


Preface 

olar electric systems are no longer exotic or experimentaJ to those who 
work with them. Many people, however, have basic questions about 
how solar electric systems, also called photovoltuics or W, can meet 

To answer these questions, this brochure describes a few of the many 

S 
their energy needs. 

ways W is working today. From the simplest systems used to power pumps and 
fans to the complex systems used by utilities to expand generation capacity. we 
describe actual projects, explain how they work, and discuss why their 
operators chose PV to supply electricity 
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Electricity from the Sun 
Almost like magic, sohr cells convert sunlight directly into 
electricity-mr most versatileform @energy. 

oday solar-generated electricity serves people living in the most isolated 
spots on earth and in the center of ow biggest cities. First used in the 
space program, W systems are now generating electricity to pump 

water, light up the night, activate switches, charge batteries, supply the electric 
utility grid, and more. Whether you are a homeowner, planner, 
e t e c t ,  or just someone who pays electric utility bas, photo 
voltaics may already touch your life in some way. 

A High-Tech Industry 

I )  

Solar electric systems are simple to operate and have no 
moving parts; however, PV cells employ sophisticated semicon- 
ductor devices, many of which are similar to those developed in 
the integrated circuit industry over the last 35 years. PV cells 
operate on the physical prinaple that electric current will flow 
between two semiconductors with different electrical properties 
when they are put in contact with each other and exposed to 
light. A collection of these PV cells constitutes a PV panel, or 
module. 

PV modules, because of their electrical pmperties, produce 
direct rather than alternating current (ac). Direct current (dc) is 
electric current that flows in a single direction. Many simple 
devices, such as those that run on batteries, use d m t  current. 
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Alternating current, in contrast, is electric current that reverses 
its d d o n  at regular intervals. This is the type of electricity 
provided by utilities and requkd to run most modem appliances 
and electronic devices. 

In the simplest systems, dc current produced by PV mod- 
ules is used directly. In applications where ac current is necessary, 
an inverter can be added to the system to convert the dc current 
to ac m t .  

A PVsystem (top) instalkd for the U.S. Navypowers an air combat training 
plaffom off me m s t  of Florida. The Navy foundphotovoHaiCs to be the 
most costeffecfve energy souroe for this activity (Photo: lntegrated Power 

This pay phone bailer (bottom). &signed for Cellular, lnc., uses cellular phones 
powered by a PVsysfem. The portable phone system needs no power hwkups 
or telephone h e s  and can operate neady anywhere. (Photo: P h o t m m ,  lnc.) 

CO~rat ion)  
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PV research and development, supported by the U.S. aepar!ment of 
Energy (DOE), private industry, and universities, has improved the performance 
and substantially reduced the cost of PV. Researchers continue to experiment 
with various combinations of materials to increase the amount of electricity gen- 
erated and reduce the cost of manufacturing. 

The US. industrial partners in this W research and development have i 
I ' built a domestic energy industry with sales totaling about $135 million in 1992. 

(U.S. companies account for about 37% of the worldwide market for PV) About 
two-thirds of this production is exported. Both domestic and international 
market analysts, meanwhile, predict substantial growth for U.S.-manufactured 
W products in the future. 

nearly every sareum cuumg me earn mause ir operares reuamy ror long 
periods of time with virtually no maintenance. 

Low Operating Costs. PV cells use the energy from sunlight to produce 
electricity-the fuel is k. With no moving parts, the cells require little 
upkeep. These low-maintenance, cost-effective PV systems are ideal for 
supplying power to communication stations on mountain tops, naviga- 
tional buoys at sea, or homes far from utility power lines. 

Non-polluting. Because they burn no fuel and have no moving parts, PV 
systems are dean and silent. This is especially important where the main 
alternatives for obtaining power and light are from diesel generators and 
kerosene lanterns. 

Modular. APV system can be constructed to any size. Furthermore, the 
owner of a PV system can enlarge or move it if his or her energy needs 
change. For instance, homeowners can add modules every few years as 
their energy usage and financial msources grow. Ranchers can use mobile 
trailer-mounted pumping systems to water cattle as they are rotated 
between fields. 

Low Construction Costs. W systems are usually placed close to where 
the electricity is used, meaning much shorter wire runs than if power is 
brought in from the utility grid. In addition, using W eliminates the need 
for a step-down transformer from the utility h e .  Fewer wires mean lower 
costs, shorter construction time, and reduced permitting paperwork, 
particularly in urban areas. 
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Simole PV Svstems 
The same sunny days that d y out plants, make animals thirsty, and 
heat up buildings and cars are also good daysfor generating electricity 
with photovoltaics. This electricity can be used to power water pumps 
for irrigation and drinking wells, and ventilation fansfor air cooling. 

he sunlight that creates the need for water and ventilation can be 
harnessed using the most basic PV systems to meet those same needs. 
Photovoltaic modules produce the most electricity on clear, sunny days. 

Simple PV systems use the dc electricity as soon as it is 
generated to run water pumps or fans. 

These basic PV systems have several advantages 
for the spedal jobs they do. The energy is produced 
where and when it is needed, so complex wiring, storage, 
and control systems are unnecessary. Small systems, 
under 500 watts (W), weigh less than 68 kilograms (kg) 
(150 pounds [lb]), making them easy to transport and 
install. Most installations take only a few hours. And, 
although pumps and fans require regular maintenance, 
the PV modules y u i r e  only an occasional inspection 
and cleaning. 

