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Operation and management of batteries in photovoltalc 
power systems under development in Japan* 

Takanori Morishige 
Solar Energy Department, New Energy and Industrml Technology Development 
Organuatwn (NEDO), Tokyo (Japan) 

(FZecewed October 25, 1990) 

Abstract 

A review 1s given of the lead/acid battery types bemg used 111 photovoltzuc power- 
generatmg systems under development by NED0 m Japan These systems find a urlde 
vanety of apphcatlons m remote areas 

Introduction 

The efficient utrlrzatlon of various natural energy resources, such as solar 
energy, wrll reduce the consumption of fossil fuels and wrll moderate en- 
vu-onmental pollution problems caused by CO2 and NO, emrsslons Unfor- 
tunately, the photovoltalc (PV) generatlon of electrical power depends largely 
on weather condltrons, therefore providmg an unstable supply Consequently, 
rt 1s necessary to use storage battenes in PV systems 

Since 1980, as part of the Sunshme ProJect, NED0 has been developmg 
technology for PV power-generatron systems by enhancmg solar cell conversion 
efficiency and reducmg the BOS costs Efforts have been armed at achlevmg 
the earliest possible commerc&zation of PV power-generatlon systems 

At present, the cost of PV power generatlon 1s several times higher than 
that produced by utrlltles Nevertheless, the pnce of PV power is expected 
to be reduced to the level of diesel generation m the near future, 1 e , 
- 100 y kW h- ’ As a result, current research 1s concentratmg on the 
development of stand-alone PV systems for isolated islands and other remote 
areas. 

NED0 survey of storage batteries in PV systems 

A summary of the NED0 research and development proJects on storage 
battenes wrth capacities of 10-1800 kW h IS given 111 Tables l-3. The work 
has been conducted on a wade variety of batteries wrth drfferent constructron 

*Paper presented at the Workshop on the Development and Management of Battery 
Systems for Energy Storage, Bnsbane, Austraha, October 25-26, 1990 
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and operational techniques, performance charactenstics, and maintenance 
procedures. The optimum capacity, design specfications, construction and 
operatmg methods have still to be established for the batteries. 

A Iwo-year survey program was commenced in 1990 to evaluate the 
performance of batteries already 111 operation and to determine battery 
specifications for future designs of PV power-generatmg systems. 

Problems encountered with lead/acid batteries mclude: 
(1) plate sulphation; 
(u) corrosion of the positive grid; 
(m) damage to separators; 
(iv) breakage of containers, termmals, etc. 

These problems are closely connected with internal factors (i.e., type and 
design of the battery, charging conditions, electrolyte density, grid alloy 
cornpositron) and with external factors (i.e., number of cycles, depth-of- 
discharge, temperature, mamtenance procedure, handling techniques). Lab- 
oratory tests are being undertaken to gather data on the failme modes of 
batteries. 

Smce most PV systems use batteries connected together m strmgs, non- 
uniform electrical conditions may occur between the mdividual umts In 
extreme cases, it is possible that the batteries may become overcharged or 
over discharged. Therefore, the survey mcludes the collection of data on 
the voltage and current experienced by each battery m series/parallel con- 
figurations typmally used m PV systems 

To determme the relationship between utility duty and lead/acid battery 
failure, the followmg items are bemg exammed: 
0 PV system specifications 
l PV system operation results and mamtenance techniques 
0 storage battery spectications 
l storage battery performance 
0 methods for tear-down analysis of battery components 
l storage battery modes of failure 
0 research activities and findmgs in countries outside Japan 

Battery operation and management of a photovoltaic system 

In order to research and develop a PV system gnnng a stable supply 
of power, even during ramy and cloudy periods, the battery capacity was 
set to 1.8 MW h. The rated battery voltage was based on 500 V d.c. mverter 
mput, and consideration was given to a 680 V rismg charge method and 
the 380 V fallmg charge method. The latter was selected on the basis of 
safety, controllability (particularly over a urlde range of voltages) and economy. 
The specmcations of the battery were as follows. 
0 type’ tubular plate 
0 voltage: 380 V (190 X 2 V cells connected m series) 
0 capacity: 1800 kW h (C/10 rate) 
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l system configuratron 200 kW h X 9 strmgs m parallel 
l smgle-cell mmunum capacity 526 A h 
0 energy efficiency 75% (mmrmum) 
0 operatmg condrtrons ambient temperature 15-45 “C, depth-of-discharge. 

40-50% 
The effective capacity was set at about 1 MW h, takmg the battery capacity 
of 1.8 MW h mto account, and the charge/discharge rate at 200 kW/5 h 
The charge/drscharge method mvolved 
0 connectron operation fixed power control (mmunum power compensatron, 

fixed maxnnum power control) 
l independent operation fixed load voltage control 
l restoration charge fixed current control 
l equrhzatron chargmg fixed current control 

Concluding remarks 

Many types of storage battery may be used m PV systems, dependmg 
on the apphcatron There 1s strll a need, however, to nnprove the effectiveness 
of battery open&on In Japan, research and development on PV systems 
mcludes work on both lead/acid battenes and alternatrves such as redox- 
flow and nickel/hydrogen batteries 


