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| ABSTRACT

Global Carbon research since 2013-2022 found that Indonesia is known as a country that produce the second largest emission
over the world. In this situation, Indonesian government showed the support to the revitalization through Regulation of Minister
of Energy and Mineral Resources or Energi dan Sumber Daya Mineral (ESDM) number 12 of 2023 about fuel transition program
and demonstrated its commitment to realizing the Zero Emission plan. Unfortunately, the nature materials for co-firing are not
available to fulfill electricity needs. The reason is that those materials are continuously exported to other countries. The
regulation should be implemented as well following for the purpose, that is to support Indonesia stop the coal burning. This
research used a juridical method to see how the regulation impact in the reserve of biomass commodity and combined to
research and the development method through IDN-FarmCo as biomass farmer collection commodity, in hope to supply the
co-firing program. This research proposed some steps to reduce pollution which may help both regulation and innovation to
successfully implement the zero-emission plan.
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I. INTRODUCTION

One of the causes of huge carbon dioxide emissions (CO2) in Indonesia is because the coal mines are an important role in economic
growth and national development. The coal mine also often causes pulmonary diseases to the people in Indonesia. The induced
air flow produced by coal transportation is one of the leading causes of dust at the transfer point after the carbon fell, and the
surrounding air will move along with carbon materials. Dust in the middle was deposited by negative pressure and diffusion into
the surrounding air [1].

In Indonesia, the industry which uses coal burning is steam-electric power plant or known as PLTU. This PLTU generate many
controversies regarding the adverse effects of health. This is because the burning of coal in PLTU produce several pollutants such
as (NOx) and sulfur oxide (SOx) into the air which is the main contributor in the formation of acid and dust of PM 2.5 (particulates
of dust float). These pollutants cause damages to building materials, plants and health disorders. The coal combustion process will
produce emissions or commonly referred as air pollutants that come out from the chimney of the factory, and at least the resulting
emissions contributed 10% to 15% of pollution in Indonesia [2].

Indonesia needs immediate action to address these ongoing environmental challenges, which have serious impacts. Under the
Global Blended Finance (GBF) alliance, Indonesia has also reaffirmed its commitment to achieving Net Zero Emissions by 2060 or
sooner. In June 2020, Indonesia successfully reduced emissions by 63 million tons of CO2 from the targeted 67.5 million tons. The
country aims to cut emissions by 198.27 million tons by 2025 and reach 314 million tons by 2030.
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The Indonesian government is accelerating the achievement of its Net Zero Emissions (NZE) target by 2060 through various
initiatives. One key step is the issuance of Presidential Regulation Number 112 of 2022 on September 13, 2022, which focuses on
accelerating renewable energy development for electricity provision. This regulation covers business plan preparations for
electricity supply, roadmaps for ending the operational period of Steam-Electric Power Plants (PLTU), implementation of electric
power purchases, and government support for renewable energy development.

Through the Net Zero Emissions (NZE) program, industrialized and developed countries are required to achieve net zero emissions
by 2050. This initiative has prompted the introduction of new regulations in several countries concerning electricity generation.
Conventional power plants, such as Steam-Electric Power Plants (PLTU) that use coal, are the primary focus of these new policies.
This is due to the CO2 emissions produced by PLTUs, as well as their role in providing the base load that still dominates the
electrical systems in several countries, especially Indonesia.

Other efforts should be prepared to find solutions that can reduce emissions. One of the solutions is taking the action to replace
the fuel uses. This innovation has also been applied by several PLTUs through the Co-Firing scheme implementation as a
commitment to pursuing the NZE target. Several PLTUs, especially those in Indonesia have implemented a Co-Firing scheme
including the PLTU Paiton (2 x 400 MW) that use a 1% biomass fuel ratio from coal energy supply. Then PLTU Jeranjang, which
uses organic waste pellets and other biomass waste for the Co-Firing mixture of 3% from the coal fuel supply. Based on the results
of the development carried out by PLTU Paiton and PLTU Jeranjang, National Electricity Company or Perusahaan Listrik Negara
(PLN) plans to implement the Co-Firing scheme in 52 other PLTU units with a total capacity of reaching 18,184 MW [3].

The benefits of Co-Firing technology and programs include preserving environmental functions and mitigating carbon dioxide
emissions. This is because Co-Firing can reduce emissions, particularly those from the exploration and exploitation of fossil fuels
and coal in PLTU. Additionally, Co-Firing utilizes biomass as an alternative fuel, which increases energy efficiency, reduces costs,
and helps minimize environmental waste.