4 

PV cells built into automobile sun mfs (top) 
power ventilation fans when the car is 
patkedand help keep the banerycharged. 
This young gid In Cardem, Bmil (bfhm), 
can fill her jug from the school water tank 
thanks to a PV-powered pumping system 
installed in t992. Additional P V  systems with 
baneries power lights, a refngeratw, and a 
television for the school. (Photo: Rqer 
Taylor, National Renewable Energy 
Laboratory) 
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Water for cattle 

OliverRomeychosePVpcnwrtopumpumterto his 
droughtstricken ranch in South Dakota. 

n the “gumbo” soil country of South Dakota there I. is not much water underground, so when rancher 
Oliver Romey’s stock dams went dry in 1990 he 
had a hard time finding a new source of water. 
When he found water on his land, the well was 
2.4 kilometers (km) (1.5 miles [mi]) from the power 
line. Extending the line to power his pump would 
have cost $18,000. So, like many people in the area, 
Romey hauled water to his cattle in tank trucks each 
day After two seasons of hauling water, he read 
about solar-powered pumping provided by the 
Northwest Rural Public Power District. 

I 

The Northwest Rural Public Power District, 
along with many utilities around the country, offers customers the choice of 
running new power lines or installing a PV system. PV water pumping is 
particularly popular in rural areas because, although the electricity is used as 
it is generated, the water can be stored in tanks and reservoirs. (Storing water 
is much cheaper than storing electricity.) 

Romey chose W, and the utility instaled 20 PV modules designed to 
work with the dc pump and pipeline size Romey required. He now pays the 
utility a monthly fee, which covers the system’s installation, insurance, mainte- 
nance, and a return on the utility‘s investment. 

The PV system pumps water through his 9 km (5.6 mi) of pipeline to four 
stock tanks that supply over 150 head of cattle. And with the new pipeline, he 
can graze cattle on two fields that he could not use before. 

”For the first time in years, I don‘t have to worry about getting water to 
my cattle,” Romey says. ’’I think this solar system is just as amazing as when 
the REA (Rural Electrification Administration) fist brought electricity out to 
the ranch.” 

Water for trees 

The City ofLittletm, in Colorado, chose PV to irrigate 1400 newly 
planted trees along the South PIatte R w .  

I parkland along the South Platte River near Denver, Colorado. Naming the 
pmject “l0,ooO Trees,” the city planted 1400 native trees in former gravel mining 
areas along the river. But the city needed to water these s a p l i n m  out along 
a 2.7-km (1.7-mi) stretch of bike path-for several years to get them established. 
And the setting in this wildlife refuge had to stay as natural as possible. 

n 1992, Littleton launched an ambitious project to turn wasteland into 

Before choosing W, the city c o n s i d d  three energy options for pumping 
water. It decided against a diesel or gasoline generator because they are too 
noisy and demand too much attention from park department personnel. It 
decided against expanding the utility p w e r  line because the city did not want 

Twenty PV modules generate 1600 waffs of 
dc electrkity to power a centrifugal pump at 
this South Dakota ranch. The system pumps 
114 liters a minute from a well 13 meters deep 
andsends it 9 kilometers through a pipeline to 
otherpastures. lf water needs increase, more 
modules can be added. (Phofo: Rural Electric 
Nebraskan) 
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Thrs irngarion sysrem, msra1led in apnl i%72, pumps r 14 Inrefs of 
warer per rnnnufe dunng daylrqhr houfs-no storage IS n d e d  The 
25W warts of PV-generated oc elcfnnly powers two pumps. hvo am- 
tmi~efs, and43 solenoid valvcs that conrroi walcr flow ro 1400 nahve 
rreos. (Phoro Warren Grerz. Narronal Renewble Energy Laborarory) 

the expense or visual impact of power limes running over 
the park, and it only needed the power for a couple of years 
until the trees were established. 

At the suggestion of the local utility, Public Service 
Company of Colorado, the city chose a PV-powered imga- 
tion system. The system is quiet, requires no overhead wires, 
and can be moved to a new project once the trees are estab- 
lished. Although the PV system cost was greater than the 
cost of running wires to the utility line, its environmental 
advantages and portability made it more attractive to the 
city, 

The W system provides electricity during daylight 
hours to pump water from a small pond to water the trees. 
There is no need to store electricity or water, so the system is 
very simpl- dc motor and pump float on the pond. The 
five PV arrays are mounted on trackers that follow the sun 
during the day to increase electrical output. 

“The townspeople are very pleased with how the 
solar panels look,” says Littleton Mayor Susan Thomton. 
“The PV modules quietly do their job with no muss, no hss, 
and no bother.” In fact, the city is so pleased it has installed 
several smaller PV-powered park imgation systems in other 
parts of Littleton. 

Applications of PV Systems Without Electrical Storage 
Hanew CommerdaV Publlc TfampmtaM Euikjlng: V t i h :  C o m m u n b M  Rural 
F a n g  Industrial S e w  rathighway, OW. el&, radio.N, Communilias: 
Ranches palks,rest bus,marine, schools, gas,water telephone. dome# 

rcams,bus air apts ham radio intemaSonal 
shenen 

Pump water to 0 0 0 

reselvoir 
Pump water hwn 0 0 

nooded fields 

I: 

6 Tapping Into the Sun 



PV with Batteries 
In the most remote and hostile envimnments, PV-generated electrical 
energy stored in batteries can power a wide variety of equipment. 

toring electrical energy makes PV systems a reliable source of electric 
power day and night, rain or shine. PV systems with battery storage are S being used all over the world to power lights, setlsors, recording equip- 

ment, switches, appliances, telephones, televisions, and even power tools. 

