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The development of chemical technology and industry has led to the 
emergence of a new paradigm in natural resource management (SDA), 
which demands a balance between economic interests, environmental 
sustainability, and occupational safety. In this context, chemical 
engineering plays a crucial role in designing sustainable processes that 
are energy efficient and low in waste, while the implementation of 
Occupational Safety and Health (K3) ensures the prevention of 
workplace accidents and maintains the continuity of industrial 
operations. However, sustainability is not only determined by technical 
aspects, but also by moral and spiritual values. Islamic teachings, 
through the concepts of khalīfah, mīzān, amanah, and the prohibition of 
fasād, emphasize that humans have a significant responsibility to 
maintain the balance of nature, as we live side by side with the 
environment. Nature provides us with air, water, food, and everything 
else we need to survive. Thus, the synergy between the principles of 
sustainable chemical engineering, K3 regulations, and Islamic values 
forms the foundation for fair, safe, and responsible natural resource 
management. This research uses a qualitative approach by reviewing 
various literature, such as journals, books, and previous research results 
related to the integration of these three aspects. The study results 
indicate that the simultaneous application of Islamic scientific and 
ethical principles can strengthen efficient, safe, and environmentally 
friendly chemical industry practices, and has the potential to become a 
basis for policy development, education, and implementation of 
sustainable industry in Indonesia. 
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Introduction 
The development of chemical industrial technology over the past decade has 

demonstrated increasingly rapid transformation, particularly in response to demands for 
environmental sustainability, energy efficiency, and the increasingly critical management of 
natural resources (SDA) (Nainggolan et al., 2023). The chemical industry, ranging from raw 
material processing and basic chemical production to waste management, has become one of 
the major contributors to carbon emissions, water and chemical consumption, as well as 
significant occupational health and safety (K3) risks. For example, the global chemical sector 
is responsible for approximately 5 to 6 percent of total global greenhouse gas emissions 
(Reuters., 2025). In the Indonesian context, environmental regulatory demands and K3 
standards have also become increasingly stringent, in line with rising awareness of the 
environmental and social impacts of industrial activities. (Permadi et al., 2025). 

On the one hand, the discipline of chemical engineering faces technical and operational 
challenges in aligning industrial productivity with sustainability principles, including the use 
of more environmentally friendly raw materials through green chemistry, process 
optimization to improve energy efficiency and reduce waste, and the development of 
recycling and circularity technologies. Recent studies indicate that optimization of green 
supply chains within chemical industry clusters can deliver both economic and 
environmental benefits (Jihu., 2024). Meanwhile, the K3 aspect cannot be overlooked, as the 
establishment of effective occupational health and safety management systems is a key factor 
in preventing industrial accidents and substantial social losses. (Permadi & Sya’ban, 2025). 

On the other hand, sustainable natural resource management has evolved into a paradigm 
that goes beyond mere technical efficiency and encompasses ethical, social, and cultural 
values. Within the Islamic intellectual tradition, there are important concepts such as 
khalīfah, referring to humans as representatives or stewards of the earth, mīzān, meaning 
balance, amanah, referring to trust and responsibility, and the prohibition of fasād, or 
destruction, all of which provide a moral foundation for environmental management. For 
example, a systematic study shows that the teachings of the Qur’an and the Sunnah offer a 
strong foundation of environmental ethics to support sustainability practices within Muslim 
communities (Zulkifli., 2023). Similarly, the literature on Islamic ethics identifies 
environmental preservation not merely as a technical responsibility, but as a religious and 
social obligation (Taha et al., 2025). 

Accordingly, there are two main domains that need to be synergized: the technical-
scientific domain, encompassing chemical engineering and K3, and the ethical-religious 
domain, encompassing Islamic values, within the framework of sustainable natural resource 
management. The integration of these two domains is not only beneficial in terms of 
efficiency and operational sustainability, but also strengthens the legitimacy of industrial 
actions through a foundation of values and socio-spiritual responsibility. In practice, this 
integration requires a multidisciplinary approach, ranging from process engineering and K3 
management systems to the interpretation of relevant Islamic values. 

