Interested in clean power? Gheck.

Alrgady on the grid? Check.

Are utility blackouts infrequent? Check.

Have a sunny location to mount PY madules? Check.

IF zhiz duseribes voor situabon, He a Batteryloess poid-tied
FY sysbom coald b bhe perfoet fito Heve's howe bo duesign seor
syshem ko mas inive preductivn and yeur refirnoon inveshmens,

Cornparcd to theiv off-gric counterparts, batteryless prid-
ticd swgtems are simple b ondesstand  and design, weth
wntly teen primary coesmponents 'Y modales and an meeerer
that Feeds AC slechbrcity back inke the elecrical system he
affset somo or all of the onergy otherwise parckased from
the utility. Those systoms are chespor, casier b install a1d
mamntam, and oporabe more officienty than batbery-based
syat=nri of comparable mize Ther mvin drawkack is that
whion e gnd goos dow, Hey canmot provide any energy
for vou to use.

IF tro prid s micstly reliable, and cutages are infreguent,
thoege systems can o fer the boest payback for te least price.

Sizing for kb

The primary geal of a grd-tied FY sestom s be offser all or
=irmie of yorr elechricity meapge. Yot thie fivst step oo salar
= onak siing e PV oaysten, bob reduorg electrcity usage
throvgh conservaton and officicnsy measores. “Mogawatt-
Fours” are tho watt-hours vou save by conserving enosgy—
1t w1t e thie Best places he cost of reducing crorgy vse
s abent 1/3 to /5 the costof producing those sams kilewatt-
Fours weth a P sestomn. Plus, the resalting smallor system
means fewer medues, which conswme raw masenals and
en=rgy 1 Eheir manofackire amd shipping.

For aspplianca  afficiancy cipe anc  strategizs, see oor
Yah Extras pags: www. homepower comwebexirmsg. -.\\
e L
:I
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Solar Hot Water
& Dassive Solar Desion

| Fara ara many ways to implemrsnt aclar strategies ta reduce
a Fome’s enangy cansumpticn (beth alectic and gas). Using
a galar ot water (SHW) evetem to haat the housabold watzr
iz ohe eqampla. Bes "Sclar Hzt Water Simnplified” in HETOY
for an averview of SHW ayetems a1d con2anents.

It wou ars buldirg vaur own home, or conaidenng a r=nodal.
thete arz many passive sclar design strateqise that can
hest (and caol) vour home without any mechanical eyetame.
Fa- examplz, you can heat or ventilatsscas! roome by
amply puthing in windewa and avsrhangs in the appropnat=
places. Fee "Massive Solar Reircfiz” in this iseus for more
infzrmation.

Cnce cnerry-cfficieney and conservatbon measures have
beon implemonted, vou're ready bo sive 3 FY systom to offset
the remaimgeg oneorgy osage. Annoal orersye use figures
can be rapnesksd fem your ubibbe, amd Brese values cam
b psed ke debormioe Bre PYoareay swae IF you've adophed
wnorey-efAcicney measurcg, waibing a full yvear after thor
mipletucntation can holp wou stoe yonr PYoavster uors
closely to vour vsage. Pub wou can giesstimate the new
annual cnorgy ase 1F vou knew your consumption pattermns
and e aoprostmate onorgy $avings e vour mew oTorgy-
etficient applonces, [ oor cainrple, suy yoea upgrace b o
more energy-afficient washing machine—yomn can ralenlake
the KWh savings por load and multiply that by owe many
lxads of lavndry are washed por yesr to Agure cutits annoal
e ammptun reduction, and thoen -opeat this caleo latizn fur
all ef vour vpgreded apphances.)

To dutermine twe FY anay sice needed, voo'll 2 lse need
to ke the poak sun-heus Sige re for vour locaton., Cnee we
Rave H=ae b wr loes, Al with an overs [Daysten effciency

Several tocla, including amartphone appa, are available
to help determine your site's solar window.
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array sizing
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facker, a simple calculabwn can 2o used b figure the PY arnay
sive noeded bo o fset your utihbe usage.

Mwoon cxmnphe, et say owe hove a hoeane leoated in
Alnguergue, Mewce Wexice Afer implementing encrgy-
wfficiency sbrategics, this henr o consomes 3600 KW h por vear.
Usme selar data for Albuquoorgue, supphed by the “atiznal
Raetweweable Lrerggy Luberatory {hps/ Arodeanrelgos fwclarf
pubss redbok 3 von’l fimd Hhe averagre pea < sun-heurs per
day for a souzh-facing arvay, moonted with Bt angle equal ke
labibude in this case, 3875w A4 ¥We also estimate o1 overall
averips wystoin cthcioney focker of S0 (see T Svatom
Merabmg®).

