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Introduction

Green chemistry can also be referred to as sustainable chemistry and it is the design 
of chemical products and processes aimed at less or less the use of hazardous substances. It's 
about lessening the destructive consequences on the environment and the earth's sustainability 
(Wale et al., 2023; Mane et al., 2023). This accommodates many principles that outline how 
to design safer chemical reactions as well as technology and the use of green chemicals (De, 
2023; Rathi et al., 2023). Such principles include the elimination or reduction of generation, 
using renewable raw materials, and the production of safer substances and materials to decrease 
harm to human health and the environment, according to Nithya and Sathish (2023). Thus, 
green chemistry's goal is to bring radical changes in industries researching for effective and eco-
friendly strategies for the synthesis of materials, including nanomaterials, through employing 
cost-efficiency and biocompatibility with the help of earth's resources (De, 2023).

Effectiveness of green chemistry education programs in promoting sustainable practices

Beginning with green chemistry education programs is vital especially in cultivating 
awareness of the environment, the knowledge, and skills required by the students so as to make 
right and sustainable decisions. Explaining green chemistry principles to curricula is not only 
educating students to adapt to the environmental sustainability (Etzkorn & Ferguson, 2022), but 
to assist the students in using industry proficient tools like DOZN 2. 0 and Life Cycle Assessment 
indicators to define and measure the greenness and environmental profiles of chemical reactions 
(Reyes et al., 2022). This way, green chemistry concepts can be introduced to students from 
their first academic years, and future chemists will be ready to work on sustainable development 
and social justice in their future careers (Marcelino et al., 2023). Current and future generations 
emphasize technical systems and several systems of sustainability to address the challenges of 
the world (Christiana, 2023). Thus, the green chemistry education programs should incorporate 
a number of factors to be effective in the encouragement of sustainable practices. Firstly, the 
main aspects of green chemistry principles and their application in the undergraduate program is 
essential for students’ preparation for a sustainable future (Mitarlis et al., 2023). Moreover, the 
adoption of green metrics, which are simple and understandable, persuades the large chemistry 
fraternity to try and provide greener synthetic solutions. Procedures such as the use of readily 
available real-life tools like DOZN 2. and Life Cycle Assessment (LCA) metrics strengthen 
their position with regard to green and sustainable decision-making in the context of chemist’s 
processes. It connects chemical reactions with the UN Sustainable Development Goals (SDGs). 
Furthermore, similarities from other disciplines like chemoinformatic and chemoinzation and 
the systems thinking in the design of the programs make green chemistry education programs 
effective in addressing global sustainability concerns (Zowada et al., 2022).
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Best practices for incorporating green chemistry principles into K-12 education

To mainstream green chemistry in K-12 education, teachers’ professional development 
models have to be effectively incorporated, non-conventional teaching-learning activities have 
to be encouraged, and natural indicators have to be encouraged during the process of teaching. 
New York has been in a leading position in conducting introductory workshops for high school 
teachers on green chemistry principles and practices; coverage of this has led to adoption 
and use by teachers in their classes and sharing with other teachers (Cannon et al., 2023). 
Moreover, the literature stresses the enhancement of the approach of green chemistry in the 
curricula through systemic views linking it with sustainability and sustainable development as 
seen in learning subjects, curriculum debates, and integrative content (Marcelino et al., 2023). 
Additionally, implementing a green chemistry perspective in the undergraduate chemistry 
education programs can help to advance the Sustainable Development Goals by reducing the 
consumption rate and the generation of waste (Olanrewaju & Adeosun, 2023; Mitarlis et al., 
2023).

Green chemistry can finally be introduced in elementary science education, with 
concepts such as: waste elimination, the use of safer solvents, energy conservation, and 
designing for safety. This integration can help contribute to Sustainable Development Goals, 
SDG’s concern about responsible consumption and production, and climate change mitigation 
(Mitarlis et al., 2023). To that end, it may be possible to generate a model of curricular content 
for Green Chemistry School Education-based innovation with an emphasis on the following 
aspects. These aspects are such as Science Learning Areas/Themes, Domain Science Subjects, 
Disciplinary Core Ideas, Essential Skills, and Cross Cutting Concepts for Green Chemistry 
(González-García et al., 2023). Moreover, the ideas of green and sustainable chemistry should 
be introduced as early as possible in students’ education. Since these concepts are rapidly 
advancing in research and industry – defining the approaches to making chemical processes 
and products more sustainable (Eilks & Linkwitz, 2022; Lembens et al., 2022).

Long-term impacts of green chemistry education on the workforce and the environment

Green chemistry education is long-term actionable, directed towards the chemical 
industry’s skilled workforce and environment. The concept of green chemistry in educational 
materials and training centralizes the future scientists to adopt greener products and processes 
which eventually decrease energy usage, prevent harm to the environment and most importantly 
cannot produce waste (Rana et al., 2022). Learning green chemistry in the lower classes can 
influence students’ attitude towards chemistry and, by extension, the experiments that they 
conduct. Therefore, it has produced future scientists and professionals with the mindset that 
experiments should embrace the use of safer chemicals that are eco-friendly (Cannon et 
al., 2023). The aspect of sustainability aspect of green chemistry is to attempt to not create 
dangerous by-products, pollute the industries where the chemicals are produced, and design 
green syntheses that will not harm the human personnel or the environment in the future (Reyes 
et al., 2022).

Summing-up

The practice of green chemistry in education has already started, and there is an emphasis 
on developing green chemistry for the undergraduate program with mention of future prospects 
(Marques et al., 2020). Several studies have examined the possible approaches for delivering 
the concept of green chemistry education. Besides this, proposals with specific experimental 
plans should include green chemistry practices to encourage responsible actions in several 
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fields in an environmental and social context (Etzkorn & Ferguson, 2022). The introduction 
of green chemistry in students enhances the ability of the students to solve problems, assess 
and inquire beyond the traditional norms while practicing chemistry with an ethical framework 
and executing sustainable development. In light of the transition towards sustainable goals 
and complex systems, educators of chemistry are beginning to prepare chemistry graduates 
as global problem solvers, more specifically competent green chemists, to meet this world’s 
challenges (Wang et al., 2023).
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