
3/06 99

Design Guide

PV power generation systems are made up of interconnected components, each with a specific function. One of the major 
strengths of PV systems is modularity. As your needs grow, individual components can be replaced or added to provide 
increased capacity. Following is a brief overview of a typical PV system.

Solar Array –ThesolararrayconsistsofoneormorePVmoduleswhichconvertsunlightintoelectricenergy.The
modulesareconnectedinseriesand/orparalleltoprovidethevoltageandcurrentlevelstomeetyourneeds.Thearrayis
usuallymountedonametalstructureandtiltedtofacethesun.

Charge Controller –Althoughchargecontrollerscanbepurchasedwithmanyoptionalfeatures,theirmainfunctionis
tomaintainthebatteriesattheproperchargelevel,andtoprotectthemfromovercharging.

Battery Bank –Thebatterybankcontainsoneormoredeep-cyclebatteries,connectedinseriesand/orparallel
dependingonthevoltageandcurrentcapacityneeded.Thebatteriesstorethepowerproducedbythesolararrayand
dischargeitwhenrequired.

Inverter –AninverterisrequiredwhenyouwanttopowerACdevices.TheinverterconvertstheDCpowerfromthesolar
array/batteriesintoACpower.

AC and DC Loads –Thesearetheappliances(suchaslightsorradios),andthecomponents(suchaswaterpumps
andmicrowaverepeaters),whichconsumethepowergeneratedbyyourPVarray.

Balance of System –Thesecomponentsprovidetheinterconnectionsandstandardsafetyfeaturesrequiredforany
electricalpowersystem.Theseinclude:arraycombinerbox,properlysizedcabling,fuses,switches,circuitbreakersand
meters.

Solar Basics

Makealistoftheappliancesand/orloadsyouaregoingtorunfromyourPVsystem.Findouthowmuchpowereach
itemconsumeswhileoperating.Mostapplianceshavealabelonthebackwhichliststhewattage.Specificationsheets,
localappliancedealers,andtheproductmanufacturersareothersourcesofinformation.Wehaveprovidedachartthat
liststypicalpowerconsumptiondemandsofcommondeviceswhichyoucanuseasaguide.Onceyouhavethewattage
ratings,fillouttheloadsizingworksheet.

ListalloftheelectricalappliancestobepoweredbyyourPVsystem.SeparateACandDCdevicesandenterthemin
theappropriatetable.Recordtheoperatingwattageofeachitem.Mostapplianceshavealabelonthebackthatliststhe
wattage.Localappliancedealersandtheproductmanufacturersareothersourcesofthisinformation.Specifythenumber
ofhoursperdayeachitemwillbeused.Multiplythefirstthreecolumnstodeterminethewatt-hourusageperday.Enter
thenumberofdaysperweekyouwillbeusingeachitemtodeterminethetotalwatt-hoursperweekeachappliancewill
require.

 DC Appliance Watts     X  Qty      X   Hrs/Day     =    Wh/Day     X     Days/Wk  =      Wh/Wk

A. _____________________________________________________________________________________________

B. _____________________________________________________________________________________________

C. _____________________________________________________________________________________________

D. _____________________________________________________________________________________________

E. ____________________________________________________________________________________________________

Totalthenumbersinthelastcolumn.ThisisyourDCpowerrequirement.  Total_______

Multiplythetotalby1.2tocompensateforsystemlossesduringbatterycharge/dischargecycle.DCWH/WK_______

Determine Your Power Consumption Demands1.

We have provided you with an easy-to-follow, step-by-step guide for sizing your photovoltaic (PV) system. Follow these five 
steps to determine your requirements and specify the components you will need.

Load-Sizing Worksheet

Five Steps to Sizing a PV System
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Load Sizing Worksheet

Power Consumption... continued



 AC Appliance Watts     X  Qty      X   Hrs/Day     =    Wh/Day     X     Days/Wk  =      Wh/Wk

A. __________________________________________________________________________________________

B. __________________________________________________________________________________________

C. __________________________________________________________________________________________

D. __________________________________________________________________________________________

E. __________________________________________________________________________________________

Totalthenumbersinthelastcolumn.ThisisyourACpowerrequirement.  Total______

Multiplythetotalby1.2tocompensateforsystemlossesduringbatterycharge/dischargecycle.ACWH/WK______

1.AddACWH/WKandDCWH/WKtogether.Thisisyourtotalpowerrequirementperweek. Total_______