In the implementation of the Co-Firing program, PLTU needs several types of biomass materials such a pellet wood, garbage, palm
oil shell and sawdust. Biomass materials mixed with other materials will be referred to as Co-Firing process. However, to run the
Co-Firing program, PLTU requires a large amount of biomass materials. Unfortunately, this is a major obstacle for why Co-Firing
has not been able to be optimally managed. Some of the challenges stem from the unstable supply of biomass materials, which
cannot fully meet the needs of PLTU. In addition, the long growth period of trees and the suboptimal availability of biomass
materials, such as palm oil shells, are exacerbated by the fact that these materials are still being exported by foreign farmers.

New regulations regarding the availability of biomass materials are outlined in the Regulation of the ESDM Minister Number 12 of
2023, which governs the use of biomass as a fuel mix in PLTUs to support the Co-Firing NZE program. This research aims to
examine the implementation of these government regulations in addressing environmental issues, specifically the massive carbon
dioxide emissions in Indonesia. Additionally, by leveraging technological advancements, the research proposes the creation of the
IDN-Farm Co website, which will track biomass materials and simplify the process for farmers to sell their supply to the government.

Il. METHODOLOGY
The research method used in this study is a development research method. This method is a type of research method that focuses
on producing certain products and testing its effectiveness or as renewable innovations that can benefit various sectors [4].

In this context, support for the Net Zero Emissions (NZE) goal is demonstrated through various efforts, one of which is the Co-
Firing program. The initiative to replace coal with biomass in Steam-Electric Power Plants (PLTU) requires significant cooperation
among multiple parties due to the limited local production of biomass. Therefore, in addition to facilitating biomass supplies
through the IDN-FarmCo website, which connects farmers from various regions in Indonesia to meet the PLTU's needs, a normative
juridical research method is also employed. This research examines Minister of ESDM Regulation Number 12 of 2023 as the legal
framework for ensuring the availability of biomass materials. Using data from the Indonesian Central Statistics Agency (BPS), the
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development of the website assistance will be evaluated in relation to the targets set for the Net Zero Emissions program. These
steps will help ensure that the research aligns with the optimal outcomes of the program, as outlined in the following scheme.

Knowing The
Problem and
Solutions

Examine Regulations and
Innovation

o

Target and Visualization

Conclusion

Graph 1. Research Step Scheme

11l. RESULTS AND DISCUSSION

Environmental health is currently one of the most critical issues that needs to be addressed urgently. This is due to the growing
demands of human development, climate change, and industrial activities across various sectors, many of which negatively impact
environmental quality. These activities contribute to the deterioration of essential resources such as clean air and nutritious food,
which in turn harm public health. In response, the United Nations Framework Convention on Climate Change (UNFCCC) has been
coordinating global efforts through an international agreement aimed at reducing carbon emissions and combating climate
change. This agreement, known as the Paris Agreement, was signed on April 23, 2016, in Paris, France, by 195 UN member
countries, including Indonesia, committing all parties to reduce Greenhouse Gas emissions.

The Paris Climate Agreement was also signed by the Minister of Environment and Forestry, representing the President of the
Republic of Indonesia. In line with the goals of the Paris Agreement, the Indonesian government has demonstrated its support
through the publication of Law No. 16 of 2016. As part of the Paris Agreement, Indonesia committed to reducing its greenhouse
gas (GHG) emissions by 29% by 2030. Based on GHG emissions data from 2010, Indonesia is also working toward independently
reducing emissions by 41% if supported by other countries. The government affirms this commitment through its Nationally
Determined Contributions (NDC) [5].

According to implementing 97 paragraphs rules in the Glasgow Climate Pact, there four main points that can be drawn regarding
the direction of international cooperation in climate change mitigation are adaptation, mitigation, funding, and collaboration. In
terms of climate funding, COP 26 encourages participating countries to increase their climate change mitigation budget according
to each country’s Nationally Determined Contribution (NDC). The climate change budget in Indonesia is one of the highlights
because it continues to decrease annually. The national climate change budget was recorded as IDR 132.47 trillion in 2018. This
amount dropped significantly in 2019 to IDR 97.66 trillion and only reached IDR 77.81 trillion in 2022. The cost was shown that
Indonesia should be active in many programs to provide the Net Zero Emission Commitment [6].

