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Abstract 

The global urgency to mitigate climate change has pushed the power generation sector 

toward a rapid energy transition. This study, titled "A Strategic Evaluation of Clean Coal 

Technology as an Accelerator for Net Zero Emission Targets in the Electricity Sector," 

examines the pivotal role of Clean Coal Technology (CCT) in bridging the gap between 

current fossil fuel dependency and a future dominated by renewable energy. As many 

developing nations remain reliant on coal for energy security and affordability, the 

immediate abandonment of coal assets poses significant economic risks. This research 

explores how technologies such as High-Efficiency Low-Emission (HELE) systems, 

Carbon Capture, Utilization, and Storage (CCUS), and biomass co-firing can be 

strategically deployed to reduce carbon footprints without compromising grid stability. 

The study employs a qualitative strategic analysis, evaluating the technical feasibility, 

economic viability, and environmental impact of these innovations. The findings suggest 

that CCT should not be viewed as a long-term alternative to renewables, but rather as a 

critical strategic accelerator that allows for a "just transition." By modernizing existing 

infrastructure, countries can achieve significant emission reductions in the short to 

medium term while building the financial and technical capacity required for a full 

renewable shift. Ultimately, this research provides a framework for policymakers and 

utility managers to integrate CCT into their broader Net Zero Emission (NZE) roadmaps. 

 

Keywords: clean coal technology, net zero emission, strategic evaluation, energy transition, 

decarbonization.  
 

INTRODUCTION 

The global energy landscape is currently undergoing a monumental shift driven 

by the imperative to reach Net Zero Emissions (NZE) by 2050 to limit global warming to 

1.5°C. The electricity sector, being one of the largest contributors to global CO2 

emissions, is at the forefront of this transformation. Traditionally, coal has been the 

backbone of industrial growth due to its abundance, reliability, and low cost. However, 

its high carbon intensity has made it a primary target for phase-out policies. Despite the 

rapid growth of solar, wind, and other renewable sources, many regions particularly in 

Southeast Asia and parts of Europe still face a "trilemma" of balancing energy security, 

equity (affordability), and environmental sustainability. The central problem lies in the 

premature retirement of coal-fired power plants, which can lead to "stranded assets" and 

jeopardize the stability of national power grids that are not yet equipped to handle the 

intermittency of renewables. In this context, Clean Coal Technology (CCT) emerges as a 

vital strategic bridge. CCT refers to a suite of technological innovations designed to 
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enhance the efficiency of coal utilization while significantly reducing environmental 

pollutants, including CO2, SOx, and NOx. While critics argue that any continued use of 

coal is counterproductive, a strategic evaluation reveals that modernizing coal fleets is a 

faster way to achieve immediate emission cuts compared to waiting for the total overhaul 

of the energy infrastructure. 

This study aims to evaluate CCT from a strategic management perspective. It 

moves beyond simple technical descriptions to analyze how these technologies act as 

"accelerators" for NZE targets. An accelerator, in this sense, is an instrument that allows 

for a smoother, faster transition by utilizing existing infrastructure to meet immediate 

climate goals. The research focuses on High-Efficiency Low-Emission (HELE) 

technologies, such as Ultra-Supercritical (USC) plants, and the integration of Carbon 

Capture, Utilization, and Storage (CCUS). Furthermore, the study explores the strategic 

importance of biomass co-firing as a method to carbon-neutralize existing coal assets. 

The significance of this research lies in its pragmatic approach to the energy transition. 

By providing a strategic framework for the implementation of CCT, this study helps 

utility companies and governments navigate the complexities of de-risking their energy 

portfolios. It addresses the fundamental question: How can the electricity sector maintain 

its operational resilience while aggressively pursuing decarbonization? Through this 

introduction, we establish that the path to Net Zero is not a binary choice between coal 

and renewables, but a sophisticated strategic integration of innovative technologies that 

maximize current assets while building future capabilities. 

 

RESEARCH METHODS 

This research utilizes a qualitative descriptive methodology with a strategic 

evaluative approach. The primary goal of the chosen methodology is to synthesize 

technical data with strategic management frameworks to provide a holistic view of Clean 

Coal Technology (CCT) in the context of Net Zero Emissions (NZE). Unlike purely 

quantitative engineering studies, this research emphasizes the "Strategic Evaluation" 

aspect, focusing on how technology adoption aligns with long-term institutional goals 

and international climate commitments. The research design is divided into three main 

phases: data collection, strategic analysis, and framework development. In the first phase, 

secondary data were gathered from reputable international energy agencies, such as the 

International Energy Agency (IEA), the World Coal Association, and various national 

energy white papers. These sources provided the necessary data on emission factors, 

efficiency rates of different CCT generations (Subcritical vs. Supercritical vs. Ultra-

Supercritical), and the current cost-benefit analysis of Carbon Capture, Utilization, and 

Storage (CCUS) projects globally. 

