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PREFACE

Hurricane Andrew struck the coast of South Florida at Homestead on Monday, August 24, 1992.
Thestormwasalevel four hurricane with sustained winds of 140 miles per hour and wavesreaching
18 feet pounded the shoreline flooding buildings and washing boats on shore. At least 85,000
buildings were severely damaged and an estimated 34,000 homes will have to be replaced like the
one shown in Figure 1. More than two hundred-thousand people were |eft homeless and 51 deaths
were attributed to the storm. Storm-damaged residences were without electrical service, functiona
water and sewage systemsfor days and weeksin somelocationsin the aftermath of the storm. This
included many clinics, hospitals, fire stations, and police stations that suffered damages and | oss of
services.

Figure 1. Mobile home destroyed by Hurricane Andrew in Homestead

Emergency management teams, medical personnel, the military, and countless public and private
organizations participated in the massive relief effort to provide the immediate need for life-
supporting resources, such asfood, water, and medical supplies. Food, water, and medical supplies
poured into the disaster area to relieve human emergency needs, but the destruction was so
overwhelming that it would be months before the area would be even partially restored to its pre-
storm condition. The difficult task of rebuilding businesses and homes required the usual services
of water, sewer, and eectricity. Medical, fire, and police services were essential during the
reconstruction. Severa buildings that received little damage served as make-shift shelters and
medical clinics as shown in Figure 2.
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Figure 2. Community Center converted into aMedical Clinic.

The call for help rang out from Dade County Emergency Management and various nationwide
businesses and organizations hurt by the storm. The University of Miami, Field Epidemiology
Survey Team (FEST), having worked in situations similar to this before, knew the value of
photovoltaic power as one solution to their energy needs. Sandia National Laboratories and the
Florida Solar Energy Center (FSEC) were asked if they could supply any photovoltaic (PV) systems
to provide power at several temporary medical clinics. FSEC teamed with Sandia National
Laboratory to assist FEST and the M etro-Date Fire Department by providing five portable PV stand-
alone systems.

At thetime, FSEC was not prepared to supply extensive portable PV power systems as most of the
photovoltai c equipment at the Center was used in experiments and was undergoing test for various
manufacturers. Old PV equipment not used at the time was dismantled from previous projects and
reassembled with new batteries and controllers into portable stand-alone systems. With this
equipment, energy from the sun would be converted to electrical energy by the photovoltaic cells
(solar electric cells) to power vaccinerefrigerators, lights, radios, fans and other general electrical
needs. These PV systemswere designed to be used in therelief effort until utility power wasfully
restored. The PV systems were comprised of a 1 -kWp PV array, 21-kWp battery bank, a
controller, and a2.2- kWh dc/ac inverter. Inashort period of time the systems were completed and
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transported to the damaged area in Dade county.

Installation of each system was completed inaday asshowninFigure3 of St. AnnesMission. The
relief workers were unsure of what they were getting as the systems were installed at each of the
selected sites. Oneby one fans, lights and other equi pment were plugged in and started to operate.
With amazement, the new userswatched their equi pment operate without asound asif utility power
was restored.

Figure 3. Installing a PV system at St. Anne's Mission.

In Homestead, thetemporary medical clinicswere manned 24 hoursper day. Medical serviceswere
provided to people injured in the storm, as well as during cleanup and later during rebuilding.
Control of disease was important as the medical teams surveyed the health conditions of the people
still living and working in the disaster area. Simple laboratory work and medical treatment was
carried out at the clinics, due to the difficulty in transporting people and supplies through the
damaged aress.

The PV systems operated for weeks providing quite electrical power without the need for refueling

as the sun provided plenty of clean energy. One by one the PV systems were returned as utility
power was restored to each site.

Vi



PHOTOVOLTAIC APPLICATIONSFOR DISASTER RELIEF

Florida Solar Energy Center

1.0 INTRODUCTION

Hurricanes, floods, tornados, and earthquakes are natural disasters that can happen at any time
destroying homes, businesses, and natural surroundings. One such disaster, Hurricane Andrew,
devastated South Florida leaving several hundred-thousand people homeless. Many people were
without electrical service, functioning water and sewage systems, communications, and medical
services for days, even weeks in the aftermath of the storm. Emergency management teams, the
military, and countless public and private organizations staged a massive relief effort.

The sun shining on the earth each day provides vast amounts of solar energy. Thisinexhaustible
source of energy can be applied to power avariety of equipment. Solar energy can be converted
to thermal or photovoltaic (solar electric) energy. Photovoltaic (PV) power generated from solar
energy isquiet, safe, and pollution-free. The electricity generated by a PV system can be used as
amobile power source anywhere the sun shines.

Many of the energy needs of emergency management organizations, relief workers, and the generd
public can be satisfied with photovoltaic power systems. Previously, photovoltaics have supplied
emergency power for Hurricanes Hugo and Andrew, and the Earthquake at Northridge in Southern
Cdlifornia. Thisdocument focuses on photovoltaic technology and its application to disaster relief
efforts.

