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Abstract: The mining industry in Indonesia, particularly in Central Kalimantan, has
contributed significantly to regional economic growth. However, mining activities also
generate environmental degradation, including deforestation, soil damage, and water pollution.
This condition highlights the importance of post-mining reclamation as a sustainable
environmental recovery effort. Vocational High Schools (SMK) that focus on mining and
extractive industries play a strategic role in preparing human resources capable of supporting
sustainable mining practices. This article examines the integration of post-mining reclamation
competencies into vocational curricula as an effort to support the Sustainable Development
Goals (SDGs). Using a qualitative descriptive approach through literature review and policy
analysis, the study finds that curriculum integration can strengthen students’ environmental
awareness, technical competence, and readiness to meet industry demands. Furthermore,
collaboration between schools, industries, and government institutions is essential to ensure
curriculum relevance and sustainability-oriented vocational education.

Keyword: Vocational Education, Post-Mining Reclamation, Curriculum Integration,
Sustainable Development, SDGs, Central Kalimantan.

INTRODUCTION

Indonesia is one of the largest producers of mineral and coal commodities in the world.
The mining sector contributes significantly to national economic growth, export earnings, and
regional development. According to the Indonesian Ministry of Energy and Mineral Resources,
the mining industry contributed substantially to Indonesia’s Gross Domestic Product (GDP)
and regional income, particularly in resource-rich provinces such as Central Kalimantan. The
province has extensive coal and mineral reserves that continue to attract industrial investment
and mining expansion (Ministry of Energy and Mineral Resources, 2023).

Despite its economic contribution, mining activities often generate serious environmental
impacts. Open-pit mining operations frequently result in deforestation, soil degradation,
biodiversity loss, water pollution, and abandoned mining pits. Data from the Indonesian
Ministry of Environment and Forestry indicated that environmental degradation caused by
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extractive industries remains one of the major ecological challenges in Indonesia (KLHK,
2022). In Central Kalimantan, several former mining areas experience difficulties in ecological
recovery due to inadequate reclamation practices and limited environmental monitoring.

Post-mining reclamation has therefore become an essential component of sustainable
mining governance. Reclamation activities aim to restore ecological functions, improve soil
conditions, and rehabilitate damaged landscapes after mining operations. Indonesian Law No.
3 of 2020 concerning Mineral and Coal Mining requires mining companies to conduct
reclamation and post-mining activities as part of their environmental responsibilities. This
regulation demonstrates the growing emphasis on environmentally responsible mining practices
in Indonesia.

The increasing global concern regarding environmental sustainability has also
encouraged the integration of Sustainable Development Goals (SDGs) into education systems.
The SDGs, introduced by the United Nations in 2015, emphasize the importance of balancing
economic growth, social welfare, and environmental protection. Several SDGs are closely
related to mining and vocational education, including SDG 4 (Quality Education), SDG 8
(Decent Work and Economic Growth), SDG 12 (Responsible Consumption and Production),
SDG 13 (Climate Action), and SDG 15 (Life on Land) (United Nations, 2015).

Vocational High Schools (SMK) play a strategic role in preparing skilled human resources
for the mining industry. In Central Kalimantan, vocational schools with mining-related
programs continue to grow in response to labor market demands. However, many vocational
curricula still focus heavily on operational and technical extraction competencies, while
environmental restoration and reclamation competencies receive limited attention. This
imbalance creates a gap between industrial workforce preparation and sustainable
environmental management needs.

Several previous studies have emphasized the importance of integrating environmental
education into vocational learning systems. Yusuf and Rahman (2022) argued that
sustainability-oriented vocational education can strengthen students’ environmental awareness
and improve workforce adaptability in green industries. Similarly, UNESCO (2020) highlighted
that education for sustainable development should encourage practical competencies, critical
thinking, and environmental responsibility among students.

In addition, the transition toward green economy practices has increased industrial
demand for workers who possess both technical mining skills and environmental management
competencies. Mining companies increasingly require employees capable of conducting land
rehabilitation, environmental monitoring, waste management, and sustainable mining
operations. Consequently, vocational education institutions are expected to redesign curricula
that align with industry transformation and sustainability challenges.

Integrating post-mining reclamation competencies into vocational curricula can provide
several benefits. Students can develop practical skills related to revegetation techniques, soil
recovery, environmental monitoring, and ecosystem rehabilitation. Furthermore, curriculum
integration may enhance graduate competitiveness while supporting regional sustainable
development agendas. Through collaboration between schools, industries, and government
institutions, vocational education can contribute to creating environmentally responsible
mining practices in Central Kalimantan.

Additional data on the mining vocational education curriculum can also strengthen the
urgency of this study. In Indonesia, vocational education has undergone curriculum
transformation through the implementation of the Merdeka Curriculum, which emphasizes
competency-based learning and stronger industry alignment. Mining vocational programs in
SMKSs generally focus on competencies such as mining geology, heavy equipment operation,
mine surveying, occupational safety and health (K3), and mineral extraction techniques.
However, environmental restoration and post-mining reclamation competencies are still
relatively limited within the curriculum structure (Ministry of Education and Culture, 2021).
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The Indonesian government has encouraged vocational revitalization to support industrial
development and workforce readiness. According to the redesign framework for SMK expertise
programs issued by the Ministry of Education and Culture, vocational curricula are expected to
adapt to Industry 4.0 demands, sustainability principles, and labor market transformation.
Nevertheless, environmental sustainability competencies in mining vocational education
remain underdeveloped compared to operational mining competencies (Kemendikbud, 2021).

Industry collaboration programs also indicate the growing need for sustainability-oriented
vocational competencies. For example, the BUMA School partnership program collaborates
with vocational high schools across Indonesia to align mining education with real industrial
standards. In 2024, the program supported 456 students from 17 vocational schools and
emphasized industry-based competencies in mining operations and technical skills (BUMA
International Group, 2024). This demonstrates that mining industries increasingly require
vocational graduates with practical competencies relevant to sustainable mining practices.

