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I. INTRODUCTION

Indonesia is one of the four countries that caused 80 percent of tropical deforestation caused by large-
scale mining in the last two decades; research states that Giljum et al. (2022) with 1,901 km? of
deforested areas, Indonesia is by far the most affected country, accounting for 58.2% of direct forest loss
by mining among 26 countries under investigation. The expansion of mines in East Kalimantan on the
island of Kalimantan for coal production is a significant factor behind this development in Indonesia. The
research also showed that Brazil and Indonesia have a high statistical significance for mining that
encourages deforestation in surrounding areas up to 50 km outside the mining area. In Indonesia, the highest
deforestation rate occurred from 2010 to 2014, a period marked by doubling the volume of coal production,
mainly driven by demand from China and India. In addition, the mining industry is also an industry that
contributes to damage to water quality around (Anggraeni et al., 2019; Hernaningsih, 2022; Setiawan ef al.,
2018), soil damage and air pollution and even (Shi’a, 2012)animal habitats (Wahana Lingkungan Hidup
Indonesia, 2006).

Concerns over the environmental impact of mining activities have prompted the initiative to make plans
for environmentally friendly industries, including mining. The green mining industry began to be
introduced and pradgfed in several countries. Green Mining Industry is an effort to profEpte energy
efficiency to reduce the environmental footprint of the life cycle of mineral-based products. The purpose
of the new solution is to allow the recovery of all valuable minerals and by-products and to minimize the
amount of waste. Solutions to reduce water and energy consumption are being developed (Huang et al.,
2021; Nurmi, 2017; Shi’a, 2012). Thus, it is mandatory to reduce energy and material mining, and mineral
enrichment is compulsory so that mining can reduce the impact of mining at every stage of operation.
Proper training, application of green technologies, sound environmental management tools, and forming
sustainable partnerships help the mines improve performance and attain sustainability (Maddala er al.,
2021).

However, the implementation of the green mining industry is not easy. The challenges of the green
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mining industry mainly come from the governance of state institutions in producing green mining industry
policies. The conflict of interest between the central government, local governments, and metal mining
companies often negatively affects the implementation of the green mining policy (Bebbington & Bury,
2019; Jiskani et al., 2022; Zhao et al., 2020). In addition to weak governance that causes conflicts, the lack
of awareness of the environment and laws is another cause for implementing the green mining industry.
Another challenge for the technical implementation of the green mining industry is that renewable energy
has not been used in its operations. This is due, among others, to 1. Technically renewable energy is still
challenging to produce 2. Renewable energy is not cheap, so finding investors is challenging. 3 Companies
still see renewable energy as a compliment, not the company's main business (Barve & Muduli, 2013;
Bebbington & Bury, 2019; Gangazhe, 2016). Referring to the condition of mining companies as a
significant contributor to environmental damage and the high challenges of adopting a green mining
industry, this article is intended to see how the adoption of the green mining industry by mining companies
in Indonesia.

II. MATERIAL AND METHOD

Indonesia is one of the four countries that caused 80 percent of tropical deforestation caused by large-
scale mining in the last two decades; research states that Giljum ef al. (2022) with 1,901 km? of
deforested areas, Indonesia is by far the most affected country, accounting for 58.2% of direct forest loss
by mining among 26 countries under investigation. The expansion of mines in East Kalimantan on the
island of Kalimantan for coal production is a significant factor behind this development in Indonesia. The
research also showed that Brazil and Indonesia have a high statistical significance for mining that
encourages deforestation in surrounding areas up to 50 km outside the mining area. In Indonesia, the highest
deforestation rate occurred from 2010 to 2014, a period marked by doubling the volume of coal production,
mainly driven by demand from China and India. In addition, the mining industry is also an industry that
contributes to damage to water quality around (Anggraeni e a/., 2019; Hernaningsih, 2022; Setiawan et al.,
2018), soil damage and air pollution and even (Shi’a, 2012)animal habitats (Wahana Lingkungan Hidup
Indonesia, 2006).

Concerns over the environmental impact of mining activities have prompted the initiative to make plans
for environmentally friendly industries, including mining. The green mining industry began to be
introduced and praggfed in several countries. Green Mining Industry is an effort to profte energy
efficiency to reduce the environmental footprint of the life cycle of mineral-based products. The purpose
of the new solution is to allow the recovery of all valuable minerals and by-products and to minimize the
amount of waste. Solutions to reduce water and energy consumption are being developed (Huang ef al.,
2021; Nurmi, 2017; Shi’a, 2012). Thus, it is mandatory to reduce energy and material mining, and mineral
enrichment is compulsory so that mining can reduce the impact of mining at every stage of operation.
Proper training, application of green technologies, sound environmental management tools, and forming
sustainable partnerships help the mines improve performance and attain sustainability (Maddala ef al.,
2021).

However, the implementation of the green mining industry takes work. The challenges of the green
mining industry mainly come from the governance of state institutions in producing green mining industry
policies. The conflict of interest between the central government, local governments, and metal mining
companies often negatively affects the implementation of the green mining policy(Bebbington & Bury,
2019; Jiskani et al., 2022; Zhao ef al., 2020). In addition to weak governance that causes conflicts, the lack
of awareness of the environment and laws is another cause for implementing the green mining industry.
Another challenge for the technical implementation of the green mining industry is that renewable energy
has yet to be used in its operations. This is due, among others, to 1. Technically renewable energy is still
challenging to produce 2. Renewable energy is not cheap, so finding investors is challenging. 3 Companies
still see renewable energy as a compliment, not the company's main business (Barve & Muduli, 2013;
Bebbington & Bury, 2019; Gangazhe, 2016). Referring to the condition of mining companies as a
significant contributor to environmental damage and the high challenges of adopting a green mining
industry, this article is intended to see how the adoption of the green mining industry by mining companies
in Indonesia.