2.0DISASTER MANAGEMENT

The burden of disaster management, and the resources for it, require a close working partnership
among all levels of government (federal, regional, state, county, and local) and the private sector
(business, industry, voluntary organizations, and the general public). The federal government
provides guidance and assistance to state and local governments in preparing for and coordinating
recovery from adisaster. State governments provide compressive plans and systemsto assist local
governments with preparedness and recovery activities aong with support from various
governmental agencies. Local governmentsare responsiblefor providing the primary resourcesfor
public protection concerning al types of hazards and management of the disaster. Local
governmentsprovideand maintain policeand fire protection, highway resources, facilities, supplies,
and personnel capabilities to resolve the problem. When local government are without sufficient
resources, they can ask the State or Federal Governments for assistance. One of the greatest



resources that the State and Federal Government provide is the National Guard and the Military.

Disasters can occur any time, night or day, and season of the year. Each occurrence hasalifecycle
which must be matched by aseries of management phasesthat include strategiesto mitigate hazards,
prepare for and respond to emergencies, and recover from the disasters effects. Local and State
governments prepare and maintain an Emergency Operations Plans (EOP) that describes how
citizens and property will be protected in a potential disaster. The EOP describes actions that may
be required for any natural or technologica hazard, including tasks to be carried out by specified
organizations, administrations, and authorities; the plan may aso include definition of
responsibilities; standard operating procedures; logistics activitiesand alist of available resources.
The EOPresourcelist providesboth personnel and equipment requirementsincluding responsibility
level and where available. This resource list should contain renewable as well as conventional
energy resources.

Emergency management personnel from public agencies and utilities are organized into teams for
resolution of emergency situations within a major disaster or incident. There are short term
Immediate Response and long term Relief Effort teams responding to a disaster, each with its
designated function. Responseteams are deployed within thefirst 24 to 72 hoursimmediately after
adisaster or incident. Asimmediate needs and problems are resolved, Response teams are either
dismantled because they are no longer needed or are replaced with Relief teamsfor the long term
restoration effort. Theteamsare organized into service areas called Emergency Support Functions
(ESF) and are defined as follows:

ESF1 - Transportations

ESF2 - Communications

ESF3 - Public Works

ESF4 - Fire Rescue

ESF5 - Information & Planning
ESF6 - Red Cross

ESF7 - Purchasing

ESF8 - Public Health

ESF9 - Search & Rescue
ESF10 - Hazardous Materias
ESF11 - Food & Water

ESF12 - Energy

ESF13- Military Support
ESF14 - Public Information
ESF15 - Volunteers & Donations
ESF16 - Law Enforcement
ESF17 - Animal Issues

Coordinate busses, transport of evacuees
Provide communications where needed
Debris removal, flood water control

Fires and immediate rescue

Message control, resource allocation

Mass care, institutional responsibility
Expedite procurement of resources

Assess contamination dangers

Finding lost persons

Neutralizing spills and toxic gases

Feeding and potable water

Provision of electrical energy and fuel
Coordinates with military for security
Interfaces with public media for information
Coordinates walk-in volunteers and donations
Wide area & road block

Pet shelter resources



3.0ENERGY NEEDSIN RESPONSE TO DISASTERS

Natural disasters, such as hurricanes, floods, tornados, and earthquakes destroy homes and
businesses along with electric generating facilities and distribution systems. Many people
experiencedisruptionsin electrical service, functioning water and sewage systems, communications,
and medical services for days and often weeks in the aftermath of a disaster. Emergency
management teams, the military, and countless public and private organizations become involved
in amassive relief effort when a disaster strikes an area and require varying amounts of electrical
power both small and large.

Clinics, hospitals, fire stations, and police stations may have utility services interrupted or their
facilitiesdamaged beyond use. Lifesupporting resources, such asfood, water, and medical supplies,
may be urgently needed and may be insufficient to meet immediate demands. The destruction can
be so overwhelming that it might require months before the area is restored to its pre-storm
condition, if ever. Medical, fire and police services may be essential during reconstruction efforts.
Rebuilding businesses and homesis extremely difficult without the usual services of water, sewer,
and electrical power.

Make-shift shelters and temporary medical clinics may be constructed from buildingsthat received
little damage and are safeto occupy. Thesetemporary medical clinics may be manned 24 hours per
day and emergency personnel will need communication equipment to request assistance, supplies,
and information. Medical servicesneed to be provided to peopleinjured in the disaster, and during
cleanup and rebuilding requiring monitoring equipment. Control of disease may be a major issue
asthe medical teams survey health conditions of the people still living and working in the disaster
arearequiring vaccineerefrigerators. Also, hot water and sterilization are needed to preserve good
health. Dueto thedifficulty in transporting people and materials, simple laboratory work may need
to be carried out at thelocal clinics. Electrical energy needs can vary from two wattsto charge the
batteriesin aflashlight to 1,000 watts to power a saw.



4.0 THE BASICSOF PHOTOVOLTAICS

The photovoltaic effect is the process by which sunlight is converted directly into electricity.
Photovoltaic cells, or solar cells, are typically made of a thin wafer-like silicon semiconductor
material that istreated with other elementsto create a negative and positive electric field as shown
inFigure 1. A voltage potential of one-half volt is created between the positive and negative sides
of the photovoltaic cell. When a photon of light strikes an atom of silicon in the solar cell, the
transfer of energy freesan electron. The freed electrons flow in one direction from the force of the
electric field, through a connection of wires to form an electric circuit. This direct current flows
from the negative layer through a connecting wireto aload or some electrical device and returnsto
the positive layer after performing useful work. The cell acts as a current generator, as more light
strikesthe cell, higher levels of current are generated with little effect on voltage. Also, the amount
of current generated isproportional to theamount of surfaceareaof thecell. A typical 10 centimeter
solar cell will produce about 3.5 amperes in peak sunlight. The output of a cell is affected by
temperature, the higher the operating temperature, the lower the output power and efficiency along
with adecrease in cell life.

