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Abstract

Driven by the global low-carbon energy transition and domestic “dual-carbon” targets, the environ-
mental impact assessment of natural gas as a transitional energy source needs to be supported by
accurate carbon measurement methods. This study systematically analyses the carbon emission
characteristics of natural gas production throughout its life cycle (exploration and extraction, treat-
ment and processing, transmission and storage), identifies the key emission sources such as energy
consumption of equipment, flaring and methane fugitive emissions, and reveals the limitations of
the traditional emission factor method and mass balance method in terms of dynamic emission cap-
ture, accounting boundary coverage and data adaptability. The study innovatively constructs a
data-driven incremental carbon measurement model and an integrated air and space monitoring
and inversion model, forming a closed-loop measurement system of “data collection-dynamic mod-
elling-real-time correction” by integrating Internet of Things (IoT) sensor data, process parameters,
and remote sensing data from satellites and drones. Also, it points out the technical bottlenecks
such as multi-source data fusion accuracy, methane fugitive quantification, model adaptive optimi-
sation and monitoring cost control were also identified. The research provides theoretical and
methodological references for the construction of an accurate and efficient carbon metering tech-
nology system for natural gas production, which is of great practical significance for promoting the
green transformation of the energy industry.
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Table 1. Overview of the functions of the natural gas production space-ground integrated three-dimensional monitoring and
protection system units (reference Liang Jinlu ez al.) [28]
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