns observed in the earlier phase toward human
capability, leadership, educational intervention, and practical sustainability behaviour.

During 2020-2021, the literature became increasingly concerned with the adoption, diffusion,
implementation, and institutionalisation of environmental innovation. Madueke & Mkpado
(2020) found that financial constraints, limited skills, and low-quality products restricted the
adoption of environmentally friendly infrastructure, highlighting that awareness alone may not
guarantee implementation. Similarly, Listiana et al. (2020) reported low adoption of
environmentally friendly agricultural innovations, with innovation skills, extension support,
cosmopolitanism, and access to information technology influencing adoption. In educational
settings, Saukkonen et al. (2020) demonstrated the potential of intensive short-term
interventions to influence sustainability understanding and motivation, while Otieno et al.
(2020)documented the expansion of Kenya’s Eco-schools programme from a small pilot to
more than 1,000 schools. The programme increasingly incorporated experiential learning,
green enterprise development, renewable energy, water management, green innovation, energy
efficiency, and integrated waste management, although funding, teacher turnover, and whole-
institution implementation remained challenges. In 2021, Sergienko et al. reported that
environmentally innovative construction technologies could reduce the carbon footprint of
school-related buildings, while Utomo & Ling (2021) illustrated how industry-linked project
learning could expose students to green technology through practical innovation projects.
These findings collectively indicate a transition towards implementation-oriented
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sustainability, where technological innovation becomes increasingly connected with learning,
institutional practice, resource efficiency, and real-world problem solving.

By 2022, the research landscape further broadened towards systemic sustainability, digital
transformation, circular economy, food systems, and measurable environmental performance.
Mohamed Hashim et al. (2022) proposed a conceptual model for sustainable digital
transformation in universities, emphasising the integration of technology, sustainability,
leadership, and organisational implementation. Ospanova et al.(2022)similarly advanced a
conceptual understanding of the green economy as a pathway towards sustainable
development. Pacifico et al. (2022) provided a practical example connecting green technology
with school-age nutrition and responsible consumption through solar drying technology,
demonstrating how technological innovation could simultaneously address food loss, nutrition,
and SDG-related concerns. Cafiete & Alvarez (2022) showed that green technologies such as
composting and recycling could contribute to improved agricultural productivity, although
demographic and experience-related factors influenced adoption efficiency. Stoian et al. (2022)
further established positive relationships between eco-innovation, energy productivity,
renewable-energy consumption, and environmental performance at the European level.
Overall, Phase 2 reflects a clear maturation of the research landscape, moving beyond isolated
green technologies towards more integrated socio-technical approaches. Across 2019-2022,
green innovation became increasingly connected with human capability, leadership,
educational intervention, institutional implementation, resource efficiency, circular practices,
and measurable environmental performance. This transition suggests that sustainability was
progressively conceptualised not merely as the adoption of environmental technologies, but as
an interconnected process involving people, pedagogy, institutions, and technological systems.

Phase 3: Acceleration and Expansion (2023-2026)

The third phase, covering 2023-2026, represents a period of accelerated and increasingly
diversified research on green innovation within educational and related institutional contexts.
Compared with the earlier phases, research during this period demonstrates a broader
conceptualisation of green innovation, extending beyond individual technologies and
environmental practices towards competencies, curriculum integration, institutional leadership,
digital transformation, partnerships, and system-level sustainability.

In 2023, research increasingly positioned education as an important mechanism for developing
competencies required for the green transition. Studies on green skills emphasised the
integration of competencies such as reuse, recycling, reduction, repair, reassembly, and energy
conservation into educational programmes. Other studies demonstrated how academic design
projects could translate environmental innovation into practical applications through material
reduction, computational design, and the use of reclaimed materials. These developments
indicate that green innovation was increasingly being conceptualised not merely as a
technological outcome but also as a learning process through which students develop
knowledge, skills, creativity, and problem-solving capabilities.

In 2024, the research focus expanded further from individual competencies and technological
applications towards institutional systems, partnerships, leadership, and sustainable
educational environments. Suwanprapha et al. (2024)highlighted the potential of
environmental schools to integrate interdisciplinary learning, digital technologies, green
innovation, and SDG-oriented education, while also identifying curriculum design, resource
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management, theory—practice integration, and cross-sector collaboration as continuing
challenges. Jing (2024) demonstrated the importance of school-enterprise cooperation in
strengthening green innovation, while Rudyshyn et al. (2024) highlighted the role of
environmental leadership in developing students’ motivation, environmental culture, and
leadership qualities. Similarly, research on green laboratory implementation emphasised
energy and water conservation, waste reduction, recycling, and the use of green technologies.
Collectively, these studies suggest a movement towards the institutionalisation of
sustainability, in which green innovation becomes embedded within educational environments,
leadership practices, partnerships, and resource management.