Based on this foundation, this article aims to: 

1. To describe the challenges and opportunities in the implementation of sustainable 

chemical engineering and occupational health and safety (K3) in the chemical 

industry, particularly in the context of natural resource (SDA) management. 

2. To explain relevant Islamic value frameworks such as khalīfah, mīzān, and 

amanah, and how these values can strengthen occupational health and safety (K3) 

practices and natural resource management. 
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3. To examine the synergy between chemical engineering science, K3 regulations 

and methodologies, and Islamic values as a foundation for industrial practices 

that are safe, ethical, efficient, and environmentally friendly. 

4. To propose strategic implementation recommendations for integrating technical 

aspects and religious ethics within the chemical industry and natural resource 

management. 

With this approach, the article is expected not only to offer conceptual analysis, but also 
to provide applicative perspectives that can be adopted by academics, industry practitioners, 
and policymakers, including those in Indonesia. Unlike previous studies that generally separate 
these three aspects, this study presents a holistic approach that integrates science, ethics, and 
spirituality within a single framework of chemical industry sustainability. This concept 
expands the traditional triple bottom line paradigm of economic, social, and environmental 
dimensions into a quadruple sustainability framework by adding spiritual and moral 
dimensions as the foundation of genuine sustainability (Hidayati, 2024; Kurbiyanto et al., 
2024). 

The novelty of this research lies in the contextualization of an Islamic values-based 
sustainability framework within the Indonesian chemical industry, an approach that remains 
relatively underexplored in international studies that predominantly focus on industrial 
contexts in Western countries (Meidianto et al., 2025; Oktafiani et al., 2025). Accordingly, this 
study provides theoretical contributions to the development of an interdisciplinary conceptual 
model integrating chemical engineering, occupational health and safety (K3), and Islamic 
ethics; practical contributions to the application of morally grounded and socially responsible 
chemical industry sustainability; and methodological contributions by demonstrating how 
cross-disciplinary content analysis can integrate science, regulation, and religious values (Meys 
et al., 2020; Rahmawati et al., 2025). 

Overall, the novelty of this research emphasizes that the sustainability of the chemical 
industry cannot be achieved solely through technical efficiency and regulatory compliance, but 
must also be grounded in moral and spiritual values that guide human behavior as khalīfah in 
maintaining balance (mīzān) and preventing destruction (fasād) on earth (Basri et al., 2024; 
Zuhdi et al., 2024; Lafiagi et al., 2024). This synergistic approach introduces a new paradigm of 
chemical sustainability based on spiritual ethics that is relevant for policy development, 
chemical engineering education, and sustainable industrial practices in Indonesia and the 
broader Islamic world. 
 

Method 
In this study, we employ a descriptive qualitative approach using a literature review 

method to analyze the synergy between the principles of sustainable chemical engineering, 
Islamic values, and the implementation of Occupational Health and Safety (K3) in natural 
resource (SDA) management. This approach is selected because it enables an in-depth 
examination of the interconnections between technical and ethical aspects based on 
conceptual data, regulatory documents, and up-to-date academic literature. The literature 
review allows researchers to identify recent trends in sustainable technology while 
simultaneously relating them to the moral and spiritual foundations within Islam (Hidayati, 
2024; Munawar., 2024). 

Research data were obtained through a systematic review of various national and 
international scientific journals relevant to the research theme. The primary sources include 
NTER (Syabriyana et al., 2023), which discusses the application of green chemistry in waste 
management; JPPI (Meidianto et al., 2025), which reviews the implementation of K3 
regulations; as well as Jurnal Risalah (Oktafiani et al., 2025) and Etika dan Spiritualitas 
(Meyresta & Fasa, 2022), which highlight Islamic values related to ecological responsibility. In 
addition, the researchers also utilized supplementary references from recent journals, such as 
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an article by Rahmawati et al. (2025) in the Journal of Sustainable Engineering that discusses 
the development of environmentally friendly catalyst technologies, as well as publications by 
Nurhayati & Syahru.l (2024) in Jurnal Integrasi Sains dan Agama, which elaborate on the 
correlation between Islamic ethics and applied science. 

