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ABSTRACT

Sandia has developed and used an optimizing computer simulation

code, SOLSTOR, to analyze grid-connected residential photovoltaic
systems. Resul  indicate that it is economically attractive to

have battery storage in the systems for certain conditions. Battery
requirements have been defined. A battery testing program end a
research and development program have been initiated. Some promising

new storage battery systems include Redox and Zinc-Bromine flow

systems.
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LiFe

Cvere |

CosT
RaTiO

New York Civy

OpTivum vs. PV-onwy Systems

3% ESCALATION

$91/kMn BATTERY
(20 Yr cosT)

« TOD = 1:1
A TOD = 3:1
o T0D = 6:1

50

SeLepack Ratio



CORCLUSTONS

BaTTERIES FEASIBLE AT A 20 YR Cost ©OF $130-£150/kk4 Axn
o Sziupack Is Less Tean 507

CR

? T0D Ratios Are GreAaTerR THan 3:1

Patreaies Can Save OiL Burnedp During Peaxk Hours

BATTERY UsAce ProriLes Vary CONSIDERABLY WITH Uritiiy RaTe

STRUCTURE
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DEEP DISCHARGE PHOTOVOLTAIC BATTF'RY REQUIREMENTS

SANDIA LABORATCORIES MARCH 1930

SYSTEM VOLTACE 160 TO 240 VOLTS; NOMINAL 200 VCOLTS

BATTERY VOLTAGE € TO 12 VOLTS

CARACITY ' 15 TO 50 k\Wh; NOMINAL 23 kWWh

RATE IN SERVICE ' 1 h RATE MAXILUM; € h RATE NOMINAL

pUTY CYCLE - DALY DISCHARGE TO CCZx CF RATED CAPACITY

LIFE 5 YEAR MINDMUL; 20 YEAR NOMINAL

ENERGY EFFICIENCY 0% MINIMUMA (ROUNDTIWP)

SELF DISCHARGE 1% PER WeZiK MAXIMUM

TC".:-‘ATJI\E RANGE 0 TO + SO C

WMAINTENANCE MINIMUNM RCUTINZ s",al.\'TE.' NCE CESIRE
AUTCMATIC MAINTENANCE oYoT"“S PETIRED

COST GCAL $100/k'h FOR 7C00 CYCLES NCMINAL

€50/kWh FCR 7C00 CYVLEQ GOAL

NOTES |
(1) MUST BE ACCEPTABLE FROM BU.LDING CODZ STANDPCINT
(2) MUST BE ABLE TO TOLERATE. WITHOUT DAMAGE, STANDING AT
ANY STAT" OF CHARSGE (0% TO 100%) FCR A. MINIMUM OF 7 DAYS
DURING ANY THREE H HT”‘! PERICD
(3) FOKCED FULL CHARZES CR DISCHARGES MUST NOT BE REQUIRED MORE
THAN ONGE A VIEEK

A — —
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SHALLOW DISCHARGE PHOTOVOLTAIC BATTERY REQUIREMENTS

SANDIA LABORATORIES'

SYSTEM VOLTAGE
BATTERY VOLTAGE
CAPACITY (B HOUR RATE)
RATE iN SERVICE
DUTY CYCLE - DALY
— ANNUAL (1)

E E
SELF DISCHARGE
T AT

- ——— B Lt '
;“r:\.‘;ﬁg ANGE
22 RTINS N\t = TSI

t'n/:'d.\’* i :.-\t'['~ \C:. r?—n:\la
' =~

CA .&’1\,

MARCH - 1280 -

12 TO 120 VOLT

& TO 12 VOLTS

25 TO 2500 Ah AT 25 DEG C

8 h MAXIMUM; 25C h NOMINAL

5% OF RATED CAPACITY

1007 TO 20% TO 100% SOC y
5 YEAR MINIMUM: 20 YEAR DESIRABLE
80% MINIMUM

1% PER MONTH MAXIMUM

—40 7O + 60 C

YEARLY MAXIMUM: NONE DESIRABLE

8 h MAXIMUM

5100/kin MAXIMUM; $50/kWh DESIRABLE

(1) MUST BE ABLE TO OPERATE AT LESS THAN 100% STATE OF CHARGE

FCR 1 YEZAR MINIMUM

(2) MUZT WITHSTAND OTHER EFFECTS OF TERRESTRIAL ENVIRONMENT, EG,
SALT SFRAY, ALTITUDE, AND HUMIDITY.

o ——

i v ,:;



COMPARISCN OF BATTERY 20-YEAR LIFE CYCLE COSTS

PHOTOVOLTAIC BATTERY REQUIREMENT $100/ xHn

STATE-OF-ART LEAD-ACID $270/ k¥iH




IIPROVEMENTS NEEDED FOR PHOTOVOLTAIC BATTERY

Lower Purckase Cosv
Incacasep Cycie LIFE °

Low MAINTENANCE



PV BATTERY RESEARCH AKD DEVELOPNMENT PROGRAN

ADVANCED LEAD-ACID

REDOX FLOW BATTERIES
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FLOL PATIERIES
SIAneRn PATTERY CELL
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Active ELCCTRODES
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InerT ELECTRODES
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102

Low COST MATERIALS.
NO DEPTH OF DISCHARGE LIMITATION,
Lone cycLE LIFE (NO SOLID DEPOSITION). °

INDEPENDENT SIZING OF POWER AND STORAGE CAPACITY.

——— -

ADVANTAGES OF PFDOX BATTERIES p
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ZINC-BROMINE CIRCULATING ELECTROLYTE BATTERY

ANCDE LOCP | CATHODE LOOP
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FAJOR ANVANTAGES OF ZINC-BROMINE BATTERIES

. VERY LOW COST AND READILY AVAILABLE MATERIALS.
» HIGH CELL VOLTAGE.,
. (ooD EFFICIENCY.

. Lon. cyvcLe LiFe (PERIODIC STRIPPING OF ZN),




Repox |

12 KMH (2 &il,) PROTOTYPE IN-HAND

50 «¥x (20 xwp) UNiTS BY 1883

Z1nE-BROMINE

3.5 i (3.5 KH,) PROTOTYPE IN-HAND
10 «ix (10 KW5) uNITs By 1981

20 Kifn (20 Kil,) uniTs BY 1982




