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30-year-old Japan's first private residential
photovoltaic system with reverse power flow
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Abstract

Solar power generation, which converts solar energy into electricity, began to be developed in earnest after the
oil crisis of 1973, and it has now become an important energy source that can solve the energy and global environmental
problems. The authors have been involved in the development and promotion of such solar power generation for 50
years, and in 1992 installed the first solar power generation system with reverse power flow for an individual residence
in Japan. This report describes the process of installing this system through many difficulties, and the results of long-
term performance for 30 years after its installation. The average annual degradation rate of power output during the
first 20 years of installation was 0.44%/year, which was good, but output clearly began to decline after 23 years, and

the average annual degradation rate from 23 to 30 years was 5.96%. The degradation of polycrystalline Si solar cells

https://doi.org/10.24632/jses.50.2_75

was mainly due to an increase in series resistance.
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Fig. 1 The world's first solar calculator (left) and solar
wristwatch (right) equipped with integrated
amorphous silicon solar cells.
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Fig.2 Construction progress and completed Japan's first private
residential PV system. (upper left: Panels are lifted by
hand, upper right: Working on the roof, lower left: Panel
installation, Outlook of the completed

system)
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Fig. 3 Opening ceremony for the Japan's first private residential
PV system (Kuwano PV Plant) held on July 31, 1992.
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Fig. 4 Diagram of the PV system using reverse power flow.
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Table 1 Various types of PV modules installed in the system.

©) ) ® @ ®
Location Balcony Balcony Roof (West) Roof (South-2) Roof (South-1)
. Poly-Si, . . .
Cell type a-Si hal%, cut Poly-Si Poly-Si Poly-Si
Model AMP-06S2 CSP-4533M CSP-4516M CSP-4516 CSP-4516M
Output [W/panel] 14.1 45.0 45.0 40.0 45.0
# of mOfiules 'connected 7 6 12 12 12
in series
Array outputs [W]* 98.7 270 540 480 540

*) The system output is the product of the array outputs and the DC-AC conversion efficiency of the power conditioner,
which is approximately 1.8 kW.

Table 2 Specifications of the power conditioner.

Fig. 5 Layout of the PV module installed in the system.

Fig. 6 Photo of the power conditioner.
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Model Rated power Isolation Rated input Input voltage range Rated output Efficiency
voltage voltage
SSI-L33-S 3.0kW Low-frequency DC200V | DC170~300V | AC202V  |90% or more
Transformer Isolation
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Fig. 7 Photo of the large device for grid interconnection
protection initially required to install.
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(1) The 20th Anniversary Ceremony

(2) The 25th Anniversary Plant Tour

Fig. 8 Ceremonies and plant tours held for the 20th and 25th
anniversaries.
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Fig. 9 Cumulative amount of solar power plant installed in
Japan over the past 10 years.
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Fig. 10 The Kuwano PV Plant after 30 years of operation.
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Fig. 11 Change in power generation for 30 years .
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Fig. 12 The structure of the PV modules in the system.
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Table 3 Comparison of module output retention after 30 years.

Min. Ave. Max.
AMP-06S2 (a-Si) 7 ¥ 74.7%| 80.3%| 87.7%
CSP-4516 (AR : ITO) 12 £ 39.4%| 51.3%| 653%
CSP-4516M (AR : SiN) 24 £ 1.5%]| 67.9%| 93.0%
CSP-4533M (AR : ITO) 6 £ 62.0%| 70.0%| 77.9%
3
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Fig. 14 1-V characteristics of one cell in a poly-Si module
(CSP-4516) after 30 years (solid line). The dashed line
is an initial value calculated from the specification (for

reference only).
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GENESIS ( Global Energy Network Equipped with Solar
Project

Fig. 15 GENESIS Project
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