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PV-generated power offers advantages over
besel generators, primary (one-time use) batteries,
| even conventional utility power. These benefits

» High Reliability

» Low Operating Costs
» Modularity
» Low Construction Costs




| ’ PV cells were
nally _developed

use In space,
e repair IS

remely expensive,
t impossible. PV

™y

Il powers nearly
y satellite circling

he earth because it
ates reliably for
dong periods of time

gj virtually  no
tenance.




4ﬁwcells use the energy
sunlight to produce

ctricity—the ftuel 1s free.
no moving parts, the

ells require little upkeep.
low-maintenance,

cost-effective PV systems
iIdeal for supplying
POWer to communications

ations on mountain tops,
gational buoys at sea,
omes far from utility

or
er lines.




PV7system can be constructed to any size
sed on energy requirements. Furthermore, the
owner of a PV system can enlarge or move it if
S or her energy needs change. For iInstance,

omeowners can add modules every few years as
eir energy usage and financial resources grow.
rRanchers can use mobile trailer-mounted
mping systems to water cattle as the cattle are
rotated to different fields.




Q

PV systems are usually placed close to where the electricity is used,

Iring much shorter power lines than if power is brought in from

ghe Utility grid. In addition, using PV eliminates the need for a step-

N transformer from the utility line. Less wiring means lower

COSES, shorter construction time, and reduced permitting paperwork,
particularly in urban areas.
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We may think of a complete PV system

etc.) that convert sunlight into direct-current (dc)
electricity. On the other side, we have the load,
or the application for which the PV electricity
IS Intended. Between these, we need a third
subsystem to enable the PV electricity to be
properly applied to the load. This third
subsystem Is generally referred to as the
"balance of system" or BOS.




PV Module

interface
and
Fegulation

I‘

This  simple illustration
shows the elements required

to get the power created by
the PV system to the end

load (in this example a
house). The stand-alone
system (a) uses Dbattery
storage to provide
dependable dc electricity day
and night. Even for a home
connected to the utility grid
(b), PV can produce
electricity during the day
(converted to ac through the
power conditioner).

PRis configuration is desirable because extra electricity can be sold
e utility during the day, and the utility can in turn provide
alectricity at night or during poor weather. See this In action




The BOS typically consists of structures

e PV arrays or modules and

the power-conditioning equipment that adjusts
and converts the dc electricity to the proper
form and magnitude required by an

alternating-current (ac) load. If required, the
BOS also includes storage devices, such as
batteries, for storing PV-generated electricity
to be used during cloudy days or at night.




Photovoltaic arrays have to be mounted on some sort of
able, durable structure that can support the array and withstand
d, rain, hail, and other adverse conditions. Sometimes, the

PY module

Mounting rack

Stationary
structures are usually used
with flat-plate systems
and generally tilt the PV
array at a fixed angle that
IS determined by the
latitude of the site, the
requirements of the load,
and the availability of the
sunshine.




There are two general kinds of tracking structures: one-axis
and two-axis. Single-axis trackers are typically designed to track
sun from east to west on its daily route. They are used with
dlatplate systems and some_ concentrator systems. The two-axis
“iype Is primarily used for PV concentrator systems. These systems
kK not only the sun's daily course but its seasonal course
0etween the northern and southern hemispheres. Naturally, the
e sophisticated the system the more expensive and the more
gintenance it may require. -




PV modules, because of their electrical properties,
duce direct rather than alternating current (ac). Direct

ny simple devices, such as those that run on batteries, use
gitect current. Alternating current, in contrast, is electric
rent that reverses its flow direction at regular intervals. This
1IS%he type of electricity provided by utilities and is required to
n most modern appliances and electronic devices.
In the simplest systems, dc current produced by PV
odules i1s used directly. In applications where ac current is
essary, an inverter can be added to the system to convert
the dc current to ac current.




Power conditioners process the electricity produced

a PV system to make it suitable for meeting the specific

géMmands of the load. Although most of this equipment is

standard stock, 1t 1S extremely 1mportant to match the

.i bilities of these devices with the characteristics of the

pad. Power conditioners may have to perform these
tions:

Imit current and voltage to maximize power output
gonvert dc power to ac power
Match the converted ac electricity to a utility's electrical
ork
Safeguard the utility network system and its personnel
in possible harm during repairs.
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The requirements of power conditioners
‘g€herally depend on the type of system they are

qtegrated with and the applications of that system. For
gc applications, power conditioning Is often

omplished with regulators, which control output at

5ome constant level of voltage and current to maximize

put. For ac loads, power conditioning must include
an inverter that converts the direct current generated by
e PV array into alternating current.




This bank of
batteries stores dc
electricity for a large
PV system.
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These basic PV systems have several
advantages for the special 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 (150 pounds),
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 require only an occasional inspection
and cleaning.
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This

woman in India is
collecting water
from a pump
powered by PV.







‘his electric vehicle recharging station in southern Florida is
powered by a grid-connected PV array mounted on the roof.
‘/hen no vehicles need charging, power from the modules is

1 ansferred to the utility line.




Sacramento
ycipal Utility
ct's (SMUD) 2-

plant™ produces
Jh power to serve

Sacramento-area

ACS. The 1600

notlles are spread
across an 8094-mz2 field

S Very sunny region
California.

sidentally, SMUD
' to close down the
Iclear reactors in favor
"cleaner"  energy

achfology.




Unfortunately, PV generation plants have
several characteristics that have slowed their use by

jenerated electricity still costs considerably more
than electricity generated by conventional plants, and
egulatory agencies require most utilities to supply
electricity for the lowest cash cost. Furthermore,
bhotovoltaic systems produce power only during
daylight hours and their output varies with the
weather. Utility planners must therefore treat a PV
power plant differently than they would treat a

conventional plant.




Hybrid systems combine a number of electricity production
A8 storage pieces to meet the energy demand of a given facility or
ommunity. In addition to PV, engine generators, wind generators,
Il hydro plants, and any other source of electrical energy can be
dded_as_needed..to.meet...energy..demands...and..fit_the local
eographical and temporal characteristics. These systems are ideal
O remote applications such as communications stations, military
stallations, and rural villages.

he village of Xcalak, Mexico,
Is part of the largest hybrid
generation  system  In the
ericas. The system includes
SIX  wind  turbines, 234 PV
Rodules, 36 batteries, a 40-kW
erter to convert power to AC,
2 diesel generator, and a
pphisticated control system. As
gl€ctrical needs increase, the
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Cell Module Array




The solar cell is the basic building block of a PV
system. Individual cells can vary in size from about 1 cm
(1/2 In.) to about 10 cm (4 in.) across. However, one cell
only produces 1-2 W, which isn't enough power for most

applications.




« A module typically consists of several solar cells, although
ti‘;lm materials like amorphous silicon and cadmium telluride can
4e de directly into modules, effectively bypassing the solar cell.

ese two silicon modules are rated at approximately 50 W each and
D e power for a street light using 12 V battery storage. Modules

4LCh s these can also be connected into arrays for more power.




Arrays are the large
power producers and

consist of several
modules. They can be
used to provide up to
several megawatts of
electric power.







For PV to grow iIn domestic and
International markets, It's critical that we
reduce the cost of the electricity it generates.
We are doing this in three primary ways: by

making devices more efficient, by making
PV systems less expensive, and by validating
the technology through measurements, tests,
and prototypes.
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