A-_t'l ‘3;\‘
b R
@ﬁm International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 10 Issue: 01 | Jan - 2026 SJIF Rating: 8.586 ISSN: 2582-3930

A Comprehensive Review of Fuel Cells and their Scope with Integrated
Gasifier Systems

Sahil Kesharwani!, Deepesh Singh Gehlot?
12Department of Mechanical Engineering, LNCT Indore, Madhya Pradesh, India-452003

Author Emails: sahilk9229@gmail.com, deepesh.gehlot.84@gmail.com

Abstract:

The increasing global demand for clean, efficient, and sustainable energy systems has accelerated research and
development in advanced power generation technologies. Fuel cells have emerged as a promising energy
conversion technology due to their high efficiency, low emissions, modularity, and fuel flexibility.
Simultaneously, gasification technology offers a viable route for converting solid and liquid carbonaceous fuels,
including coal, biomass, and waste, into a clean gaseous fuel. The integration of fuel cells with gasifier systems
represents a synergistic approach that combines the advantages of both technologies, enabling high-efficiency
and low-emission power generation. This review paper presents a comprehensive overview of fuel cell
technologies, their working principles, classifications, advantages, limitations, and applications. It further
explores gasification technology, types of gasifiers, syngas composition, and gas cleanup requirements. Special
emphasis is placed on the integration of gasifiers with fuel cells, system configurations, technical challenges,
performance benefits, and future scope. The review highlights the potential of integrated gasifier-fuel cell
systems as a key solution for sustainable and decentralized power generation.
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1.0 Introduction:

Global energy demand continues to rise due to rapid industrialization, population growth, and urbanization.
Conventional fossil-fuel-based power generation technologies are constrained by low thermal efficiencies and
high emissions of greenhouse gases and criteria pollutants. Consequently, advanced power generation
technologies that ensure higher efficiency and environmental sustainability have become a major focus of
energy research. Fuel cells convert chemical energy directly into electrical energy without the intermediate step
of combustion, thereby avoiding Carnot efficiency limitations [1, 2]. Among the various fuel cell types, high-
temperature fuel cells such as Solid Oxide Fuel Cells (SOFCs) and Molten Carbonate Fuel Cells (MCFCs)
exhibit remarkable fuel flexibility, making them particularly suitable for operation with syngas derived from
gasification processes. Gasification enables the utilization of abundant fuels such as coal, biomass, agricultural
residues, and municipal solid waste. When integrated with fuel cells, gasification systems can achieve electrical
efficiencies exceeding those of Integrated Gasification Combined Cycle (IGCC) plants [3]. This review
critically evaluates the integration of gasifiers with fuel cells, focusing on system performance, challenges, and
future scope.

2.0 Fuel Cell Technologies:
2.1 Operating Principle and Electrochemical Reactions:

A fuel cell consists of an anode, cathode, and electrolyte. The electrochemical reactions for a hydrogen-fed fuel
cell are given by [4-6]:

Anode reaction: H, wmsp 2H" + 2¢
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Cathode reaction: % 0, +2H" + 2c = H>0

Overall reaction: Hj + % O, ==pH>O + Electricity + Heat

For syngas-fueled SOFCs and MCFCs, carbon monoxide also participates in electrochemical oxidation: CO +
o* COLH2C gy

The reversible open-circuit voltage of a fuel cell is determined using the Nernst equation.
2.2 Classification of Fuel Cells:

Table 1. Classification and characteristics of fuel cells [7,8]

Fuel Cell Operating Temp | Electrical Efficiency Suitability for

Type Electrolyte °C) (%) Fuel Flexibility Gasification

PEMFC Polymer 60-80 40-50 Low Poor
membrane

AFC KOH solution | 60-90 50-60 Low Poor

PAFC Phosphoric ~200 40-45 Moderate Limited
acid

MCFC Molten 600-700 50-55 High Excellent
carbonate

SOFC Ceramic oxide | 700-1000 50-65 Very high Excellent

High-temperature fuel cells are particularly attractive for IGFC systems due to internal reforming capability and
tolerance to CO.