II. RESULT AND DISCUSSION

A.  Green Mining Policy in Indonesia

The main challenge of coal use today is the considerable international attention to the issue of global
warming. The international agreement for global temperature reduction, documented as the Paris
Agreement, was followed by almost all countries, including Indonesia. The decrease in energy sources that
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produce carbon emissions, such as coal, and the shift to more environmentally friendly energy are efforts
by countries to meet the deal. These global demands are putting pressure on the decreasing use of coal
globally, including in Asia. To answer the challenges of coal use issues, the primary key is developing and
utilizing coal in line with the carbon emission reduction target. Therefore, increasing national energy
security and independence can be done through the optimization of national coal resources and reserves by:
(1) maintaining the level of domestic use of coal ; (2) conversion of coal for the substitution of imports of
other energy and industrial raw materials; (3) extraction of coal content for industrial and agricultural needs;
and (4) application of coal utilization technology that is more environmentally friendly (Direktorat Jenderal
Mineral dan Batubara, 2021). The four points above can be achieved through the national coal development
and utilization program that integrates the upstream and downstream sectors, so preparing a roadmap (road
map) for the development and utilization of measurable and implementation coal is essential.

Grfh mining provides guidelines for the mining sector to achieve future sustainable development. The
vital goal of green mining is to minimize adverse environmental and social impacts at all stages of
operations and maximize local b@fits. According to (Nurmi, 201to 7), the objectives of green mining
include; 1. promoting materials and energy efficig€ly, which reduces the environmental footprint of
mineral-based product life cycles, and 2. ensuring the availability of mineral resources for the future.
Sustainable development requires that our current use of mineral resources does not endanger the ability of
future generations to satisfy their needs. 3. To share fair benefits. All stakeholders must benefit from
mining, and the industry should create a long-term positive impact on regional development. In line with
this, the Ministry of Industry has compiled the concept of the green industry in Regulation of the Minister
of Industry No. 05/M-IND/PER/1/2011, where the green industry is defined as an environmentally sound
industry that aligns growth with environmental sustainability, prioritizing efficiency and effectiveness of
the use of natural resources and benefiting the community.

In Indonesia, the recommendation to do green mining is contained in the Law of the Republic of
Indonesia Number 3 of 2020 concerning Amendments to Law Number 4 of 2009 concerning Mineral and
Coal Mining. The law has regulated several mining-related matters to control the behavior of mining
companies from glorifying business licenses to reclamation. Every mining company must obtain a permit
for every mining-related activity, from mining permits and transportation to sales. This is intended so that
the investor can control the faithful p stages of mining activities carried out by the company. The Law also
stipulates the obligation of companies to carry out reclamation to improve the quality of the environment
and ecosystem and community empowerment.

Government intervention in mining companies is also getting more prominent in this Act, as mentioned
in article 6. In the article, the Central Government in the management of Mineral and Coal Mining has the
authority, among others: to determine policy plans and direction of national Minerals and Coal, establish
regulations, legislation and national guideline standards, conduct Mining Investigations and Research in all
Mining Jurisdictions; issuing Business Regulations; conducting guidance and supervision on the
implementation of Mineral and Coal Mining Business activities and post-mining reclamation, establishing
production, marketing, utilization, and conservation policies, establishing policies of cooperation,
partnership, and Community Empowerment (Undang-Undang No. 3, 2020, 2020).

In the laws and regulations of Law No. 3 of 2020, at least three critical points were found in mining
management, including a. Licensing instruments, b. Utilization of exploitation arcas and production
operations and c. reclamation and post-mining. In its efforts, the control instrument through the coal mining
business licensing policy is called the Mining Business Permit (Mining Business Permit / IUP). IUP is a
license to carry out mining business. However, with the Local Government Law, the authority to provide
IUP is the Provincial Government by its jurisdiction. The Omnibus Law and the Mineral and Coal Law in
2020 regulate the central mining business license with an electronically integrated licensing system. The
principle of granting [UP is only allowed for one type of mine. One IUP is given for a kind of mineral or
coal. The giving of IUP should not be more than one type of mine. These centralized join rules make control
over the first part more coordinated and integrative.

To control the behavior of companies that carry out development, the order also establishes control over
the utilization of exploitation areas and production operations. Good mining business techniques include
(a) environmental management efforts, Mineral and Coal conservation, and mining techniques by their
fields of business; (b) the obligation to appoint a person in charge of operations in the field. The governance
of the mining business includes: (a) the priority of domestic products, (b) the priority of local labor, and (c)
the optimization of local spending on both mining goods and services (Yulianingrum, 2021).

Meanwhile, controlling the sustainability of coal mining management through reclamation and post-
mining activities becomes the obligation of each mining company. Reclamation is an activity carried out
throughout the stages of the mining business to organize, restore, and improve the quality of the
environment and ecosystem so that it can function again according to its designation. Post-threshold
activities are planned, systematic, and continued activities after the end of part or all of the mining business
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activities to restore the functioning of the natural environment and social functions according to local
conditions throughout the mining area(Candy No. 78, 2010).

The government has also prepared a law to tackle those who violate the environment, including mining
companies through Law Number 4 of 1982 concerning Provisions for Basic Management Provisions
Environment Law Number 23 of 1997 concerning Environmental Management (Undang-Undang
Perlindungan dan Pemeliharaan Lingkungan / UUPPLH 1997), and Law Number 32 of 2009 concerning
Environmental Protection and Management. The Act regulates what yang meant by environmental
pollution, including industrial environmental pollution acts and the threat of humans to perpetrators of
destruction of the environment. The Act applies to any violator of ecological collapse, including officials
who do not exercise appropriate oversight of the activities intended by the law, as listed in Article 112 of
the 2009 UUPPLH. The article states that any authorized official who deliberately does not supervise the
compliance of the person in charge of the business and activities to the regulations, environmental
legislation, and permits as referred to in Article 71 and Article 72, which results in pollution and
environmental damage resulting in lost human lives will be sanctioned.