The cellsare connected in series and parallel combinationsto generate adesired voltage and current
output. By connecting the cellsin series, higher voltages are produced typically to match the load
voltage. The array of cellsisthen connected, encapsulated, and sealed to form amodule. A typical
commercial module contains 36 cells connected in series to generate anominal 12 volts at about 3
amperes.

—
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Figure 1.PHOTOVOLTAIC CELL CREATESNEGATIVE AND POSITIVE ELECTRIC FIELD
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PV modules are the standard working blocks for building aPV system. These blocks are modular
in design and comeintypical voltage and current outputs. Anarray isdesignedto provideadesired
amount of power from a series and/or parallel combination of modules as shown in Figure 2.

Cell

Module

Figure 2. PV ARRAY

5.0 SOLAR ENERGY

The orientation of the PV array isimportant and should be perpendicular to the sun for maximum
collection of solar energy. However, the compass and elevation angle of the sun for a location
changesthroughout the day. The earth's rotation about its axis produces hourly variationsin power
intensities of light at a given location on the ground during the day and receives complete shading
during the night. Seasonal variations affect the position of the sun. Each location on the earth has
a solar window that represents the effective area through which useful levels of sunlight pass
throughout the year as shown in Figure 3. The amount of solar insolation is determined by
summing solar irradiance over time and is expressed in kWh/m2 per day. The amount of solar
energy at the earth'ssurface variesgreatly, not only from the position of the sun, but also from cloud
cover, air pollution, and other factors. Therefore, 1000 watts per square meter of full sun are
available at the earth’ ssurface for only afew hoursper day. Insolation values can be obtained from
tables for specific locations.
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Figure 3.
SOLAR WINDOW YEARLY MOVEMENT

The amount of solar energy generated is determined from the amount of time that peak sun
illuminance is within the solar window for a special location and the size of the PV array. To
maximize the energy generated, the PV array could track the sun or the array could be sized and
oriented for optimum energy collection. Thetype of array (fixed or tracking) and its orientation to
the sun is influenced by the type of application to be powered. Since many system applications
require operation at night, storage characteristicsneed to be considered inthedesign of the PV array.
Typicaly, arrays should be tilted facing the noon sun and positioned facing south as close as
possible. Shading of any type reduces the amount of energy received by the PV.

6.0 PHOTOVOLTAIC SYSTEMS

PV cells by themselves are limited in use. 1n a system, however, they are capable of powering a
variety of electrical and electronic equipment. One of the most widely used system designs is
standalone, where utility power is not available. Solar energy, as a single source is converted
directly to electrical energy to power aload. Standalone PV systemsdo not requirerefueling asthe



sunistheir sourceof energy. Other system designsusing PV power are utility interactiveand hybrid.

A simple standalone PV system consists of a PV array, system controller, electrical hardware,
support structure, and load. ThePV array supplies DC power through acontroller to power theload.
Thesystem controller’ spurposeisto control the energy flow between thearray and load for efficient
transfer of energy and to ensure safe and reliable operation of the system. Thistype of stand-along
system operates only when the sun is shining. Therefore, it is most useful in applications such as
water pumping, which may only be needed during the day.

This simple stand-along system can be expanded to include continuous 24-hour operation, seven
days a week and to operate at various voltages and power requirements. Batteries added to the
system store energy from the PV array so the load can aso operate during cloudy days and at night.
If the load requires alternative current, an inverter can be added to convert the DC power to AC
power. For thistype of design, the PV supplies power through the system controller to the batteries
to power the DC or AC load as shown in Figure 4.

-, Blocking diade

PY array I‘H

Volage Ballery pack | Load \
| controllar
or regulator

Figure 4. PV system supplies additional power with batteries.

Other sources of energy can be added to a PV system, such as AC generators and utility power. A
hybrid system can switch between PV, generator or utility power based on user requirements and
system design. PV systemsare modular and flexible, allowing the user to start small and expand to
meet future needs. The system user needs to be aware of the type of service desired and the



application the system was designed to serve. Most systems operate at |ow voltage offering asafety
advantage.

The PV system needs to be designed to generate sufficient energy during peak sun hours to power
the load during its total hours of operations. By knowing the power supplied by the PV in the
system, the number of peak sun hours alone, the amount of energy required by the load, battery
capacity (if needed) and its hours of operations, a user can determine if the PV system will meet
current needs. Understanding the load and capabilities of the PV system is critical to successful
implementation of an application.

7.0SYSTEM COST

Photovoltaics cost varies depending on the type of system and quantity. An array of PV modules
may sell for aslow as $4 per watt, whereas a compl ete standalone system may cost as high as $15
per watt installed. Theinitial cost of PV systemsis generally greater than the cost of conventional
equipment or systems. As an example, the PV system to power aradio may cost $40 or more,
whereas a conventional AC power supply that plugs into the wall may cost as little as $10. A
complete PV system for a home may cost as much as $40,000. However, in many applications,
especially remote locations, the life cycle cost of PV systems is small compared to the cost of
conventional power systems.

