OPENyg

Internasional Journal of Advanced Engineering and Technology
Volume 1 No 1 May 2025
e-ISSN: 3089-767X; p-ISSN: 3089-8439, Hal 26-32

=\ DOI: https://doi.org/10.63956/ijaetech.v1il.3
#~| ACCESS Available online at: https://ijaetech.org/index.php/ijaetech/article /view/3
et EY SR

Decarbonization Technology Innovations to Reduce Carbon Emissions
in the Energy Sector: Analysis and Implementation

Abdul Rahman Agung Ramadhan!*, Abdul Muchlis?, Sandy Suryady?

.23Mechanical Engineering, Gunadarma University, Depok, Indonesia

Abstract. Decarbonization technology plays a crucial role in reducing carbon emissions in the energy
sector, addressing climate change concerns, and achieving sustainability goals. This paper explores the
latest innovations in decarbonization technologies, including carbon capture and storage (CCS), direct air
capture (DAC), renewable energy integration, green hydrogen production, and smart grid systems. The
study analyzes the feasibility, efficiency, and challenges associated with implementing these technologies
at a large scale. Furthermore, the paper discusses policy frameworks, economic implications, and
technological advancements that drive the successful deployment of decarbonization strategies. By
leveraging machine learning, artificial intelligence, and optimization models, modern energy systems can
enhance their efficiency and reduce their carbon footprint. The research also highlights case studies of
countries that have successfully implemented decarbonization technologies and provides recommendations
for future developments. The findings suggest that a combination of innovative technologies, strong policy
support, and strategic investments is necessary to accelerate the transition toward a low-carbon energy
system.
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INTRODUCTION

Global climate change caused by increasing carbon dioxide (CO2) emissions has
become one of the greatest environmental challenges of this century. The energy sector,
which contributes around 75% of total global greenhouse gas emissions, is a major focus
in climate change mitigation efforts. Decarbonization technologies, which include
innovations to reduce or eliminate carbon emissions, play an important role in the
transition to a low-carbon economy. From increasing energy efficiency to developing
renewable energy sources, this technology offers solutions that have great potential to

reduce emissions in the energy sector.

Recent research shows that the development and implementation of
decarbonization technologies can significantly reduce carbon emissions from power
plants and heavy industry. For example, a study by Smith et al. (2023) identified that the
use of Carbon Capture and Storage (CCS) technology in fossil fuel power plants can
reduce CO2 emissions by up to 90%. On the other hand, research by Zhao et al. (2022)
highlight the importance of integrating renewable energy with smart grid technology to

reduce dependence on fossil fuels and increase energy distribution efficiency.
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Research Problems and General Solutions

However, implementing decarbonization technologies faces various challenges,
including high costs, technological uncertainty, and resistance from fossil fuel-dependent
industries. Infrastructure unpreparedness, lack of investment, and regulatory issues also

pose significant barriers to the widespread adoption of decarbonization technologies.

To overcome these challenges, common solutions proposed in the literature
include increasing policy incentives to encourage investment in decarbonized sectors,
developing more efficient and economical technologies, and increasing international
cooperation to share knowledge and resources. The development of decarbonization
technology that focuses on cost efficiency and reliability is also expected to accelerate

adoption and reduce carbon emissions globally.

LITERATURE REVIEW

Decarbonization technology aims to reduce carbon emissions in the energy sector
by utilizing innovative approaches such as carbon capture and storage (CCS), direct air
capture (DAC), renewable energy integration, and energy efficiency improvements. This
section discusses the theoretical foundation and key principles underlying these

technologies.
Carbon Emission Reduction Principle

Decarbonization is based on the fundamental principle of reducing greenhouse gas
(GHG) emissions, particularly carbon dioxide (CO:), which is a major contributor to

global warming. The strategies for achieving this include:

¢ Emissions Prevention: Using cleaner energy sources, such as solar, wind, and
hydro power, to reduce reliance on fossil fuels.

e Carbon Removal: Capturing CO: from industrial processes and the atmosphere
through CCS and DAC technologies.

e Energy Efficiency: Enhancing the efficiency of energy conversion and

consumption to minimize emissions.
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2. Carbon Capture and Storage (CCS) Theory
CCS is a three-stage process involving:
1. Capture: COs2 is separated from industrial emissions or power plant exhaust
gases.
2. Transport: The captured CO: is transported through pipelines or ships to storage
locations.
3. Storage: CO:s: is injected into deep underground geological formations, such as
depleted oil fields or saline aquifers.
The effectiveness of CCS depends on thermodynamic principles governing gas
separation, compression, and storage stability. The chemical absorption of CO: using

solvents like amines is a widely used method in industrial applications.

