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ARTICLE INFO ABSTRACT
Keywords: Achieving deep decarbonization in urban energy systems depends on decision-intelligent coordination of
Stackelberg game advanced storage technologies embedded within multi-vector energy infrastructures. This study introduces a

Sustainable Energy Consortium
Transportable storage
Energy-mobility integration

Stackelberg game-driven digital energy decision intelligence framework for carbon-neutral hydrogen sustainable
energy consortia, highlighting the combined contribution of stationary storage assets and transportable storage
provided by shared electric scooter fleets (ESFs). The framework enables coordinated scheduling of electricity,
heat, cooling, and hydrogen subsystems while integrating electrolysis, methanation, fuel-cell conversion, and
carbon capture to support carbon-neutral operation. ESFs are modeled as mobile distributed storage units
engaged in grid-to-vehicle and vehicle-to-grid interactions, supplying controllable charging and discharging
flexibility that strengthens renewable integration, load balancing, and peak reduction. The digital decision
structure employs a hierarchical leader—follower interaction in which the regulator specifies the carbon emission
cap and incentive parameters, and the consortium operator performs cost-optimal dispatch of generation, stor-
age, hydrogen processes, and flexibility resources under renewable and market variability. Case studies
demonstrate that coordinated utilization of stationary storage, transportable storage, and hydrogen conversion
pathways lowers total operational costs by more than 25%, reduces net greenhouse gas emissions by more than
90% following carbon capture, and increases renewable utilization through significant curtailment reduction.
Results indicate that transportable storage fleets increase system flexibility, improve carbon-market compliance,
and enhance the robustness of hydrogen-based energy systems, highlighting their role in storage-intensive car-
bon-neutral urban infrastructures.
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Nomenclature ( )
TH Thermal hub
Abbreviation  Description WT Wind Turbine
A-CAES Adiabatic Compressed Air Energy Storage AC Absorption chiller
CAES Compressed Air Energy Storage CCUSs Carbon Capture, Utilization, and Storage
CH Cooling hub CHa Methane
CHP Combined heat and power CO: Carbon dioxide
DRP Demand response problem EHP Electric heat pump
EL Electrolyzer ESS Energy storage system
FC Fuel cell GB Gas boiler
GT Gas turbine HEH Hydrogen energy hub
HST Hydrogen storage tank HTS Hydrogen Tank System
IGDT Information gap decision theory MR Methanation reactor
P2G Power to gas P2X Power to X
PV Photovoltaic RES Renewable Energy Sources
SEC Sustainable Energy Consortium SSwW Social Stakeholders Welfare
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