Net-Zero Emissions (NZE) is a situation where the amount of carbon released into the atmosphere does not exceed what the earth
is absorbing. To achieve this program, the transition from the energy system nowadays into a cleaner energy system is necessary
to achieve a balance between human activity and natural balance. One of its considerations is to reduce carbon or gas emissions
produced by various human activities during a certain period of time known as a carbon footprint. The carbon emission that human
produce gives the negative impacts our lives on this planet, among others, droughts, the blow of clean water sources, extreme
weather, changes in food chain production and many other natural disasters [7].

Some of the activities carried out to support the Net Zero Emissions commitment are to apply a reduction program including the
Emission Reduction, Climate Mitigation, Electric Vehicle (EV), Carbon Pricing, Carbon Trading and Co-Firing. Indonesia is one of
the countries that has started implementing the Co-Firing program in several PLTUs that actively operate to reduce quite high
emissions production. This action was taken because, according to data released by the World Resource Institute (WRI) in 2014,
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Indonesia ranks first among Southeast Asian nations in terms of carbon emissions production, accounting for 1.981 billion tons
annually, placing it in the large sixth position overall.

Co-Firing is an initiative in Indonesia aimed at lowering emissions in coal-fired power stations. Co-firing is a method that substitutes
fuel from renewable sources with coal based on a certain composition while maintaining the necessary fuel quality. A more
prevalent Co-Firing to use biomass material for Steam-Electric Power Plant (PLTU) burning indicates Zero Emissions' commitment
to lowering emissions. [8].

Through the existence of Co-Firing technological innovation, there is one of the problem will solved because this program is one
of the techniques to reduce the use of fossil fuels from power plants is to modify the coal Steam-Electric Power Plant (PLTU) with
the concept of joint combustion or commonly referred to as alternative methods by substitute coal-recomb able fuel for the fuel
needs, it can reduce the emission of coal products or the flue gas. Co-Firing is considered the most promising-term approach to
reducing CO2, with emissions mitigation using biomass alternative fuel can come from wood, the ruins of certain types of energy
plants, certain types of waste, or garbage have been processed.

Co-firing is essentially the process of adding another fuel to a base fuel. There are multiple ways to treat the biomass resources
with varying percentages of permits in this program. On the other hand, the indirect technique can reduce emissions during
combustion and has a good environmental impact. Biomass included rice husk, wood, garbage, forest tree wood pallet, olive core,
maize stalk, wheat straw, and molding biomass [9].

The purpose of Co-Firing is to reduce the use of coal with renewable energy fuel in a certain comparison by considering the quality
of fuel according to the needs. In addition, it is expected that the implementation of Co-Firing in several PLTUs, the emissions
produced by plants can be lowered so that it is more environmentally friendly. Another goal of Co-Firing also for waste
management and reduced emissions to support the national energy mix target [10].

The success of the clean energy transition program is also supported by biomass as the largest source to reduce emission
production rates, especially in Indonesia. With biomass, the use of fossil's raw material sources will slowly be replaced to prove
Indonesia's commitment to Net Zero Emission, so that many health risks and living environment will also decrease.

The term "biomass" refers to the organic matter that is created by photosynthetic processes and can take the form of either waste
or products. Bushes, grass, yams, agricultural waste, wooded area trash, excrement, and farm animal manure are a few examples
of biomass. Biomass can be used as a source of electricity (gas) in addition to being the main source of fiber, food, animal feed,
vegetable oils, and building materials. There are many advantages of using biomass energy sources. One of them is the availability
of sustainable energy supplies through renewable energy resources. Biomass is an essential natural resource in Indonesia,
producing a wide range of high-quality goods such as food, fiber, wood, and oil. These biomass products are then utilized to meet
domestic demands or exported per customer request [11].

The amount of biomass used for Steam-Electric Power Plants (PLTU) varies depending on the type of power plant and the method
applied. For instance, to meet the 1% co-firing requirement in a PLTU, approximately 17,470 tons of biomass are needed per day,
or 5 million tons of wood pellets per year. For a Pulverized Coal (PC) type PLTU that requires a 5% biomass mixture, 10,207.20 tons
of biomass are needed per day. In a Circulating Fluidized Bed (CFB) type PLTU, which also requires a 5% biomass mixture, 2,175.60
tons of biomass are needed per day. Finally, for a Stoker-type PLTU that uses 100% biomass, 5,088 tons of biomass are needed
per day. Indonesia has abundant biomass resources that can serve as substitutes for coal in Steam-Electric Power Plants, offering
a potential solution for more environmentally friendly electricity generation.

