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Abstract

In the era of the 21st Century, the application of Artificial intelligence (Al) in the Environmental
Education (EE) field has brought forward new opportunities in that it can further enhance education,
promote sustainable behaviour, development and democratise natural information of environment on the
earth. This literature review examines the opportunities Al presents for learning to develop a sustainable
worldview for individual based on Transformative Learning Theory’ (TLT) that emphasises critical
reflection, experiential learning, and behavioural change. The article argues that in order to influence
the learning significantly in regard to the environment, the individual ought to critically question his or
her presuppositions, be exposed to alternative ways of thinking and take some form of action. This study
examines how sustainable minds can be elevated, and critical thinking and pro-environment behaviour
may potentially be fostered by Al applications such as AL-system, Al-enabled waste management,
climate modeling, smart urban planning guided with TLT. These tools provide on-the-spot environmental
monitoring and data-informed decision-making, as well as learning to combine the abstract and
concrete. The paper concludes that the use of Al in EE offers a powerful means to advance sustainable
development by enabling individuals, communities, and the world to move towards doing and being in

ways that are more environmentally sustainable.
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Introduction

Environmental education (EE) is a process that allows individuals to explore
environmental issues, engage in problem solving, and take action to improve the
environment. It is a multidisciplinary science, including aspects of biology, chemistry,
physics, ecology, earth science, atmospheric science, mathematics, and geography. In
some cases, it includes educating the media, public, or other target audiences in the
form of printed materials, websites, media campaigns, and more. EE is education of
individuals and communities for transition toward an informed society that is
understanding of the environment and related issues, knowledgeable of potential
solutions, and committed to becoming part of the solution. It helps people better
understand the world they live in and the way they care for it to become better.
Environmental education enables people to go about solving problems, investigating
environmental matters, and taking steps to resolve those problems. The spirit of
environmental education is inherent in the core values of education for sustainable
development in educating people to take informed and responsible decisions.

The Thilisi Conference declared environmental education a process through which a
world population is made aware of and concerned about the whole environment and its
related issues and has access to information, knowledge, attitudes, motivations,


mailto:adiatomokhabi@gmail.com/aa.omokhabi@ui.edu.ng
https://www.google.com/url?q=https%3A%2F%2Forcid.org%2F0000-0001-5861-5065%3Flang%3Den&sa=D&sntz=1&usg=AOvVaw0Ec7CXvGJx9fX35u3oggVH

Leveraging Artificial Intelligence to Advance Environmental Education for All: Building a Sustainable
Future

commitments, and skills to work either individually or collectively in finding solutions
to existing problems and in the mitigation of future problems (Boca & Saragli, 2019).
Some of the goals of environmental education are as follows: individuals are made
aware of the critical environmental issues; all processes in the environment are a cause
and an effect of some other process and this is emphasised; individuals are encouraged
to think and process information multi-disciplinarily; the base for ecologically balanced
utilisation and protection of the environment is taught; individuals are taught to use the
environment economically; an ethic that prohibits environmentally destructive acts and
that condemns acts which harm other people is instilled; habits of an ecological culture
are taught, a willingness and ability for cooperation in the protection of the environment
is cultivated, and there is an emphasis on the need to conform to ecological rules and
regulations (Zeber-Dzikowska, Chmielewski, & Wojciechowska, 2016).

Environmental education should not promote a specific point of view or line of
conduct. Rather, it would teach individuals how to think with different aspects of an
issue through critical thinking and broaden options for problem solving and decision
making (Varela Candamio, Novo-Corti, & Garcia-Alvarez, 2018).Environmental
education is being implemented in the school system from elementary education
through higher education for example school environmental education, school based
environmental education, on-site and by the development of learning projects; at
environmental centres such as natural history museums, zoos, and so on. Outdoor
education, education in the class room and education with nature are all possible. An
integrated curriculum for it is designed to promote environmental awareness and
sensitivity, environmental knowledge, environmental ethics, and education for
sustainable development (Fang, Hassan, & LePage, 2023).