The government's efforts, which were carried out through the establishment of national standards
regarding the implementation of the mining industry and laws and regulations, were also recognized by PT
Adaro as a matter of encouragement for them to be more concerned about the green mining industry From
interviews conducted with Adaro representatives, it was revealed through what was conveyed as an external
encouragement through the Ministry of Mineral Resources and the Ministry of Environment and Forestry:

So, if you look at the background, maybe we can divide it into two, namely External Factors and

Internal Factors, so if we look at the fact that this external fact is quite massive from the government

itself, especially if we in the mining industry are seen as an extractive industry, which is always

viewed negatively, whether it changes about nature, especially if the method is open-pit mining. The
government is very concerned if, from the government side, two institutions are responsible for
operations or as the leading sector; the first is the Ministry of HR and the Ministry of Environment
and Forestry. In this ministry, each of them applies operational standards related to environmental
management, and an evaluation will be carried out related to good mining engineering rules, one of
which is the aspect of environmental protection. So, with such external conditions, of course, from
the inner side, it is necessary to respond to these challenges, including green investors and others.

So, internally, you must respond with environmental protection programs and community

development (PT Adaro Representatif, 2022).

The representative of PTBuma also conveyed the same by adding customers as extemal parties who
indirectly encouraged them to comply with government regulations related to the green mining industry:

This BUMA is quite concerned related to compliance with regulations, both government regulations,

and regulations in our customers so that it becomes a reference when talking about it; we speaking

of the moment, how the heck is our application related to laws related to the environment? Indeed,

at the moment, this is a concern for us. Secondly, we also commit as one of the contractors to the

customer to meet some of the requirements that he has submitted to the government (PT Buma

Representatif, 2022).

B. Green Mining Management

The challenge for mining companies today is that they must be able to promote material and energy
efficiency, ensure that companies can sustainably minimize social and environmental impacts, and ensure
that ex-mining land can still be helpful. This capacity is a requirement for every mining company to obtain
a social license so that the company can operate.

This challenge is certainly not easy for company management. Green management is an obligation for
every mining company to answer these challenges. The mining industry must develop a sustainable strategy
that benefits the company. Of course, productivity and various stakeholders are essential in ensuring
sustainability to avoid conflicts and reduce social and environmental problems. The implementation of
green management in mining companies uses an international standard called ISO 50001. With ISO 50001
certification, companies and organizations can demonstrate their commitment to passing on sustainability
relationships to their customers, employees, investors, and regulators. Thus, companies and organizations
can gain a competitive advantage by proving themselves good corporate citizens. This can help boost their
brand, which directly supports their marketing strategy.

ISO 50001 is an Energy Management standard that applies to mining companies. This standard is used
to manage energy performance, including energy efficiency and consumption, using the Management
System model with a Plan, do, check, and action cycle approach for continuous improvement. The standard
aims to help organizations reduce energy use, greenhouse gas costs, and emissions. ISO 50001 is designed
to help companies use their energy assets better, evaluate and prioritize ener gy-efficient technologies, and
drive efficiencies throughout the supply chain.

The benefits of ISO 50001 include companies being able to develop policies for more efficient use of
energy, set targets of energy efficiency and goals to meet guidelines, use data to better understand and make
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decisions about energy consumption, measure the results of improvements from energy efficiency, support
policy development and energy contribution to the structure of energy plans in achieving targets, creating
awareness and commitment about energy (consumption, use, efficiency, renewable sources) in the
organization and improving the organization's ability to manage energy risks regarding possible impacts as
efficiently and effectively as possible (ISO, n.d.),

However, the successful implementation of ISO 50001 depends on the commitment of all levels and
functions of the organization, especially the top management. Top management shall appoint a management
representative who will ensure the management system complies with ISO 50001 requirements, determine
methods to ensure effective system operation and control, and report to top management the performance
and effectiveness of the energy management system (Proxsis Organizations, n.d.).

In addition to ISO 5001, the environmental-based management assurance standard is ISO 14001. ISO
14001 is an internationally applicable standard regarding Environmental Management Systems (EMS).
EMS is one part of standardization for organizations, agencies, or companies that specifically regulate the
environment. In this case. What is meant is all the activities of the company and their impacts on the
environment. The objectives of ISO 14001 are to suppress adverse effects on the environment that may
arise due to the organization's operational activities, obey the applicable laws and regulations, and
provisions related to environmental issues, and make improvements to the above actions on an ongoing
basis. Through these primary goals, ISO 14001 EMS encourages companies to be active in improving their
ecological role. This is done through a series of processes in a structured and continuous manner. The series
of operations referred to in EMS include:

1) Commitments and policies

The company or organization is committed to increasing its participation in the environment. One of
them is evidenced by formulating and establishing related policies.
2) Planning policy will determine the next stage, which is Planning
Here the organization initially identifies what environmental issues arise from its operational activities.
At the same time, ascertaining how much negative impact may arise.
3) Implementation

The plan is applied factually by utilizing all the necessary resources. This could include counseling and
training to increase employees' environmental awareness. Or it is supporting things, such as documentation,
creation of operating procedures, creation of internal and external communication lines, and so on.

4) Evaluation

The intention of evaluation here is to review the plan's implementation to ensure the achievement of the
previously set goals. If it is not achieved, the company will have to make improvements. If completed, it
can be continued by determining new goals and targets.