PV systems with batteries can be designed to power dc or ac equipment. 
People who want to run conventional ac equipment add a power conditioning 
device called an invertm between the batteries and the load. Although a small 
amount of energy is lost in converting dc to ac, an  inverter makes PV-generated 
electricity behave l i e  utility power to operate everyday ac appliances, lights, 
and even computers. 

PV systems with batteries operate by connecting the PV modules to a bat- 
tery, and the battery, in turn, to the load. During daylight hours, the PV modules 
charge the battery. The battery supplies power to the load whenever needed. 
A simple electrical device called a charge controller keeps the batteries charged 
properly and helps prolong their life by protecting them 
from overcharging or from being completely drained. 

Batteries make PV systems useful in more situ- 
ations, but also require some maintenance. The batteries 
used in PV systems aw often similar to car batteries, but 
are built somewhat differently to allow more of their 
stored energy to be used each day (They are said to be 
"deep cycling," like the batteries used on golf carts.) 
Batteries designed for PV projects pose the same risks and 
demand the same caution in handling and storage as auto- 
motive batteries. The fluid in unsealed batteries should be 
checked periodically, and batteries should be protected 
from extremely cold weather. 

. ._ . A , * .  A solar generating system with batteries supplies 
electricity when it is needed. How much electricity can be 
used after sunset or on cloudy days is determined by the 
output of the FV modules and the nature of the battery 
bank. Including more modules and batteries increases sys- 

is carefuuy studied to deterrflhe 
opthum system s k .  A welldesigned system balances 
cost and convenience to meet the user's needs, and can be 

The Coast Guard has converted over 10,wO navigational aids (top) to be 
powered by photovoltaics since 1984. They have saved millions of dollars 
a year in maintenance, battefy replacement. and battew diswsal costs. 

so energy 

Northem powersYstems) 

expanded if those needs change These uiillty high-voltap lines (Lwitorn) on IOC-metertowers mass the 
Houston Ship Channel in Texas. Houston PowerandLight chose PVto  
power the aircraft warning beams becBuse it is less expensive than 
tapPng into the power lines. (Photo: Northern Power Systems) 
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Electricity for a modern home 

When the Chases mDued to their PV-powered home 
m the wilds ifsouthwest F l o r h ,  they were able to 
bring along all oftheir electrial appliances. 

w $15,000 to extend a utility line to their new home on the 
Peace River in southwest Florida, they decided instead to use a 
stand-alone PV system to power their appliances and lights. 
George, whose weekend cabin on the same site had been powered 
by a stand-alone PV system and battery, designed the house from 
scratch with the cooperation of the local building inspector. 

hen Joyce and George Chase discovered it would cost 

Today a visitor to this modem 185-m2 (2ooO-ft2) home 
would never guess there is no utility power. All fixtures, outlets, 
and electrical appliances are standard. Although most of the 
Chases’ appliances operate on dc, an inverter converts some of 
their dc power stored in batteries to ac for those that require ac 
power. George put the battery and control rooms in a central spot 
that shortened the length of wire needed, keeping costs down and 
increasing efficiency. Based on advice from the inspector, George 
installed larger-gauge wire for the dc circuits. Today the Chases 

have all the conveniences of the city, from a hair 
dryer and a microwave oven, to a clothes washer, 

~ I TYandceilingfans. 

The PV system has operated without a prob- 
lem since 1988, and is maintained with little effort. 
George says that he could easily forget to check on 
the system because there are no moving parts to 
squeak, grind, or use hel. But every month he 
checks the water level and chemistry of the batter- 
ies. Twice a year he changes the tilt angle on the 
roof-mounted PV modules-a nearly flat angle for 
summer when the sun is high, and a steeper angle 
for winter when the sun is lower in the sky If p w  
longed cloudy weather blocks the sun, George runs 
a battery charger he rigged up to his tractor for a 
few hours and keeps the battery bank charged. 

mis home in Florida n mmp eieypow- 
ered since 7988 by mf-mwnted PV modules 
raiedat 658 wans. The system charges eight bat- 
teries, supplies dc loads, and uses a ZWO-watl 
inveiier to supply ac loads-induding cioihes 
washer, microwave, and TV The house is built 
3 meters above the ground to wimsiand f / d i n g  of 
the Peace River (Photos: Gwrge Chase) 
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Joyce says she lies the simplicity of the system. 
"The photovoltaic modules produce more than 
enough power for our needs, without gauges and 
switches all over the place. Our home is proof that you 
can use solar energy and not sacrifice modern conven- 
ience or beauty." 

Electricity for railroad signals 

The Chessie System Railway chose PVas a power 
sourcefir a remote signal in West Kpnia because 
ofits reliability. 

ignals that control the operation of trains are CN- S cia1 to the safe and efficient use of railroad tracks, 
and the power SoUIce for these signals must be com- 
pletely reliable. Where utility power is available, sig- 
nals have a b a d  of rechargeable batteries to draw 
from, in case the utility line goes down. Where it 
would be too costly to bring in a power line, primary batteries need to be 
replaced every 6 to 18 months, depending on railway traffic. By the mid-l98Os, 
the cost to dispose of the used primary batteries was becoming greater than their 
original purchase price, so railroads were looking for another way to power 
signals far from utility lines. 