Nevertheless, there are numerous obstacles to the inclusion of EE in the school
curriculum despite its acknowledged advantages at the present time. There have been
considerable efforts to enhance EE in the local, regional and global scale, however
there still exist barriers to the full implementation of it (Anderson & Jacobson, 2018).
Several factors have been cited as contributing to the stagnation of EE, especially in
public education systems (Ham, Rellergert-Taylor, & Krumpe, 1988). Following Ham,
and Sewing(1988), the barriers to EE have been classified into four groups: conceptual
such as uncertainties about the meaning of environmental education (EE); technical,
for example constraints of time, finance and teaching materials; educational related to
the teacher’s level of professional knowledge and attitudinal as relating to the attitudes
of trainers towards EE .Given these ongoing difficulties, there is an increasing attention
towards new strategies which may provide better EE teaching and learning. A novel
field of research and application is the use of artificial intelligence (Al) in education.
Al is being recognised in education as a catalyst for reevaluating pedagogical
approaches, curriculum design and student engagement in addition to being a
technological tool. Examining how Al interacts with particular educational domains
especially those addressing pressing global issues like environmental and geographical
education becomes crucial as this transition takes place. Al has emerged as a promising
tool that can transform EE by making learning more interactive data-driven and
solution-oriented (Green & Patel, 2021).

The entire world is affected by environmental issues (Ei) not just a city or a nation.
Rapid population growth has caused Ei to spread globally which has resulted in the
quick and careless use of different natural resources (Abalansa, EI Mahrad, Icely, &
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Newton, 2021).). EE has become increasingly important as a result of the political and
scientific communities increased awareness of Ei which has led to studies and projects
aimed at finding solutions (Lai, 2018). Its use in EE can further increase student
engagement and comprehension of ecological challenges (Brown, 2022 in Mathur &
Mathur, 2025). Environmental health involves practices aimed at protecting the
elements that constitute the environment in ways that safeguard human health, as well
as rectifying or reducing harmful conditions that pose a threat to human health. Given
the effects of environmental changes on human health, the integration of EE and health
education to raise environmental awareness should be considered a fundamental
necessity for individuals to maintain a healthy life (Boris, 2010 in Genc, & Kocak,
2025).

In order to improve health literacy, expand knowledge and cultivate life skills via
communication health education entails creating learning opportunities. In addition to
raising awareness of individual health behaviours its overarching goal is to develop the
skills required to address the environmental, social and economic determinants of
health and to encourage actions for bettering health outcomes. This is particularly
crucial when analysing EEs contents because the two disciplines have a lot in common
and share themes pertaining to both community and individual health (WHO, 2012 in
Genc & Kocak, 2025). According to Ozel and Yigit (2023) in Genc and Kocak (2025)
EE provides communities and individuals with the information necessary to understand
the causes and consequences of environmental issues (Ei). Its objectives are to raise
awareness of Ei, foster positive behaviours toward nature and increase sensitivity.
Because they both seek to address the broader determinants of health and give people
the tools they need to take action for a healthier environment it is evident how health
education and EE are related (Boris, 2010). Unlike traditional forms of EE, which is a
comprehensive lifelong learning process that aims to develop people who are conscious
of their responsibilities, investigate and identify environmental problems, participate in
problem-solving processes and take effective action to improve the environment (Ural
& Dadli, 2020; Samosa, Rivera, Sotto, Mazon, & Mejaro, 2022).

Conventional methods of EE however have come under criticisms for failing to
successfully change individual’s perspectives and actions regarding sustainability.
Digital technologies like Al have the potential to revolutionise education by addressing
the flaws in conventional systems (Krsti¢, Aleksi¢, & Kusti¢, 2022; Kamalov,
Santandreu Calonge, & Gurrib,2023; Cao & Jian ,2024; Wang,Wang,Zhu,Wang, Tran,
& Du, 2024). Al also offers promising assistance in addressing challenges in EE, by
facilitating personalised learning, providing better access to resources, and enhancing
the effectiveness of instruction. By providing scholars with fresh viewpoints this paper
aims to enhance biodiversity conservation and sustainable resource management by
bridging knowledge gaps on Al integration and evaluating the value and effectiveness
of Al in EE.