3) Reassessment

Not enough companies engaged in extractive industries in Indonesia are still scarce to obtain ISO 50001
or 14001. From the Ministry of New Renewable Energy and Energy Conservation website, it is known that
only Pertamina Hulu Mahakam, PT. PHE WMO, PT. Adaro Indonesia, PT. Rhinoceros NGL, PT. Indonesia
Asahan Aluminum, PT. Kideco Jaya Agung, Pertamina Hulu Energi ONWIJ, PT, and Pertamina Refinery
Unit IV Cilacap are only recorded as iso 5001 (EBTKE) certified. Meanwhile, those who obtained ISO
14001 include PT Pertamina EP Field Cepu, PT Krakatau Steel, Bukit Asam, PT Freeport Indonesia, PT
Kaltim Prima coal, PT. Medco E&P Indonesia, PT Ceria Nugraha Indotama (CNI), PT Timah, PT ANTAM,
PT Adaro Indonesia, PT Arutmin, PT Berau.

The government itself continues to encourage the improvement of the management of mining companies
to care about the environment by organizing PROPER, namely the Company's Performance Rating
Assessment Program. PROPER is an evaluation of compliance and performance exceeding the submission
of the person in charge of the business and activity in the field of pollution control and environmental
damage, as well as the management of hazardous and toxic waste (Ministerial Regulation LH No. 3 of
2014).

For PT Adaro, as the first mining company to receive gold PROPER, this award is an important
recognition for the company's management, placing energy and environmental issues as an essential part
of its performance. PT Adaro carries out efforts to improve the performance of its management by building
management through IMS (Integrated Management System), which is a combination of: - Quality
Management System (ISO 9001: 2015) - Environmental Management System (ISO 14001: 2015) - Energy
Management System (ISO 50001: 2011) - Occupational Safety Health Management System (OHSAS
18001: 2007 and SMK3 Certification from the Ministry of Manpower) - Mining Safety Management
System (Triwibowo, 2020), to help encourage the use of new and renewable energy, Adaro issued a green
initiative. Green initiation is a new business pillar that PT Adaro will carry out through energy, namely
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biomass and Tenaga Surya Power Plant (Pratiwi, 2022). In line withZhou et al. (2021), Pun (2006), Mudgal

et al. (201,0), and Govindarajulu - Daily (2004), then top management plays a vital role in improving the

quality of company management. This was also acknowledged in an interview conducted with PT Adaro:
(...) for green initiative activities and so on, it does have full support from TOP Management, sir,
especially from the owner, so the owner fully supports the green initiative activities, even in our
pillars will be added with the green initiative activities themselves. So, it's supported by the direct
owner" (PT Adaro Representative. Zoom Interview. June 24, 2022).

C. Green Mining Investment

Decision-making concerning exploration investments is never based solely on geological potential but
considersghany other issues. Access to Tanah and legal framework are essential factors for the mineral
industry. Competition with other land uses (such as agriculture, nature conservation or landscape history,
and infrastructure buildings) leads to increasing barriers to mineral exploration. The development of mines
is also becoming increasingly difficult for communities and the environment because mining intdEJsts must
compete with other interests in society, such as biological diversity, tourism, and recreation. Laws and
regulations will make mining in the future more difficult in many countries (Nurmi, 2017).

To compete with other sectors, mining companies increasingly consider Environmental Social
Governance (ESG) as a company standard in their investment practices. It consists of three concepts or
criteria: Environmental, Social, and Governance. Companies that carry out the idea and implementation of
ESG criteria have become a primary consideration for investors in deciding whether to invest in a business
or company. In addition to considering economic benefits, the balance between social and environmental
aspects is a consideration for investors to invest. Therefore, the sustainability study of the mining industry
has always focused on aspects of a clean environment, such as waste management (Gonzalez & Onederra,
2022). It also found that established industrial companies have placed ESG as critical consideration,
including mining. The company's value is closely related to the implementation of ESG in its company
(Pandu, 2021).

Green investment strengthened in the 90s with a focus on governance issues but generally included
environmental factors. In the 2000s, sustainability and long-term investment became popular. Some green
funds have been around since the 1980s and 1990s. Still, climate change and growing concerns about the
depletion of natural resources and resource efficiency have brought a considerable impetus to green
investment in recent years. Lately, the concepts of impact investing, universal ownership, and sustainable
capitalism have been introduced(Senses - Ch. Stewart, 2012). The transition to green energy is increasingly
attracting investors. In 2020, it will be the most critical number for financing mining that has carried out a
transportation strategy in the green mining industry (de Jong et al., 202.1).

The increasing number of green investments is stated in Nababan & Hasyir's (2019) research that
environmental performance significantly influences financial performance (Return on Asset/ROA), where
the higher the PROPER ranking will have an impact on the higher the ROA value. This is in line with the
resulting concept), that (Ezejiophore, 2016 environmental performance can increase goodwill, which
creates economic benefits and improves the company's reputation in the community to support the
company's higher financial performance.

Changes in investors' considerations in investing are increasingly encouraging companies lo engage in
social and environmental concerns. The influence of investors' tendency on their ESG is also recognized
by mining companies, who mention that an investor and stakeholder is an external factor that encourages
mining companies to adopt the green mining industry.

So, indeed, investors' concern for practices in the environmental field has increased. Ada green

investor who 1s only willing to invest in companies whose environmental record is good, which is

reflected in that, especially what is seen is PROPER, yes, what ratings, it is usually like that. Well,
indeed, coal, some see as an industry that produces dirty energy because of its high emissions because

its nature is like that, however. The point is that in operational practice, it is what we strive for, and

always investors who come are concerned, in addition to the quality of the product, how is the safety,

how is the environment, how is the development of the community, now because PROPER is known
nationally and internationally. The main consideration is what the proper rating is; if it is red, of
course, this is not environmentally compliant; if he invests there, it can be criminal or something, but

if it is green or gold, it has been proven that his company is already concerned" (PT Adaro

Representative, 2022).