PV systemsinstalled in remotelocations offer a cost-effective application when compared to utility
or generator power. The cost of running utility power in remote locations can be substantial when
the cost iscalculated on alinear foot basisfor running power linestothesite.  The Coast Guard has
found PV to be cost-effectivein powering buoy lightsrather than providing utility power or periodic
batteries.

Life cycle cost of a generator set, including the maintenance and fuel expense, can be greater than
the cost of aPV system. Therefore, thehighinitial cost of aPV system isoften offset by the higher
operating cost of a generator set for the life-cycle of the application. A generator may present
difficulties in refueling depending on the location of the system, such as a communication station
located on top of amountain. In adisaster, aPV system may be more cost-effective from the point
of refueling agenerator or possibly theonly choice, if fuel isnot available. After Hurricane Andrew
hit, fuel was difficult to obtain as gasoline stations were either destroyed or those gasoline stations
that survived had no electricity to power the pumpsto get the fuel out of the tanks.

Thecost-effectivenessof some PV -powered systemsismuch greater when compared to utility power
systems depending on the application. Thisis because the application equipment costs are usually
added to the utility interconnection costs and the availability of utility distribution lines.



8.0 SYSTEM PERFORMANCE

Therearetensof thousandsof PV systemsinstalled around theworld producing megawatts of power
daily. Most applications operate beyond daylight hours, requiring batteriesfor storing energy. The
average battery storage capacity designed into a PV system is approximately 10 days, although
storage capacities range from 2 days (streetlights) to more than 20 days (call boxes). The power
generated by the PV system is of aform that its source is transparent to the load.

Thisbrochuredescribesactual PV systeminstall ationsthat performed successfully invariousregions
of the country, operating in varying climates, different seasons, and under differing solar resources.

Operating experience and system testing indicates that on partly cloudy days, PV systems can
produce up to 80% of their rated energy, while on hazy and humid days, about 50%. On heavy
overcast days, when the full brightness of the sun is not available, they still produce about 30%o0f
their rated energy.

Photovoltaics are environmentally benign, except for the land used for the array. Even if batteries
are used, they are 98% recyclable. Additionaly, if the system is standalone, there is no need for
fueling asthe sun supplies an inexhaustible source of energy. No pollutants or wastes are rel eased,
while their operation is silent, another added benefit.

9.0SYSTEM RELIABILITY

Studies by a national laboratory indicate that today's PV modules are exhibiting lifetimes of about
20 years. Thisstatistic is supported by users experiences over many years. PV modules contain
no moving parts to wear out. Degradation from the environment is minimal. Manufacturers are
providing warranties which range from 5 upto 12 years.

The Jet Propulsion Laboratories devel oped stringent testing procedures which most manufacturers
follow. A module passing the test has met environmental, electrical, and mechanical requirements
that will ensure many years of reliable operation. An example of the acceptance testing: a PV
module is shot with a hailstone at 60 miles per hour without failure.

In 1984, the U.S. Coast Guard started converting battery power navigational aidsto PV power. PV
reliability is so high that the Coast Guard has more than 14,000 PV-powered navigational aids
operating in coastal locations throughout the United States. Also, the military employs remote
communications stations, radar, and monitoring equipment powered by PV for more reliable
operation and lower operating cost.



10.0 MAINTENANCE REQUIREMENTS

Regular maintenance is required for any PV system, just as it is required for any equipment.
Maintenance for standalone PV systems usually consists of monitoring and preventive measures
several timesayear (asrequired). Battery replacement only occursafter several years of operation.
Without proper maintenance, PV systemshavesimilar failure probabilitiesasany other systemtype.

Preventive maintenance schedules vary from annually to six times or more per year. PV modules
reguire no maintenance unless located in a very sandy or dirty location where they need periodic
cleaning. Sealed batteries require little or no maintenance, but flooded (non-sealed conventional)
batteries need to be watered periodically. The battery manufacturer typically recommends a
particular preventive maintenance scheduleto follow for their batteries. Theapplication or powered
equipment may need other specific periodic maintenance or repair, such as lamp replacement.
Grounding and surge protection against lightning needs monitoring. The effects of corrasion and
weathering needs the usual maintenance as any other equipment would. Unless the system isa
hybrid system, there is no need for refueling.

11.0 APPLICATIONS SOLVING ENERGY NEEDS

Loss of life, buildings, property, and equipment are not the only losses experienced by those
surviving adisaster. The loss of electrical power after a disaster makes us realize how dependent
our society ison electricity. Outagesof hours, days, or even weeksafter adisaster make renewables,
such as photovoltaics, anatural solution when applied to the proper application.

Electrical power can be supplied by various sources such as gasoline and diesel generators, wind
generators, and photovoltaics until utility power is restored. Photovoltaics can be a natural
applicationin disaster relief efforts such as hurricanes, tornados, earthquakes, and floods, aswell as
man made ones.

Thereare however, inappropriate applicationsfor photovoltaics. Large scale power needsin sewer
andwater facilities, hospitals, large shelters, distribution and emergency operationscentersare better
met with generators. Locations or equipment requiring hundreds of kilowatts of emergency power
would require large areas of open space and cost hundreds of thousands of dollars for PV arrays.
If the location effected by the disaster issmall and utility power can be restored in a short period of
time, then PV may not be the correct solution.

