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Abstract: To address the temporal mismatch between heat supply and demand, insufficient
utilization of district-heating-network dynamics, and the difficulty of actively incorporating
building thermal inertia into dispatch, this paper proposes an MPC-MILP rolling optimization
method with explicit scheduling of pipeline and building virtual energy storage. A source-
network-load-storage integrated energy system is established, including combined heat and
power units, gas boilers, electric heat pumps, solar collectors, physical thermal energy
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storage, a 5.0 km district heating pipeline, and three types of heat users: industrial buildings,
residential communities, and commercial buildings. A finite-difference PDE model is used to
describe pipeline transmission delay and heat loss, while a two-node RC model is adopted to
characterize indoor and wall temperature dynamics. Equivalent charging and discharging
powers of pipeline and building virtual energy storage are introduced into the heat balance
and fed back to the physical thermal states. Case results show that the heat-load satisfaction
rate reaches 100%, and the total operating cost is 65441.2 yuan. The maximum virtual
discharging and charging powers are 369.0 kW and 1000.0 kW, respectively, with an average
discharging power of 194.9 kW during peak periods and an average charging power of 603.1
kW during valley periods. In terms of actual daily utilization, the physical TES, pipeline virtual
energy storage, and building virtual energy storage are 1130.6, 1940.7, and 6058.1 kWh,
respectively, while all indoor temperatures remain within comfort limits. Equivalent conversion
indicates that, under the assumed investment parameters, using pipeline and building thermal
inertia can reduce the equivalent demand for newly installed physical TES by about 4770.2
kWh and provide a potential initial-investment saving of about 2.17 million yuan. The results
verify the feasibility, numerical reliability, and engineering economic value of incorporating
these two thermal inertia resources as constrained virtual energy storage in MPC-based heat
dispatch

Keywords: Integrated energy system; District heating network; Building thermal inertia;

Virtual energy storage; Model predictive control
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