To support green investment, the Indonesian government has also issued a law related to this matter,
namely through Article 2 of Presidential Regulation 16 of 2012, which states that the policy direction is an
investment, which consists of 1) Improving the Investment Climate; 2) Investment Distribution; 3) Focus
on Food, Infrastructure, and Energy Development; 4) Green Investment Investment); 5) Empowerment of
Micro, Small, Medium Enterprises, and Cooperatives; 6) Provision of Investment Facilities, Facilities, and
Incentives; and 7) Investment Promotion.
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D. Green Technology

Law No. 39 of 1999 on Human Rights in article 9, paragraph (3) states that "everyone has the right to a
good and healthy living environment." The Act allows superiors, including mining companies, to maintain
a good and healthy environment. To fulfill this obligation, Rahmat Makassau, Chairman of the Indonesia
Mining Association (IMA), made a fuss that companies must start thinking about developing mines using
technology and where power or generation could be gained. The thought must be carried out because,
inevitably, mining products will be linked to be produced green or not (Indrawan, 2022). Recognition of
the use of technology in the green mining industry can be seen, for example, in Clean Coal Technology
Vision 2045. The Coal Road Map is prepared to refer to the target of downstream coal products, which are
a priority for import substitution and meeting domestic energy and industrial needs for the m development
and utilization of national coal with the application of environmentally friendly technology (Direktorat
Jenderal Mineral dan Batubara, 2021).

Several companies have used technology in exploration, management, or post-mining in green mining
practices. Zijian's research suggests that the choice of tailings reprocessing technology can create significant
value and reduce costs for the environment. Likewise, the emission purification technology system is
optimized before itis released. Choosing the right technology for the mining industry is much more efficient
than overhauling the entire management. This includes, for example, the use of up-down good drainage
technology that can solve the threat of water shortage hazards resulting from the mineral mining process.
(Bai et al., 2022)

Meanwhile, blasting efforts in the exploitation of minerals that can potentially destroy the environment
can be reduced by the risk of using Biocompatible green Blasting. Green Biocompatible Blasting provides
a safer working space and environment for personnel and the ecosystem. The concentrations of dust and
toxic gases produced in the tests were much lower than the traditional blasting method. Green
Biocompatible Blasting can reduce the high concentrations of dust and poisonous gases caused by
conventional blasting in surface mining with proper attention (Sozai et al., 2017). Meanwhile, the use of
Biodegradation for clean-up cyanide as an alternative to physical and chemicals treatment processes in the
mining industry (Luque-Almagro ef al., 2016) and the use of technology of paste and thickened tailings
(P&TT) to reduce pollution due to acid and metalliferous drainage or AMD (also commonly known as acid
mine drainage) (Mudd, 2011).

In Indonesia, the use of technology in the mining industry, for example, has been used by PT Adaro in
developing coal processes. To reduce energy use, CPBL/Cool Processing and Bars Loading is supported
by a power source with solar power. CPBL is an effort to reduce the size of coal to customer demand. This
CPBL is usually in the Port because it will be raised to the ship after the coal is crushed. PT Adaro has built
CPBL with solar energy in several of Kelani's ports. Two solar power plants are owned, namely rooftop
solar power plants with a power of 130 KwP, and operating in 2019. The second is a floating solar power
plant. This Solar Power Plant can reduce the use of power generators during operations only; unfortunately,
the Solar Power Plant used today does not use batteries, so it can only operate when there is sunlight. The
use of batteries is still considered because the batteries also enter P3 waste.

In addition to utilizing solar energy, mining companies are encouraged to utilize biodiesel. This initiative
has been promoted since 2018 by using the B10 formula. PT Adaro has embarked on this biodiesel
technology initiative to replace fossil energy gradually. One of the biodiesels used by PT Adaro is jatropha.
The content of jatropha used is 20% energy, and the other is still in the form of diesel, as much as 80%.
This transition was not easy and cheap because PT Adaro also had to adjust the use of machines that could
utilize mixed energy. PT Adaro claimed that United Tractors and Komatsu had supported this kind of
energy transition(Agency Manager Plantation Fund Coconut Palm (BPDPKS), 2018).

The use of technology at PT ANTAM is intended to process slag. Slag is a residual material resulting
from the pyrometallurgy process of separating metals from their ores. To reduce slag waste, ANTAM
innovates to utilize the slag produced by the UBP Nikel SoutfBast Sulawesi ferronickel processing plant
by utilizing slag for concrete construction materials named POTON or Pomalaa Concrete. POTON is
currently still used internally in the Company, including as a road base, yard base, and construction purposes
that require coiffffete materials, namely employee sports facilities, parks, lodging guests and employee
service houses, pedestrians, and other maintenance projects of the Company. The use of slag material in
value-added products has received permission from the Ministry of Environment &forestry based on the
Decree of the Minister of Environment Number SK 127/MenLHK/Setjen/PLB.3/2/2019 dated February 11,
2019, concerning Amendments to the Decree of the Minister of Environment and Forestry Number
SK.610/MenLHK/Setjen/PLB.3/8/2016 conceffling B3 Waste Management Permits. In 2020, precast
concrete products made from slag were used in two forms, namely 108,385 bricks and 585,329 paving
blocks. In addition, it is also used as a substitute for aggregates (sand and gravel). Currently, ANTAM also
uses a combination of slag utilization and Fly Ash Bottom Ash (FABA) for utilization as construction
material (PT Aneka Tambang Tbk., 2020).
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Seeing the potential of slag that can be utilized more widely, the Government has a discourse to remove
slag from the B3 waste category. ANTAM welcomes the address and has explored the potential use §fslag
with local governments as a construction material to reduce natural exploitation. As for non-B3 waste,
management standards are carried out through waste separation, composting organic waste, reuse, and
recycling. If it is not recyclable, non-B3 waste is placed into a Landfill.

