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Abstract

To address the challenges of long heating periods, significant load fluctuations, high energy
consumption, and intensive carbon emissions in large medical buildings in severe cold regions, this study
focuses on an inpatient building of a hospital in Shihezi, Xinjiang. A high-efficiency, low-carbon multi-
energy complementary heating system was developed and optimized. First, field environmental monitoring
and questionnaire surveys were conducted to quantify thermal comfort requirements and energy consumption
patterns. Subsequently, a refined building energy model was developed using EnergyPlus to establish a
baseline for annual dynamic thermal loads. On this basis, a simulation model integrating solar collectors, air-
source heat pumps, gas-fired boilers, and coal-fired boilers was constructed via the TRNSY'S platform. The
Hooke-Jeeves algorithm was employed to perform multi-objective optimization of key system design
parameters. Finally, Finally, the system was evaluated via a life-cycle assessment focused on energy,
environmental, and economic factors. The research findings are as follows:

(1) The system demonstrates high reliability and significant potential for decarbonization. Results show
that clean heating accounts for 95% of the total supply. Solar energy and air-source heat pumps contribute
48% and 47%, respectively. This configuration successfully replaces traditional coal-fired boilers. It also
solves the problem of unstable renewable energy output in extreme cold.

(2) The impact of heat transfer media on system efficiency was identified. A 40% ethylene glycol
solution provides the optimal balance between frost protection and heat transfer efficiency. A peak Coefficient
of Performance (COP) of 10.59 was achieved during maximum solar radiation. These findings offer a
quantitative basis for media selection in similar climates.

(3) Quantitative criteria for optimal multi-parameter matching were established. The optimal
configuration consists of a 2.00x10* m? solar area, a 30° tilt angle, and a 2.03x10° m? storage volume. This
setup minimized the composite objective function to -14.61. Under these conditions, the system COP
increased by 21.7% while primary energy consumption decreased by 21.6%, ensuring a precise match
between heat supply and building demand.

(4) Resource substitution benefits and life-cycle economic feasibility were confirmed. During the
heating season, the system substitutes 4.44x10° kg of standard coal. It reduces emissions of CO; by 1.18x10°
kg, and SO, and NOy by 8.88x10° kg each. Although the static payback period is 21.39 years, it remains
within the 25-year equipment service life. Sensitivity analysis indicates strong market potential in regions
with higher coal prices or under carbon reduction policies.

The proposed system ensures low-carbon and efficient energy supply in frigid climates. The established

technical path of “simulation-optimization-evaluation” provides a quantifiable standard for the green

II



retrofitting of large-scale medical buildings.
Key words: Multi-energy complementary heating system; Hospital building; System optimization;

Comprehensive benefits; Severe cold regions
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Figure 1-1 China Building Climate Zoning Map
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