2.Enterthevoltageofyourbatterybank(usually12or24volts)    VOLTS_______

3.Divideline1byline2.Thisisyouramp-hourrequirementperweek.    AH/WK_______

4.Divideline3by7days.Thisisyouraverageamp-hourrequirementperday
thatwillbeusedtosizeyourbatterybankandyourPVmodulearray.   AH/DAY_______

Atthispoint,itisimportanttoexamineyourpowerconsumptionandreduceyourpowerneedsasmuchaspossible.(Thisistrue
foranysystem,butitisespeciallyimportantforhomeandcabinsystems,becausethecostsavingscanbesubstantial.)First
identifylargeand/orvariableloads(suchaswaterpumps,outdoorlights,electricranges,ACrefrigerators,clotheswashers,etc.)
andtrytoeliminatethemorexaminealternativessuchaspropaneorDCmodels.TheinitialcostofDCappliancestendstobe
higherthanAC,butyouavoidlosingenergyintheDCtoACconversionprocess,andtypicallyDCappliancesaremoreefficient
andlastlonger.Replaceincandescentfixtureswithfluorescentlightswhereverpossible.Fluorescentlampsprovidethesamelevel
ofilluminationatlowerwattagelevels.Ifthereisalargeloadthatyoucannoteliminate,considerusingitonlyduringpeaksun
hoursoronlyduringthesummer.(Inotherwords,becreative!)ReviseyourLoadSizingWorksheetnowwithyouroptimizedresults.

Optimize Your Power System Demands2.

Size Your Battery Bank3.
Read“CharacteristicsofBatteries”andthenchoosetheappropriatebatteryforyourneeds.
FillouttheBatterySizingWorksheet.

Characteristics of Batteries

Sizing Your Battery Bank
Thefirstdecisionyouneedtomakeishowmuchstorageyouwouldlikeyourbatterybanktoprovide.Oftenthisisexpressed
as“daysofautonomy,”becauseitisbasedonthenumberofdaysyouexpectyoursystemtoprovidepowerwithoutreceiving
aninputchargefromthesolararray.Inadditiontothedaysofautonomy,youshouldalsoconsideryourusagepatternandthe
criticalityofyourapplication.Ifyouareinstallingasystemforaweekendhome,youmightwanttoconsideralargerbattery
bank,becauseyoursystemwillhaveallweektochargeandstoreenergy.Alternatively,ifyouareaddingaPVarrayasa
supplementtoagenerator-basedsystem,yourbatterybankcanbeslightlyundersizedsincethegeneratorcanbeoperatedif
neededforrecharging.

Temperature Effects
Batteriesaresensitivetotemperatureextremes,andyoucannottakeasmuchenergyoutofacoldbatteryasawarmone.Use
thechartontheBattery-SizingWorksheettocorrectfortemperatureeffects.Althoughyoucangetmorethanratedcapacity
fromahotbattery,operationathottemperatureswillshortenbatterylife.
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Battery Bank ... continued

Battery Sizing Worksheet

Temperature Effects continued 
Trytokeepyourbatteriesnearroomtemperature.Chargecontrollerscanbepurchasedwithatemperaturecompensation
optiontooptimizethechargingcycleatvarioustemperaturesandlengthenyourbatterylife.

Depth of Discharge
DepthofDischargeisthepercentageoftheratedbatterycapacitythatiswithdrawnfromthebattery.Thecapabilityof
abatterytowithstanddischargedependsonitsconstruction.Twoterms,shallow-cycleanddeep-cycle,arecommonly
usedtodescribebatteries.Shallow-cyclebatteriesarelighter,lessexpensiveandhaveashortlifetime.Forthisreason,we
donotsellshallow-cyclebatteries.Deep-cyclebatteriesshouldalwaysbeusedforstand-alonePVsystems.Theseunits
havethickerplatesandmostwillwithstanddailydischargesupto80%oftheirratedcapacity.Mostdeep-cyclebatteries
arefloodedelectrolytewhichmeanstheplatesarecoveredwiththeelectrolyteandtheleveloffluidmustbemonitored
anddistilledwateraddedperiodicallytokeeptheplatesfullycovered.Wealsooffersealed,lead-acidbatteriesthatdonot
requireliquidrefills.Thereareothertypesofdeep-cyclebatteriessuchasnickelcadmiumusedinspecialapplications.The
maximumdepthofdischargevalueusedforsizingshouldbetheworstcasedischargethatthebatterywillexperience.The
systemcontrolshouldbesettopreventdischargebelowthislevel.