PT Freeport did the same thing to reprocess the tailings. The rest of this mining is claimed to be a non-
hazardous material (B3 waste) and can be used for agriculture, forestry, livestock, or fish activities.
Rigorous testing proves that the metal intake contained in the plant meets national and international quality
standards so that it can be used to grow legumes; casuarina and matoa; pineapple, melon, banana;
vegetables; chilies, cucumbers, tomatoes, rice, chickpeas, and pumpkins. Tailings can also be developed
into concrete-forming materials with Portland cement camps and polymers (PTFI, 2015). In addition to PT
Freeport Indonesia which uses tailings from gold mining, PT Timah Tbk and PT Bulutumbang also use
tailings from tin mining to make concrete (Riogilang & Masloman, 2009). Concrete made of these tailings
has gone through several tests. From the research conducted by tailings, it has noble - Sari (2018), the
advantages of 8102, Fe203, and Al203 more than 60% so that it has the potential to be a cement-based
building material, such as concrete and mortar. Tailings also have a gradation that meets the requirements
of a fine aggregate. Physical characteristics, in particular, the sludge content of the tailings, meet the needs
for use as a mortar raw material.

The stockpile technology developed by PT Bukit Asam is one of the efforts to minimize coal waste
produced as liquid waste. Liquid waste can come from the coal mining process, coal stockpiling in
stockpiles or the coal washing process. Pollutants in coal liquid waste can be temperature, pH value, metal
content, and total suspended solids. As long as coal is stockpiled in the stockpile, acid mine water can form.
Acid mine water can be caused by coal stockpiles, especially when the sulfur content is high. Thus,
technology is needed to manage coal liquid waste formed in the store. The technology developed by PT
Bukit Asam is the construction of stockpiles and the building of sludge deposit ponds (KPL), KPL drainage
systems, and the process of processing coal liquid waste in KPL. Research shows that the basement
stockpile Sons and Handayani (2017) design and drainage channels around the stockpile basement prevent
standing water at the stockpile site. Likewise, with the dimensions of KPL and the location and dimensions
of drainage Caltrans. The technology in this stockpile is building significantly.

IV. CONCLUSION AND RECOMMENDATIONS

The practice of the green mining industry in Indonesia began when the government adopted this in 2011
through Regulation of the Industrial Ministry No. 05/M-IND/PER/1/2011. The regulation defines a green
industry as an environmentally sound industry that aligns growth with environmental sustainability,
prioritizing efficiency and effectiveness of resource use in nature and benefiting society. Moving on from
this, mining companies began redesigning themselves to pay attention to environmental impacts.
Previously, environmental protection and management had been regulated in Law Number 23 of 1997
concerning Environmental Management and Law Number 32 of 2009 On Environmental Protection and
Management.

In addition to government regulations that force mining companies to minimize environmental impacts,
mining companies also strive to implement green management. This is related to the Asian investors who
are also starting to shift by preferring environmentally friendly companies. Several companies that
successfully comply with the Quality Management System (ISO 9001:2015) and the Environmental
Management System (ISO 14001:2015) are more able to attract investors to join the management of mining
companies.

Technology is inevitable for mining companies to be able to reduce adverse impacts on the environment.
The use of fuels derived from new renewable energy, such as diesel energy and biomass, is becoming
increasingly practiced thing by mining companies. Likewise, technology can help them suppress
environmental pollution and process the remaining mining material into materials that can be reused.
However, for some mining companies, environmentally friendly technology, both production process
technology and the technology used in post-mining, is not cheap. The government must design access to
technology that can massively support the green mining industry in Indonesia.

ACKNOWLEDGMENT

We would like to thank Lembaga Penelitian dan Pengabdian kepada Masyarakat Universitas
Pembangunan Nasional “Veteran™ Yogyakarta for giving us a chance to conduct research on the
implementation of the Green Mining Industry in Indonesia. We also thank PT Adaro and PT Buma for
being willing to interview us regarding data regarding green mining management practices in both

DOI: hip:/idy.doi. org/10.24018/ejdevelop 2022.2.5.169 Vol 2 | Issue 5 | November 2022 [IECHIN




RESEARCH ARTICLE

European Jounal of Development Studies
www.g-develop.org

companies.

FUNDING

The research was sponsored by Lembaga Penelitian dan Pengabdian kepada Masyarakat Universitas
Pembangunan Nasional “Veteran™ Yogyakarta.

CONFLICT OF INTEREST

We declare that we do not have any conflict of interest.

REFERENCES

Anggraeni, [, Nurrachmawati, A., Ifroh, R. H., Anwar, A, & Siswanto, 8. (2019). Environmental Quality On Surrounding Community
Of Coal Mining Area In Samarinda, East Kalimantan. Indonesia. Public Health of Indonesia, 5(4), 91-98.
hitps://doi.org/10.36685/phiv5i4.270.

Badan Pengelola Dana Perkebunan Kelapa Sawit (BPDPKS). (2018). Giliran Periambangan Maksimalkan Biodiesel.
hreps:/fwww.bpdp or.id/Gi Iiran-Pertambangan-Maksimalkau}indieael.