Where PV makes sensg, isin large-scal e disasters where power will be out for long periods of time
and survivor support is difficult to provide. Massive infrastructure damage makes refueling
generators a challenge as pumping stations are inoperative and roads are impassable. Power
distribution lines are difficult to get to by impassable roads much less transporting materials for
reconstruction. Some needs like communications and clinics require quiet non-polluting operation,
which PV is capable of providing. Solar energy is a valuable cost-effective resource for small
portable and standalone el ectrical power applications due to lower operating cost. Permanent site-
built PV systems designed to supplement grid-supplied electricity are aso feasible.
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In alarge scale disaster, solar powered systems are a natural solution because they are designed
specificaly for stand-alone operation without utility power. Solar systems are designed and sized
for varying needs and applications. Modular PV system designs are adaptable, allowing small
systemsto easily become large systems as needsincrease. Since refueling is not required, length
of operation poses no problem when the PV system is properly designed.

This section contains examples of PV systems that have met or can meet the needs of emergency
management and disaster relief organizations. There has been limited use of solar power during
disasters such as Hurricanes Hugo and Andrew, but thisis rapidly changing as more people learn
about the benefits of PV power.

In response to a disaster, essentials for the health and welfare of victims need to be addressed first.
Table 1 lists equipment needed under various Emergency Support Functions (ESF) requiring
electric power that can be supplied by PV.

Need

[N

10

11

12

13

14

15

16

17

Call boxes

Flashing arrow board

Flashing warning signals

XXX

Folding man packs

Hand-held radios

Highway advisory radio

Medical equipment

Message signs

XX PXX]|X

Personndl lights

Photovoltaic generators

x>

Portable cellular phones

Portable AM/FM radios

XXX

Portable pumping stations

Radio base stations

Refrigerators

Sampling/monitoring/
detention equipment

X IX]X]X

Security lighting

X

Small battery chargers

Dad Bad B

X[>

Small generators

Street lighting

Traffic signals

UPS/Backup power

XX |[X]X

Victim detection egquipment

Water purification

X
X
X

Table 1.ESSENTIAL EQUIPMENT REQUIRING ELECTRICITY
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111 LIGHTING

Lighting, both indoor and outdoor, has become away of life and in some locations a necessity.
Street, security, reading and portable lighting can be powered by photovoltaics. Photovoltaic
powered lighting can beinstalled in arelatively short period of timein any location to either replace
destroyed conventional lighting or provide temporary lighting where utility power has not been
restored. Highefficient lighting sourcesused in present PV lighting systemsmakesareliable stand-
alone unit useful after disasters.

Many different types and sizes of lights are PV powered. Their performance is representative of
conventional lights, except that consumers do not have to replace the batteries when low or plug
theminto anelectrical outlet. After several hoursinthesun, the PV power light ischarged and ready
to operate.

The system typically consist of PV modules, batteries, controller/timer, sensors and lamps. The
lamps are typically controlled by timers, photo cells and sensors.  Lighting systems typicaly
operate at 12 or 24 volts DC and use fluorescent, low-pressure sodium or halogen lamps.

Street Lighting

Before Hurricane Andrew, PV -powered streetlights had been installed in aMiami suburb. After the
storm, the only street lighting in the area came from these PV lights until utility power was restored
33 hours later. Several more of these lights were installed at security stations, temporary medical
clinics, and shelters as shown .

This outdoor street lighting system used at a
security check point during Hurricane
Andrew, consists of two PV modules that
charge batteries to power afluorescent lamp.
With the batteries fully charged by the sun,
these lights have the capacity to operate for
up to 12 hours a night.

12



Personnel Lights

Portable personnel lights can be PV
powered from flash lights to lanterns.
This lantern is shown being recharged
from being used during relief efforts after
Hurricane Andrew.

13

Security Lighting

Areas around shelters and
medical facilities can be
made more securewith PV
security lighting. Here a
small unit still functiona
is shown outside a home
after Hurricane Erin.




11.2 TRANSPORTATION

Travel becomes hazardous after a disaster as shown in this picture where the traffic signals is
inoperable, street signs are gone, and roads are covered with debris. If the traffic signals are still
standing they may not have power to operate and traffic becomes congested. To assist with traffic
control, portable PV powered traffic control devices are used such as changeable message signs,
flashing arrow boards and signs, and highway advisory radios.

PV powered traffic devices with battery storage helps emergency vehicles to move freely with 24
hours aday operation. Conveys of suppliesand survivors of the disaster can be directed to shelters
and stagging areas. Thetraffic problem becomes greater as people return home and the rebuilding
effort increases.

Highway Changeable M essage Sign

After Hurricane Andrew, several PV -powered changeable highway message signswereinstalled in
the disaster areain Miami. The message signs informed drivers of closed and hazardous roads,
locations of shelters and emergency relief centers and other relief effort information.  Four PV
modules charge the batteriesto power an array of LED lamps and the message controller.
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Flashing Arrow Boards

These flashing arrow boards are normally used
for highway construction, but after Hurricane
Andrew they were used to direct disaster relief
efforts. They usually havetwo PV modulesthat
charge batteries which powers the lamp that
forms the arrow.

Flashing Warning Signals

These flashing warning signals can be used for
traffic control and added safety after adisaster. The
PV modules charge batteries during the day that
power the flashing lamps for twenty four hour per
day operation.