This railway signal in West Vfrginfa, one of 
over 1wO PVpOwered signals in the United 
Sates, has been operating sfnce 1985 and 
uses a 7mWaft PV a m y  to keep a battery 
bankchaged 

In 1985, the Chessie System Railway (now CSX Transportation) needed 
a power source for a large new signal in a remote part of West Virginia. Because 
the power line was too far away, and the relatively large power load imposed 
by the signal would be difficult to serve with primary batteries, the train control 
department at Chessie decided on a PV system and rechargeable batteries. 
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Applications of W Systems With Batteries' 
Buildings: 
OffiCeS. 
SChwlS, 
apb 

vlililias: Communkation: Rural ComrnerciaU PuMi Transportation 
lrdushial S e w  rail. highway, 

pa%, rest bus, marine, 
rooms. bus air 
shenen 

el&, mdio,Tv, 
gas, water tekphone. 

ham radii 

CommunWs: 
d o m w  
international 

lndoorcfouldoor 8 8 8 
lighting 
.. . . - Warning signs, 0 

lights, sirens 
. 9 9 . 

Monitoring: water, air, temp. 8 8 8 
Now, seismic, motion 
. . . . . . . - Venole Danery 9 

charging 

camodi~protection 
against m i o n  
Switches: elect&, vaives. 9 

gate openen 

Remote power: rado, 0 

telephone, telemetry 
Oil and fuel pumping 8 

RehigeratiOn 0 

9 9 . 8 

8 8 8 8 8 

9 9 8 0 

8 8 8 
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* All fhe a w e s  listed on twe 6 can alw be ~etioimed bv W svstems wm batter& 
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Raiiway engineers sized the PV m a y  and battery bank for a “worst case” 
weather scenario-20 days without sunlight. To aid in the system siziig, a com- 
puter program simulated the site conditions, including weather, sunlight, and 
signal usage. The engineers also incorporated especially rugged components to 
discourage vandals. The PV mays are supported on sturdy aluminum frames 
designed to mount on the standard wooden poles and crossbeams used by the 
railroad. The modules have protective back plates and enclosed wiring connec- 
tions. In addition, the batteries are housed in a concrete bunker, which protects 
them from vandalism and from weather. 

The PV-powered signal has operated reliably since 1985. Raiiway person- 
nel check out the PV installation twice a year, and, according to the installer, the 
rechargeable batteries are expected to last 10 years or longer. 

Tne railroad has now installed mom than 75 PV systems, and CSX Trans- 
portation routinely considers PV along with other power options for new sig- 
nals. Furthermore, the company rrgularly upgrades old primary batteries with 
PV-powed, rechargeable systems to save money. 
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PV with Generators 
Working together, PV and other electric generators can meet more 
varied demands for electricity, conveniently and for a lower cost 
than either can meet alone. 

hen power must always be available or when larger amounts of elec- 
tricity than a PV system alone can supply are occasionally needed, an 
electric generator can work effectively with a PV system to supply 

the load. During the daytime, the PV modules quietly supply daytime energy 
needs and charge batteries. If the batteries run low. the 
engine-generator runs at full power-its most c( 
efficient mode of operation-until they are chaq 
some systems the generator makes up the diffen 
electrical demand exceeds the combined output 
modules and the batteries. 

Systems using several types of electrical 
combine the advantages of each. Engine-general 
duce electricity any time. Thus, they provide an 
backup for the PV moduleswhich produce po 
during daylight hours-when power is needed I 
on cloudy days. On the other hand, PV operates 
inexpensively, and does not pollute. Using PV ill 
ators together can also reduce the initial cost of t 
If no other form of generation is available, the P’ 
the battery storage must be large enough to sup] 
time electrical needs. However, having an engin 
as “backup” means fewer PV modules and 
batteries are necessary to supply power 
whenever it is needed. 

Including generators makes design- 
ing PV systems more complex, but they are 
still easy to operate. In fact, modem elec- 
tronic controllers allow such systems to oper- 
ate automatically. Controllers can be set to 
automatically switch generators or to supply 
ac or dc loads or some of each. In addition 
to engine generators, electricity from wind 
generators, small hydro plants, and any 
other source of electrical energy can be 
added to make a larger hybrid power 
system. A portable PWpropane hybrid system (center) provides elmtricity for the California State 

University Desert Research Center (top) in southern California. me facilicV. which is far from 
utility power lines, includes a commercial kitchen, machine shop, classrooms, laborato~ 
and domitones that sleep 75 people. (Photos: Northern Power Systems) 
This modem home in San Rafael, California (bottom), operates independently of the uri,iry 
system. (Photo: Solar Depot) 
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At Sand Pass in Nevada, 72 PV modules 
(each 60 watts) (bottom), hyo propane- 
pweredgenerators. anda large battery 
bank (top) operate together to improve 
the economics and reliabili,y of a remote 
telephone signai booster station. (Photo: 
Northem Power Systems) 
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Electricity for a telephone signal booster 