Bai, E.. Guo, W., Tan, Y., Wu, D., Zhang, Y., Wen, P., & Ma, Z. (2022). Green coal mining and water clean utilization under Neogene
aquifer in  Zhaojiazhai coalmine  of  cenuml China. Jowrnal  of  Cleaner  Production, 368,
https://doi.org/10.10 16/ jelepro.2022.133 134,

Barve, A, & Muduli, K. (2013). Modelling the challenges of green supply chain management practices in Indian mining industries.
Jowrnal of Manufacturing Technology Management, 24(8), 1102-1122, https://doi.org/10.1108/IMTM-09-2011-0087

Bebbington, A. I, & Bury, I. T. (2019). Institutional challenges for mining and sustainability in Peru. PNAS, [06(41).
www .pnas.org/cgi/content/full/.

delong, T. U., Sauerwein, T., & Wouters, L. (2021). Mining and the Green Energy Transition: Review of Intemational Development
Challenges and Opportunities.

Direktorat Jenderal Mineral dan Batubara. (2021). Road Map Pengembangan dan Pemanfaatan Batubara.

Ezejiofor, R. A. (2016). Effect of Sustainability Environmental Cost Accounting on Financial Performance of Nigerian Corporate
Organizations. fnternational Joumal of Scientific Research and Management. hips://doi.org/10.18 535/ijsrm/v418.06.

Gangazhe, T. (2016). Barriers to greater adoption of renewable energy by mining companies in South Africa. University of Pretoria.

Giljum, S, Maus, V., Kuschnig, N., Luckeneder, S., Tost, M., Sonter, L. ., & Bebbington, A_J. (2022). A pantropical assessment of
deforestation caused by industrial mining. https://doi.org/1 0.1073/pnas.

Gonzélez, 1. L., & Onederra, 1. (2022). Environmental Management Strategies in the Copper Mining Industry in Chile to Address
Water and Energy Challenges—Review. Mining, 2(2), 197-232. https://doi.org/10.3390/mining2020012.

Govindarajulu, N, & Daily, B. F. (2004). Motivating employees for environmental improvement. Industrial Management and Data
Systems, 104(3). 364-372. hitps://doi.org/10.1108/026355704 10530775,

Hernaningsih, T. (2022). Dampak Pertambangan Batubara terhadap Air Permukaan dan Mitigasinya. Jurnal Sains Dan Teknologi
Mitigasi Bencana, 16(2), 23-29.

Huang, I, Yinping, L., & Yue, P. (2021). Review on the evaluation of green development of mining industry. JOFP Conference Series:
Earth and Environmental Science, 859(1), 012094, https://doi.org/10.1088/1755-1315/859/1/0 12094

Inderst, G. K., & Ch. Stewart, F. (2012). Defining and Measuring Green Investments: Implications for Institutional Investors Asset
Allocations. ECD Working Papers on Finance, Insurance and Prvate Pensions, 24. www oecd.org/daf/fin/wp.

Indmwan, R. (2022). Ketua IMA: Perusahaan Tambang Indonesia Harus Mulai Hasilkan Produk “Green.” Dedunia.
hittps://www.dunia-energi.com/ketua-ima-perusah aan-tambang-indonesia-harus-mulai-hasilk an-produk-green/1/14.

1SO. (n.d.). Developing an Energy Management System. Retrnieved October 13, 2022, from https://www.1s0.0rg/iso-30001-energy-
management. html. 4

Jiskani, I M.. Cai, Q.. Zhou, W.,Lu, X., & Shah. 5. A. A (2022). Anintegrated fuzzy decision support system for analyzing challenges
and pathways to promote green and climate smart mining. Expert Systems with  Applications, 188,
https://doi.org/10.1016/j.eswa.2021.116062

Luque-Almagro, V. M., Moreno-Vividn, C., & Roldin, M. D. (2016). Biodegradation of cyanide wastes from mining and jewelry
indusiries. In Current Opinion in Biotechnology (Vol. 38, pp. 9-13). Elsevier Ltd. https://doi.org/10.1016/j.copbio2015.12.004.

Maddala, S., Venkata Kanaka, Sharma, 8., Chohan, I., Kumar, R., & Singh, 8. (2021). Green mining techniques to curb environmental
problems - A review. JOP Conference Series: Earth and Environmental Science, 889(1). https://doiorg/10.1088/1755-
1315/889/1/012026.

Mudd, G. (2011). Paste and thickened tailings — friend against acid and metalliferous drainage? Proceedings of the I dih International
Seminar on Paste and Thickened Tailings, 187-201. hitps://doi.org/10.36487/acg_rep/1104_18_mudd.

Mudgal, R. K., Shankar, R., Talib, P, & Raj. T. (2010). Computers and OR. He is the Executive Editor of Journal of Advances in
Management Research. His research papers have appeared/accepted in Intemational Joumal of Flexible Manufacturing
Technology . International Jownal of Manufacturing Technology and Manag and International Jownal of Manufacturing
Research, 7(1).

Mulia, A. Y., & Sari, [. N. (2018). Karakteristik Limbah Tailing sebagai Bahan Baku Mortar Siap Pakai. Jurnal Pemukiman, 13(1),
53-60.

Nababan, L. M., & Hasyir, D. A (2019). Pengaruh Environmental Cost dan Environmental Performance terhadap Financial
Performance (Sektor Kasus pada Perusahaan Sekior Pertambangan Peserta PROPER Periode 2012-2016). E-Jourmal Ekonomi
Dan Bisnis Universitas Udavana, 8(3).

Nurmi, P. A, (2017). Green mining - A holistic concept for sustainable and acceptable mineral production. dnnals of Geophysics,
ai(FastTrack 7). hreps://doi.org/10.4401/ag-7420.

Pandu, A.C. (2021). Investasi hijau: mengintergrasikan faktor enviromental, social dan governance dalam keputusan investasi. Jurnal
Akuntansi, Kewangan, Dan Mangjemen, 2(2), 103-1 14 https://doi.org/10.3591 2/jakman.v2i2.11 2.