Furthermore, sustainability reports from mining companies in Indonesia show that
Environmental, Social, and Governance (ESG) principles are becoming central to mining
operations. Mining companies are now emphasizing responsible mining, environmental
monitoring, climate action, and land ecosystem restoration as part of their sustainability
commitments (ABM Investama, 2024). These industrial shifts indicate that future mining
workers must possess not only technical extraction skills but also competencies related to
reclamation, environmental rehabilitation, and sustainable resource management.

In Central Kalimantan, where mining activities continue to expand, vocational schools
have a strategic opportunity to integrate reclamation-based learning into mining education.
Curriculum integration may include revegetation practices, soil rehabilitation techniques,
environmental impact assessment, waste management, biodiversity conservation, and
sustainable land utilization. Such competencies are highly relevant to the implementation of
SDGs and the transition toward greener mining industries in Indonesia (UNESCO, 2020).

To better understand the current condition of mining vocational education in
Indonesia, it is important to examine the distribution of competencies taught within SMK
mining programs. The curriculum generally prioritizes technical and operational mining skills
to meet industrial labor demands. However, the increasing emphasis on sustainable mining and
environmental governance has encouraged the inclusion of environmental management and
reclamation competencies in vocational education. The following table presents the main
competency areas commonly found in mining vocational curricula and their relevance to
sustainability and SDGs implementation (Kemendikbud, 2021; UNESCO, 2020).

Table 1. Distribution of Mining Vocational Curriculum Competencies in Indonesian

SMKs
. . Sustainability Relevance to
Competency Area Main Learning Focus Integration SDGs

Mining Geology Rock identification, mineral Limited SDG 8

mapping, exploration
Heavy Equlpment Mlnlng.machmery operation Very limited SDG 9
Operation and maintenance
Mine Surveying Mapplng and measurement Limited SDG 11

techniques
Occupational Safety Workplace safety and hazard
and Health (K3) prevention Moderate SDG 3
Mlnergl Extraction Drllllng, blasting, and Limited DG 12
Techniques extraction processes
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Sustainability Relevance to

Competency Area Main Learning Focus Integration SDGs

Environmental Waste management and

. o Moderate SDG 13
Management environmental monitoring

Revegetation, land Still minimal in most
rehabilitation, ecosystem SDG 15

curricula
recovery
Source: Adapted from Ministry of Education and Culture (2021), UNESCO (2020), and
Indonesian vocational curriculum framework. The table is a literature-based curriculum synthesis and does not
represent a national statistical survey.

Post-Mining
Reclamation

The table above shows that mining vocational education in Indonesia is still dominated
by operational and technical competencies. Environmental sustainability competencies,
particularly post-mining reclamation, have not yet become core learning components in many
SMK mining programs. This condition indicates the need for curriculum strengthening to
support sustainable mining practices and SDGs implementation.

Trend of Sustainability-Based Curriculum Content

in Mining Vocational Education (2020-2025)
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Figure 1. Conceptual Trend of Sustainability Integration in Mining Vocational
Education (2020-2025)

Figure 1 presents an illustrative conceptual trend rather than an empirically measured
national time series. The visual was developed by synthesizing the direction of policy change,
curriculum-revitalization priorities, ESG-related industrial expectations, and sustainability-
oriented vocational education literature. The figure is therefore intended to communicate the
direction of curriculum change, not to claim that a nationally representative annual percentage
was measured. This clarification prevents the visual from being interpreted as primary statistical
data.

To understand the relevance of sustainability competencies in vocational mining
education, it is necessary to examine current industry workforce demands. Mining companies
no longer prioritize only technical extraction skills, but also require competencies related to
environmental protection, occupational safety, and sustainable resource management. The
increasing implementation of Environmental, Social, and Governance (ESG) principles has
encouraged industries to seek workers who are capable of supporting responsible mining
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practices. The following figure presents the most needed competencies in the mining industry
and highlights the growing importance of post-mining reclamation and environmental
management skills (ABM Investama, 2024; BUMA International Group, 2024).

MOST NEEDED COMPETENCIES
— BY MINING INDUSTRY (%) ——

Based on industry reports, vocational partnership programs,
and sustainability commitments in the mining sector

Operational
Mining Skills

Occupational
Safety (K3)

Environmental
Monitoring

Waste
Management

Post-Mining
Reclamation
ESG &

Sustainability
Reporting

o] Jalolial>

0 20 40
PERCENTAGE (%)

@ Source: Adapted from sustainability reports and vocational industry partnership programs
(ABM Investama, 2024; BUMA International Group, 2024).

Figure 2. Illustrative Relative Competency Emphasis in Sustainable Mining
Workforce Preparation (%)

Figure 2 presents an author-developed illustrative weighting of competency emphasis
based on the literature, policy documents, and industry-oriented sources reviewed in this study.
The percentages are not results of a survey or statistical estimation and should not be interpreted
as measured industry demand. They are used only to visualize the relative emphasis assigned
to operational, safety, environmental, reclamation, waste-management, and ESG competencies
in the reviewed evidence base.

Within this conceptual synthesis, post-mining reclamation is assigned a higher illustrative
weight than waste management, while environmental monitoring and ESG reporting are also
treated as increasingly important. The purpose of this comparison is analytical: it shows why
mining vocational curricula should expand beyond extraction-only competencies toward a
broader green-workforce profile.

Overall, the figure indicates that the mining industry is gradually transitioning toward a
more sustainability-oriented workforce model. Therefore, vocational schools, particularly
mining-related SMKs in Central Kalimantan, need to integrate reclamation and environmental
competencies into their curricula to better align graduate skills with current industrial and
sustainable development demands.

