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Abstract 
Power electronics are crucial in facilitating the reduction of global carbon 

emissions by efficiently converting energy and integrating renewable energy 

sources into the grid. The review discusses the role of advanced wide bandgap 

(WBG) semiconductors, Silicon Carbide (SiC) and Gallium Nitride (GaN), that 

outperform silicon in switching speed, thermal management and efficiency. The 

paper discusses the application of these technologies in electric vehicles, 

industrial motor drives and smart grids supported by artificial intelligence (AI) 

and the Internet of Things (IoT). Results show that power electronics may offer 

the potential for ~20% reduction in world energy demand and 10-15% 

improvement in system efficiency. WBG materials are energy- and resource-

intensive to manufacture, but lifecycle assessments have confirmed rapid carbon 

payback and long-term emissions reduction. Specifically, the study concludes: 

“The broad adoption of advanced AI integrated power electronics is a technical 

necessity for achieving net-zero emissions by 2050. 

Key Words 
Power Electronics, Wide Bandgap Semiconductors, Carbon Emission 

Reduction, Renewable Energy, Smart Grids, Electric Vehicles.  

 

Gyanmanjari International E-Journal of Engineering, 

Pharmacy & Science Research (GMIJ-EPSR) 
 

Gyanmanjari International E-Journal of Engineering, Pharmacy & Science Research (GMIJ-EPSR) 2026; 1(1):Applied for 

ISSN    Published by Gyanmanjari Innovative University 

 

mailto:dmsiddhapura@gmiu.edu.in
mailto:2xxxxxx@gmail.com
mailto:2xxxxxx@gmail.com
mailto:2xxxxxx@gmail.com
mailto:2xxxxxx@gmail.com
mailto:5dmsiddhapura@gmiu.edu.in
mailto:5dmsiddhapura@gmiu.edu.in


Sumra et al.2026;1(1)   2 

 
 
 

Gyanmanjari International E-Journal of Engineering, Pharmacy & Science Research (GMIJ-EPSR) 2026; 1(1):Applied for 

ISSN    Published by Gyanmanjari Innovative University 

 

1. Introduction 
The changing world energy landscape, today, is not a marginal academic question but a 

central pillar of international economic and environmental policy [2].  The world is moving towards 

ambitious goals outlined in the Paris Agreement and subsequent climate summits and the focus has 

moved from generation of clean energy to efficient handling and conversion of that energy [2]. 

Power electronics is the technology of processing and controlling the flow of electrical energy by 

providing voltages and currents in a form that is optimally suited to user loads [1] and it is the 

invisible backbone of this revolution. The ongoing energy crisis worldwide and the requirement to 

reach the Net Zero Emissions scenario by 2050 have demonstrated that electricity is the new 

lynchpin of the global energy system [2]. 

2. Literature Review 
The present literature supports the need to rethink efficiency in the context of the global 

energy crisis. While traditional research has focused on end-use devices, modern research recognizes 

that the conversion process itself is a significant source of loss and an important opportunity for 

carbon mitigation. Globally, the largest source of CO2 emissions is electricity generation, but it is 

also the sector that is leading the charge to net zero with rapid deployment of solar and wind energy 

[2].   These renewables produce electricity in forms such as variable frequency AC or low voltage 

DC that cannot be directly used by conventional AC grids or industrial machines without 

sophisticated power electronic interfaces [3].     

These advances are mainly driven by the semiconductor revolution. Research on Wide 

Bandgap (WBG) materials such as Silicon Carbide (SiC) and Gallium Nitride (GaN) show that these 

materials surpass the physical limitations of silicon in terms of switching speed and thermal 

management [1]. WBG semiconductors have a bandgap that is significantly larger than that of silicon 

which is 1.12 eV, SiC is 3.26 eV and GaN is 3.43 eV [1]. This property means that the materials can 

withstand electric fields about ten times higher than silicon, making it easier to make thinner, more 

efficient devices [1]. Moreover, SiC has a higher thermal conductivity of about 3.7 W/cm.K 

compared to 1.5 W/cm.K for the silicon, allowing the power modules to be operated at temperatures 

above 200℃ and hence reducing the complexity of the cooling systems [1]. 

Another important research area is industrial motion control. Electric motors consume about 

43% to 46% of the world’s electricity and emit about 6,040 million tonnes of CO2 annually [9]. The 

literature states that the transition from fixed-speed motors to Variable Speed Drives (VSDs) can 

reduce the global demand for electricity by 10% by 2030 [2]. Moreover, integration of Artificial 

Intelligence (AI) and Internet of Things (IoT) in smart grids is mentioned as a “decisive enabler” for 

decarbonisation, with potential energy availability improvements of 65% in microgrids [7], [8]. 

3. Methodology 
The study used a multi-dimensional approach to analyse energy conversion technologies and 

their impact on global carbon pathways. The investigation was performed through a comparative 

technical evaluation of the semiconductor materials, assessing the physical properties as bandgap 

energy and critical electric field [1]. In complement to this, a review of Life Cycle Assessment 

(LCA) data was performed to quantify the environmental footprint of power electronic converters 

from raw material extraction to end-of-life disposal [5], [6]. The study also leveraged data from 

international energy agencies such as the International Energy Agency (IEA) and Ember to model the 

role of power electronics in the Net Zero Emissions (NZE) by 2050 scenario [2].  Moreover, the 

study analysed the use of Clean Development Mechanism (CDM) methods for GHG reduction in the 
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electronics and semiconductor industries, using methods like AM0078 and AM0111 [4]. 