At a remote signal station in the mountains ofnorthem Nevada, 
Sprint Communications decided to reduce the runtime on its 
pmpzne-powmd electricgenerators by adding PV modules. 

en Sprint Communications built its east-west fiber-optic cable line in the 

signal. These regenerator stations use electricity 24 hours a day 7 days a week to 
power the transmission equipment and to control shelter temperatures. Utility 
power serves most of the stations, which have 2 hours of backup battery capac- 
ity should the power l i e  go down. 

w late 1980s, it needed a regenerator station every 35 km (22 mi) to boost the 

But at Sand Pass, Nevada, 2 hours north of Reno, bringing in utility 
power was prohibitively expensive. When Sprint built a regenerator station 
there in 1986, it installed two propane-powered electric generators, or “gen- 
sets.” To maintain the gen-sets a mechanic drove out to the pass every month, 
and to provide fuel, a teamster hauled a heavy propane tank over rough dirt 
roads to the site every 3 months. 

Concerned with reducing these maintenance expenses, Rich Coakley 
a network engineer at Sprint Communications, read an article describing PV- 
powered telecommunications sites in Peru. Like Sand Pass, these sites operated 
unattended and the PV systems kept the battery banks charged in a hostile envi- 
ronment. Coakley set out to have a PV system installed at the Sand Pass station. 

Installation took less than a day. The equipment amved, preassembled 
and securely packed, in a refurbished metal shipping container-the kind used 
to hold goods traveling on container ships and flatbed trucks. The container 

now serves as the support structure and 
equipment shelter at the site. 

The PV array and propane gen-sets 
at Sand Pass complement each other. The 
PV array charges batteries that power the dc 
transmission equipment. The gen-sets run to 
power the ac motor in the air-conditioning 
unit only when the shelter thermostat calls 
for air conditioning. As added backup, the 
gen-sets can charge the batteries if necessary 
Relieving the gen-sets of their everyday 
batteryqharging duties has also reduced run- 
time. Thus, the PV system has significantly 
lowered fuel and maintenance costs for the 
station. 



Electricity for a village 
power system 

For 25 years the village ofxcalak, in M&, had 
struggled to keep dieselgenerators running. Then the 
village decided to prom& itselfwith a more reliable 
source ofelectric power by connecting PV modules 
to thegenerating system. 

he people of Xcalak, a remote village on the T east coast of the Yucatan peninsula, wanted to 
replace their diesel generators because it was expen- 
sive to ship fuel to the village and because the gener- 
ators kept breaking down. Located 110 !an (68 mi) 

existing diesel system to make a large hybrid electri- 
cal generating system. 

In the illage ofXcalak, Mexico, PVis part ofthe 
largest hybridgeneration system In the Americas. 
The system includes six wInd tuhines, 234 PV 
modules, 36 batteries, a 40-kW Inveoer to con- 
vertpowertoac, a dieselgenerator; anda 
sophisticated control system. As electrical energy 
needs increase, the system can be expanded. 
Photo: Bergey Windpower. lnc.) 

For Xcalak, the hybrid system offered many advantages. Construction 
costs would be a fraction of those required for a line extension, and fuel and 
maintenance expenses for the hybrid system would be lower than for running 
the diesels alone. The system itself would have greater generating capacity, thus 
providing more homes and businesses with electric power. And the hybrid sys- 
tem would be more reliable than diesel generators operating alone because it 
includes multiple backup generation and a larger battery bank. The villagers 
would get what they had been demanding for 25 years-reliable electricity 
24 hours a day 

Applications of W Systems With Additional Generatom* 
Homes/ CommerdaV PuMk Transpatabon: Buildings: u t i l i i  CommunhIkn R u d  
Farms/ Industrial S e w  mil. highway, Mces, el&, radio. N, Communles: 
Ranches parks, rest bus, marine, Schwls. gas water telephone. domew 

mms.  bus air apb ham radio international 
shelters 

......... ........... .... .. ." . . . .  " . . .  
0.'" *' 

yx, 

m R S ,  research siations 

Backup for essential 0 0 
services medical, computer, 
refrigeration 

. . . . . . .  . . . . . . . . . . . . . .  ............. . . . . . . . . . . .  . ,,.I_ . . " . . . . . . . . . . . . . . . . . . . . .  . .  
Remoteoper&ns:slgnal 0 

boosten, relay Stahons 
Air conditioning 0 

Pumping 0 

Lighting 
Charging balteh 

Refrigeration 0 

* All me a m  listed on pages 6 and 9 can also be performed by PV systems with additional generamls. 
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The generation system was installed in 1992 with the support of the 
national government of Mexico, the local utility, and the village of Xcalak. The 
state of Quiitana Roo and the national government of Mexico paid for the initial 
cost of the project. The utility updated and expanded the village wiring system 
to accommodate increased generating capaaty. The village pays for system 
operation and maintenance. 

Xcalak's hybrid electric system uses PV, wind turbines, and diesel to gen- 
erate power. Batteries store electric energy prcduced by the PV and wind tur- 
bines for use 24 hours a day. An inverter converts the dc from the batteries to the 
ac provided to village residents. The PV arrays generate electricity during the 
day, and the wind turbines charge batteries whenever the wind blows. (The 
winds are usually best at night.) If the batteries become drained after a series of 
cloudy, windless days, or if the demand for electricity increases, the village can 
chmse to run the diesel generator. 