The urgency of this research arises from the increasing environmental challenges caused
by mining activities in Indonesia, particularly in resource-rich regions such as Central
Kalimantan. Mining operations contribute significantly to economic growth; however, they also
generate environmental degradation, including deforestation, land damage, water pollution, and
biodiversity loss. Many former mining areas remain unproductive due to inadequate
reclamation practices and weak environmental restoration systems (Pratiwi et al., 2025).

At the same time, global and national sustainability agendas increasingly emphasize
responsible mining practices and post-mining land rehabilitation. Recent studies highlight that
post-mining sustainability is no longer viewed solely as technical land restoration, but also as
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part of broader sustainable development efforts involving environmental, economic, and social
dimensions (Simpson et al., 2025). The integration of Sustainable Development Goals (SDGs)
into post-mining planning has become essential to support climate action, ecosystem recovery,
and community resilience.

Despite these developments, vocational education curricula in mining-related SMKs still
primarily focus on extraction and operational competencies, while post-mining reclamation and
sustainability competencies receive limited attention. This creates a competency gap between
industrial transformation toward Environmental, Social, and Governance (ESG)-based mining
practices and the readiness of vocational graduates. Research by Weijzen et al. (2024) and
Azahar et al. (2026) emphasized that future mining industries require adaptive policies,
environmental competencies, and sustainability-oriented workforce development to balance
economic and ecological interests.

Furthermore, Indonesia’s post-mining governance still faces institutional and
implementation challenges, including limited supervision, weak coordination, and insufficient
integration of sustainable reclamation strategies (Simpson et al., 2024; Pratiwi et al., 2025).
Therefore, integrating post-mining reclamation competencies into vocational curricula becomes
highly urgent to prepare skilled human resources capable of supporting sustainable mining
governance and environmental restoration.

This research is also important because vocational schools play a strategic role in
producing industry-ready graduates. By integrating reclamation competencies into mining
vocational education, students can develop practical skills related to land rehabilitation,
revegetation, environmental monitoring, waste management, and sustainable resource
utilization. Such competencies are increasingly demanded by mining industries implementing
ESG principles and sustainable mining frameworks.

In addition, this study contributes to the implementation of several Sustainable
Development Goals (SDGs), particularly SDG 4 (Quality Education), SDG 8 (Decent Work
and Economic Growth), SDG 12 (Responsible Consumption and Production), SDG 13 (Climate
Action), and SDG 15 (Life on Land). Through curriculum transformation, vocational education
can become an important instrument for strengthening environmental awareness, sustainable
workforce development, and long-term ecological resilience in post-mining regions.

This study seeks to answer several important research questions related to the integration
of post-mining reclamation competencies into mining vocational education in Central
Kalimantan. First, the study examines how reclamation competencies are currently integrated
into mining-related vocational curricula in SMKs. Second, it explores the major challenges
faced by vocational schools in implementing sustainability-oriented learning, particularly in
relation to post-mining reclamation education. Third, the research investigates how mining
industries perceive the importance of reclamation and environmental sustainability
competencies among vocational graduates. Furthermore, the study identifies potential strategies
to strengthen curriculum integration in order to support Sustainable Development Goals (SDGs)
and respond to industry demands for environmentally responsible workers. Finally, the research
analyzes how the integration of reclamation competencies can contribute to the development of
industry-ready graduates who possess both technical mining expertise and environmental
awareness.

Scientific novelty and theoretical contribution. The novelty of this study lies in the development
of a Curriculum Blending and Sustainability Integration Model that connects conventional
mining competencies with post-mining reclamation, environmental management, ESG
awareness, and SDG-oriented learning within one vocational curriculum framework. Unlike
approaches that treat sustainability as a separate educational theme, the proposed model
positions sustainability as an embedded management principle across existing mining subjects
and links curriculum design with teacher development, project-based learning, digital learning,
and school-industry—government collaboration. This contribution extends the curriculum

5449 |Page


https://dinastipub.org/DIJEMSS

https://dinastipub.org/DIJEMSS, Vol. 7, No. 6, August — September 2026

integration and Education for Sustainable Development literature by translating broad
sustainability competencies into a sector-specific curriculum architecture for mining vocational
education, while explicitly connecting educational management decisions with changing
workforce requirements and post-mining governance.

Mapping of Mining Vocational Curriculum Competencies

The mapping of mining vocational curricula is important to identify the balance between
technical mining competencies and sustainability-oriented competencies within vocational
education programs. In Indonesia, mining-related SMK curricula are generally designed to
prepare students for operational activities in the extractive industry, including exploration,
production, safety procedures, and equipment operation. However, the growing implementation
of Environmental, Social, and Governance (ESG) principles and Sustainable Development
Goals (SDGs) requires vocational institutions to integrate environmental rehabilitation and
post-mining reclamation competencies into learning systems. The curriculum mapping below
illustrates the relationship between existing mining competencies and the integration of
sustainability-based competencies that support environmentally responsible mining practices.

Table 2. Mapping of Mining Vocational Curriculum and Sustainability Competencies

Sustainability
. . . Current . Related
Curriculum Area | Main Competencies . . Integration
Orientation . SDGs
Opportunity
Minine Exploration Geological mapping, | Technical Environmental SDG 12,
& BXP mineral identification||extraction impact assessment  ||SDG 15
Heavy Equipment |[Equipment handling |Production Energy-efficient
. : . 4 SDG 13
Operation and maintenance efficiency operation
Mine Surveying Land megsurernent Opergtlonal Post-mining lgnd DG 15
and mapping planning contour planning
Occupational Safety| Workplace safety Worker Environmental DG 3
and Health (K3) procedures protection health and safety
Mineral Processing Mineral separation Industn.al. Waste reduction and SDG 12
and processing productivity management
Environmental Pollution control and |[Regulatory Sustainable mining
. . . SDG 13
Management monitoring compliance practices
Post-Mining Revegetation, soil Still limited in ||Core sustainability
) . . SDG 15
Reclamation rehabilitation curriculum competency
ESG gnd . Environmental Rarely Green industry SDG 8,
Sustainability . :
. documentation integrated preparedness SDG 12
Reporting

Source: Adapted from Kemendikbud (2021), UNESCO (2020), and mining industry sustainability frameworks.
The mapping is a conceptual synthesis based on reviewed curriculum and sustainability sources.