The increase to 21 publications in 2025 represents the most productive point within Phase 3
and signals a substantial diversification of research directions. Research increasingly addressed
teachers, students, curriculum, digital learning, green technology, environmental knowledge,
and green leadership. Balouch et al. (2025) examined relationships between green
transformational leadership, green innovation performance, and environmental behaviours
among elementary school teachers, while Listopadzka et al., 2025 highlighted the influence of
curriculum flexibility, teacher roles, competency development, and institutional context on
preparation for a digital green economy. Qi (2025)further demonstrated the role of education
in strengthening environmental awareness and behavioural norms, although limitations related
to instructional resources, cost, and local support continued to constrain implementation. These
findings indicate that the field was increasingly concerned not only with what green innovation
is, but also with how it can be developed, implemented, and sustained through educational
systems.

By 2026, publication output declined to 15 studies, but the thematic direction became more
explicitly systemic and transformative. Research connected green innovation with national
innovation environments, education systems, R&D capacity, environmental performance,
traditional knowledge, STEAM education, and institutional sustainability. Cavalheiro et al.
highlighted relationships among innovation environments, education-related indicators,
economic development, and environmental performance, while Kano et al. (2026) presented
examples involving student innovation and culturally responsive STEAM education. Other
studies further emphasised workplace green education, environmental training, knowledge
sharing, and policy support. Taken together, these developments suggest that green innovation
research has increasingly moved towards a system-level perspective, involving the interaction
of curriculum, teachers, learners, technology, infrastructure, partnerships, policy, and
organisational learning.

Conclusions

This chronological review examined the evolution of research on green innovation and school
sustainability from 2015 to 2026, based on publications indexed in the Scopus database. The
review aimed to trace the development of research trends, identify major changes in research
focus, and examine how green innovation has progressively been conceptualised and
implemented within educational and school sustainability contexts.

The chronological analysis identified three developmental phases. The Emergence and
Foundation Phase (2015-2018) was characterised mainly by environmental technologies,
green infrastructure, environmental awareness, behavioural factors, and early applications of
green innovation in educational settings. The Consolidation and Transition Phase (2019-2022)
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demonstrated a broader emphasis on green skills, experiential learning, environmental
behaviour, leadership, institutional implementation, resource efficiency, and circular practices.
The Acceleration and Expansion Phase (2023-2026) showed increasing diversification of
research towards sustainability competencies, curriculum integration, digital technologies,
environmental leadership, partnerships, teacher and student development, and system-level
sustainability. Overall, the publication trend indicates increasing research activity, with the
highest annual output occurring in 2025, followed by a decline in 2026.

Across the three phases, the research domain demonstrates a clear transformation from viewing
green innovation primarily as environmental technology and infrastructure towards
understanding it as an integrated educational, organisational, and socio-technical process.
Methodological and conceptual development also became broader, with increasing attention to
practical implementation, human capabilities, institutional support, collaboration, digital
transformation, and sustainability-oriented learning. The recent literature further demonstrates
the increasing integration of technology, competencies, leadership, curriculum, and
organisational systems in addressing sustainability challenges within educational contexts.

The chronological organisation of the literature contributes to a deeper understanding of the
field by showing how these changes occurred over time. Rather than examining research
themes as separate and static categories, the chronological approach reveals the progression
and transformation of research priorities across different periods. It therefore provides a
structured perspective on the emergence of new research directions, the expansion of
established areas, and the increasing integration of previously separate dimensions of green
innovation and school sustainability.

The findings have practical implications for educational institutions, curriculum development,
teacher preparation, and sustainability-oriented school programmes. The observed progression
suggests that effective green innovation requires more than the adoption of environmental
technologies. It requires the integration of sustainability knowledge and competencies into
learning, supportive leadership, institutional capacity, collaboration, appropriate technologies,
and opportunities for practical engagement. For future research, greater attention should be
given to how green innovation can be translated into sustained practices within real school
environments and how such practices can contribute to measurable sustainability outcomes,
particularly in relation to responsible consumption and production.

Several limitations should also be acknowledged. The review relied on Scopus as the primary
database, and therefore relevant publications indexed in other databases may not have been
captured. The search was also restricted by the selected keywords, English-language
publications, and the 2015-2026 timeframe, which may have influenced the range of studies
identified. In addition, the rapidly developing nature of research published in 2026 means that
the representation of the most recent period may continue to change as further publications are
indexed. Future reviews could therefore expand the database coverage, incorporate broader
search terms, and examine interdisciplinary evidence from education, environmental science,
technology, organisational studies, and sustainability research. Further empirical research
conducted in real school settings is also needed to strengthen understanding of the
implementation and long-term sustainability of green innovation practices.
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Overall, this chronological review demonstrates that green innovation in school sustainability
has developed from a relatively technology-oriented research area into a broader and
increasingly integrated field involving pedagogy, competencies, leadership, technology,
institutional capacity, collaboration, and systemic sustainability. A time-based perspective is
therefore valuable for capturing the dynamic development of scientific knowledge, identifying
emerging directions, and understanding how research priorities transform over time. Such
chronological evidence can support future innovation, strengthen evidence-based educational
development, and guide more sustainable approaches to school practice and responsible
consumption and production.
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