Rated Battery Capacity
Theampere-hourcapacityofabatteryisusuallyspecifiedtogetherwithsomestandardhourreferencesuchastenor
twentyhours.Forexample,supposethebatteryisratedat100ampere-hoursanda20-hourreferenceisspecified.This
meansthebatteryisfullychargedandwilldeliveracurrentof5amperesfor20hours.Ifthedischargecurrentislower,for
example4.5amperes,thenthecapacitywillgoto110ampere-hours.Therelationshipbetweenthecapacityofabattery
andtheloadcurrentcanbefoundinthemanufacturer’sliterature.

Battery Life
Thelifetimeofanybatteryisdifficulttopredict,becauseitisdependentonanumberoffactorssuchaschargeand
dischargerate,depthofdischarge,numberofcyclesandoperatingtemperatureextremes.Itwouldbeunusualforalead-
acidbatterytolastlongerthanfifteenyearsinaPVsystembutmanylastforfivetoeightyears.

Maintenance
Batteriesrequireperiodicmaintenance.Eventhesealedbatteryshouldbecheckedtomakesureconnectionsaretightand
thereisnoindicationofovercharging.Forfloodedbatteries,theelectrolytelevelshouldbemaintainedwellabovetheplates
andthevoltageandspecificgravityofthecellsshouldbecheckedforconsistentvalues.Widevariationsbetweenreadings
mayindicatecellproblems.Thespecificgravityofthecellsshouldbecheckedwithahydrometerparticularlybeforethe
onsetofwinter.Incoldenvironments,theelectrolyteinlead-acidbatteriesmayfreeze.Thefreezingtemperatureisafunction
ofabatterystateofcharge.Whenabatteryiscompletelydischarged,theelectrolytebecomeswaterandthebatterymay
freeze.

1.Enteryourdailyamp-hourrequirement.(FromtheLoadSizingWorksheet,line4) AH/Day ______________

2.Enterthemaximumnumberofconsecutivecloudyweatherdaysexpected
inyourarea,orthenumberofdaysofautonomyyouwouldlikeyoursystemtosupport.  ______________

3.Multiplytheamp-hourrequirementbythenumberofdays.Thisistheamountofamp-hours
yoursystemwillneedtostore. AH ______________

4.Enterthedepthofdischargeforthebatteryyouhavechosen.Thisprovidesasafetyfactor
sothatyoucanavoidover-drainingyourbatterybank.
(Example:Ifthedischargelimitis20%,use0.2.)Thisnumbershouldnotexceed0.8.  ______________

5.Divideline3byline4. AH ______________
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Battery Bank ... continued

Battery-Sizing Worksheet

6.Selectthemultiplierbelowthatcorrespondstotheaveragewintertimeambienttemperature
yourbatterybankwillexperience.  ______________

AmbientTemperatureMultiplier
80ºF 26.7ºC 1.00
70ºF 21.2ºC 1.04
60ºF 15.6ºC 1.11
50ºF 10.0ºC 1.19
40ºF 4.4ºC 1.30
30ºF -1.1ºC 1.40
20ºF -6.7ºC 1.59

7.Multiplyline5byline6.Thiscalculationensuresthatyourbatterybankwillhave
enoughcapacitytoovercomecoldweathereffects.Thisnumberrepresentsthetotalbattery
capacityyouwillneed. AH ______________

8.Entertheamp-hourratingforthebatteryyouhavechosen.  ______________

9.Dividethetotalbatterycapacitybythebatteryamp-hourratingandroundofftothenexthighest
number.Thisisthenumberofbatterieswiredinparallelrequired.  ______________

10.Dividethenominalsystemvoltage(12V,24Vor48V)bythebatteryvoltageandroundoff
tothenexthighestnumber.Thisisthenumberofbatterieswiredinseries.  ______________

11.Multiplyline9byline10.Thisisthetotalnumberofbatteriesrequired.  ______________

Sun HouRS PER DAY - nATIonAL

Severalfactorsinfluencehowmuchsunpoweryourmoduleswillbeexposedto:
 •Whenyouwillbeusingyoursystem–summer,winter,oryear-round.
 •Typicallocalweatherconditions.
 •Fixedmountingsvs.trackers.
 •LocationandangleofPVarray.
Wehaveprovidedthefollowingchartswhichshowratingsthatreflectthenumberofhoursoffullsunlightavailableto
generateelectricity.Yoursolararray’spowergenerationcapacityisdependentontheangleoftheraysastheyhitthe
modules.Peakpoweroccurswhentheraysareatrightanglesorperpendiculartothemodules.Astheraysdeviate
fromperpendicular,moreandmoreoftheenergyisreflectedratherthanabsorbedbythemodules.Dependingonyour
application,suntrackingmountscanbeusedtoenhanceyourpoweroutputbyautomaticallypositioningyourarray.