The key feature of biomass is that its products are classified as sustainable energy sources because the CO2 released during
combustion or thermal conversion does not raise the atmospheric concentration of CO2. Because biomass is an organic material
derived from plants developing through processes like photosynthesis, it has emerged as a potential sustainable energy solution.
In essence, as part of a closed cycle, plants absorb CO2 that is released into the atmosphere because of other plants' decomposition
processes. The only result of using biomass for energy is the release of CO2 into the atmosphere, which plants utilize to produce
more biomass [12].

The energy transition program, especially energy sourced from biomass is currently becomes a solution that is widely developed
in several countries over the world. This is because there are so many alternative sources of renewable energy from the results of
the use of biomass materials. In terms of biomass can be tangible in liquid, solid and gas and biomass sources can be found from
agricultural products, plantations, and forest results [13].
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Even while biomass energy sources have a lot of promise to replace fossil fuels, certain nations, like Indonesia, continue to use
biomass for industrial purposes, which makes it impossible for this program to function as efficiently as it could. Although there
are plenty of natural resources and biomass sources, they are insufficient to meet the demands of replacing fossil fuels. This is
because many biomass materials are derived from agricultural goods, such as food sources like rice, sweet potatoes, coconut, corn,
and others, which are utilized as foodstuffs, satisfy the demands of the food industry, and are still being sold overseas (exports).

Based on data collected through the Central Statistics Agency or known as Badan Pusat Statistik (BPS) sources processed to find
the amount of sales of biomass overseas materials in 2023 that described from the diagram as follows;
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Graph 2. Data on Biomass Raw Material Export Activities in 2023 (Source BPS data)

Government support for the availability of biomass materials is also proven through the Regulation of the ESDM Minister No. 12
of 2023 which is published in consideration as follows; [14]

a. That to accelerate the achievement of renewable energy targets in the national energy mix, lowering greenhouse gas emissions
in accordance with national energy policy, and encouraging the development of the community through the role of the
community in providing biomass as fuel in steam power plants, it is necessary to regulate the utilization of biomass fuel as a
mixture of steam power plants;

b. That based on the consideration as referred to in letters, it is necessary to establish Regulation of the Minister of Energy and
Mineral (Permen ESDM) Resources about the Utilization of Biomass Fuel as a Fuel Mixture in Steam Power Plants (PLTU).

Previous research into the challenges faced in providing biomass has been written in written work which the titled is "The
Development of Renewable Energy of Biomass from the Source of Agriculture, Plantation and Forest Products: The Study of
Development and Constraints” by Kasmaniar in 2023 explains that the government's support for the availability of biomass
materials through regulation, but also must help with supply several biomass energy to succeed the transition programs, one of
them is Co-Firing.

According to the biomass availability issues that can fulfill Co-Firing needs, government should be open to use technology for help
this urgent of situation. As we know from the diagram shown that Indonesian farmer still active in exporting biomass materials
product into overseas each year. The regulation must be completed with digital program to collect the biomass material for Steam-
Electric Plant (PLTU) project and support the Net Zero Emission commitment.

IDN-FarmCo is a website designed to collect biomass materials in Indonesia to meet the supply needs of PLTUs. This program is
aimed at fulfilling the biomass targets for each PLTU in Indonesia. Farmers can easily use the website to view prices for their
biomass products and submit their offerings. Through this program, the government will be able to monitor export activities by
farmers, as the energy transition in Indonesia is a key priority. Following the completion of the Co-Firing project, IDN-FarmCo
could provide a sustainable solution for ensuring the availability of biomass.

,5 IDN-FarmcCo
v

Image 1. IDN-FarmCo Logos
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By 2025, the goal of the fossil fuel to renewable energy transition program is to reach 23%. 52 power plants with a combined
generation capacity of 19 GWe have adopted a biomass co-firing program at the Steam Electric Power Plant (PLTU) in Indonesia,
which is owned by PT PLN (Persero) ("Kaleidoskop 2022, Implementation of Co-Firing at PLN Generates 575.4 GWh of Clean
Electricity"). With a total capacity of over 18,000 MWe, the Indonesian government plans to implement cofiring methods in coal-
fired power plants (CFPP) by 2025, assisted by the state-owned company PLN. It is estimated that the average cofiring ratio will be
10%, which translates to a yearly biomass consumption of 9 million tons [15].