3. Direct Air Capture (DAC) Theory
DAC operates based on adsorption and chemical bonding principles to extract CO:
directly from ambient air. The primary methods include:
e Solid Sorbents: Using materials such as zeolites or metal-organic frameworks
(MOFs) to bind CO2 molecules.
e Liquid Solvents: Utilizing alkaline solutions to chemically absorb CO: from the
atmosphere.
DAC requires substantial energy input, making the integration with renewable energy

sources critical for its sustainability.

4. Renewable Energy Integration
The transition to low-carbon energy systems relies on renewable sources such as:
e Solar Energy: Converts sunlight into electricity via photovoltaic (PV) cells
based on the photoelectric effect.
e Wind Energy: Uses wind turbines to convert kinetic energy into electrical power
through electromagnetic induction.
e Hydrogen Energy: Produces hydrogen via electrolysis of water, with green

hydrogen being generated using renewable energy.
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The effectiveness of renewable energy integration is governed by energy
conversion efficiency and the reliability of storage systems like batteries and hydrogen

fuel cells.

5. Smart Grid and Energy Management Systems
Smart grids optimize energy distribution and consumption using artificial
intelligence (AI) and machine learning to predict energy demand and balance supply.
e Decentralized Energy Systems: Microgrids and distributed generation improve
resilience and efficiency.
e Demand Response Mechanisms: Adjust energy usage based on real-time pricing

and grid stability.

6. Policy and Economic Considerations

The successful implementation of decarbonization technologies depends on
policy frameworks, carbon pricing mechanisms, and government incentives. Economic
models, such as carbon trading systems and subsidies for clean energy, play a crucial

role in promoting investment in sustainable energy technologies.

METHODS

This research uses data from several power plants that have adopted
decarbonization technology, including CCS systems, renewable energy, and smart grid
technology. This data includes emission levels before and after technology

implementation, as well as associated operational and investment costs.

Sample Preparation

Data were collected from energy company annual reports, public databases on
carbon emissions, and published case studies. This data is then analyzed to determine the
direct effect of implementing decarbonization technology on emission reduction and

operational efficiency.
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Experimental Set-up

The analysis was carried out by comparing emission levels and energy efficiency
in various power plants before and after the implementation of decarbonization
technology. The power plants selected as case studies represent a wide range of energy
sources, including coal, natural gas, and renewable energy. The data was analyzed using
a software-based simulation model that predicts the long-term impact of implementing

this technology on carbon emissions and energy costs.

Statistical Analysis

Statistical analysis was carried out using multivariate regression to evaluate the
relationship between the application of decarbonization technology and emission
reduction. T-test and ANOVA were used to test the significance of differences between
plants that use decarbonization technology and those that do not. The data is also

processed using the time-series method to predict long-term carbon emission trends.

RESULTS
Findings

The research results show that the application of decarbonization technology can
reduce carbon emissions by up to 85% in fossil fuel power plants. CCS technology has
proven to be very effective, although cost remains a major obstacle. The adoption of
renewable energy, particularly wind and solar power, also contributes significantly to
emissions reductions, especially when combined with advanced energy storage

technologies.

Justification Based on Literature

These findings support research by Williams et al. (2021), which shows that CCS
technology can reduce CO2 emissions from power plants by up to 90%. Moreover, these

results are consistent with the study by Green et al. (2020), who found that the integration
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of renewable energy with storage technology can reduce overall emissions and increase

the stability of the electric grid.

Comparison and Contrast with the Literature

However, the results of this research differ from several studies which show that
the costs of decarbonization technology are still too high to be widely implemented,
especially in developing countries. For example, research by Brown et al. (2019) state
that without strong policy support, adoption of these technologies may not reach the scale
required to meet global emissions reduction targets. These differences emphasize the
importance of supportive policies and economic incentives to accelerate the adoption of

decarbonization technologies.
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CONCLUSION

This research confirms that decarbonization technology has great potential in
reducing carbon emissions in the energy sector, especially through the application of CCS
and the integration of renewable energy. Although challenges remain regarding costs and
infrastructure, the results of this research show that with the right policy support and
sustainable investment, decarbonization technologies can play a key role in the transition

to a low-carbon economy. Future research needs to focus on developing more economical
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and efficient technologies, as well as strategies to overcome barriers to implementation

on a global scale.
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