In remote villages the world over, providing reliable electric power can 
improve the economy and the quality of life for village residents. For Xcalak, 
adding renewable energy generators to their diesel system lowered operating 
costs and inaeased the reliability of electric service. When the hybrid system 
went on-line in 1992, it powered 80 homes, four restaurants, and one 20-room 
hotel. The village tourist industry centers around the hotel and restaurants, 
and its fishing industry benefits from reliable refrigeration-all without being 
connected to the central utility grid. 
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Grid-Connected PV 
Where utility power is available, a @-connected PV system can 
supply some of the energy needed and use the utility in place ofbatteries. 

ome homeowners, considered pioneers in the energy field, are using PV 
systems connected to the utility grid. They are doing so because they l i e  S that the system reduces the amount of electricity they purchase from 

the utility each month. They also like the fact that W comumes no fuel and 
generates no pollution. 

The owner of a grid-connected W system buys and sells electricity 
each month. Electriaty generated by the PV system is either used on site or 
fed through a meter into the utility ~ d .  When a home or business quires - . -  
more electricity than the PV array is generating, for 
example, in the evening, the need is automatically 
met by power from the utility grid. When the home 
or business requires less electricity than the PV array 
is generating, the excess is fed (or ”sold”) back to 
the utility. Used this way, the utility “backs up” the 
PV like batteries do in stand-alone systems. At the 
end of the month a credit for electricity sold gets 
deducted from charges for electricity pufchased. 

Utilities are Rquired to buy power from own- 
ers of FV systems (and other independent prcducers 
of electricity) under the Public Utilities Regulatory 
Policy Act of 1978 (FURPA). An approved, utility- 
grade inverter converts the dc power from PV mod- 
ules into ac power that exactly matches the voltage 
and frequency of the electricity flowing in the utility 
l ie ,  and also meets the utility’s safety and power 
quality requirements. Safety switches in the inverter 
automatically &OM& the PV system from the 
line if utility power fails. This safety disconnect pro- 
tects utility repair personnel from being shocked by 
electricity flowing from the PV array into what they 
would expect to be a “dead” utility line. 

In addition to cooperating under P W A ,  
utilities are establishing rate structures that may 
make PV grid-connected systems more economical. 
(At today’s prices, when the cost of instaling a util- 
ity-connected PV system is divided by the amount 
of electricity it will produce over 30 years, PV- 
generated electricity is h o s t  always more expen- 
sive than power supplied by the utility) For 

NantllGket Elementary 
school (top) uses this grk% 
mnected PV system to 
supplement the power it 
uses from the local utility 
(Photo: Jack Weinbeg for 
Ascension Technolcgyj 

This electric vehide 
recharging station in 
south Florida (bottom) 
is powered by a grid- 
wnnected PVarray 
mounted on the roof. 
When no vehicles need 
rechaging, power from 
the modules is transfed 
to the utilily line. (Photo: 
University of Swth 
Florida) 
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pricing structure are now nearly equal to the cost of energy from PV The better 
the match between the electrical output of the PV modules and the time of high- 
est prices, the mow effective the system will be in reducing utility bills. 

Electricity for an energyeff icient home 

A retired couple in Massachusetts, c o n m d  about the 
environment and rising energy costs, chose utilityumnected PV 
to power their energyejimnt home. 

whred couple in southeastern Massachusetts commissioned the design A '  of a PV-powered, all-solar home because they were concerned about the 

~~ 

backup energy they buy in wintec (Photo: Solar 
Design Amiates)  The homeowners have what is called a 

"net-metering" arrangement with their elechic 
utility. The home has a standard electric meter 
that spins forward when the house is drawing 
elechicity from the utility and backward when 
the PV system is feedmg excess electricity into the 
grid. At the end of the month, they pay for any 
net forward movement of the meter, or get a 
credit if therr was net backward motion. 

Ever since the system was installed in 
1980, the owners have found that the home is 
nearly energy self-sufficient over the calendar 
year. During the summer months, the PV system 
generates more electricity than the house uses. 
The surplus power spins their electric meter back- 
ward as PV-generated electricity passes out into 
the grid. In the winter, the house uses more elec- 
tricity than the W system produces, so some 
power flows in from the utility grid. 
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The homeowners arr modest in their electricity use, yet they operate a 
refrigerator/kzer, electric clothes dryer, and electric oven, along with lighting, 
power tools, m, stereo, and various small appliances. The integration of photo- 
voltaics with energy-conscious design allows them to live lightly on the earth in 
a comfortable home. 

Electricity for demand-side management 

In Albany, New Ymk, Niagara Mohawk Power Corporation is 
exploring how a grui-cmnected PV system can help even out 
a building's electrical demand. 

lectric utilities must have the capability to supply power to all their E customers. During certain timessuch as hot afternoons when many 
air conditioners are running-demand is particularly high. These "peak 
demand spikes are costly to Serve because the utility must fire up "peaking" 
power plants to supply demand for just a few hours a 
day. Peaking power plants are usually the most expen- 
sive for a utility to operate. In addition, the utility's 
elechic distribution system has to be sized to handle 
these high, short-term loads. 

Utilities have tried various ways to smooth out 
electrical demand, including demand-side manage 

peak demand times, and charging higher rates 
(demand charges) to thw who have all their appli- 
ances turned on at once. 