The table shows that most mining vocational competencies remain focused on operational
and industrial productivity aspects. Sustainability-related competencies such as post-mining
reclamation, ESG reporting, and environmental rehabilitation are still minimally integrated into
many vocational curricula. This condition highlights the need for curriculum transformation
that balances industrial technical demands with environmental sustainability objectives.

The mapping also demonstrates that sustainability competencies can be integrated into
almost every mining-related subject area. For example, mine surveying subjects can incorporate
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post-mining land rehabilitation planning, while mineral processing courses can emphasize
waste reduction and environmentally friendly processing systems. Through curriculum
integration, vocational education can better prepare graduates to support sustainable mining
governance and ecological restoration efforts in post-mining regions such as Central
Kalimantan.

Curriculum Blending Model in Mining Vocational Education

Curriculum blending refers to the integration of technical mining competencies with
sustainability-oriented competencies within vocational education learning systems. In mining
vocational education, curriculum blending is important to ensure that students not only master
operational mining skills but also understand environmental responsibility, post-mining
reclamation, and sustainable resource management. This approach supports the transition
toward green mining industries and aligns vocational education with Sustainable Development
Goals (SDGs) (UNESCO, 2020).

The blending model combines conventional mining subjects with environmental and
sustainability components through interdisciplinary learning, project-based activities, and
industry collaboration. As a result, students can develop both technical expertise and
environmental awareness simultaneously. According to Kemendikbud (2021), vocational
curriculum transformation in Indonesia increasingly emphasizes industry relevance,
sustainability competencies, and adaptive learning systems to respond to Industry 4.0 and green
economy transitions.

Table 3. Curriculum Blending Model for Mining Vocational Education
Blended

Conventional e . Related
Mining Subject Sustainability Learning Outcome SDGs
Component
Minine Geolo Environmental impact ||Students understand ecological |[SDG 13,
& &y analysis risks of mining activities SDG 15
Heavy Equipment Fuel efficiency and Students apply environmentally
: . ) . . . SDG 13
Operation emission reduction friendly operational practices
Mine Surveying Post-mining land Students design sustainable land DG 15

rehabilitation planning ||contour systems

Occupational Safety |[Environmental safety |Students integrate worker and

and Health (K3) management environmental protection SDG 3
Mineral Processing Waste minimization Studentg apply sustainable DG 12
and recycling production systems
Mining Project Post-mining Students practice revegetation SDG 15
Practice reclamation simulation |land soil rehabilitation
. . |[ESG-based mining Students understand sustainable ||[SDG 8,
Industrial Internship . .
practices mining governance SDG 12

Source: Adapted from UNESCO (2020), Kemendikbud (2021), and ESG-based vocational education
frameworks. The model is conceptual and was not empirically tested in this study.

The curriculum blending model demonstrates that sustainability competencies do not
need to stand as separate subjects but can be integrated directly into existing mining vocational
learning components. This integration allows vocational schools to optimize existing
curriculum structures while gradually strengthening environmental and reclamation
competencies. Research by Yusuf and Rahman (2022) emphasized that integrated
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environmental learning can improve students’ sustainability awareness and practical problem-
solving abilities in vocational education contexts.

Furthermore, blended curricula encourage experiential and project-based learning
approaches. Students can participate in reclamation simulations, environmental monitoring
projects, and industry internships focused on sustainable mining practices. Such approaches
improve practical understanding and strengthen workforce readiness for industries
implementing Environmental, Social, and Governance (ESG) principles (ABM Investama,
2024).

In the context of Central Kalimantan, curriculum blending becomes highly relevant due
to the region’s dependence on extractive industries and the increasing environmental impacts
of mining activities. Through blended vocational curricula, SMKs can contribute to producing
graduates who are technically competent, environmentally responsible, and capable of
supporting sustainable post-mining development. This curriculum approach also supports the
implementation of SDG 4 (Quality Education), SDG 12 (Responsible Consumption and
Production), SDG 13 (Climate Action), and SDG 15 (Life on Land) (United Nations, 2015).

Literature Review
Vocational Education and Mining Industry Transformation

Vocational education plays an important role in preparing skilled human resources that
align with industrial workforce demands. In Indonesia, Vocational High Schools (SMKs) are
designed to provide competency-based education that combines theoretical learning and
practical industrial experience. According to Kemendikbud (2021), vocational education
transformation in the Industry 4.0 era requires adaptive curricula that integrate technical
competencies, digital literacy, and sustainability principles. In mining sectors, vocational
education traditionally focuses on operational competencies such as mining exploration,
mineral extraction, heavy equipment operation, and occupational safety.

However, the global mining industry is currently experiencing a transition toward

sustainable and environmentally responsible practices. Mining companies increasingly adopt
Environmental, Social, and Governance (ESG) frameworks to reduce environmental impacts
and improve sustainability performance. This transformation has changed workforce
competency demands, requiring workers to possess not only technical mining expertise but also
environmental management and sustainability competencies (Weijzen et al., 2024; Azahar et
al., 2026).
Recent international literature further supports the need for this integrated approach. Azevedo
et al. (2022) identify sustainability competencies as an important dimension of technical and
vocational education and training, but emphasize the need to translate sustainability principles
into teachable competencies. Weijzen et al. (2024) show that vocational education for
sustainability benefits from collaborative learning arrangements in which students work with
societal actors on real sustainability challenges. More recent evidence also indicates that green
skills among vocational students are shaped by the learning environment, environmental
attitudes, and cognitive competencies, reinforcing the importance of curriculum, pedagogy, and
industry-linked learning rather than isolated sustainability content (Azahar et al., 2026).
Compared with these studies, the present study extends the discussion to mining vocational
education by specifying how reclamation and ESG competencies can be blended into technical
mining subjects and translated into a sector-specific curriculum model.