Literature Review
Concept of Environmental Education (EE)
EE has been seen as a vital part of modern education, encouraging environmental

knowledge, attitudes, and behaviours consistent with environmental sustainability.
Against the background of global environmental issues such as climate change,
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deforestation, loss of biodiversity, and pollution endangering ecosystems and human
survival, education for enabling learners to acquire skills and competencies to deal with
these issues is increasingly being emphasised. EE strives to develop environmental
consciousness along with cognitive abilities and attitudes for making decisions
required for sustainable lifestyles and management of natural resources (Agbor, Etan,
Akuji, & Ogbor, 2025). According to Cela Sicilia and Sanchez (2015). EE is a process
through which concepts are made clear and values are identified in order to acquire the
skills and attitudes necessary to understand and value the relationship between human
beings, culture, living things and the physical surroundings. Nikou and Economides
(2017) described EE as one of the means through which individuals and society come
to know the environment, engage with its animal and cultural constituents, acquire
knowledge, skills, and values, and find solutions to Ei whether independently or as part
of a community.de-Marcos, Garcia-Lopez, Garcia-Cabot, Medina-Merodio,
Dominguez, Martinez-Herréiz, and Diez-Folledo (2016) pointed out that EE is a
teaching process that adds to the betterment of the environment and a process of
teaching where concepts of are clarified and values are developed in addition to the
necessary knowledge, skill and attitude that allows people to understand and appreciate
the human-nature interactive relationship. EE can also instruct on how people could
establish principles for self-behaviour and make choices in regard to environmental
dilemma situations. Sheorey (2014) stated that EE intended to develop individuals in
the world, observing the environment and addressing the issues, treating the
environment, demonstrating problem-solving abilities on Ei and can be protected from
potential issues in the future.

EE comprises numerous approaches, materials, and programmes all designed to
develop and or improve environmental attitudes, values, awareness, knowledge, and
skills. Its core aim is to enable individuals to take informed decisions and responsible
actions for the environment (UNESCO, 1985). Ei encompassed ecological
perspectives, skepticism and an understanding of complex relationships among
technology and environment. Since science and technology are co-dependent and have
influenced the natural environment understanding the interplay of science and
technology is critical to finding solutions for contemporary Ei (Valderrama-Hernandez,
Alcéntara, & Lim6n2017). Citing Vicente-Molina, Ferndndez-Sainz and lzagirre-
Olaizola (2013) in Ali and Arfandi (2024) EE has turned out to be a challenging field
of scientific research with the increasing global concern over environmental matter.
Teachers need to contribute a lot in the application of EE and face a series of barriers
to communicate successfully the principles of EE. Educators are instrumental in raising
community participation and knowledge of environmental concern by recruiting in
preservation and environmental action group (Valderrama-Hernandez, Alcantara, &
Limon, 2017; Ballard Dixon & Harris ,2017). In this way, EE can fulfil its objectives,
to that end, in respect of issues of personal, cognitive and emotional growth, the
teacher's role as educator is fundamental when it comes to counselling and advancing
the application of solutions to everyday problems.

EE mainly aims to increase public awareness of the natural processes of the
environment, concentrating on how individuals are able to modify their behaviours and
the ecosystems (Otto & Pensin 2017; Akinci, Yurcu, &. Kasalak, 2018). According to
Ardoin and Bowers (2020) and Ardoin, Bowers and Gaillard (2020) the purpose of EE
is to increase students interest through the content of environmental issues within each
subject area at any education level. In line with this, EE is portrayed by Yadav et.al
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(2022) as a teaching-learning process that blends human interactions with the
environment and knowledge about these interactions to re-establish the waning
human-environment relations and is significant in the process of enhancing
sustainability, conservation and environment consciousness.

Poppe, Weigelhofer, and Winkler, (2018) define EE as a process that aims to raise
people’s awareness, knowledge and skills so they can act responsibly toward the
environment and make informed decisions. Uralovich, Toshmamatovich, Kubayevich,
Sapaev, Saylaubaevna, Beknazarova and Khurramov, (2023) suggested that EE is a
lifelong learning process that helps people develop a greater understanding and
appreciation of the natural world as well as the skills and knowledge needed to make
informed decisions and behave responsibly toward the environment. Llopiz-Guerra
Ruiz, Hernandez, Mejia, Nunayalle and Sanchez (2024) maintained that EE is an
educational process that increases awareness, understanding and concern for the
environment while also fostering the values and skills necessary for people to
participate in problem-solving and decision-making. Operationally, EE is the process
of identifying values and elucidating ideas in order to cultivate the abilities and
mindsets required to comprehend and value the interconnectedness of people, cultures
and the biophysical environment. EE also involves practicing, making decisions and
forming one’s own behaviours regarding environmental quality issues. Thus, EE is the
process that allows people to learn about the related Ei and to develop attitudes and
skills related to sustainable development and resource conservation for the current
generation without compromising the needs of future generations.