Installiig grid-connected photovoltaic arrays on 
rooftops may become a good utility DSM tool. The PV- 
generated electricity is used directly to help supply a 
building's peak demand, which often nearly coinades 
with times when the sun is shining the brightest. For 
example, most summer-peaking utilities experience 
the highest demand on their systems because of air conditioning loads on hot, The PV system on this office building helps sup- 

oh, buildinass new's duMna the 
. I  

sunny days. These are the same days the output of PV systems is also high. iiys peak demand times. Utilities are shying the 
value of this aonroach for evenina out demand 
over ihe day ;,hot0 Northern PGwer Systems) To evaluate PV for DSM, Niagara Mohawk Power Corporation and the 

Empire State Electric Energy Research Corporation installed a PV system in 
1990 on an energefficient office building in Albany New York. The array is an 
experimental system and is considerably smaller than the one that would be 
needed to completely offset this building's peak demand. Nevertheless, the sys- 
tem's output, although a small part of the building's total demand, corresponds 
to the time when the peaks in demand occur. 

The Albany system is thus demonstrating Pv's potential to help utilities 
reduce peak demand. It has been operating as designed, with no major pmb- 
lems. Because afternoon clouds were reducing the PV system's effect on peak 
demand somewhat, the Niagara Mohawk project team added batteries to the 
system. The batteries store electricity to help reduce peak demand on cloudy 
afternoons. The continued study of this system will shed further light on the 
benefits of PV for DSM for utilities and their customers. 
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Utility-Scale PV 
Utilities are exploring PV to expand generation capacity and 
meet increasing environmental and safety concerns. 

Sacramento Municipal Utilify District’s 2-megawaff plant (top) 
prcdums enough power to serve 660 Sacramentoarea homes. 
The 16w modules are spread across an 8094+ field in this 
very sunny region of California. (Photo: Warren Gretz, National 
Renewable Energy Laboratory) 

Gnb%onnecfed PVpowerplants, such as fhis one near A d n ,  
Texas (boltom), will eventualybe an importantpart of oor 
electrical generating capaciv 

arge-scale photovoltaic power plants, consisting of many PV 
arrays installed together, can prove useful to utilities. Utili- h ties can build PV plants much more quickly than they can 

build conventional power plants because the arrays themselves are 
easy to install and connect together electrically Utilities can locate 
W plants where they are most needed in the grid because siting 
PV arrays is much easier than siting a conventional power plant. 
And unlike conventional power plants, PV plants can be expanded 
inmental ly  as demand increases. Finally, PV power plants con- 
sume no fuel and produce no air or water pollution while they 
silently generate electricity. 

Unfortunately, PV generation plants have several charac- 
teristics that have slowed their use by utilities. Under current util- 
ity accounting, PV-generated electricity still costs considerably 
more than electricity generated by conventional plants, while regu- 
latory agencies require most utilities to supply electricity for the 
lowest cash cost. Furthermore, photovoltaic systems produce 
power only during daylight hours and their output vanes with 
the weather. Utility planners must therefore treat a PV power plant 
differently than a conventional plant in order to integrate PV gen- 
eration into the rest of the utility’s generation, transmission, and 
distribution systems. 

On the other hand, utilities are becoming more involved 
with W. For example, Photovoltaics for Utility-Scale Applications 
( F W S A H  joint venture between DOE, the Electric Power 
Research Institute (EPRI), and several utilities--operates three pilot 
test stations in diffemt parts of the country for utility-scale PV sys- 
tems. These pilot projects allow utilities to experiment with newly 
developing PV technologies with little financial risk. 

In another experiment, utilities are exploring connecting 
PV systems to the utility grid in locations where they have a higher 
value. For example, adding W generation near where the electric- 
ity is used avoids the energy losses resulting from sending current 
long d~tances through the power lines. Thus, the PV system is 
worth more to the utility when it is located near the customer. 

PV systems could also be installed at locations in the utility 
distribution system that are servicing areas whose populations are 
gmwing rapidly Placed in these locations, the PV systems could 
eliminate the need for the utility to increase the size of the power 
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lines and servicing area. Installing PV systems near other utility distribution 
equipment such as substations can also relieve overloading of the equipment in 
the substation. 

Electric, gas, and water utilities have been using small  PV systems 
economically for several years. Most of these systems are less than 1 kW and 
use batteries for energy storage. These systems are performing many jobs for 
utilities, from powering aircraft warning beacons on transmission towers to 
monitoring air quality of fluid flows. They have demonstrated the reliability 
and durability of PV for utility applications and are paving the way for larger 
systems to be added in the future. 

Electricity for a utility substation 

Paafic Gas b Electric Carpany (PGbE) needpd more Capacity on 
hot afternoons at its Kerman substation in the Sun Joaquin Valley, 
Calif0Mh. P W E  installeda PVelectri~generatingsystem at 
Kerman instead ofreplacing the substation. 

P '  Califorma, ' was becoming overloaded on hot summer days. This is the time 
when air conditioning and water pumping needs are at their greatest and the 
utility experiences its peak demand. Overloading heats up substation compc- 
nents, which shortens the life of expensive transformers, reduces power quality 
for customers, and inaeases line losses during transmission. Analysts in PG&E's 
research group argued that a PV array could meet the extra demand at Kennan, 
because it occurred on days when the solar cells would be producing well. 

aafic Gas and Electric Company's Kerman substation, near Fresno, 

The analysts at PG&E believed using PV to "support" a substation dur- 
ing peaks in electrical demand might make economic sense for their utility, but 
no one knew quantitatively how much the PV grid support would be worth. 
Because upgrading the Kerman substation would cost several million dollars, 
PG&E--as part of the PWSA project4ecided to install a PV system as a 
research project to evaluate the benefits of grid support. 