The analysis was conducted using the content analysis method by examining the 
literature based on key themes related to sustainable chemical engineering, K3 regulations, 
and Islamic teachings. The analytical process involved three main stages: first, identifying key 
concepts from each source; second, categorizing findings based on scientific, regulatory, and 
religious value aspects; and third, synthesizing the results to construct a framework of 
synergy across disciplines. This approach aims to produce a comprehensive understanding of 
how the integration of science and Islamic values can strengthen K3 practices and sustainable 
natural resource management (Rahmawati et al., 2025; Meidianto., 2025). 

Through this method, the study not only highlights the technical dimensions of the 
chemical industry but also elucidates how Islamic spirituality and ethics can serve as a 
foundational basis for building a more humane, environmentally conscious, and sustainable 
industrial system. 

Results and Discussion 
In this study, the findings obtained after analyzing the literature related to three main 

domains, namely (a) the principles and practices of sustainable chemical engineering, (b) the 
implementation of Occupational Health and Safety (K3) in the chemical industry, and (c) 
Islamic values in natural resource (SDA) management, are subsequently examined in a 
synergistic manner to understand how these three domains are interrelated and can be 
integrated. The following section presents the main findings and a systematic discussion 
based on thematic groupings. 
a. Sustainable Chemical Engineering: Main Findings 

The results of the literature analysis indicate that the discipline of chemical engineering 
has moved significantly toward sustainability by adopting green chemistry and green 
engineering frameworks, as well as concepts of material and energy circularity (Sah et al., 
2025). Several key points emerge from the analysis: 
1) Principles of Green Chemistry 

The study by Artz et al. (2018) emphasizes that “green and sustainable chemistry must 
include a systems-based and life cycle perspective” in order to integrate aspects of 
catalysis, CO₂ conversion, and sustainability analysis in a comprehensive manner. The 
fundamental principles of green chemistry, as described in recent literature, have been 
updated to incorporate system-based and life-cycle perspectives that encompass the 
entire product and process lifecycle. 

2) Study on the “Principles of Green Chemistry” 
The study titled “Principles of green chemistry: building a sustainable future” (2022) 
affirms that the twelve principles of green chemistry, such as the use of renewable 
feedstocks, waste reduction, and the design of processes with minimal risk, have gained 
increasing attention in the context of achieving the Sustainable Development Goals 
(SDGs) (Sah et al., 2025). 

3) Practical Examples 
Green chemistry innovations include the substitution of hazardous solvents, the use of 
efficient catalysts, and waste reduction strategies. Rahmawati et al. (2025) demonstrate 
that the development of environmentally friendly catalyst technologies can increase 
energy efficiency by up to 30 percent while simultaneously reducing hazardous waste. 

4) In the Context of Natural Resource (SDA) Management 
Sustainable chemical engineering emphasizes two main aspects: efficiency in the use of 
resources such as water, energy, and raw materials, and the minimization of 
environmental impacts, including emissions, waste, and hazardous residues. Studies on 
the circular economy in the chemical industry indicate that circular models can reduce 
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CO₂ emissions by up to 50 percent compared to traditional linear models (Meys et al., 
2020, 2021). 

The integration of sustainable chemical engineering implies that operational practices 
in the chemical industry must move beyond the old paradigm of “producing as much as 
possible” toward a paradigm of “responsible production.” This shift involves process 
design from the very beginning that considers sustainability not merely as remediation, 
but as an inherent objective. For example, it includes the selection of renewable raw 
materials, the use of lower energy inputs, and the utilization of waste as a feedback input 
within a circular economy framework. The concept of life cycle assessment (LCA) 
becomes a crucial instrument for evaluating the environmental impacts of each stage of a 
chemical process, ranging from raw material extraction to the disposal of final products 
(Gedam., 2024). 

