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Abstract: A micro-energy system integrates electric power,
thermal energy, and natural gas, which is effective for
energy conservation, by considering the complementary
characteristics of multi-energy conversion, storage, and
transmission processes. However, the physical properties and
transmission characteristics of different energy types in a micro-
energy system are distinct. The existing models of micro-
energy systems do not consider heat transfer constraints and
their influences on energy conversion processes. This work
constructs nonlinear heat transfer constraints in a thermal
system and considers their effect on energy conversion
processes for multi-energy management in micro-energy
systems. A photovoltaic device, battery, heat pump, gas boiler,
solar collector, and thermal storage device are combined to
build the overall optimization model of a micro-energy system
with the objective of minimizing the total cost including fixed
investment and operating cost. Then, we propose a hierarchical
iterative strategy with mixed integer linear optimization, and
the influences of heat transfer, energy conversion, and energy
storage processes in micro-energy system are examined. If the
heat transfer constraints of the thermal system and their effects
on the efficiencies of the heat pump and solar collector are not
considered, the total heat generation of the solar collector is
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Science and Technology Foundation of SGCC (SGTYHT/18-
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80.2% and the optimal capacity of the thermal storage device is
only 48.9% compared to when the heat transfer constraints and
their effects are considered.

Keywords: micro-energy system; multi-energy transport;
energy conversion; energy storage; heat transfer constraints
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Table 1 Parameter settings of power system
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AE R/ C
TR/ C 33 45 33

=15 2.57 2.05 1.63
=10 2.95 2.37 1.91
=5 3.39 2.71 2.19
0 3.89 3.09 2.49
5 4.47 3.51 2.81
10 5.19 4.00 3.18
15 6.10 4.59 3.59
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