The PV system installed at Kerman in 1993 
produces the most power on sunny summer after- 
noons, when PG&E experiences its peak demand and 
when electricity has the highest value to the utility. 
The PV system maintains its electrical output close to 
its rated capacity with the PV modules mounted on 
trackers that change the tilt of the modules as the sun 
moves across the sky during this critical period. 

The Kennan substation exueriment is desimed 1 - 
to measure the value to the utility of a 5WkW generat- 
ing plant that can be quickly (within 6 months) placed 
where extra power is needed. Monitors word  electri- 
cal output throughout the day and provide detailed 
information on system output. The results of this 
experiment will be widely distributed among utilities 
across the counky PG&E's Kerman substation, in California, uses the electrical production d this 

50BkW PVsystem to help meetpeak demand on sunny summer afternoons. 
Researchers are measuring the value to the uti/ify of this arrangement, hoping to 
demonstrate another use for PV in uti/i/y transmission and distribution systems. 
(Photo: R q e r  Tayloc National Renewable Energy Laboratory) 

Tapping Into the Sun 19 



j 

! 
b 

Electricity Now and in the 
Future 
Each ymr solar electric generating systems offer people more 
solutions to their energy problems. 

s PV technology continues to improve, it steadily moves into new and 
larger markets. PV systems have been the best choice for many jobs A since the first commercial PV cells were developed. 

For example, PV cells have been the exclusive power SoUIce for satellites 
orbiting the earth since the 1960s. PV systems have been used for remote stand- 
alone systems throughout the world since the 1970s. In the 1980s, commercial 
and consumer product manufacturers began incorporating PV into everything 

from watches and calculators to music boxes. And in the 
199Os, many utilities are finding PV to be the best choice for 
thousands of small power needs. During the next decade, 
a large part of the world’s population will be introduced to 
electricity produced by PV systems. These Fv systems will 
make the traditional requirements of building large, expen- 
sive power plants and distribution systems unnecessary. 

~ 

As the costs of PV continue to decline and as PV tech- 
nology continues to improve, several potentially huge mar- 
kets for PV will open up. For example, building materials 
that incorporate PV cells will be designed right into new high 
rises and homes, helping to ventilate and light the buildings. 
Consumer products ranging from battery-powered hand 
tools to automobiles will take advantage of electriaty- 
prcducing components containing PV materials. Meanwhile, 
electric utilities will find more and more ways to use PV to 
supply the needs of their customers. 

ThesummersunpmewsaprototypePVsystem thatmidre- 
fled the way utiI&s use large numbers of PV systems in the fu- 
ture. Pdured here (and on the front oovsr), this S k W  PV 
system is wnnecfed to PG&E‘s Kennan substation, where it re- 
duces !he bad on that utiliiy’s distribution lines and equipment con. 
nected to the substation (Photo: Teny M. ORou!ke) 
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For More Information 

Books, Reports, and Journals 

Home Power: The H a n d s m  Journal ofHome-made Power. Ashland, OR Home 
Power, Inc. 

Photovoltaicsfor Municipal Planners. (April 1993). NREL/TMll-5450. 
DE93000099. Golden, CO National Renewable Energy Laboratory. 

Risser, V. (April 1988). Stand-alone Photovoltaic Systems: A Handbook of 
Recommended Design Practices. SAND87-7023. Albuquerque, NM: 
Sandia National Laboratories. 

Solar Today. Boulder, C O  The American Solar Energy Society 

Stokes, K. (April 1993). Photovoltaic Power as a Utility Service: Guidelinesfor 
Livestock Water Pumping, SAND93-7043. Albuquerque, NM: Sandia 
National Laboratories. 

Strong, S.J. (1987). The Solar Electric House: A Design Manualfor Home-scale 
Photovoltaic Power Systems. Emmaus, P A  Rcdale Press. 

Thomas, M.G. (1989). Photovoltaic Systemfor Gowrnment Agencies. SAND%-3149. 
Albuquerque, NM: Sandia National Laboratories. 

Zweibel, K. (1990). Harnessing S o h  Power: The Photmltaics Chnllenge 
New York and London: Plenum Press. 

Organizations 

For general questions: 

US. Department of Energy 
Energy Efficiency and Renewable Association 

PO. Box 3048 Suite 805 
Merrifield, VA 22116 
800-363-3732 202-408-0660 

For information on suppliers: 

The Solar Energy Industries 

777 North Capitol St., N.E. 

Washington, DC 20002 

Energy Clearinghouse (EREC) 

For technical questions: 

Technical Inquiry Service 
National Renewable Energy 

Laboratory 
1617 Cole Blvd. 
Golden, CO 80401 
303-2754099 

Design Assistance Center 
Sandia National Laboratories 
Division 6223 
Albuquerque, NM 87185 
505-844-3698 

For information on utility 
involvement: 

Dr. Edgar &Me0 
Manager, Solar Power Pmgram 
Electric Power Research Institute 
3412 Hillview Ave. 
Pal0 Alto, CA 94303 
41543552159 
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