Highway Advisory Radio

After Hurricane Andrew, several PV-powered
highway advisory radio unitswereinstalled along I-75
in the disaster area in Miami. The PV modules
charged the batteries that powered an AM radio
transmitter. The radio transmitted messages about
alternative routes for travelers and reporting stations
for volunteers.
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11.3 COMMUNICATIONS

Communications was one of the first applications of PV power.

Call boxes

Thiscall box allowstravel ersto communicate with
the Highway Patrol. The unit is powered by one
PV module which charges two batteries to operate
a radio transmitter/receiver. With the batteries
fully charged, battery capacity enablesthe call box
to operate up to 20 days without recharging by the
sun.

Portable AM/FM Radios

One widely used consumer product that is solar powered is

a portable AM/FM radio. There are many different types and sizes of
radios that are PV powered. Their performance is representative of
conventional radios, except that consumers do not haveto replace batteries
or plug the radio into an electrical outlet. After just several hoursin the
sun, the PV-powered radio is ready to operate.

Portable Cellular Phones

Cellular phones have drastically increased communication capabilities at
affordable prices for many people. These small battery packs can be
charged by PV modules. Thisis an example of a solar powered cellular
phone.
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Radio Base Stations
Communication capability
after adisaster is extremely
important. Shown below
isaPV-powered generator
powering aradio
transmitter/receiver, a
large PV power system for
abase\relay radio station
that is both modular and
transportable. Smaller PV
systems are available for
smaller radios with lower
power requirements.

KFEP SWATCH AT o
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Portable Hand-Held Radios

Hand-held radios are powered by small batteries. These batteries can be charged by small PV
modules, usually less than 10 watts. Some modules are purposely made for powering hand-held
radios. However, any small PV modul e can be outfitted with the right connector to plug into aradio
for recharging.
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11.4 GENERATORS

Small Battery Chargers

Small battery chargers are
available in many sizes and
shapes to charge various
battery sizesand types. This
is an example of a small
battery charger in a case.
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Small Generators

Generators are available in all sizes,
whether they are gasoline or solar.
Numerous sizes and designs of solar
generators can power various electric
equipment. Below is an example of a
small portablegenerator composed of two
10 watt PV modulesinstalled in a case.




Folding Man Packs

Themilitary hasfound PV to be auseful source
of electric power. Man packsthat fold up tofit
in asoldier’ s backpack were developed for the
military. They can power radios, lights, and
monitoring/detection equipment. Below is an
example of afolding man pack.
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UPS/Backup Power

When the electrical power isout, a
uninterrupted power supply (UPS)
or a backup power unit comes into
operation. Solar power backup
power units operate in two modes:
operating on standby until needed
or operating as a charger until
needed. These PV power
generators come in different sizes
and supply various power outputs
from 100 to 1000 watts. Different
voltage outputs can be obtained
including 12 or 24 VOC and 120
VAC or greater.




Photovoltaic Generators

Generators are readily availablein avariety of sizes, whether they are gasoline or solar. Numerous
sizes and designs of solar generators can power various electric equipment. Hereis an example of
a generator that produces from 100 to over 1000 watts. Inverters are usually part of the generator
to supply 120 VAC. A variety of battery capacities are built into the units that provide various
periods of operation.

115 EQUIPMENT
Portable Pumping Stations

A portable pumping station after
any disaster is quite an asset. The
portable pumping station can be
used for obtaining fresh water or
removing rain water as well as
other uses. Thissmall water pump
requires one 60-watt PV moduleto
operate. Since this unit has no
batteries, itwill only operateduring
the day. However, larger units
with batteries are available for
continuous operation and large
volume flows.
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Water Purification

Sailboats have become extensive users of DC
power water purification units. PV power
systems have been designed to power these
purification units both on and off sailboats.
Usually, four 48-watt PV modules charge two
batteriesthat power the water purification unit.
With the batteries fully charged, battery
capacity enables the light to operate six hours
aday for four dayswithout recharging fromthe
sun.

21

Refrigerators

After Hurricane Andrew, severa PV -powered
refrigerators were installed in the Miami
disaster area. These systems were originaly
developed for the World Health Organi zation
for use in Third World countries. Most are
powered by four 48-watt PV modules to
charge four batteries that power the
refrigerator. With the batteriesfully charged,
battery capacity enables the refrigerator to
operate for 24 continuous hoursfor four days
without recharging from the sun.




12.0 MAKING THE RIGHT CHOICE

Photovoltaic power systems are a viable source of electrical power. An endless supply of energy
from the sun is converted to electrical energy without pollution and noise. Batteries store energy
supplied each day by the sun so refueling is effortless by design. The systems arereliable, durable
and require little maintenance. PV systems are capable of being designed to meet specific
requirements of portability, standalone operation, various loads, and operating times.

Applications presented in this report demonstrate the usefulness of PV power for disaster relief
efforts. However, photovoltaic power system may not be the right answer for every power need.
For large power needs greater than 2 kW may be better met by generatorsor utility power systems.
PV systems have higher initial cost making it difficult to obtain or store many units. Because PV
requiressun light, they can not belocated anywhere and presentsacertain footprint. Permanent PV
installations suffer from the same destructive forces during disasters as conventional power.
Understanding your application and energy needs helps in making the right choice.
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13.0 GLOSSARY

ALTERNATING CURRENT (AC): Electric current (flow of electrons) in which the direction of
flow isreversed at constant intervals, such as 60 cycles per second.

