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Energy Management Method of DC Microgrids
by Using Voltage Compensation Term

Byoung-Sun Ko', Gi-Young Lee!, Seok-Woong Kim? and Rae-Young KimT

Abstract

An energy management method of DC microgrids using voltage compensation term is proposed in this study.
Droop control is often implemented to operate the DC microgrid. However, the droop control necessarily
generates voltage variation. Energy flow is also difficult to control because the droop control mainly focuses on
proportional load sharing. To solve these problems, the voltage compensation term based on the low—bandwidth
communication is used to determine the operating band of the converter. Energy management and voltage
variation minimization can be achieved by judging the operating band according to the magnitude of voltage
compensation term. The validity of the proposed method is verified by simulation and experiments.
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Fig. 1. Output voltage-output current characteristic curve
of droop control.
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Fig. 2. Output voltage-output current characteristic curve
of voltage shifting method.
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Fig. 3. Control block diagram of the proposed method.
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Fig. 5. Simulation results about difference between voltage
compensation term with different communication delay. (a)
T = 100ms, (b) T = 50ms.
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TABLE 1
SYSTEM PARAMETERS

Symbol Quantity Values
R Line resistance 0.1 [Q]
R Line resistance 0.1 [Q]
R; Line resistance 0.1 [Q]
Viom Nominal Voltage 120 [V]
Vinax Maximum Voltage 126 [V]
V min Minimum Voltage 114 [V]

AViax Maximum voltage variation 6 [V]
AVimin Minimum voltage variation -6 [V]
Aviy Reference point 1 for OB 36 [V]
Avpyp Reference point 2 for OB 54 [V]
Prrci Rated capacity of PEC 1 15 [kW]
Prrce Rated capacity of PEC 2 1.5 [kW]
Ploaa Rated capacity of load 3 [kW]
Ppy Rated capacity of PV 3 [kW]
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TABLE II
CONTROL PARAMETERS

Droop gain and nominal voltage of PEC 1

Symbol Values Symbol Values
Vinomi1-1 120 [V] Vinom11-2 120 [V]
Viom1 2-1 1176 [V] Vnoml 22 1224 [V]
Viom1 3-1 1152 [V] V noml 3-2 1248 [V]
Roi1-1 14 [Q] Rp112 148 [Q]
Rpio1 045 [Q] Rpio2 051 [Q]
Rpis1 09 [Q] Rpiz2 0.1 [Q]
Droop gain and nominal voltage of PEC 2
Symbol Values Symbol Values
Viom21-1 120 [V] Viom2,1-2 120 [V]
Viom22-1 121.2 [V] Voom22-2 117.7 [V]
Viom23-1 1249 [V] Vo232 116.8 [V]
Rpz11 04 [Q] Rmz12 04 [Q]
Roo2-1 0.6 [Q] Rmo2 0.7 [Q]
Roos 1 0.8 [Q] Rips 2 0.61 [Q]
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Fig. 8 Simulation results of the proposed method when
load is increased.
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Fig. 10. Lab-scale DC MG.
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