The United Nations Educational, Scientific and Cultural Organisation (UNESCO,
2014a), affirms that EE is essential in transmitting a conception of nature as a living
system to the society and contributes in raising the public environmental awareness.
UNESCO underscores the contribution of EE in protecting future global trajectories of
societal quality of life (QOL) through the sense of global responsibility with respect to
environment, poverty, inequalities and sustainable development. Sustainable
development is meeting the needs of the present without compromising the ability of
future generations to meet their own needs (Borowy, 2013).EE is crucial in this regard
as it provides individuals with the necessary knowledge, attitudes and behaviours for
sustainable living. EE is more than just environmental awareness, it also encourages
critical thinking and the application of problem-solving tools to allow individuals to
make decisions based on information concerning their environment and natural
resources (UNESCO,2020).The objective of EE is to produce responsible citizens who
have a comprehensive understanding of the ecological environment and its associated
problems, are cognisant of available means for social and economic change that can be
used to tackle these problems, and who are actively engaged in pursuing solutions. EE
is also sustainable, indicating that educated leaders can rely on their gained
environmental literacy to guide them in deciding and taking actions for the betterment
of social, economic, and physical quality of the environment (Velempini,2025). EE
benefits from traditional, place-based, and digital methods but has challenges in the
areas of practice and resource equity. The use of Artificial Intelligence (Al) can assist
in overcoming these gaps by delivering personalised, immersive, and data-driven
learning experiences.
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Theoretical Lens
Transformative Learning Theory (TLT) (Jack Mezirow, 1991)

Mezirows (1975) stated that the commencement of TLT is major life event that
influence the way individuals view and make sense of their experiences. People’s
interpretations of life also change as they take on various perspectives. This is the
essence of transformative education. Mezirow (1991) describes learning behaviour as
being generated when aver problem-solving approaches. However, individual meaning
perspectives colour the process of problem solving. Upon reflection on the
assumptions or expectations that premise their life experiences, people will revise and
adapt their perspectives of meaning when they determine that these assumptions were
wrong or too narrow (Mezirow, 1991). Perspective transformation diverges from
conventional learning in that it requires the development of novel frames of meaning.
Reflection is the primary instrument to alter meaning perspectives. A person’s external
behaviour is affected by transformative learning as well as their perspectives of the
world (Mezirow & Taylor, 2009).

While EE has traditionally been delivered using face-to-face modes of instruction,
including outdoor field trips and school site visits, these practices do not adequately
address the goals of transformative learning. Traditional methods have been known to
be focused on the transmission of information and increasing awareness, as opposed to
inducing deeper reflection, critical self-analysis and transformation of perspective in
the learner. Barriers relating with time, finances, instructor competency, and inflexible
curricula impede even more on chances for students to become involved in ongoing
conversations, reflective experiences, and situational problem-solving all integral to
transformative learning. Collectively, such barriers point to the importance of new
pedagogies that can accommodate deeper cognitive and behavioural change. Given
this setting, the incorporation of Al technology in education holds potential for
becoming a key direction to enhance the educational attributes such as learner
engagement, personalisation of teaching, and reflection of learning. Three dimensions
of reflection were identified by Mezirow (1991) process of premise and content
reflection. These two forms of content reflection and process reflection tend to alter our
feelings, which in turn alters our meaning scheme. However, individual meaning
perspectives will only be transformed if premise reflection occurs (Mezirow, 1998).
Therefore, the application of TLT in EE is considered as a more effective method than
that of traditional lecturing (Cimen & Yilmaz, 2014).

EE is intended to transform the way people think and behave in relation to the
environment. Al-based technologies for intelligent tutoring systems, personalised
feedback and simulations can foster critical thinking and support individuals in
adopting sustainable behaviours. Al, as a subject, can receive personalised insights and
environmental real-time data from Al-based systems as an agent. These technologies
help individuals to see the impact of their environmental choices, and lead to more
reflection on their eco-impact. An Al-powered application that models the
environmental implications of everyday decisions (transportation, energy use)
challenges users to question unsustainable routines and consider more sustainable
options, carbon footprint trackers, pollution maps or climate modelers. This contributes
to the goal of Education for All by making EE accessible to everyone. Al assist people
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to move from awareness to action by being a pedagogical partner and technology
enabler.

