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Development of 3kW Hybrid ESS with Function of Emergency Power Supply

Seok-Hyun Yang!, Min—Jae Kim? Se-Wan Choit, and Jun-Seok Cho®

Abstract

This paper proposes a high-efficiency 3-kW hybrid ESS with emergency power supply. The proposed system
enables efficient use of power from photovoltaic (PV) cells and energy storage system (ESS). The proposed

system can operate as an uninterruptible power supply (UPS) when grid fault occurs, providing seamless
transfer from grid-connected mode to stand-alone mode. The LLC converter for PV achieves ZVS turn-on of
switches and ZCS turn-off of diodes, and the isolated bidirectional DC-DC converter for ESS achieves ZCS
turn-off regardless of load condition, resulting in high efficiency. The efficiency and performance of the
proposed hybrid ESS has been verified by a 3-kW prototype.

Key words: ESS(Energy Storage System), UPS(Uninterruptible Power Supply), Seamless transfer, Resonant

converter, ZVS, ZCS
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Fig. 1. Proposed hybrid ESS(PV+ESS+UPS).
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TABLE 1
SPECIFICATION OF THE PROPOSED HYBRID ESS
Parameter Value
Maximum input voltage

DC Tnput and current 500V/17 [Al]
(PV) MPPT voltage range  |150 450 [V]

Maximum input power | 3.2 [kW]
Voltage range 1287162 [V]

Battery Rated discharge current 20 [A]

Charging capacity 3 [kWh]

Maximum output power | 3 [kW]

Rated grid voltage 220 [V]

Maximum output current 16 [Al]

Rated frequency 60 [Hz]

Power factor >0.98

AC Output Current harmonic THD <5 [%]

Voltage harmonic THD <3 [%]

Islanding detection <05 [s]

Overload capabhility 110 [%]
Mode transfer time <1/4 Tcycle]

mode 1 rg:g;yz mode 3 rrég'(:'::WZ

k- — - = = — = e
H PV generation

Power[W]

1 Power
i consumption
:

Time[hour]

(a) Power profile

(b) modet: battery (c) mode2: battery
charging discharging
©

Hybrid ESS Hybrid ESS

(d) mode3: battery (e) mode4: emergency power

chargingtPV supp |

y(UPS)

Fig. 2. Operation mode of the proposed hybrid ESS

according to power profile.
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Fig. 3. Circuit of LLC converter for PV.
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Fig. 4. The characteristics of 3kW PV array according to
irradiance.
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