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ABSTRACT

Microbial fuel cells (MFCs) represent an emerging class of
bioelectrochemical systems capable of simultaneously generating
electrical energy and remediating wastewater through the metabolic
activity of electroactive microorganisms. While the fundamental
operating principles of MFCs are well established, the performance
characteristics of indigenous microbial consortia sourced from
ecologically diverse and geochemically extreme environments
remain poorly characterised, particularly within the Caribbean
region. This research addresses that gap, presenting a comparative
multi-site investigation of exoelectrogenic activity across nine
ecologically distinct field sites in Trinidad and Tobago, spanning
hydrocarbon-rich environments, tropical rainforest, estuarine
mangrove, and coastal wetlands.

A standardised two-chamber MFC configuration was employed
across 28 site-season experimental runs during the 2024–2025 dry
and rainy seasons. Icacos Wetlands and Moruga Pitch Lake emerged
as the highest performing dual-function sites, achieving COD
(chemical oxygen demand) reductions of 75.1% and 80.5%
respectively over a 14-day treatment window, while sustaining
maximum power densities of 619 µW/cm² and 519 µW/cm². Voltage
stability was most pronounced during the dry season, where six of
nine sites recorded higher stabilised output relative to rainy season
runs, with Icacos Wetlands reaching a peak open circuit voltage of
585.96 mV. Pitch Lake (La Brea) represents a globally novel
inoculum source — the first documented MFC study using asphalt
lake sediment and delivered consistent electrochemical output
despite the geochemical complexity of its substrate matrix. Notably,
no methane or hydrogen was detected at any site across either
season, confirming the exoelectrogenic pathway as dominant and
ruling out competing methanogenic and fermentative processes.

These findings establish that indigenous microbial consortia from
Trinidad and Tobago are viable candidates for applied MFC
development, with direct implications for decentralised wastewater
treatment and low-power bioelectricity generation in the Caribbean
context.
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