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Highlights

B [ntegration of three dc-dc converts into a single unit

B 93.7% full-load efficiency at 150 W
B Demonstrated the efficacy of DPP capability
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€ Background
» Problems of standalone PV systems
» Differential Power Processing (DPP) capability
»  Multi-port converter -

€ Proposed Multi-Port Converter

> Derivation and features
> Control scheme

€ Experimental Verification
» DPP Capability under Partial Shading
Condition
»  Output characteristics

150-W Prototype
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Standalone Photovoltaic System
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Partial shading causes a significant reduction in power yield
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Partial Shading Issues
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Differential Power Processing (DPP) Converter
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Multi-Port Converter (MPC)

L Improve energy yield Complex system ]
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Integration of multiple converters into a single unit
Simplified system at lower cost

RIWKZF

Fbaraki University

May 29,2019 ICPE 2019-ECCE Asia Masatoshi Uno, ef al. 6/21



Proposed MPC
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Derivation of Proposed MPC
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Power Balance Among Three Ports
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ing Mode (1)

CC—CV Battery Charg

Operation
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Operation: Battery Discharging Mode

Ver
PS-SCC
. VoatV,
PV panel gengates no power L= batVout e )
* Battery supplies P, 2fswlps
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Equivalent Circuit of Buck-Boost Converter and PS-SCC
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Control Scheme : Output Ports

T — |
ALY { D . E'lrﬂr.ll' .
i;,_._H_Fm y
—— ; V.. 1s regulated by d ]
IR R T 2|r
T o

B f CozT 4
| Buck-Boost | .
| | Converter : 4

g
\L P, . is regulated by ¢ ]

Load Voltage Battery Power
2+d d
VOUt = 3(1 _ d) VPV o 1 — d Vbat Pbat — (dIL.PWM — Ii.PS)Vbat
P31y May 29,2019 ICPE 2019-ECCE Asia Masatoshi Uno, ef al. 14/21

fbaraki University



Feature of Switched Capacitor Converter (SCC)
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Experimental Results
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Experimental Verification
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150-W Prototype
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93.7% full-load efficiency at 150 W (load 100 W, battery 50 W)

R s May 29,2019 ICPE 2019-ECCE Asia Masatoshi Uno, ef al.

Fbaraki University

17/21



Output Ports Characteristics

V .. was regulated by d, and P, varied with ¢, but was
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Output ports could be regulated by d and ¢
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DPP Capability under Partial Shading Condition
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Battery Discharging Mode Characteristics
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Conclusions

* Proposed Multi-Port Converter

» Integration of three DC/DC converts into a single unit
» Analysis of load port characteristics

 Experimental Verification

» Both battery and load ports could be regulated by
PWM plus Phase-Shift control

» Demonstrated the validity of the DPP capability by
the improvement of extractable maximum power
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