4. Results And Discussion 
 

4.1 The Physics of Advanced Energy Conversion 

The material properties of the semiconductors in power conversion are the fundamental limit 

of energy systems performance [1]. Silicon is reaching its theoretical limits and WBG materials are 

providing better efficiency. The critical electric field (Ecr) which affects the breakdown voltage (VB) 

for power systems is given as follows: 

 

In this equation,  represents the permittivity,  is the electron charge, and Nd is the doping 

density [1].  

Material Property Silicon 

(Si) 

Silicon Carbide 

(SiC) 

Gallium Nitride 

(GaN) 

Bandgap (eV) 1.12 3.26 3.43 

Critical Field (MV/cm) 0.3 3.0 3.3 

Thermal Conductivity (W/cm·K) 1.5 3.7 1.3 

Electron Mobility  
1500 700 2000 

Saturation Velocity  
1.0 2.0 2.5 

Table 1. Physical and Electrical Properties of Semiconductor Materials 

 

Figure 1. Comparison of Bandgap and Critical Electric Field for Si, SiC, and GaN  

 

The main driver for “dematerialization” is high frequency switching enabled by GaN and SiC. 
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For a given ripple current the required inductance (L) is inversely proportional to the switching 

frequency (f): 

 

By increasing switching frequencies from 20 kHz to several hundred kHz, the physical 

volume of magnetics can be reduced by 50% or more [1].  

4.2 Decarbonizing the Industrial Sector 

The biggest role in reducing CO2 in industry can be played by power electronics. Electric 

motors produce ~6,040 million tons of CO2 emissions per year, but many continue to use mechanical 

throttling [9]. VSDs can be used to enable motors to match their energy consumption to the demand 

of the process [2].  

 

Motor Efficiency Class Market Requirement (EU) Potential Energy Savings 

IE2 (High Efficiency) Small motors (0.12 - 0.75 kW) Baseline for modern efficiency 

IE3 (Premium Efficiency) Motors (0.75 - 1000 kW) ~15% improvement over IE1 

VSD-Driven System Industry best practice ~25% total power reduction 

SiC-Based High-Speed Drive Emerging high-performance >30% vs legacy systems 

Table 2. Motor Efficiency Classes and Decarbonization Potential 

 

4.3 Renewable Energy and Grid Stability 

The grid is moving towards a renewables dominated grid thus requiring power electronics to 

provide “virtual inertia” [2]. Inverters with SiC are expected to reach peak efficiencies above 98% 

allowing solar PV capacity to be the largest single source of power in the EU by 2025 [5]. In 2023, 

renewables made up over 30% of the global electricity mix, Ember data shows, with wind and solar 

reaching 12% [3].      

 

Figure 2. Integration Architecture of Power Electronics in Renewable Microgrids  
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4.4 The Transportation Sector Transformation 

Electrification of transport with improved powertrain efficiency could avoid 1 Gt of CO2 

emissions (by 2030 [2]). Replacing Silicon IGBTs with SiC MOSFETs in traction inverters can 

reduce energy losses up to 80% and increase driving range by 10% [1].
 

 

4.5 Intelligent Energy Management: Ai and Iot 

AI-enabled systems are a “decisive enabler” of Net Zero targets. Case studies of AI-enabled 

microgrids [1] demonstrate 65% increase in energy availability and 40% decrease in downtime. AI-

based thermal management has been shown to save 8% to 40% of the cooling energy in data centers 

[2]. 

Application Area Role of AI/IoT Reported Efficiency Gain 

Grid Management Load forecasting; demand response 20-25% energy reduction 

Data Centers Dynamic cooling; load balancing 8-40% energy savings 

Industrial Plants Predictive maintenance; optimization 10-15% production increase 

Smart Buildings Occupancy-based HVAC / Lighting ~10% utility reduction 

Table 3. AI and IoT Applications in Energy Systems 

 

4.6 Life Cycle Assessment and Sustainability 

According to a Life Cycle Assessment (LCA) [5], the use phase of a power electronic 

converter is responsible for more than 95% of the global environmental impact. SiC manufacturing is 

energy intensive but efficiency gains can pay back the carbon debt in a few months of service [6]. 
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Figure 3. Lifecycle Carbon Footprint Breakdown of a 150 kW Inverter  

 

4.7 Regulatory and International Mechanisms 

High efficiency electronics is encouraged by CDM techniques. AM0078 methodology 

includes SF6 emissions from the manufacture of LCD panels. Abatement equipment is required to be 

used that removes >95% of the gas. 1 These interventions are critical [4] because SF6 is 23,500 times 

more potent than CO2. 
 

5. Conclusions 
The study re-validated that power electronics is the ultimate enabler for a global low carbon 

economy transition. Power electronics facilitate efficient energy conversion for renewable 

integration, industrial motion and transport, which can reduce global energy demand by 20% and cut 

carbon emissions by more than 30% [2]. The shift to WBG materials was a major advance, as the 

savings in operations are far more significant than the manufacturing footprint [1]. Ultimately, net 

zero by 2050 is only technically feasible with large scale deployment of advanced power electronics 

with embedded AI [7], [8].    
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