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Polymer electrolyte membrane fuel cells (PEMFCs) are promising
energy conversion systems for transportation and stationary
applications. Cathode performance depends on the interaction of
mass transport and electrochemical reactions within the gas
diffusion layer (GDL), microporous layer (MPL), and catalyst layer
(CL). This review provides an integrated assessment of the effects
of GDL compression and CL morphology on cathode performance,
with particular emphasis on the Lattice Boltzmann Method (LBM).
The effects of GDL compression on porosity, pore connectivity,
permeability, oxygen transport, water management, and current-
density distribution, as well as the roles of CL. morphology, including
pore structure, catalyst distribution, agglomerate characteristics,
and electrochemically active surface area, are examined. The
reviewed studies indicate that GDL compression does not
necessarily cause a monotonic deterioration in performance, as its
effects depend on microstructural characteristics, fiber diameter,
and compression level. Likewise, CL performance is governed by a
balance between accessible electrochemical surface area and mass-
transport resistance. Overall, the findings highlight the need for
integrated optimization of the GDL-MPL-CL architecture to
improve oxygen transport, water management, and electrochemical
utilization. Future research should focus on three-dimensional,
multiphase, and reactive LBM models based on reconstructed
microstructures and systematic experimental validation.

Keywords: Polymer Electrolyte Membrane Fuel Cell; Catalyst
Layer; GDL Compression; Catalyst Layer Morphology; Lattice
Boltzmann Method
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