Thechartsreflectthedifferenceinsunlightduringspring,summer,autumnandwinter.Itismoredifficulttoproduceenergy
duringthewinterbecauseofshorterdays,increasedcloudinessandthesun’slowerpositioninthesky.Thechartslistthesun
hourratingsforseveralcitiesinNorthAmericaforsummer,winterandyearroundaverage.Ifyouuseyoursystemprimarilyin
thesummer,usethesummervalue;ifyouareusingyoursystemyear-round,especiallyforacriticalapplication,usethewinter
value.Ifyouareusingthesystemmostoftheyear(spring,summerandfall)ortheapplicationisnotcritical,usetheaverage
value.Withthechartandthemap,youshouldbeabletodetermineareasonableestimateofthesun’savailabilityinyourarea.

Determine The Sun Hours Available Per Day4.

State, City
AL,Montgomery
AK,Bethel
AK,Fairbanks
AK,Mantanuska
AZ,Page
AZ,Phoenix
AZ,Tucson
AR,LittleRock
CA,Davis
CA,Fresno
CA,Inyokem

Summer Avg.
4.69
6.29
5.87
5.24
7.30
7.13
7.42
5.29
6.09
6.19
8.70

Winter Avg.
3.37
2.37
2.12
1.74
5.65
5.78
6.01
3.88
3.31
3.42
6.97

Yr. Round Avg
4.23
3.81
3.99
3.55
6.36
6.58
6.57
4.69
5.10
5.38
7.66

State, City
CA,LaJolla
CA,LosAngeles
CA,Riverside
CA,Santamaria
CA,SodaSprings
CO,Boulder
CO,Granby
CO,GrandJunction
CO,GrandLake
D.C.Washington
FL,Apalachicola

Summer Avg. 
5.24
6.14
6.35
6.52
6.47
5.72
7.47
6.34
5.86
4.69
5.98

Winter Avg. 
4.29
5.03
5.35
5.42
4.40
4.44
5.15
5.23
3.56
3.37
4.92

Yr. Round Avg 
4.77
5.62
5.87
5.94
5.60
4.87
5.69
5.86
5.08
4.23
5.49
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Sun Hours Per Day - national continued

State, City 
FL,BelleIsland

FL,Gainsville

FL,Miami

FL,Tampa

GA,Atlanta

GA,Griffin

HI,Honolulu

IA,Ames

ID,TwinFalls

ID,Boise

IL,Chicago

IN,Indianapolis

KS,DodgeCity

KS,Manhattan

KY,Lexington

LA,LakeCharles

LA,NewOrleans

LA,Shreveport

MA,BlueHill

MA,Boston

MA,E.Wareham

MA,Lynn

MA,Natick

MD,SilverHill

ME,Caribou

ME,Portland

MI,E.Lansing

MI,SaultSte.Marie

MN,St.Cloud

MO,Columbia

MO,St.Louis

MS,Meridian

MT,Glasgow

MT,GreatFalls

MT,Summit

NC,CapeHatteras

NC,Greensboro

ND,Bismark

NE,Lincoln

NE,NorthOmaha

NJ,SeaBrook

NM,Albuquerque

NV,Ely

NV,LasVegas

NY,Bridgehampton

NY,Ithaca

NY,NewYork

NY,Rochester

NY,Schenectady

OH,Cleveland

OH,Columbus

OK,OklahomaCity

OK,Stillwater

OR,Astoria

OR,Corvallis

OR,Medford

Summer Avg. 
5.31

5.81

6.26

6.16

5.16

5.41

6.71

4.80

5.42

5.83

4.08

5.02

4.14

5.08

5.97

5.73

5.71

4.99

4.38

4.27

4.48

4.60

4.62

4.71

5.62

5.2

4.71

4.83

5.43

5.5

4.87

4.86

5.97

5.70

5.17

5.81

5.05

5.48

5.40

5.28

4.76

7.16

6.48

7.13

3.93

4.57

4.97

4.22

3.92

4.79

5.26

6.26

5.52

4.76

5.71

5.84

Winter Avg. 
4.58

4.71

5.05

5.26

4.09

4.26

5.59

3.73

3.41

3.33

1.47

2.55

5.28

3.62

3.60

4.29

3.63

3.87

3.33

2.99

3.06

2.33

3.09

3.84

2.57

3.56

2.70

2.33

3.53

3.97

3.24

3.64

4.09

3.66

2.36

4.69

4.00

3.97

4.38

4.26

3.20

6.21

5.49

5.83

1.62

2.29

3.03

1.58

2.53

2.69

2.66

4.98

4.22

1.99

1.90

2.02

Yr Round Avg.