To calculate the arvray sie noeded to offset annuoal crergy
cotsumpton, divice the annual k¥Wh consampticn by 3630
This gives an average daily consumpticn in k¥Wh. Dhode
this =meunt by averapge daily peak sun-hours b oget the
approximate areay sive in kW, That value s then divided by
thee systom’s officioney duerate factor

400 kW hdyr = 365 daysfvr, = Wk kKWhiday
1094 k¥Whiday + 6.4 sun-hoursiday = 171 LW

L7 kW = 06k efficiency faclor = 2.3% kW array

Armay Drientation & il

sanerally speaking, aantrackng PV oarrays in the northeen
hemigphe-a will experiencz ~he rnael aalar expoaurs by fasing
true acuth at e tilt angle equal to within 5™ af the latitude. Haowewer,
regian-apecific factera caq aler when your arey receivea the most
sunlight. For example, in areas with exiran-ely cloudh winters (liks
Seat-l=, W), o tit angle of [atitude miinus 157 can vizld the highest
annual praducticn far a grid-tied aystam—aL mmer en=argy gaina
gt the mara sha low tilt far exceed tha winter gaine at the stecper
tilt. Anather etustian -hat tavee 8 difteren: amay znentation 13
it your afe regulacly getz zady maming tog. In the pess, vou
will wart to shift your arey crientztion towsrd tha weegt. Ses
~Optimizing a MY Amay” in HET,
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array sizing

Te: effiet TN of this hewe’s amnal electrwciby
cotsumpton, 3 18 KA svabem 1w needed.

Howover, a boeefit of a prid-tod systom {as cpposed b
an off-prid syswem) is that the system siac can be dotermined
by yom budget on prefer-nee—it doesn 't have to be designed
to mroet 100 of vour cleckrcal noeds. Fos oxamp o, you could
dhucide to offset 75 of your eloetriciby wath a PY zray. which
wittld decrewse the reguoired systein [tee to 2 kW T35 R «
CFR =194 KWL

While aur oxample systom w locsted in Mow Moxes,
1F our house was noa kess sunny climate, soch as Eugen.,
Ohgzean, wlrch b am uverage poak sm hoor valos ot 310 wee
vt meed a4 WY Areay

4000 kWhiyr, + 365 daysfyr, = 1086 kWhiday
Tt kWhiday + 4.1 sun-hoora/day = 2.67 kKW

2467 kW = 0LER efficiency Faclor = 4.05 kW array

DY aystem Derating

There are many environnsqtal factare that can affact how much
power 8 syatern can producs, Theas factera are combined for an
aplimseted efficiency derate value used in amay szing. (Far more
£=zal on theee 11dividusl tactara, ae= *Fump Up the Powar—
Satting Mars ‘ram your Srid-Tied MY Syatemn™ in HETET)

An averall average gystam sff cisnoy of G8% iz used in 1he
=xample zalculaticns te aczaunt tor e fallovwng:

8%, derate for energy lest due to maodule heating {127 koss)
o for inverter efficiency (5% lozg)

B7 W, for DG and AG wiring ineHicienciea [3% loes)

B3 for mexdule production telerance and mismateh (9% koas)
5% for maodule power loss due o dust amd dirt (3% kes)

B0'%: shade tactor o sccount for ammay shading belore 2 a.m.
and after 4 pam. (10% k=)

Toamive at 0.68 (B35, nultiply all the efficisncy fac-ara tagethar:
.88 < 095 = 097 » 085 = 0.95 = 0.80 = 066

Whilathie 0.65 ia a general val 42 uaed for aptimating & batteryleas
My grid-tied a-rey's size, & corate factar can ba adjustad to
miztch sazh =yeem end eite spezihzE. For th= next exanpls, Ist's
any tha array will eonai=t ot ricroinvertera. which wal ahm neta
lasses cus to module mismatsh. and wwill wse modules that hava
& paogitive—only praduction tzlerancs. In this seae, the modal=
produsticn talsrance and miarnatch lass will be zera (or will hewve
an efficiancy of 100% for a factor of 1.0). increasing the <warall
afficiensy factor to BSM..

.65 ~ 085 = 097 x 1.00 x 0.35 x 0.8) = 0.GB

Coneesaly. let’s go back to the criginal sting irverter and after
perfarming & shads analysia on tha roeof, we find that the aalar
window is raally fraom 830 a.n. to 320 pom. and the shading
fastor ie 085, Tha will decrecae the sfficienzy factor to B2 M.