When applied in the chemical industry, these technical aspects must also take into 
account human and environmental factors, which serve as a bridge to the domains of 
Occupational Health and Safety (K3) and Islamic ethical values. In other words, green-
designed chemical processes provide a strong technical foundation, yet the success of 
their implementation is strongly influenced by management systems, safety culture, and 
socio-ecological responsibility. Therefore, the literature emphasizes that sustainable 
chemical engineering is not merely a technological choice, but an inseparable part of 
corporate management strategy and ethical commitment (Hidayat.i, 2024). 

b. Implementation of the Occupational Health and Safety (K3) System in the Chemical Industry 
The literature related to Occupational Health and Safety (K3) in the chemical industry 
highlights several crucial points as follows: 

1) Regulation and K3 Management Systems 
Howard & Guyton (2013) emphasize that “integration of occupational safety and health 
(OSH) with sustainability and green chemistry practices is essential to the effective 
realization of all of these endeavors.” Regulations and K3 management systems are key 
elements in ensuring that sustainable chemical processes are not only environmentally 
friendly, but also safe for workers and surrounding communities. 

2) Studies on K3 Regulation in Indonesia 
These studies underline that the implementation of international standards such as ISO 
45001:2025, worker training, risk identification, and the development of a strong safety 
culture are critically important in reducing industrial accidents and environmental 
impacts (Meidianto et al., 2025; HIS., 2025). Trends in 2025 indicate an increasing focus 
on integrating K3 with ESG (Environmental, Social, Governance) and sustainability 
frameworks (VelocityEHS., 2024). 
 

3) Global Literature 
Major K3 challenges in the chemical industry include the complexity of chemical 
substances used, the potential for high-risk exposure, the need for strict waste and 
emission management, and, in many cases, the lack of integration between risk 
management and sustainability strategies. Recent research indicates that 45 percent of 
companies still do not use technological tools for hazard identification and risk 
assessment (VelocityEHS., 2024). 

4) In the Context of Sustainable Chemical Engineering 
The K3 system can be viewed as a final safeguard when processes have been designed 
according to green principles, yet potential hazards remain (for example, new processes, 
alternative solvents, or new raw materials). In such cases, the K3 system must function 
as an operational control mechanism. Howard & Guyton (2013) warn that “if green 
chemistry is applied and workers are not considered, there is the likelihood that workers 
could be harmed and the full investment in green chemistry will not be realized.” 

The following discussion emphasizes that without a strong K3 system, efforts toward 
sustainable chemical engineering may fail or even become counterproductive. For 
example, if a green chemical process employs a new solvent that has not been adequately 
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tested for worker safety, K3 risks may increase. Similarly, when chemical recycling 
processes are intensified but workers are not properly trained to handle the new types of 
waste, the potential for accidents or hazardous exposure also increases. 

Therefore, the integration between green process design and K3 management must 
proceed in parallel. From the perspective of natural resource management (SDA), the K3 
system can strengthen control over impacts, both on humans (workers) and on the 
environment (ecosystems). This combination demonstrates that technical sustainability 
and human safety and security are two inseparable dimensions; if one is weak, the overall 
outcome will be suboptimal (Pangestika, 2023). 

c. Islamic Values in Natural Resource Management 
The results of the literature review on Islamic ethics and the environment demonstrate a 
strong moral foundation for natural resource management and sustainable industrial 
practices. Several key findings are highlighted as follows: 

1) the study by (zuhdi et al., 2024) entitled “islamic philosophy's approach to 

environmental ethics” shows that the islamic perspective on environmental sustainability 

is deeply embedded in the teachings of the qur’an and sunnah, which encompass human 

responsibility as khalīfah as the steward of the earth, the concept of harmony or mīzān, 

and the prohibition of destruction or fasād. this study emphasizes that these three 

principles namely khilāfah as stewardship, mīzān as balance, and amānah as trust 

together form a comprehensive ethical framework. 