3.0 Gasification Technology:

Gasification is a thermochemical process that converts carbonaceous materials into syngas by reacting the
feedstock with a controlled amount of oxygen, air, steam, or a combination of these at high temperatures (700-
1500°C). Syngas typically contains H2, CO, CO2, CHa, H20, and impurities such as particulates, tar, sulfur
compounds, ammonia, and alkali metals. Effective gas clean-up is essential for fuel cell applications. The key
reactions involved include [9]:

o Boudouard reaction: C «=£0, 2CO
. Water—gas reaction: C 4,0 CO +H:
. Water—gas shift reaction: CO«=H>0O CO2 + Hz

Table 2. Comparison of gasifier types [9]

Gasifier Type Operating Temp (°C) Tar Content Scale Suitability for IGFC
Fixed Bed 700-900 High Small Moderate
Fluidized Bed 800-1000 Medium Medium Good
Entrained Flow 1200-1500 Very low Large Excellent
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4.0 Concept of Integrated Gasifier Fuel Cell (IGFC) Systems:

The gasifier converts solid fuel into syngas, which is subsequently cleaned to remove particulates, sulfur, and
alkali contaminants before entering the fuel cell stack.

Figure 1. Schematic of an Integrated Gasifier Fuel Cell (IGFC) system

IGFC systems can achieve net electrical efficiencies of 60—70%, significantly higher than conventional coal-
fired power plants (35-40%) and IGCC systems (45-50%) [10].

Table 3. Performance comparison of power generation technologies [4, 7, 8]

Technology Net Efficiency (%) | CO: Emissions | Maturity Level
Pulverized coal | 35-40 High Commercial

IGCC 45-50 Medium Commercial

SOFC 55-65 Low Demonstration
IGFC 60-70 Very low Pilot/Demonstration

4.1 System Configurations:

. Gasifier + Gas Cleanup + SOFC + Heat Recovery
. Gasifier + MCFC + Bottoming Cycle (Gas/Steam Turbine)
. Hybrid IGFC—-Combined Cycle Systems

4.2 Benefits of Integration:

. Overall efficiency exceeding 60—70%

. Near-zero emissions of SOx, NOx, and particulates
. Efficient utilization of low-grade fuels
. CO; capture-ready systems

4.3 Technical Challenges:

. Syngas cleanup and contaminant tolerance
. Thermal integration and system control

. Material degradation at high temperatures
. High initial investment cost

5.0 Scope and Future Prospects

The integration of fuel cells with gasifiers holds significant potential for future energy systems. Key areas of
scope include:

. Biomass and Waste-to-Energy Applications: Sustainable and carbon-neutral power generation.
. Decentralized Power Generation: Rural electrification and microgrids.
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. Carbon Capture Integration: IGFC systems enable easier CO: separation.
. Hydrogen Economy: Gasification-derived hydrogen coupled with fuel cells.
. Hybrid Systems: Integration with turbines and renewable energy sources.

Ongoing research focuses on improving fuel cell durability, reducing costs, developing advanced gas cleanup
techniques, and optimizing system integration.

6.0 Conclusion:

This review has presented a comprehensive and critical assessment of fuel cell technologies and their integration
with gasifier systems. Fuel cells represent a highly efficient and environmentally friendly power generation
technology. Gasification offers a versatile pathway for converting diverse fuels into usable gaseous energy
carriers. The integration of gasifier systems with high-temperature fuel cells such as SOFCs and MCFCs
provides a powerful solution for clean, efficient, and flexible power generation. Despite technical and economic
challenges, continued research and technological advancements are expected to make integrated gasifier-fuel
cell systems a cornerstone of future sustainable energy infrastructure.

Abbreviations:

PEMFC: Proton Exchange Membrane Fuel Cell

AFC: Alkaline Fuel Cell

PAFC: Phosphoric Acid Fuel Cell

MCEFC: Molten Carbonate Fuel Cell

SOFC: Solid Oxide Fuel Cell

IGFC: Integrated Gasifier Fuel Cell
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