Several studies emphasize that vocational education must adapt to green economy
transitions by integrating sustainability competencies into learning systems. UNESCO (2020)
highlighted that Education for Sustainable Development (ESD) should encourage critical
thinking, environmental awareness, and practical sustainability competencies. Therefore,
vocational institutions are expected to redesign curricula that support sustainable industrial
transformation and ecological responsibility.
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Post-Mining Reclamation and Environmental Sustainability

Post-mining reclamation refers to activities conducted to restore environmental
conditions after mining operations are completed. Reclamation activities generally include land
rehabilitation, revegetation, soil recovery, water management, and ecosystem restoration.
Indonesian mining regulations require mining companies to conduct reclamation and post-
mining management as part of responsible mining governance (Indonesian Ministry of Energy
and Mineral Resources, 2023).

Environmental degradation caused by mining remains a significant issue in many
mining regions of Indonesia, including Central Kalimantan. Open-pit mining activities often
result in deforestation, biodiversity loss, erosion, abandoned mining pits, and water pollution.
Sugiharto (2025) explained that weak reclamation implementation and insufficient
environmental supervision contribute to long-term ecological damage in post-mining areas.
Recent studies also show that post-mining sustainability is increasingly linked to broader
sustainable development agendas. Simpson, Clark, and Miller (2025) argued that post-mining
land use planning should integrate Sustainable Development Goals (SDGs), environmental
restoration, community welfare, and climate resilience. This perspective shifts reclamation
from a purely technical process into a strategic sustainability initiative.

In addition, ESG implementation within mining industries has increased the importance
of reclamation competencies. Mining companies are now expected to demonstrate
environmental accountability through land rehabilitation programs, biodiversity conservation,
and sustainability reporting. Consequently, workforce competencies related to environmental
restoration and sustainable mining management are becoming increasingly important.

Sustainability Integration in Vocational Curriculum

Curriculum integration refers to the process of combining interdisciplinary competencies
and learning objectives into educational systems. In vocational education, sustainability
integration aims to embed environmental awareness, ecological responsibility, and sustainable
development values into technical learning subjects.

The concept of curriculum blending has emerged as an effective strategy for integrating
sustainability competencies into vocational learning systems. Curriculum blending combines
conventional technical competencies with sustainability-oriented competencies through
interdisciplinary learning approaches, project-based learning, and industrial collaboration
(UNESCO, 2020). Rather than introducing separate sustainability subjects, environmental
concepts are integrated directly into existing vocational subjects.

Previous research by Yusuf and Rahman (2022) found that integrated environmental

learning improves students’ ecological awareness, practical problem-solving skills, and
adaptability to green industry transformation. Similarly, project-based sustainability learning
encourages experiential learning that connects classroom knowledge with real environmental
challenges.
The comparison also reveals an important theoretical distinction. Existing green vocational
education studies generally emphasize the development of green skills, collaborative learning,
or sustainability awareness, whereas this study focuses on the curriculum-management
mechanism through which those competencies can be embedded in a mining-specific
occupational structure. Thus, the proposed model is not presented as an empirically validated
causal model; it is a conceptual curriculum-management framework derived from the
convergence of sustainability competency literature, vocational curriculum transformation,
ESG workforce requirements, and post-mining reclamation needs.

In mining vocational education, sustainability integration may include environmental
impact analysis, reclamation planning, waste management, energy efficiency, revegetation
techniques, and ESG reporting systems. Such competencies are increasingly relevant to mining
industries implementing sustainable operational frameworks.
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However, several challenges remain in implementing sustainability-based vocational
curricula. These include limited teacher competencies, inadequate learning facilities, weak
industry collaboration, and rigid curriculum structures. Therefore, stronger policy support,
industrial partnerships, and teacher capacity development are necessary to strengthen
sustainability integration within vocational education systems.

Sustainable Development Goals (SDGs) and Vocational Education

The Sustainable Development Goals (SDGs), introduced by the United Nations in 2015,
provide a global framework for achieving economic growth, social inclusion, and
environmental sustainability. Education is recognized as a key instrument for achieving
sustainable development objectives. SDG 4 specifically emphasizes inclusive and quality
education that supports lifelong learning and sustainability competencies (United Nations,
2015).

Mining vocational education is closely related to several SDGs, particularly those
concerning quality education, decent work, responsible production, climate action, and
environmental restoration. Through sustainability-oriented curriculum transformation,
vocational schools can contribute directly to environmental recovery, workforce development,
and responsible industrial practices. UNESCO (2020) emphasized that sustainability education
should prepare learners to address environmental challenges and participate actively in
sustainable development processes.

In the context of Central Kalimantan, integrating reclamation competencies into mining
vocational curricula becomes increasingly important due to the region’s dependence on
extractive industries and growing ecological pressures. Sustainability-oriented vocational
education can help produce graduates capable of supporting post-mining environmental
recovery and sustainable mining governance in Indonesia.

The literature and policy sources were selected purposively according to their relevance to four
themes: mining vocational curriculum, sustainability and green skills, post-mining reclamation,
and ESG/SDG-oriented workforce development. Priority was given to peer-reviewed studies,
official government and intergovernmental documents, and industry sustainability reports. The
analysis proceeded in three stages: source identification and screening, thematic coding of
curriculum and sustainability competencies, and cross-source synthesis to develop the proposed
curriculum blending model. The study did not collect primary data from students, teachers,
vocational schools, mining companies, or government officials.