2) the article by (basri et al., 2024) entitled “islamic environmental ethics a cultural 

framework for sustainable resource management” explains that principles such as 

khalīfah as stewardship, amānah as trust, and ‘adl as justice are highly relevant within an 

ethical framework for natural resource management. the study shows that the concept of 

khalīfah positions humans not as absolute owners but as managers who are responsible 

and accountable to allah. 

3) studies conducted in indonesia also show that islamic values can encourage behavioral 

change toward more sustainable lifestyles and practices, including through education and 

advocacy of religious values (oktafiani et al., 2025; meyresta & fasa, 2022). a recent 

study in bangladesh indicates that 77% of environmentalists believe that islamic 

principles significantly contribute to environmental protection (lafiagi et al., 2024). 

4) global initiatives such as “al mizan a covenant for the earth” launched by unep in 2024 

demonstrate international recognition of the contribution of islamic ethics to 

environmental sustainability (green prophet., 2024). this document represents an 

important milestone in the dialogue between islam and environmentalism. 

the discussion from the perspective of islamic ethics reveals that the integration of 
moral values and scientific practices can strengthen sustainability in a broader sense not 
only in technical or economic terms but also in social and spiritual dimensions. when the 
chemical industry implements green processes and k3 systems based on the values of 
khalīfah and amānah industrial activities gain stronger ethical and societal legitimacy 
(kurbiyanto et al., 2024). 

for example a worker or industrial manager who understands that they are not 
merely a “user of chemical materials” but a “trustee responsible for the earth” will tend to 
act more cautiously be more concerned about long term impacts and be more open to 
environmentally friendly innovations. this perspective is aligned with the islamic 
principle of ihsan which encourages excellence and conscientiousness in every action. 

in addition the value of mīzān or balance serves as guidance to ensure that no party is 
excessive such as in the exploitation of natural resources and that no party is harmed 
including workers the environment and society. the concept of fasād or destruction 
establishes a moral boundary against practices that damage the environment or create 



Nadya et.al (Sustainable Chemical Engineering...) 

 

ISSN 2962-9209 Amorti: Jurnal Studi Islam Interdisipliner 
Vol. 5, No. 1, Januari 2026, pp. 25-35 

31 
 

 

hazards. therefore islamic values provide a highly relevant normative framework for a 
modern chemical industry that seeks sustainability while remaining responsible (hafidh., 
2025). 

d. synergy linking chemical engineering k3 and islamic values 
based on the results of the review there is a close interconnection between 

sustainable chemical engineering practices occupational health and safety systems k3 and 
islamic values. these three elements can complement one another in creating a chemical 
industry that is not only technically efficient but also ethical and socially and spiritually 
responsible. 

in this context the design of chemical processes that apply green chemistry principles 
such as the use of renewable resources waste minimization and energy efficiency can be 
strengthened by islamic values such as amanah and khalīfah (rahmawati et al., 2025). the 
value of amanah encourages humans to carry out their responsibility toward nature with 
full awareness while the concept of khalīfah affirms the position of humans as stewards of 
the earth who are obliged to maintain ecological balance. this framework is consistent 
with the findings of howard and guyton (2013) which emphasize the natural convergence 
between green chemistry and occupational health. 

in addition the implementation of k3 systems in the chemical industry also shares 
core principles with the islamic values of justice adl and balance mīzān. k3 systems 
function to protect workers communities and the environment from risks arising from 
industrial activities. from an islamic perspective this aligns with efforts to uphold justice 
between humans and the environment where any form of excessive exploitation can be 
categorized as injustice and a form of destruction fasād which is prohibited in the qur’an 
(zuhdi et al., 2024; basri et al., 2024). trends in integrating k3 with esg initiatives that 
have intensified in 2024 to 2025 demonstrate a direction consistent with the principle of 
holistic sustainability in islam (velocityehs, 2024; his., 2025). therefore when k3 systems 
are consistently implemented alongside islamic values industrial practices not only 
comply with technical regulations but also reflect deep moral ethics. 