Al applications for Sustainable Development, Conservation and Environmental
Education

Earth Observation and Remote Sensing

Exploiting Al for monitoring satellite data, satellite imagery offers unprecedented view
of Earth’s surface to serve environmental monitoring programmes. Convolutional
neural networks (CNNSs) are also very effective in extracting important features from
satellite images to precisely identify land degradation, loss of habitat and deforestation
(Li, Hsu &Tsay, 2011, as cited in Islam, Ahmed, Alfify, & Riyaz, 2024). This network
has been used for detection of environmental changes in a timely, Al-enabled remote
sensing tools which allow monitoring of environmental indicators in near-real time. Al-
technology-enabled systems are slowing detecting illegal and unsustainable practices
through vegetation cover, land use changes, that can inform conservation actions
(Dattamajumdar, 2021).

Sustainable Urban Development and Waste Management.

Al is an emerging technology which is becoming popular in many areas of applications
especially in WM (Abdallah et al., 2020). The integration of Al and robotics in the
process of designing and running urban waste treatment facilities can transform SWM
by making operations more efficient and pave the way for sustainable WM (Yigitcanlar
& Cugurullo 2020; Goutam Mukherjee et al., 2021). Several developed nations such as
Austria, Germany, New Zealand, the United States of America, the United Kingdom,
Japan, Singapore, Switzerland, South Korea, and Canada have already started
leveraging Al tools in order to enhance the use of resources, efficiency, and recycling
potential across the SWM process (Soni et al., 2019). WM firms increasingly rely on
Al technology, particularly in the sorting and processing of solid waste (Andeobu et
al., 2022; Wilts et al., 2021).

The Intelligence of Things (loT)-Enabled SWM model with prediction, the proposed
model is efficient and time saving in automation of solid waste coordination and
management of overall aggregation process and in turn limits the manual intervention
protean. The smart bins and the garbage level in the bins can be monitored
continuously, contactless on the global platform to facilitate a sustainable throughput
(Mishra et al.,2022). The application of ML Texhibits impressive properties in short-
range weather forecasting (Chen, 2022). Al-based systems can also supervise the
recycling procedure for unusual events, like wrong material sorting or material
contamination, and notify the related staff in order to take corrective actions.
(Pouyanfar et al, 2022). Moreover, artificial intelligence can help to analyse waste
(Ponis et al., 2023).

Al-based methods, in particular, have found opportunities for SWM and prediction
(Abbasi, & El Hanandeh, 2016; Abdallah et al., 2020). SWM is designed to improve
activities such as detecting solid waste, collecting it, locating bins for SWM optimally,
transporting using shortest vector, and disposing of hollow pots. Different Al, as well
as hybrid models, have been developed to predict the performance of different
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techniques for the production, separation, storage, and treatment of solid waste
(Ihsanullah et al. ,2022). Over the last years, Al has gained traction as a technique to
forecast Municipal solid waste. In review of the literature several Al models has been
used for prediction and classification of MSW such as artificial neural networks
(ANN), support vector machine (SVM), decision trees (DT), genetic algorithms (GA),
K Nearest Neighbor (kNN), and a number of other ensemble learning techniques (Wu
et al., 2020).

The application of Al in waste logistics can reduce up to 36.8% of the transportation
distance, resulting in cost saving of up to 13.35% and time savings of up to 28.22%.
Identifying and sorting waste with an accuracy of 72.8 to 99.95% was made possible
through Al. Waste pyrolysis, carbon emission evaluation, and energy conversion are
significantly improved by Al and chemical analysis-based treatment of waste (Fang et
al,2023). A variety of ANN methodologies that is feed-forward autoregressive, multi-
layer perception (MLP), radial basis function (RBF), backpropagation (BP), and
recurrent ANNSs are utilised in WM (Abbasi & EI Hanandeh, 2016; Ihsanullah et al.,
2022). Genetic algorithms(Gas) have also found application in various WM problems,
such as waste characterisation, prediction of waste generation, prediction of waste
accumulation and facility location, estimation of the value of waste heating and biogas
generation (Biglarijoo et al., 2017; Rabbani et al., 2018). They are also useful in
reducing environmental and management costs and collection routes related to the
treatment of waste (Pourreza Movahed et al., 2020).