In the second phase, the study applies a SWOT (Strengths, Weaknesses, 

Opportunities, Threats) and PESTEL (Political, Economic, Social, Technological, 

Environmental, Legal) analysis to the deployment of CCT. This allows the researcher to 

evaluate the external environment, such as shifting carbon tax regulations 

(Political/Legal) and the falling costs of renewable energy (Economic), alongside the 

internal technological capabilities of current power plants. This strategic lens is crucial 

for identifying why certain CCTs fail to gain traction despite their technical merits and 

how they can be repositioned as transition accelerators. 
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Furthermore, the methodology incorporates a Comparative Case Study approach, 

examining the energy transition roadmaps of countries that are heavily coal-dependent 

(e.g., Indonesia and India) versus those that are further along in the transition (e.g., 

Germany). By comparing these different trajectories, the study identifies "best practices" 

for integrating CCT into a broader NZE strategy. The analysis also considers the "Lean" 

perspective of process improvement evaluating how CCT reduces "environmental waste" 

(emissions) while maintaining "operational value" (grid stability). Finally, the 

synthesized findings are used to develop a Strategic Implementation Roadmap, which 

serves as a guide for stakeholders in the electricity sector to decide when and where to 

invest in CCT as part of their decarbonization journey. 

 

RESULTS AND DISCUSSION 

The strategic evaluation of Clean Coal Technology (CCT) reveals a complex but 

essential role for these innovations in achieving Net Zero Emission (NZE) targets. The 

results of this study indicate that CCT is not a monolithic solution but a tiered system of 

interventions that provide varying degrees of decarbonization potential. HELE 

Technologies The first major finding is the impact of High-Efficiency Low-Emission 

(HELE) technologies. Moving from older subcritical plants to Ultra-Supercritical (USC) 

technology can reduce CO2 emissions by up to 25% per megawatt-hour generated. From 

a strategic perspective, upgrading existing fleets to USC standards acts as an immediate 

accelerator. While it does not eliminate emissions, it provides an "efficiency gain" that 

significantly lowers the baseline from which CCUS technologies must eventually work. 

The discussion highlights that for many developing nations, this 25% reduction is the 

most cost-effective way to meet initial Nationally Determined Contributions (NDCs) 

under the Paris Agreement without causing energy poverty. 

The Ultimate Decarbonizer The research identifies Carbon Capture, Utilization, and 

Storage (CCUS) as the most critical component for the long-term survival of coal in a Net 

Zero world. However, the discussion points out a significant "Strategic Paradox": while 

CCUS can capture over 90% of emissions, its current cost of implementation is 

prohibitively high for many utilities. Strategically, the study suggests that CCUS should 

be prioritized for "hubs" where multiple industrial plants can share transport and storage 

infrastructure, thereby creating economies of scale. The discussion also touches upon 

"Carbon Utilization" converting captured CO2 into synthetic fuels or building materials 

as a potential revenue stream that could offset the high operational costs of capture 

technology. A Low-Hanging Fruit One of the most promising results of this study is the 

evaluation of biomass co-firing. By replacing 5-10% of coal with sustainable biomass 

(such as wood pellets or agricultural waste), power plants can achieve an immediate 

reduction in net carbon emissions with minimal capital expenditure. Strategically, this 

allows utilities to utilize their existing boilers and supply chain infrastructure while 

moving toward carbon neutrality. The discussion emphasizes that this is a "Lean" 

approach to sustainability minimizing waste and utilizing available resources to improve 

environmental performance. 

Strategic Challenges and Grid Resilience A significant portion of the discussion is 

dedicated to the role of coal as "baseload" power. As intermittent renewables like solar 

and wind take up a larger share of the grid, the need for stable, dispatchable power 

becomes even more critical. CCT-equipped coal plants provide the necessary inertia and 
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frequency control that current battery storage technologies cannot yet provide at scale. 

Therefore, the strategic value of CCT lies in its ability to support the grid during the 

"transition window." 

ESG and Financial Viability Finally, the discussion addresses the shifting landscape 

of global finance. With many banks withdrawing support for coal projects, the study 

evaluates how "Green Finance" might be applied to CCT. The argument is made that if 

CCT is strictly defined as a transition tool with a clear decommissioning date, it could 

still attract "Transition Finance." This requires a transparent ESG (Environmental, Social, 

and Governance) framework where utilities prove that their investment in CCT is a 

stepping stone to NZE, not a way to prolong the life of "dirty" coal indefinitely. In 

conclusion, the results show that CCT acts as a strategic accelerator by: (1) providing 

immediate emission reductions through efficiency, (2) securing grid stability during the 

renewable ramp-up, and (3) creating a pathway for deep decarbonization through CCUS. 

The discussion warns, however, that the window for CCT is limited; it is a bridge, not a 

destination. 

 

CONCLUSION 

The strategic evaluation conducted in this study underscores the reality that the 

journey toward Net Zero Emissions (NZE) in the electricity sector is not a leap, but a 

carefully managed transition. Clean Coal Technology (CCT) serves as the most viable 

"Strategic Accelerator" for countries and utilities that currently face a heavy reliance on 

coal. The research demonstrates that through the implementation of HELE technologies, 

biomass co-firing, and the eventual integration of CCUS, the electricity sector can 

significantly align itself with global climate goals while maintaining the energy security 

and affordability necessary for economic stability. In summary, Clean Coal Technology 

provides the electricity sector with a pragmatic pathway to decarbonization. By 

embracing these innovations, the industry can transform from being a part of the problem 

to being a proactive part of the solution in the global quest for a Net Zero future. 
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