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Abstract

To address the economic and stability challenges of microgrid operation with high penetration of
renewable energy, a two-layer model predictive control (MPC) energy management method inte-
grating battery dynamic state-of-health (SOH) and lower-layer weight adaptation is proposed. The
upper layer minimizes the sum of electricity purchase/sale costs and battery degradation costs over
a 15~60 min rolling horizon, incorporating a real-time SOH penalty factor to revise the degradation
model, while considering equipment and network constraints. The lower layer operates on a sec-
ond-by-second timescale, focusing on grid-connected power tracking and DC bus voltage stabiliza-
tion. An adaptive weight switching mechanism is designed to dynamically adjust the coordination
between the supercapacitor and battery based on voltage deviation and tracking error. Simulation
results based on typical meteorological data from Northwest China show that, compared with the
conventional two-layer model, the proposed method reduces the total operating cost by approxi-
mately 11.0%, decreases the battery equivalent full-cycle count by 30.4%, and reduces the maxi-
mum grid-connected power fluctuation from 26 kW to 17 kW, demonstrating comprehensive im-
provements in economy, lifespan protection, and dynamic adaptability.
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Figure 1. Schematic diagram of the architecture of an aggregation unit in a microgrid with energy storage
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Table 1. Key parameters of microgrid system

=1 MNERZEESY

B 24 EVLE
Jetk HE A 100 kW
A HUE R & 150 kW
7 F HIUE fit i 100 kWh
IR A% 95%
SOC i [0.20, 0.90]
Ik SOC 0.60
= NG )i GBI +30 kW
T 355 3k 2% G 1 15 kW/15 min
L LY e it B 5kWh
S Y S 98%
Ae RS TE [0.20, 0.90]
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Table 2. Typical 24-hour wind and solar load data for a typical day (characteristics of Jiuquan, Gansu Province)
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I % Jefk i (kW) XL HE T3 (kW) A H A7 75 (K W) A7 4 (kW)
0:00 0 65 75 +10.0
2:00 0 58 68 +10.0
4:00 0 52 70 +18.0
6:00 18 48 90 +24.0
8:00 62 46 120 +12.0
10:00 95 52 118 -29.0
12:00 98 58 105 -51.0
14:00 85 62 115 -32.0
16:00 55 68 130 +7.0
18:00 20 75 125 +30.0
20:00 2 80 105 +23.0
22:00 0 72 85 +13.0
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kW), SRR AN ASHb T IR IE(9:00 125 kW) FIIEIE(19:00 118 KW)RUEAFAE . 4 g7 it 26 7E
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Table 3. Time-of-use electricity pricing policy
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A B 23:00~7X H 7:00 0.35
SN B 7:00~8:00, 11:00~18:00, 22:00~23:00 0.65
g Ff B 8:00~11:00, 18:00~22:00 0.95
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Table 4. Piecewise linearization coefficients of degradation intensity factors
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Table 5. Comparison of microgrid operation indicators before and after optimization
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Figure 2. Wind and solar load parameter curve
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