Other popular Al model in MWM is the decision tree(DT) (Ding et al., 2023). DT is a
highly accurate supervised classification approach which is capable of automatically
extracting rules from unknow data (Kannangara et al., 2018). DTs have found
application in MWM to estimate waste generation, waste compression, and waste
sorting. They even have been applied in identifying areas of illegal waste dumping and
trends in waste production (Deepnarain etal., 2019; Ding et al., 2023) .Al has emerged
as a disruptive technology in the recent past and will reshape the WM process and
associated challenges (Maiurova et al.,2022; Chew and others,2023 Kumari and
associates,2023; Ramya and associates, 2023). WM procedures could be made more
efficient in terms of productivity, the use of resources and the impact on the
environment by applying the data comprehension, pattern identification, and decision-
making capabilities of Als (Huang & Koroteev 2021; Aniza et al., 2023).

The growing power and possibilities of Al are illustrated with current developments in
WM applications (Yigitcanlar et al. 2020; Papagiannis and others. 2021; Di Vaio and
partners. 2022; Pallathadka et al., 2023). Al is revolutionising the WM industry at many
levels, from advanced sorting equipment and predictive analytics to smart waste
collection solutions (Wilts et al., 2021; Bamakan et al., 2022; Zhang et al., 2022;
Krishna & Sharma, 2023). One of the major trends in smart WM is the application of
Al in the waste collection system. Deficiencies in traditional waste collection methods
like suboptimal routing and irregular schedules are common (Cubillos, 2020).
However, the Al-based systems are addressing these problems through optimisation of
waste collection routes or schedules (Yadav& Karmakar 2020; Yu et al. 2021).

Smart bin systems with sensors and Al algorithms can track waste levels in real time
allowing for effective resource allocation and collection scheduling (Hussain et al. in
2020). Al-powered route optimization algorithms evaluate past data traffic trends and
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waste production rates to identify the most effective routes for waste collection vehicles
(Ghahramani et al., 2022; Lin et al., 2022) .Using the real-time information dynamic
scheduling algorithms can be further optimised, thus ensuring the timeliness of the
waste collection and reduction of cost. Another interesting development is the
application of Al to sorting waste. Conventional methods of separating waste often
require human effort and they could be time-consuming and error-prone (Das et al.,
2019; Guo et al., 2021). Waste separation is increasingly becoming automated and
precise enabled by Al techniques such as machine vision and image recognition (Zhang
&Yan 2021; Lu ,Chen, & Xue ,2022). Advanced image recognition techniques allow
for an efficient sorting of recyclables organic waste and non-recyclables through visual
analysis and identify solid waste materials with high precision (Kumar et al., 2021;
Majchrowska et al., 2022, Sundaralingam & Ramanathan, 2023).In addition, waste
products can be effectively segregated and sorted by robotic sorting mechanisms using
Al methodologies making the sorting operation easier and increasing the rate of
recycling (Kumar et al, 2021).

Improving stages of the recycling cycle, Al is also playing a large role in waste
recycling. Material identification and sorting using Al can enhance resource recovery
and reduce waste contamination by precisely identifying different types of recyclable
materials (Wu et al.,2023). Process optimisation models based on Al, analyse recycling
parameter data (temperature, pressure, composition, and so on) to find the optimal
operating conditions and the process efficiency. Al-based quality control and inspection
systems ensure the production of high-quality recycled materials by detecting defects,
contamination, and non-compliance. Moreover, robotics and automation based on Al,
ease the recycling operations, reduce human error, increase throughput, and improve
overall recycling effectiveness (Onoda, 2020). Waste tracking is another domain
where Al is drastically advancing (Khanal et al, 2023). Real time monitoring systems,
are employed to collect and analyse information on waste production, collection and
disposal methods, these are enabled by IoT devices and sensor networks (Sharma et
al.,2021). Once processed, these data Al algorithms can be used to streamline the WM.
Waste generation trends and resources allocation to support WM practices based on
data in both the historical and current situations (Soni et al., 2019a; Lu et al., 2021;
Ghanbari et al., 2023; Zhu et al., 2024).

Conservation and Protection of Wildlife.