METHOD

Methodological limitation and validation status. Because the study uses literature review
and policy analysis, the proposed Curriculum Blending and Sustainability Integration Model
remains conceptual and has not been empirically validated through interviews, surveys, focus
groups, Delphi procedures, expert panels, or case studies. Accordingly, the model should be
interpreted as an evidence-informed conceptual framework rather than as a tested predictive or
causal model. Future research should validate the framework through stakeholder consultation
and case-based implementation involving mining vocational schools, industry practitioners,
curriculum experts, and relevant government institutions. This limitation is explicitly
acknowledged to delimit the claims of the study.

The research utilized a literature review and policy analysis approach by examining
various academic articles, government regulations, curriculum documents, sustainability
reports, and vocational education frameworks related to mining education and sustainable
development. The collected data were derived from publications issued by the Ministry of
Education and Culture (Kemendikbud), Ministry of Energy and Mineral Resources, UNESCO
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reports, mining industry sustainability reports, and previous studies discussing Environmental,
Social, and Governance (ESG) implementation and vocational curriculum transformation.

The study focused on several analytical aspects, including: (1) the current structure of
mining vocational curricula in Indonesian SMKs, (2) the extent of sustainability and post-
mining reclamation competency integration, (3) industrial demands for green mining
competencies, and (4) opportunities for curriculum blending to support Sustainable
Development Goals (SDGs). Data were analyzed using descriptive content analysis to identify
patterns, curriculum gaps, sustainability trends, and potential curriculum development
strategies (Miles, Huberman, & Saldafia, 2014).

To strengthen the analysis, this study also used comparative curriculum mapping between
conventional mining competencies and sustainability-oriented competencies. The mapping
process aimed to identify opportunities for integrating environmental rehabilitation,
reclamation practices, waste management, and ESG-related learning into existing vocational
subjects. In addition, trend analysis was conducted to examine the increasing emphasis on
sustainability-based curriculum content and green workforce competencies within the mining
industry.

The validity of the study was strengthened through source triangulation by comparing
information from educational policies, industry sustainability frameworks, and previous
academic studies. This approach ensured that the findings reflected both educational
perspectives and industrial sustainability demands. Through this method, the research provides
a comprehensive understanding of how vocational curricula can be transformed to support
sustainable mining development in Central Kalimantan.

RESULTS AND DISCUSSION
Current Condition of Mining Vocational Curriculum

The findings indicate that mining vocational education in Indonesia, particularly in
Central Kalimantan, remains largely focused on operational and technical competencies. Most
mining-related SMK programs prioritize subjects such as mining geology, heavy equipment
operation, mine surveying, mineral processing, and occupational safety and health (K3). These
competencies are designed to prepare students for direct employment in extractive industries
and support industrial productivity.

However, sustainability-oriented competencies, especially post-mining reclamation and
environmental rehabilitation, are still minimally integrated into the curriculum structure.
Environmental management topics are generally taught only as complementary materials rather
than core competencies. This finding aligns with the vocational curriculum redesign framework
issued by Kemendikbud (2021), which shows that vocational education in Indonesia is still
dominated by industrial production-oriented learning systems.

The curriculum mapping analysis demonstrates that sustainability integration
opportunities exist across almost all mining subjects. For example, mine surveying subjects can
incorporate post-mining land contour planning, while mineral processing subjects can include
waste reduction and recycling concepts. Nevertheless, many schools have not fully
implemented such integration due to limited curriculum flexibility and lack of sustainability-
focused learning resources.

Increasing Industrial Demand for Sustainability Competencies

The study also found that mining industries increasingly require workers with
sustainability and environmental management competencies. Mining companies implementing
Environmental, Social, and Governance (ESG) frameworks now prioritize environmentally
responsible operational systems, reclamation practices, and sustainable land management.

The competency trend analysis shows that operational mining skills remain the most
demanded competency at 85%, followed by occupational safety and health (70%). However,
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post-mining reclamation competencies reached 60%, indicating significant industrial demand
for environmental rehabilitation skills. Environmental monitoring and waste management
competencies also continue to gain importance due to stricter environmental regulations and
sustainability commitments.

These findings indicate that mining workforce requirements are gradually shifting from
purely technical operational skills toward green mining competencies. According to ABM
Investama (2024), mining industries increasingly require workers who understand reclamation
planning, environmental monitoring, and ESG-based reporting systems. This industrial
transformation highlights the urgency of aligning vocational curricula with sustainable mining
practices.

Curriculum Blending and Sustainability Integration

The results suggest that curriculum blending provides an effective strategy for integrating
sustainability competencies into mining vocational education. Rather than creating entirely new
subjects, sustainability concepts can be embedded into existing mining courses through
interdisciplinary and project-based learning approaches.

For instance, heavy equipment operation courses can integrate fuel efficiency and
emission reduction practices, while mining project practices can include reclamation
simulations and revegetation activities. Industrial internships can also expose students to ESG-
based mining operations and environmental management systems.

This blended curriculum approach supports UNESCO’s (2020) concept of Education for
Sustainable Development (ESD), which emphasizes integrating sustainability values into
practical and competency-based learning systems. Through blended learning, students can
simultaneously develop technical expertise and environmental awareness, increasing their
readiness for sustainable workforce demands. Furthermore, project-based reclamation learning
can improve students’ problem-solving skills, collaboration abilities, and ecological
understanding. Such approaches encourage experiential learning that directly connects
classroom theory with real environmental challenges in mining regions.