ABOUT SERVICES CONTACT @

"17 IDN-FarmcCo

Co-Firing PLTU
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Image 2. IDN-FarmCo Main Display Visualization

The homepage of the IDN-FarmCo website displays a list of Steam-Electric Power Plants (PLTU) in Indonesia that have active Co-
Firing projects requiring biomass material supplies from farmers or agricultural organizations. Users can search for or follow the
biomass material requirements for each PLTU. The primary function of the IDN-FarmCo website is to support the Net Zero Emission
(NZE) commitment, particularly in Indonesia. This technology aims to meet the biomass availability targets for the Co-Firing
program through a biomass collection feature. IDN-FarmCo connects Indonesian farmers with PLTU, helping supply biomass
products. In line with the Minister of Energy and Mineral Resources Regulation Number 12 of 2023, this website aims to reduce
the export of biomass materials, ensuring sufficient supply for Indonesia's Co-Firing program.
ABOUT CONTACT BERANDA O Search Your Location 3
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Image 3. Visualization of IDN-FarmCo Blog and Sales Page Display

The second page of IDN-FarmCo outlines the types of biomass materials used in the Co-Firing Program for Steam-Electric Power
Plants (PLTU) near the sellers or farmers. This page highlights the functions, benefits, and commodities of the biomass materials
to educate farmers on how to prioritize national needs when supplying their products. In addition to supporting the Net Zero
Emission (NZE) commitment, both regulations and technology will be utilized to advance the program, aiming for a healthier
environment in the future. The final page includes a feature that allows farmers to sell their biomass materials to the nearest PLTU.
This website serves to support the Co-Firing program by helping to achieve emission reduction targets in Indonesia while providing
a platform for monitoring biomass material usage.

This research examines the implementation of the Minister of Energy and Mineral Resources Regulation Number 12 of 2023, which
supports biomass availability for the Co-Firing program, as part of Indonesia's commitment to the Net Zero Emission project.
Innovation is also fostered through the development of the IDN-FarmCo website, which connects farmers as suppliers of biomass

Page | 40



IJLS 2(1): 00-00

materials to nearby Steam-Electric Power Plants (PLTU). The target of reducing emissions is progressing smoothly, supported by
both regulatory measures and technological innovation.

IV. CONCLUSION

This research highlights the significant negative effects of environmental health, particularly in Indonesia, where coal mining plays
a crucial role in economic development. One of the companies responsible for these effects is the Steam-Electric Power Plant
(PLTU), which has been at the center of controversy due to the adverse health impacts associated with coal burning. The
combustion of coal in PLTU emits pollutants such as nitrogen oxides (NOx) and sulfur oxides (SOx) into the air. In response, the
Indonesian government has taken swift action by committing to the Paris Agreement and pledging to reduce greenhouse gas
(GHG) emissions by 29% by 2030. National regulations also support this commitment, notably through Presidential Regulation
Number 112 of 2022, which accelerates the development of renewable energy for electricity provision. This regulation focuses on
the preparation of business plans, the implementation of roadmaps to phase out the operation of PLTU, the purchase of electric
power, and government support to help achieve the Net Zero Emissions (NZE) target by 2060.

One of the programs supported by the Indonesian government is the clean energy transition program, known as Co-Firing. This
program aims to replace fossil fuels with biomass materials to reduce emissions and support Indonesia's commitment to achieving
Net Zero Emissions (NZE). Co-Firing is a method of supplementing a primary fuel with an alternative fuel, and it offers various
methods to process biomass materials with different allowable percentages. The indirect method, in particular, has a positive
environmental impact by minimizing emissions during combustion. The types of biomasses used include wheat straw, corn stalk,
molding biomass, rice husk, wood waste, forest tree wood pellets, and olive cores. The goal of this program is to successfully
replace fossil fuels with renewable biomass materials.

Unfortunately, the Co-Firing program faces challenges because some countries, including Indonesia, still rely on biomass materials
for industrial purposes. While Indonesia has abundant natural biomass resources, they are insufficient to fully replace fossil fuels.
This is because most biomass materials come from agricultural products, such as rice, sweet potatoes, coconuts, and corn, which
are primarily used for food production and meet the needs of the food industry. Additionally, many of these materials are still
being exported abroad, further limiting their availability for energy production.

The Indonesian government is supporting biomass availability for the Co-Firing program through the establishment of the Minister
of ESDM Regulation Number 12 of 2023. After examining the regulation, the authors propose solutions to ensure its smooth
implementation, helping to achieve the Net Zero Emissions (NZE) target. One such solution is the IDN-FarmCo technology, which
is designed to facilitate collaboration between farmers and the government in supplying biomass for the Co-Firing program. The
website features tools that help farmers sell their biomass materials to nearby power plants, as well as an educational page to
inform users about which products can be submitted as biomass materials to replace fossil fuels.
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