Peraturan Pemerintah Republik Indonesia Tentang Reklamasi dan Paskatambang, (2010) (testimony of Permen No. 78 Tahun 2010).

Pratiwi, 1. (2022). Tahun Ini Adaro Luncurkan Adare Green Initiatif. Republika.Co.Id.

Proxsis Organizations. (n.d.). Mengurangi Penggunaan Energi di Perusahaan Melalui [SO 50001, Retrieved October 12, 2022, from
chitps://proxsisgroup .com/iso-3000 1-adalah/.

DOI: hip:/idy.doi. org/10.24018/ejdevelop 2022.2.5.169 Vol 2 | Issue 5 | November 2022 [EIIN




RESEARCH ARTICLE

European Jounal of Development Studies
www.g-develop.org

Adaro Representatif. (2022). Transkdp FGD Riset Green Industry PT Adaro.

PT Ancka Tambang Thk. (2020). Laporan Keberlanjutan 2020. https://www.antam.com/uploads’pengelolaan-limbah. pdf

PT Buma Representatif. (2022). Transkrip FGD Riset Green Industry PT Buma.

PTFL {2015). SIRSAT Pasir Sisa Tambang. www fex.com

Pun, K. F.{2006). Determinants of environmentally responsible operations: A review. Infernational Jowmnal of Quality and Reliability
Management, 23(3), 279-297_ https://doi.org/10.1108/026 5671 0610648233,

Riogilang, H., & Masloman, H. (2009). Pemanfaatan Limbah Tambang untuk Bahan Konstruksi Bangunan. Ekoton, 9(1), 69-73 .
www . freepatentsonline.com.

Setiawan, A. A., Budianta, D., Suheryanto, S., & Priadi, D. P. (2018). Review: Pollution due to Coal Mining Activity and its Impact
on Environment. Sriwijayva Journal of Environment, 3(1), 1-3. hitps://doi.org/10.22135/sje. 201 83.1.1-5.

Shi‘a, H. Q. (2012). Mine Green Mining. Energy Procedia, 16, 409-416. https://doi.org/10.1016/j.egypro 2012.01.067

Sozai, 8., Bissen, oraphael, Pumjan, S., Numprasanthai, A., Chawchai, 5., & Chulalongkorn. (2017). Keywords: ©The Mining and
Materials Processing Institute of Japan Special Session EARTH Green Mining in Thailand: Alternatives to Traditional Methods.
Shigen Sozai Koenshu, 4(2).

Triwibowo, D. (2020). Pemenuhan Knria Sistem Manajemen Lingkungan (SML) PROPER KLHK.

Undang-Undang Republik Indonesia Tentang Perubahan atas Undang-Undang Nomor 4 tahun 2009 Tentang Pertambangan Mineral
dan Batubara, Nomor 3 Tahun 2020, Undang-Undang Republik Indonesia (2020).

Wahana Lingkungan Hidup Indonesia. (2006). Dampak Lingkungan Hidup Operasi Pertambangan Tembaga dan Emas Freeport-Rio
Tinto di Papua. www.walhi.or.id.

Yulianingrum, A. vivi. (2021). Kebijakan Pengelolaan Pemtambangan Baru Bara Berbasis Kesejahteraan Profetik. Universitas
Muhammadiyah Surakarta.

Zhao, Y., Zhao, G., Zhou, 1., Pei, D., Liang, W., & Qiu, I. (2020). What hinders the promotion of the green mining mode in (nna?
A game-theoretical analysis of local government and metal mining companies. Sustainability (Switzerland), 12(7).
https i.org/10.3390/5u12072991.

Zhou, M., Govindan, K., Xie, X., & Yan, L. (2021). How to drive green innovation in China’s mining enterprises? Under the
perspective  of  environmental  legitimacy and  green  absomptive  capacity.  Resowrces  Policy, 72,
https://doi.org/10.1016/j.resourpol 202 1.1 02038 .

Asep Saepudin is currently an assistance professor at the Department of International Relations, Universitas
Pembangunan Nasional “Veteran™ Yogyakarta. He is trained in international relations, and environmental
diplomacy. His research-field includes environmental diplomacy dan political economy.

Iva Rachmawati is currently an associate professor at the Department of International Relations,
Universitas Pembangunan Nasional “Veteran” Yogyakarta. Her research fields are diplomacy, border,
development issues, and community empowerment. Iva has written several books on public diplomacy.
border diplomacy. and digital public diplomacy.

Hestutomo Restu Kuncoro is an assistant professor at the Department of International Relations,
Universitas Pembangunan Nasional "Veteran" Yogykarta. He is trained in politics, intemational relations,
and development studies. His research-field includes democracy, discourse in social media, and political
economy.

Yuseptia Angretnowati is currently an assistance professor at Communication Department, Universitas

Pembangunan Nasional “Veteran™ Yogyakarta. Her research-field includes public opinion and voting
behavior.

DOI: hip:/idy.doi. org/10.24018/ejdevelop 2022.2.5.169 Vol 2 | Issue 5 | November 2022 [




Indonesia Green Mining Industry

ORIGINALITY REPORT

¥

O B 2%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

www.antam.com

Internet Source

3%

Submitted to KAZGUU University

Student Paper

2%

Nurmi, P.A., and K. Rasilainen. "Finland’s
Mineral Resources", Mineral Deposits of
Finland, 2015.

Publication

2%

Dejiang Luo, Jie Huang, Hao Wu, Long Cheng,
Zhilei Huo. "Measuring green development
index and coupling coordination of mining
industry: An empirical analysis based on panel
data in China", Journal of Cleaner Production,
2023

Publication

2%

Exclude quotes Off Exclude matches <2%

Exclude bibliography Off