the synergy between sustainable chemical engineering k3 and islamic values further 
affirms that true sustainability must encompass three main aspects environmental social 
and spiritual. a sustainable chemical industry is not sufficient if it only reduces 
environmental impacts but must also ensure worker safety and uphold the principle of 
public benefit. islamic spiritual values serve as the foundation that binds the other two 
aspects so they do not lose their human orientation (nurhayati and syahrul., 2024). thus 
this synergy not only generates technical efficiency and industrial safety but also creates 
harmony between science ethics and faith as an integrated path toward comprehensive 
sustainability. 

e. Challenges and opportunities for implementation 
although the synergy between sustainable chemical engineering k3 and islamic values 

holds great potential its implementation in practice still faces various challenges. the first 
challenge lies in economic barriers and organizational culture within the chemical 
industry. the adoption of green technologies often requires substantial initial investment 
for equipment replacement research on new raw materials and development of recycling 
systems. many industries remain oriented toward short term profits and are therefore 
reluctant to invest in sustainable processes whose benefits become visible only in the 
long term. a survey by velocityehs (2024) shows that although 89 percent of companies 
use leading metrics for k3 only 18 percent integrate k3 with their esg programs. 

the second challenge arises from k3 management that is not yet fully integrated with 
sustainability strategies. many companies treat k3 merely as an administrative obligation 
without linking it to strategic corporate goals. in fact integrating k3 with sustainability 
practices can strengthen industrial competitiveness by ensuring safety efficiency and a 
positive public reputation (meidianto et al., 2025; hsi, 2025). on the other hand the 
application of islamic values in industrial management remains largely normative. it is 
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still rare to find industries that genuinely translate the concepts of amanah mīzān and 
khalīfah into concrete policies such as waste governance environmental audits or carbon 
emission control (oktafiani et al., 2025). 

however behind these challenges lie significant opportunities that can be leveraged. 
the integration of sustainable chemical engineering k3 and islamic values can become a 
strategic advantage for the chemical industry in indonesia considering the country’s 
abundant natural resources and religious society. through this approach industries do not 
merely pursue economic efficiency but also prioritize moral values and social 
responsibility. moreover the emergence of global regulations on the circular economy and 
carbon neutrality can drive the transformation of the chemical industry toward greener 
and more ethical practices. international recognition of islamic environmental ethics 
through initiatives such as the al mizan covenant by unep (2024) provides momentum for 
integrating islamic values into global sustainability frameworks (green prophet., 2024). 

through education training and interdisciplinary research this integration has the 
potential to produce a new generation of chemical engineering professionals who are not 
only technically competent but also possess strong spiritual awareness and 
environmental ethics. technological developments such as artificial intelligence and 
digital twins in k3 management also open opportunities for more effective and 
measurable implementation (evotix, 2024; his., 2025). 

f. implications for natural resource management 
the literature indicates that sustainable management of natural resources can be 

achieved when technical safety and ethical aspects are implemented in an integrated 
manner. in the context of chemical engineering natural resource management is not 
limited to efficient use of raw materials and energy but also includes moral responsibility 
toward the environment as part of god’s creation. the values of amanah and khalīfah in 
islam require humans to utilize resources wisely and avoid excess as stated in the qur’an 
surah al a’raf verse 31 which prohibits extravagance isrāf. therefore any form of natural 
resource exploitation must consider ecosystem sustainability and the welfare of future 
generations (kurbiyanto et al., 2024; basri et al., 2024). 