Conservation Al identifies and classifies animals, humans, and poaching equipment
through the use of thermal infrared and visual spectrum cameras. The platform analyses
this data using convolutional neural networks (CNNs) and transformer architectures to
track species, including critically endangered ones. Real-time detection offers the
immediate feedback that time-critical situations (poaching) demand, whereas non-real-
time analysis enables long-term wildlife monitoring and habitat health evaluation
(Fergus, Chalmers, Longmore, & Wich, 2024). Case studies from Europe, North
America, Africa, and Southeast Asia exemplify the platform’s achievements in species
recognition, biodiversity monitoring, and poaching prevention (Fergus, et al, 2024). In
the cause of prevention of extinction in endangered species, observation has to be
reticent. From time to time, traditional wildlife monitoring methods can be laborious,
costly, and limited in range. With the aid of GPS tracking, acoustic monitoring, and
camera trap image analysis, artificial intelligence has revolutionized wildlife
conservation. Poaching and illegal trade in wildlife continue to endanger species and
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their habitats. By recognising individuals, animals, the size of the population, and routes
of migration, Al significantly contributes to conservation, providing key insights into
the behaviour of species and their use of habitats (Chisom et al., 2024). To detect and
disrupt illegal wildlife trade networks, Al technologies such as machine vision and
natural language processing analyse vast amounts of online data. In addition, Al-
enabled monitoring systems with facial recognition capabilities aid in the capture of
poachers and traffickers by law enforcement, dissuading illegal activities (Nandutu,
Atemkeng & Okouma, 2023).

Climate Change and Weather Prediction

Al has the capability to reshape our understanding and control of climate change (CC).
Al processes and techniques are accelerating solution finding for issues with
applications in understanding the drivers of CC responding to its effects and crafting
responses (Carozza, & Boudreault, 2021; Cowls et al,2023). Today scientists Baji in
2028 , Reichstein, Camps-Valls, Stevens, Jung, Denzler, Carvalhais , Prabhatet ,
2019 and Burr in 2019 have begun to explore the possible contributions of Al to
fighting global climate change, both in terms of our scientific understanding of the
causes and effects of CC and in terms of solutions development (Huntingford et al,
2019). There are many more examples of where Al and machine learning can be applied
to enhance climate system modeling precision (Anderson & Lucas, 2018) to assess
emissions inventories (Han, Gopal Ouyang & Key, 2021), and to enhance climate
scenario projections (Nichol et al,2021) and climate impact assessments (Crane-
Droesch,2018) and also to create products for low carbon technology deployment
through energy, transportation and building system optimisation (Chen et al, 2021;Chen
et al, 2023).

Co-integration of Al has exhibited promising results for predicting the impacts of CC
(Nishant et al. 2020). In particular machine learning (ML) methods can process multi-
dimensional data and identify complex patterns and associations which might be
difficult to be apprehended by standard methodologies (Padhi et al., 2023). Non-linear
processing of time-dependent changes, detection of weak signals, which are typically
not detectable by classical climate models, can be accomplished by some ML
techniques, such as neural networks (NN) or ensemble methodologies. Since Al models
are capable of learning from past data and refining predictions as new data is made
available, they well-suited to the evolving states of climate systems (Sri Preethaa et
al.,2023). The integration of Al has demonstrated potential for enhancing the prediction
of the effects of CC (Nishant et al., 2020 in Ukoba, Onisuru, Jen, Madyira & Olatunji,
2025).

For example, scientists have applied ML approaches to enhance predictions of
temperature and precipitation patterns at the local to regional scales (Ahmed et al.
2020; Wang et al., 2021). Nandgude et al. (2023) reviewed the whole technological
progression leading to better drought prediction, exploring the fusion of remote
sensing data, meteorological observations, hydrological modeling and climate indices
and demonstrating that advanced techniques (machine learning and deep learning
frameworks) outperform traditional ones by enhancing the accuracy of drought
prediction. According to Chen and colleagues. (2023) short-term weather prediction is
the promising application of ML.
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Urban Planning and Smart Cities