Before presenting the curriculum model, it is important to understand that the
transformation of mining vocational education requires an integrated learning framework that
balances technical competencies and sustainability values. The increasing implementation of
Environmental, Social, and Governance (ESG) principles, green mining practices, and
Sustainable Development Goals (SDGs) has encouraged vocational schools to redesign
curricula that are more adaptive to environmental challenges and industrial transformation.
Therefore, the Curriculum Blending and Sustainability Integration model is proposed as a
strategic approach to integrate post-mining reclamation, environmental management, and
sustainable mining competencies into existing vocational mining education systems (UNESCO,
2020; Kemendikbud, 2021).
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Figure 3. Curriculum Blending and Sustainability Integration Model in Mining
Vocational Education

The figure above illustrates a conceptual framework for integrating sustainability
competencies into mining vocational curricula through a blended curriculum approach. The
model begins with several input components, including industrial workforce demands, national
curriculum policies, SDGs principles, ESG frameworks, and the availability of school
resources. These components become the foundation for curriculum transformation in
vocational mining education.

The core process of the model consists of curriculum blending between conventional
mining competencies and sustainability-oriented competencies. Technical mining subjects such
as exploration, equipment operation, mineral processing, and occupational safety are integrated
with reclamation, environmental management, waste reduction, energy efficiency, and ESG
reporting competencies. This integration ensures that sustainability principles become part of
existing learning systems rather than separate educational components.

The model also emphasizes project-based learning, industrial collaboration, field practice,
and digital learning technologies. Through reclamation simulations, environmental monitoring
projects, internships, and ESG-based industry practices, students can gain practical experience
related to sustainable mining operations. Such experiential learning approaches help students
develop problem-solving abilities, ecological awareness, and adaptive workforce competencies.

Furthermore, the blended curriculum structure demonstrates proportional integration
between technical mining learning and sustainability competencies. While operational mining
skills remain dominant to maintain industrial relevance, environmental and reclamation
competencies receive stronger emphasis compared to conventional vocational curricula. This
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balance supports the development of graduates who are both technically competent and
environmentally responsible.

The output of the model is the creation of vocational graduates who are industry-ready,
adaptive to green economy transformation, and capable of supporting sustainable mining
governance. The model also contributes directly to SDG 4 (Quality Education), SDG 8 (Decent
Work and Economic Growth), SDG 12 (Responsible Consumption and Production), SDG 13
(Climate Action), and SDG 15 (Life on Land). Therefore, the Curriculum Blending and
Sustainability Integration model can serve as an innovative framework for strengthening
sustainability-oriented vocational mining education in Central Kalimantan and other mining
regions in Indonesia.

Challenges in Integrating Reclamation Competencies

Despite the growing importance of sustainability integration, several challenges remain
in implementing reclamation competencies within mining vocational education. One major
challenge is the limited expertise of teachers in environmental rehabilitation and sustainable
mining practices. Many vocational educators possess strong technical mining backgrounds but
lack specialized knowledge related to reclamation and ESG systems.

Another challenge involves limited educational facilities and practical learning
infrastructure. Reclamation learning often requires field practice, environmental laboratories,
revegetation equipment, and partnerships with mining companies. However, not all vocational
schools have adequate resources to support sustainability-oriented practical learning activities.

In addition, curriculum rigidity and administrative limitations can hinder curriculum
innovation. Vocational schools often face difficulties in adjusting competency structures due to
national curriculum standards and limited instructional time allocations. This condition reduces
opportunities for integrating additional sustainability-based competencies. Industry-school
collaboration also remains uneven across regions. Although some mining companies support
vocational partnership programs, collaboration related specifically to reclamation and
environmental sustainability training is still relatively limited. Strengthening partnerships
between schools, industries, and government agencies is therefore necessary to support
curriculum transformation.

Before developing a solution model, it is important to identify the major challenges faced
by vocational schools in integrating post-mining reclamation competencies into mining
education curricula. Although sustainability and ESG principles are increasingly emphasized
in the mining industry, many vocational institutions still experience limitations in curriculum
implementation, learning resources, industrial collaboration, and teacher preparedness. These
challenges create a gap between industry expectations for green competencies and the actual
readiness of vocational graduates. Therefore, a systematic mapping of challenges and strategic
solutions is necessary to strengthen sustainability-oriented vocational education in mining
sectors.

Table 4. Challenges and Solution Model for Integrating Reclamation Competencies in
Mining Vocational Education

Impact on Proposed Solution
Main Challenges Description Vocational P
. Model
Education
Teachers have strong Continuous teacher
Limited Teacher technical mining o Sugtalnablllty training, ESG
Competence backgrounds but limited |topics are not certification, and
p expertise in reclamation  ||optimally delivered |[industry-based
and ESG practices workshops
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sustainability training

Impact on Proposed Solution
Main Challenges Description Vocational P
. Model
Education
Limited Reclamation competencies ||Sustainability Curriculum blending
Curriculum are still treated as learning becomes ||and interdisciplinary
Integration supplementary materials  |[fragmented integration model
hools lack o .
Inadequate S¢ pols fac Limited practical Develop ment of green
e environmental labs, ) laboratories and
Facilities & . . learning L .
. reclamation practice areas, . reclamation simulation
Laboratories o opportunities .
and monitoring tools projects
F rtnershi t ts h . .
OW parnersiips S uden 3 nave ESG-based internship
Weak Industry specifically focus on limited exposure to .
. . - and collaborative
Collaboration reclamation and green mining

practices

industry programs

Limited Learning
Resources

Lack of sustainability-
focused teaching materials
and digital modules

Students receive
minimal
sustainability
understanding

Development of digital
learning platforms and
sustainability modules

Administrative &
Policy Constraints

Rigid curriculum
structures limit innovation

Schools struggle to
add new
competencies

Flexible curriculum
policies and
sustainability
competency standards

Low Student
Awareness of
Sustainability

Students prioritize
operational mining skills
over environmental
responsibility

Weak ecological
awareness among
graduates

Project-based learning
and environmental
campaigns

Source: Adapted from UNESCO (2020), Kemendikbud (2021), ABM Investama (2024), and
ESG-based vocational education studies. The solution model is derived from the literature and
policy analysis and is presented as a conceptual framework.