4.99

5.27

5.62

5.67

4.74

4.99

6.02

4.40

4.70

4.92

3.14

4.21

5.79

4.57

4.94

4.93

4.92

4.63

4.05

3.84

3.99

3.79

4.10

4.47

4.19

4.51

4.00

4.20

4.53

4.73

3.78

4.44

5.15

4.93

3.99

5.31

4.71

5.01

4.79

4.90

4.21

6.77

5.98

6.41

3.16

3.79

4.08

3.31

3.55

3.94

4.15

5.59

4.99

3.72

4.03

4.51

State, City 
PA,Pittsburgh

PA,StateCollege

RI,Newport

SC,Charleston

SD,RapidCity

TN,Nashville

TN,OakRidge

TX,Brownsville

TX,ElPaso

TX,PortWorth

TX,Midland

TX,SanAntonio

UT,FlamingGorge

UT,SaltLakeCity

VA,Richmond

WA,Prosser

WA,Pullman

WA,Richland

WA,Seattle

WA,Spokane

WV,Charleston

WI,Madison

WY,lander

Province, City
Alberta,Edmonton

Alberta,Suffield

BritishColumbia,

Kamloops

BritishColumbia,

PrinceGeorge

BritishColumbia,

Vancouver

Manitoba,ThePas

Manitoba,Winnipeg

NewBrunswick,

Fredericton

Newfoundland,

GooseBay

Newfoundland,

St.Johns

NorthwestTerritory,

FortSmith

NorthwestTerritory,

NormanWells

NovaScotia,

Halifax

Ontario,Ottawa

Ontario,Toronto

PrinceEdwardIsl.,

Charlottetown

Quebec,Montreal

Quebec,Sept-Isles

Saskatchewan,

SwiftCurrent

Yukon,Whitehorse

Summer Avg. 
4.19

4.44

4.69

5.72

5.91

5.20

5.06

5.49

7.42

6.00

6.33

5.88

6.63

6.09

4.50

6.21

6.07

6.13

4.83

5.53

4.12

4.85

6.81

4.95

5.19

4.48

4.13

4.23

5.02

5.23



4.23

4.65

3.89

5.16

5.04

4.02

4.63

3.98

4.31

4.21

4.29

5.25

4.81

Winter Avg. 
1.45

2.78

3.58

4.23

4.56

3.14

3.22

4.42

5.87

4.80

5.23

4.65

5.48

3.78

3.37

3.06

2.90

2.01

1.60

1.16

2.47

3.28

5.50

2.13

2.75

1.46

1.33

1.33

2.02

2.77



2.54

2.02

1.83

0.88

0.06

2.16

2.35

2.13

2.29

2.29

2.33

2.77

0.69

Yr Round Avg.

3.28

3.91

4.23

5.06

5.23

4.45

4.37

4.92

6.72

5.83

5.83

5.30

5.83

5.26

4.13

5.03

4.73

4.43

3.57

4.48

3.65

4.29

6.06

3.75

4.10

3.29

3.14

3.14

3.56

4.02



3.56

3.33

3.15

3.29

2.89

3.38

3.70

3.44

3.56

3.50

3.50

4.23

3.10
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World Insolation Map

Thismapdividestheworldintosixsolarperformanceregionsbasedonwinterpeaksunhoursintheworstcasemonth.Alargermap
infullcolorislocatedonthebackcoverofthiscatalog.

1.Enteryourdailyamp-hourrequirement(fromyourLoadSizingWorksheet,line4) AH/Day ______________

2.Enterthesun-hoursperdayforyourarea.Refertochart.  H/Day ______________

3.Divideline1byline2.Thisisthetotalamperagerequiredfromyoursolararray.  ______________

4.Enterthepeakamperageofthesolarmoduleyouhaveselected  PeakA ______________

5.Divideline3byline4.Thisisthenumberofsolarmodulesneededinparallel.  ______________

6.Selecttherequiredmodulesinseriesfromthefollowingchart.   ______________


 BatteryBankVoltage No.ofModulesinSeries
 12V 1
 24V 2
 48V 4

7.Multiplyline5byline6tofindthetotalnumberofmodulesneededinyourarray. Total______________

8.Enterthenominalpowerrating(inwatts)ofthemoduleyouhavechosen. W ______________

9.Multiplyline7byline8.Thisisthenominalpoweroutputofyoursystem. W ______________

Size Your Array5.
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