the circular economy approach which is increasingly gaining global attention is 
aligned with islamic principles of efficiency and responsibility (meys et al., 2020; 2021). 
the 11r framework refuse rethink reduce reuse repair refurbish remanufacture 
repurpose recycle recover and re mine in the chemical industry demonstrates how 
material circularity can significantly reduce environmental impacts (gedam., 2024). 

in addition k3 systems play a crucial role as a control instrument in natural resource 
management practices to ensure that industrial processes do not endanger humans or the 
environment. industrial accidents that lead to water air or soil pollution can be prevented 
through sound risk management and regular evaluation of production processes. this is 
consistent with the islamic value of justice adl which demands balance between human 
rights and environmental rights. true sustainability cannot be achieved if human safety 
and environmental integrity are ignored. therefore k3 implementation should not be 
viewed as an additional burden but as an expression of ethical and spiritual responsibility 
toward the divine trust entrusted to humanity (howard and guyton, 2013; meidianto et 
al., 2025). 

overall the implications of this study affirm that natural resource management from 
the perspective of sustainable chemical engineering and islam must prioritize efficiency 
responsibility and balance. efficiency is achieved through the optimization of energy raw 
materials and waste recycling using a life cycle assessment approach (artz et al., 2018; 
gedam., 2024). responsibility is reflected in k3 management systems that protect humans 
and the environment in accordance with international standards such as iso 45001:2025 
(his., 2025). balance mīzān is realized through industrial policies that simultaneously 
consider social economic and spiritual interests. the synergy between science and islamic 
values thus becomes a strong conceptual foundation for realizing a sustainable safe and 
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just chemical industry for all living beings on earth. 

Conclusion 
This study affirms that the integration of sustainable chemical engineering disciplines, 

Occupational Health and Safety (K3) systems, and Islamic values forms a robust conceptual 
framework for the development of a chemical industry that is safe, ethical, and sustainability-
oriented. The sustainable chemical engineering approach emphasizes energy efficiency, 
waste minimization, and the utilization of renewable resources, while the K3 system 
functions as an instrument for controlling risks to both humans and the environment. These 
practices, as a whole, gain ethical legitimacy through Islamic values such as amanah 
(responsibility), mīzān (balance), adl (justice), and ihsan (excellence in conduct), which 
provide moral direction for every stage of the industrial process. Accordingly, sustainability is 
not measured solely by technical efficiency and economic profit, but also by the extent to 
which industrial activities reflect human well-being and environmental preservation as 
manifestations of spiritual responsibility. The integration of moral values into the 
implementation of K3 systems has been shown to strengthen safety culture, enhance 
regulatory compliance, and foster ecological awareness within both industrial and academic 
environments, thereby giving rise to a new paradigm of the chemical industry that is highly 
competitive while remaining socially and ecologically just. 

Therefore, it is recommended that chemical engineering education institutions integrate 
Islamic values and sustainability principles into their curricula in order to develop technical 
competencies accompanied by moral awareness. The chemical industry is encouraged to 
internalize K3 principles as part of a spiritual culture that reflects the values of amanah and 
adl. In addition, the government, together with the industrial sector, is expected to expand the 
application of green technologies, circular economy practices, and low-emission production 
systems in accordance with the principle of mīzān, or ecological balance, while promoting 
policy implementation that supports ethical and sustainable natural resource management. 

Furthermore, future research should be directed toward the development of 
implementative models of sustainable chemical engineering based on spiritual values that 
can be concretely applied in national chemical industry practices. In this way, technological 
innovations will not only result in energy efficiency and waste reduction, but will also 
strengthen the moral, social, and spiritual dimensions of industrial activities. Through the 
realization of synergy between science, technology, and Islamic values, it is expected that a 
new paradigm of the chemical industry will emerge, one that is globally competitive, upholds 
occupational health and safety, preserves environmental sustainability, and brings benefit to 
all living beings on earth as a tangible expression of human responsibility as khalīfah in 
managing nature in a just and balanced manner. 
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