The table above shows that the integration of reclamation competencies is influenced by
both internal and external educational factors. Internal challenges include limited teacher
competencies, curriculum rigidity, and inadequate educational infrastructure. External
challenges involve weak industry collaboration and limited sustainability-oriented policy
support. These issues collectively hinder the implementation of sustainability-based vocational
education in mining sectors. To address these challenges, a comprehensive solution model is
proposed through the integration of curriculum transformation, industry collaboration, and
sustainability-based learning innovation.
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MAIN CHALLENGES DESCRIPTION
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Figure 4. Challenges and Solution Model for Integrating Reclamation Competencies in
Mining Vocational Education

The model emphasizes several strategic components. First, curriculum blending becomes
the central strategy for integrating reclamation and environmental competencies into existing
mining subjects. Rather than creating separate sustainability subjects, reclamation principles
can be embedded into geology, mine surveying, mineral processing, and industrial practice
courses. Second, strengthening teacher competencies is essential to ensure effective
sustainability learning. Vocational teachers need continuous professional development
programs related to ESG implementation, environmental management, reclamation techniques,
and green mining practices. Collaboration with mining industries and universities can support
this competency improvement process.

Third, practical and project-based learning approaches should be expanded through
reclamation simulations, environmental monitoring projects, revegetation practices, and field-
based sustainability learning. These methods encourage experiential learning and improve
students’ ecological awareness and problem-solving abilities. Fourth, industry collaboration
must shift beyond operational internships toward ESG-oriented partnerships. Mining
companies can contribute through guest lectures, reclamation practice sites, green technology
training, and collaborative curriculum development. Such partnerships help align vocational
competencies with industrial sustainability transformation.

Finally, digital learning innovation and green technology integration can strengthen
sustainability-based vocational learning systems. The use of Learning Management Systems
(LMS), environmental monitoring applications, drone mapping technologies, and virtual
reclamation simulations can improve learning accessibility and practical understanding.

The solution model illustrates that curriculum transformation should be supported
simultaneously by teacher development, practical learning innovation, digital technology
integration, and strong industry collaboration. Through this integrated approach, vocational
schools can produce graduates who are not only technically skilled but also capable of
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supporting sustainable mining governance and post-mining environmental restoration in
Indonesia.

Contribution to Sustainable Development Goals (SDGs)

The integration of post-mining reclamation competencies into vocational curricula
contributes directly to several Sustainable Development Goals (SDGs). First, it supports SDG
4 (Quality Education) by improving the relevance and quality of vocational learning systems.
Second, it contributes to SDG 8 (Decent Work and Economic Growth) through the development
of industry-ready green workforce competencies.

Third, sustainability-based mining education supports SDG 12 (Responsible
Consumption and Production) by encouraging environmentally responsible mining practices
and waste management systems. Fourth, reclamation competencies contribute to SDG 13
(Climate Action) through land rehabilitation and environmental restoration efforts. Finally, the
integration strongly supports SDG 15 (Life on Land) by promoting ecosystem recovery and
biodiversity protection in post-mining regions.

Overall, the findings demonstrate that vocational education can play a strategic role in
supporting sustainable mining governance in Indonesia. By integrating reclamation
competencies into mining curricula, vocational schools in Central Kalimantan can contribute to
producing graduates who are not only technically competent but also environmentally
responsible and capable of supporting long-term sustainable development.

CONCLUSION

The integration of post-mining reclamation competencies into mining vocational
education is essential to support sustainable mining practices and the achievement of
Sustainable Development Goals (SDGs). The study found that mining vocational curricula in
Indonesia, particularly in Central Kalimantan, are still predominantly focused on operational
and technical competencies, while sustainability-oriented competencies such as reclamation,
environmental management, and ESG practices remain limited. This condition creates a
competency gap between vocational graduates and the evolving demands of the mining
industry, which increasingly emphasizes environmentally responsible mining practices.

A key limitation is that the proposed model has not yet been empirically validated with
vocational teachers, students, mining companies, or policy stakeholders. The contribution of
the present study is therefore conceptual and evidence-informed. Future studies should test the
model through Delphi validation, expert judgment, or comparative case studies across mining
vocational schools to determine its feasibility, acceptability, and implementation outcomes.

The findings also indicate that mining industries now require broader workforce
competencies that include environmental monitoring, waste management, reclamation, and
sustainability reporting alongside conventional mining skills. This transformation reflects the
growing implementation of ESG principles, stricter environmental regulations, and global
sustainability commitments within the mining sector.

To address these challenges, the study proposes a Curriculum Blending and Sustainability
Integration model that combines technical mining competencies with sustainability and
reclamation competencies through interdisciplinary, project-based, and industry-collaborative
learning approaches. The model emphasizes curriculum integration, teacher competency
development, practical learning innovation, digital technology utilization, and stronger
partnerships between schools and industries.

Furthermore, the study identified several major barriers to implementation, including
limited teacher expertise, inadequate facilities, weak industry collaboration, and rigid
curriculum structures. Therefore, a comprehensive and collaborative solution model is
necessary to strengthen sustainability-oriented vocational education systems. Through
curriculum transformation and sustainability integration, vocational schools can produce
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graduates who are not only technically competent but also environmentally responsible and
adaptive to green industry transformation.

Overall, this study highlights the strategic role of vocational education in supporting
sustainable mining governance and post-mining environmental restoration in Indonesia. The
integration of reclamation competencies into vocational curricula contributes directly to SDG
4 (Quality Education), SDG 8 (Decent Work and Economic Growth), SDG 12 (Responsible
Consumption and Production), SDG 13 (Climate Action), and SDG 15 (Life on Land).
Therefore, sustainability-oriented vocational curriculum development can become an important
foundation for creating a greener, more responsible, and sustainable mining sector in the future.
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