Al has emerged as a critical enabler in the pursuit of decarbonized and sustainable
urban futures. By embedding Al into the framework of smart city (SC) development,
with the end clients being urban planners and policy makers, they are, now, more than
ever before, making use of tools such as ML, data analytics, predictive modelling to
name but a few (Lartey & Law 2025), to enhance resource allocation and disaster and
urban planning. This type of technology and data enabled more intelligent decision
making thereby enhancing process efficiency and life quality in cities. (Dhayal ,Giri,
Agrawal, Agrawal, Samadhiya & Kumar, 2025). Ullah et al. (2020) and Heidari et al.
(2022) provide the classification results of conventional Al techniques such as ML,
deep learning and reinforcement learning under the umbrella of SCs. SC and urban
challenges, such as intelligent transportation systems, cybersecurity, energy-efficient
smart grids, and unmanned aerial vehicles (drones), are among the high-dimensional
problems that these methods are regularly and effectively applied to and used to
generate optimal solutions. By implementing Al for waste segregation, traffic
management, public transportation, and energy efficient building design, cities can
decrease environmental pollution, reduce greenhouse gas emissions and improve the
overall quality of life of urban residents (Sethy, Shaik, Saravanan & Karthika
,2024).Students can discover biodiversity, witness human impact, and participate in a
variety of environmental situations via Virtual Reality (VR) and Augmented Reality
(AR) applications facilitated by Al (Green & Patel, 2021). Al-based tutors can offer
customized learning modules based on students’ advancement, ensuring a more
profound understanding of environmental topics (Kumar, 2024).

Conclusion

The promotion of EE and green development is substantially supported by Al. One
leading edge way to do sustainable development for all is apply Al in EE. Al based
tools such as intelligent tutoring systems (ITS) and machine learning data analytics
enhance environmental literacy, promote data-driven decision making, and help
community and learners live sustainably, as evidenced by research publicly available
(Leal Filho et al.,2022; UNESCO 2023). Consistent with TLT, Al provides individuals
on interactive, personalised, and positive learning experiences that encourage critical
thinking and transformative (Mezirow, 1991). This promotes environmental
stewardship at behavioural, emotional and cognitive levels.

Al applications including wildlife conservation technologies, smart city planning,
remote sensing, climate prediction models, and sustainable waste management systems
significantly contribute to monitoring, preserving, and restoring ecosystems. All of
these have the potential to enhance environmental awareness and the development of
critical environmental thinking among students. And individuals. These approaches
help students and community to connect theory and practice to work towards the United
Nations Sustainable Development Goals (SDGs), particularly SDG 4 (Quality
Education), SDG 13 (Climate Action), and SDG 15 (Life on Land). However, the
literature also highlights concerns regarding disparities in access to technology, data
privacy, and the need for teacher professional development in Al-enabled instruction.
The ability of Al to help drive sustainable education may well remain an unbalanced
one if these voids are not addressed. To enable them to take full advantage of this
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potential educational institutions should foster interdisciplinary research provide equal
access to the digital learning resources and integrate Al tools into teaching.

It is the responsibility of governments and lawmakers to define ethical principles and
fund solutions to sustainability were based on Al. Finally and not least, to achieve the
global transformative learning appropriate for sustainable development collaboration
involving environmental scientists, educators and technologists. National governments
must also bring their policies on sustainable education and Al-enabled EE into line at
the national level to maintain coherence with international instruments such as
UNESCOs Education for Sustainable Development (ESD) roadmap .Educators from
preschools to universities can acquire the pedagogical skills and Al literacy needed to
effectively use smart tools in education through continuing professional education
.Digital infrastructure investments are critical for closing the technology divide
particularly in rural and emerging areas so that inclusive and equitable access to Al-
powered education can be ensured. Ethics should be developed to deal with
algorithmic bias, data privacy, environmental costs of Al system, among others.
Educators, Al specialists, environmental researchers, and policy makers should join
forces to co-create cutting-edge context-based solutions for sustainability challenges.
By integrating Al technology with transformative learning, communities can nurture
responsible, intelligent, and reflective citizens who have the potential to lead collective
efforts towards a sustainable and equitable future for everyone.

Suggestions
In light of the matters raised, the following suggestions would be appropriate:

1. Policy coherence and coordination: From the national level to the education
institutions, Al-based environmental education methodologies must be
integrated into national education and sustainability policies ensuring that
learning for life is pursued.

2. Educators’ Capacity Building: Curricula in teacher education and adult
education must address educators' competence and confidence to ethically and
effectively use Al tools for teaching and learning about the environment.

3. Equal Access to Al Technology: Special efforts should be made to deliver EE,
supported by Al, to under-served and developing world communities.

4, Curriculum Design: the curriculum should incorporate the EE initiatives such
as Al-supported hands-on learning techniques that promote critical thinking,
problem-solving, and regional and worldwide environmental engagement.

5. Ethical, Responsible Al Use: Data privacy and transparency should continue to
be monitored and applied to use of Al in EE, along with environmental
responsibility.
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