AMPERE (AMPor A): A measureof electrical chargethat equalsthe quantity of electricity flowing
in one second passed any point in acircuit, or defined as one coulomb per second.

AMPERE-HOUR (AMP-HOUR or AIR): A measure of electrical charge that equals the quantity
of electricity flowinginone hour passed any pointinacircuit. Battery capacity ismeasuredin amp-
hours.

ARRAY:: A collection of photovoltaic modules electrically wired together in one structure to
produce a specific amount of power.

AUTONOMOUS OPERATIONS: Self-contained operation. Capable of existing independently.

AZIMUTH: The angular measure between due south and the point on the horizon directly below
the sun.

BALANCE OF SY STEM (BOS): Components of aphotovoltaic system other than the photovoltaic
array and load.

CELL (PHOTOVOLTAIC): A semiconductor devicethat convertslight directly into DC electricity.
CHARGE CONTROLLER: A component of aphotovoltaic system that controlsthe flow of current
to and from the battery subsystem to protect batteries from overcharge, over discharge or other

control functions. The charge controller may aso monitor system operational status.

DIRECT CURRENT (DC): Electric current (flow of electrons) in which the flow isin only one
direction.

ENERGY : The capacity for doing work.

GRID-CONNECTED: A photovoltaic system that is connected to a centralized electrical power
network such as a utility.

HYBRID SYSTEM: A power system consisting of two or more power generating subsystems.
INSOLATION: The amount of energy in sunlight reaching an area. Usually expressed in watts per

square meter (W/M2), but aso expressed on a daily basis as watts per square meter per day
(W/M2/day).
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INVERTER: A device that converts direct current (DC) to aternating current (AC) electricity.
KILOWATT (KW): 1000 watts.

KILOWATT-HOUR (KWH): 1000 watt-hours. A typical residencein the United States consumes
about 1000 kilowatt-hours each month at a price in the range of $.06 to $.15 per kilowatt-hour.

LIFE CYCLE COST (L.C.) ANALYSIS: A form of economic analysis to calculate the total
expected costs of ownership over the life span of the system. L.C. analysis allows a direct
comparison of the costs of aternative energy systems, such as photovoltaics, fossil fuel generators,
or extending utility power lines.

LOAD: Any deviceor appliance in an electrical circuit that uses power, such as alight bulb.

MAINTENANCE COSTS: Any costsincurred in the upkeep of asystem. These costs may include
replacement and repair of components.

MODULE: A number of photovoltaic cells wired together to form aunit, usually in asealed frame
of convenient size for handling and assembling into arrays. Also called a"panel”.

OPERATING COSTS: The costs of using a system for a selected period.

PARALLEL CONNECTION: A wiring configuration where positive terminals are connected
together and negative terminals are connected together to increase current (amperage).

PEAK SUN HOURS: The equivalent number of hours when solar insolation averages 1000 watts
per square meter and produces the same total insolation as actual sun conditions.

PEAK WATTS (WP): The maximum power (in watts) a solar array will produce on a clear, sunny
day while the array is in full sunlight and operating at 25 deg. Celsius. Actual wattage at higher
temperatures is usually somewhat lower.

PHOTOVOLTAIC (PV) SYSTEM: A complete set of interconnected components for converting
sunlight into electricity by the photovoltaic process, including array, balance-of-system components,
and the load.

POWER: Therate of doing work or energy is consumed or generated. Power is measured in watts
or horsepower.

POWER CONDITIONER: The electrical equipment used to convert electrical power from a

photovoltaic array into aform suitable for subsequent use, such asan inverter, transformer, voltage
regulator, and other power controls.
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SERIES CONNECTION: A wiring configuration where negative to positive terminal is connected
together to increase voltage.

SILICON: A non-metallic element that is the basic material of beach sand and is the raw materia
used to manufacture most photovoltaic cells.

STANDALONEPHOTOVOLTAICSY STEM: A solar el ectric system, commonly usedinaremote
location, that is not connected to the main electric grid (utility). Most standalone systems include
some type of energy storage, such as batteries.

VOLTAGE (V): A measure of the force or "push” given the electrons in an electrical circuit; a
measure of electric potential. One volt produces one amp of current when acting against aresistance
of one ohm.

WATT (W): A measure of electric power or amount of work donein aunit of time and equal to the
rate of current flow (amps) multiplied by the voltage of that flow (volts). One amp of current
flowing at a potential of one volt produces one watt of power.

WATT-HOUR (WH): A measure of electrical energy equal to the electrical power multiplied by the
length of time (hours) the power is applied.
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14.0 SOURCESFOR PHOTOVOLTAIC SYSTEMS
Sources for PV systems are found in the following published directories.

Cross, Bruce M., Ed. World Directory of Renewable Energy Suppliers and Services, 1995,
London, United Kingdom: James & James (ph: 703-435-7064, Fax: 703-689-0660).

