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The power sector accounts for nearly 40% of global energy-related carbon
dioxide emissions, underscoring the need for urgent policy interventions to support
decarbonisation. Carbon pricing mechanisms, renewable energy certificates revenue,
and ancillary service markets have been introduced by governments and regulators to
incentivise emission reductions and enhance system reliability. However, market
fragmentation, coordination inefficiencies, and suboptimal resource allocation result
from the independent operation of these mechanisms.

This research proposes a unified optimal power dispatch framework integrating
electricity markets with carbon pricing mechanisms, REC revenue, and ancillary service
procurement within a single optimisation model. A progressive multi-scenario analysis
is employed to evaluate the impacts of market integration systematically. The
fundamental interaction between energy dispatch and carbon taxation under spot-
pricing mechanisms is examined first. Renewable energy sources and REC trading are
subsequently incorporated to assess the synergies from dual environmental incentives.
Ancillary service markets are then introduced, with particular emphasis on incentive-
based demand response programmes capable of providing spinning reserves when not
actively curtailing load. Finally, a comprehensive multi-dimensional market-clearing
framework simultaneously coordinating the electricity market, carbon pricing
mechanism, renewable energy market, and ancillary services market is presented.

Three principal research contributions are established through this
investigation. A unified mathematical optimisation model coordinating multiple market
dimensions is formulated. Total system operational costs under single-sided auction

frameworks are minimised whilst accounting for carbon tax liabilities, REC revenues,



and ancillary service requirements. Social welfare is maximised under double-sided
auction frameworks, where both generation companies and distribution companies
participate as active market agents. A comparative analysis of segregated and
integrated market-clearing approaches is conducted to demonstrate the framework's
effectiveness. Multiple optimisation techniques are employed to ensure robust
solutions and computational efficiency. Classical deterministic methods provide
baseline solutions with guaranteed optimality for convex formulations. Stochastic
optimisation algorithms are applied to handle non-convex problem characteristics and
explore diverse solution spaces. A hybrid PSO-QP approach combining the global
search capability of metaheuristics with the local refinement precision of classical
methods is developed, offering improved solution quality and computational
performance.

Numerical validation is conducted using the IEEE 30-bus test system for
algorithmic verification and the 160-bus equivalent Thai power system for practical
applicability assessment. The Thai system represents a particularly relevant case study,
given that energy dispatch, carbon accounting, renewable energy incentives, and
ancillary service procurement currently operate as segregated mechanisms. Substantial
emission reductions approaching 5%, equitable welfare distribution among consumers,
producers, government, and renewable energy participants, and enhanced system
reliability compared to fragmented market approaches are demonstrated through
simulation results. The environmental effectiveness of carbon pricing is amplified, and
the economic viability of renewable energy deployment through coordinated REC
trading is strengthened by market integration, as confirmed through sensitivity analyses.
The inherent trade-offs between economic efficiency, environmental sustainability,
and system security that characterise isolated policy instruments can be resolved
through multi-dimensional market coordination, thereby supporting more effective

pathways toward carbon neutrality in Thailand’s power sector.
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