Derrick, Anthony, Catherine Francis and Varia Bokalders. Solar Photovoltaic Products: A Guide
for Development Workers. Second Edition, London, United Kingdom: IT Publications, 1991.
(1T Power, The Warren, Bramshill Road, Eversley, Hampshire, RG27 OPR, United Kingdom,
ph: 44-1734-730073)

Photovoltaic Products & Manufactures Directory, 1990. Florida Solar Energy Center,
1679 Clearlake Road, Cocoa, FL, 32922 USA. (ph: 407-638-1000)

Firor, Kay, Editor. PV People Phone and Address List, Aug. 1994. Blue Mountain Energy,
59943 Comstock Road, Cove, OR 97824-8100, USA, (ph: 541-568-4473, Fax: 541-568-4882)

Maycock, Paul. PV Yellow Pages. PV News, 8536 Greenwich Rd., Catlett, VA, 22019, USA,
1993. ( ph: 540-788-9626)

Solar Energy Industries Association (SEIA). Solar Industry Journal, First Quarter 1995, Volume
6, Issuel. (122 C Street, N.W., Fourth Floor, Washington, D.C. 20001-2109, USA, ph: 202-383-
2600)

“The 1995 International Competitive Industry Directory”. Independent Energy, December 1994.
(ph: 1-800-922-3736)

Procurement Guide for Renewable Energy Systems. Albany, NY, Interstate Renewable Energy
Council, 1993.

Real Goods Solar Living Sourcebook: The Complete Guide to Renewable Energy Technologies
and SustainableLiving. 8thed., WhiteRiver Junction, VT; ChelseaGreen Publishing Co., 1994.

U.SA.I.LD. A Directory of U.S. Renewable Energy Technology Vendors, Washington, DC,
Committee on Renewable Energy Commerce and Trade (CORECT), March 1990. (U.S.A.I.D.,
Office of Energy, Washington D.C. 20523)

Wilkins, Paul. Solar Electricity Today, 1995. PV Network News. 2303 Cedros Circle, Santa Fe,
NM 87505. ( ph: 505-473-1067).

Williams, Susan, Brenda G. Bateman Power Plays: Profiles of America’ s Independent Renewable
Electricity Developers, 1995. Investor Responsibility Research Center, 1350 Connecticut
Avenue, N.W., Suite 700, Washington, D.C. 20036-1701.
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15.0 SOURCES OF INFORMATION

American Solar Energy Society, 2400 Central Ave., G-1, Boulder, CO 80301, USA, ph: 303-443-
3130 (United States section of the International Solar Energy Society).

Energy Efficiency and Renewable Energy Clearinghouse (EREC), P.O. Box 3048, Merrifield, VA
22116, ph: 1-800-363-3732; FAX 1-703-893-0400; Internet e-mail: energyinvo@del phi.com.

Florida Solar Energy Center, 1679 Clearlake Road, Cocoa, Florida, USA, 32922, ph: 407-638-
1000, fax 407-638-1010.

National Renewable Energy Laboratory (NREL, formerly SERI), Technical Inquiry Service, 1617
Cole Blvd, Golden, CO 80401, USA, ph: (303)275-4099; FAX (303)275-4091; E-mail:
rubin@tcplink.nrel.gov.

National Technical Information Service (NTIS), U.S. Dept. of Commerce, 5285 Port Royal Road,
Springfield, VA 22161, USA, ph: 703-487-4650.

Sandia National Laboratories, Design Assistance Center, Division 6218, P.O. Box 5800,
Albuquerque, NM 87185, USA, ph/fax: 505-844-3698.

Solar Energy Industries Association (SEIA),122 C Street, N.W., Fourth Floor, Washington,
D.C. 20001-2109, USA, ph: (202)383-2600.

Southwest Technology Development Institute, New Mexico State University, Dept. 3 SOLAR,
P.O. Box 30001, Las Cruces, NM 88003-8001, USA, ph: 505-646-1846, fax: 505-646-3841.

United States Department of Energy, Office of EnergyEfficiency and Renewable Energy, 1000
Independence Avenue, S.W., Washington, DC, USA, 20585.
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17.0 PHOTOVOLTAIC TRAINING

Electric Systems-Seminar & Workshop. Sunnyside Solar, RD4 Box 808, Green River Rd,
Brattleboro, VT 05301, USA.

Energy Systems Photovoltaic Workshop. Photocomm, Grass Valley, CA, US.

Institute of International Education, Dept. of Science & Technology, 1400 K St, NW,
Washington, D.C. 20005, USA.

North Carolina Solar Center, P.O. Box 7401, NC State University, Raleigh, NC 27695-7401,
USA.

Photovoltaic Design and Installation Workshop. Solar Energy International, P.O.Box 715,
Carbondale, CO. 81623, USA. (303) 963-8855.

Photovoltaic Systems Design Workshop. Florida Solar Energy Center, 1679 Clearlake Rd,
Cocoa, FL, 32922, USA.

Comprehensive Photovoltaic System Design Seminar. Siemens Solar Industries, 4650 Adohr Lane,
Camarillo, CA 93011,USA. (408) 777-4959 or (805) 388-6289.

Solar Electric Home Workshop. ME Solar Energy Assoc. Lubic, ME, USA.

SunAmp Power Company, P.O.Box 6346, Scottsdale, AZ, 85261,USA.
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Notice: Thisreport was prepared asan account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, nor any other contractors, subcontractors, or their employees, makes any warranty,
expressed or implied, or assumesany legal liability or responsibility for the accuracy, compl eteness,
or usefulness of any information, apparatus, product, or process disclosed, or representsthat its use
would not infringe privately owned rights. Reference herein to any specific commercial product,
process or service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply itsendorsement, recommendation, or favoring by the United States Government,
any agency thereof or any of their contractors or subcontractors. The views and opinions expressed
herein do not necessarily state of reflect those of the United States Government, any agency thereof,
or any of their contractors or subcontractors.