.83 < .95« 0.97 = O.EE x 0.55 = 0.85 = 0.62

Solar Racliation  AG Energy Energy

{ki¥h'm2/day) {k¥rh) Yahue (5)

January 5.33 303 $26.36
February 6.06 304 26.45
March 6.44 357 31.06
April 7.16 367 31.93
May 7.40 380 33.06
June 7.10 344 29.93
July 713 355 30.89
August 7.02 353 30.71
September 6.71 330 28.71
Tetobar 6.55 348 30.28
Movember 5.73 305 26.54
Decembar 5.14 293 25.49
Annual 6.48 4008 | $351.09

Sosunnpcnes: 289 W arrae, CTTS coraly s 3300 siulh g, BT
a2 kit

Lsing PY"Watts to Size a System

A comren appreach te array suang s to ose MREL s PYiWaths
prosran e e Loy Srrede Spvvea bl S v ersien D hibiml) o
ailine PV oavstem produchien estimator. Ty plogging in
various PY oarmay sicc valoes {and a Few obher sysbemn
spocifics), you can frid what siee arvay matches your annoal
energy vad nekion geal.

ou can also cse PYWatks o double-choo < ¢ our manual
calculatrens. Mote that you wall rood o owork with tho
prosrmu’s TR o AC Derote Pactn™ caleulato to inatech
woelr avsbem specifics, such ad ircorproreasing the shading
facker. You wi | also soe chat they have more conscrvative
defzulbvalues, such as inverter efficicney. Their default valos
puts imverter efficioncy at 92045, bot the actoal CEC woighted
nverter offici=-ncy values for many grid-hed inverters are
cloer b 85, [see Accosy;

Although Fy¥iwatks' "0 to AC Duerate Fackor™ docs not
shwve o speci e dosip ko for ossces doe tomodule hoating,
the prograrm autematically -ncoroorates thw effiviency s
using ropgrenal temperature data and a genesal ™Y powor loss
figure (L3 % por O vise] in their KW prodoction estimates
face thoe MWtk hoelp: files b oome mfe).

&1ether Fandy fea-ure of the PYWabs program & the
ability b st the offocts of various Y array tilt anggles ad
aricntations on wergy ouzput Inoour oxamp o above, tho
artay 15 sitec ke face brie senth and sebat a bk angle equal ko
ther lencateon®s latibade, Hewseweer, there ave situations wehers
an array cannat ke “ideally” sited or blted—thaose parametors
can bo ontored into the PYYatts eyston spooifics to soo what
the impacks e syster prodoctivan might ke, For example, if
the oxample array had been oriented ab 223° and at a pitch
of 206, FWWatts wonld cstimate cutpob o be abaut 8% loss
thans am optitnally erientod orviey Zurweersc e, PV W aths can be
na=d ke Ffind the ophimal amray hl- argle by enfering vanous
angles and neting which one gives the most S0 per year.
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Somelimes, sgusezing the maximum number ¢ modules
on the roof takes thinking outside the box.

Sizing within Space Gonstraints

I residential areas ceoctially, o primary comstroiut to 'Y
array siring can e Hwe osire o Hhe available shade-free
mounting area. PY moedules can be meunted onoa roof, tha
ground, or a pele (which riclodes trackers), Roof-meanting
penerally wkes advantage ot underofiliscd space, but the
mmatallahon may require Senehatvns theeogh the roes, aad
can cause wedar and tear on thoe weofmg matorial wehi o tho
work 1w bemng done. Grourd-mounted systers take up vard
wpace thut imiglt Lo protemrod for other puposes (geomdor,
eted and wanally reqinres comastricbrg subatanhal comcretes
footings. But the woark can be domne on <he greound jeasier a1d
safor), and o uminates firefighters” concems about clectrical
equpment beings located o the roof Pk, groome-meanted
syatems allow more aivflow awcund the medules for less
powoer loss From module heating. Pole moontirtg has the
wamie basie pros and o s the grem dd taounted approach,

At some sites, ground-mounted arraya can take advantage of
larger areas and better solar access than mot-mounted amays.

e FrE T I D e

gric-tled array sizing

bt e fers the advantage of raismgg the arvay off the grannd,
mitipgat ng shade wssoes from snow buildop or nearby bushos.
Site wpoe ficg wall dictate wehich mountng micthed makes tha
mirst seese fior cac nstallation.

Regard less of which rweamting meched is ussed, the shad -
free area. minus clearance needed Fer maiatenance o roef
sothacks rwogquived by ocal fre departrment guidelines, will
Fimnat rowe large the arroy wim be (wee Access) I the cose of
renfmounted avatemns, bepacally SO0 b B of 2 voof plane
will be available for moorting FY medulos.

When space 1% a consideration, PY array siee can bo
waleu loted vy rodule power consity (eeatts por syuirs
foct, W20 Crystalline PV madule cuatput averages about
128 por f£2 and amrorphous moc oles aboak e W opor 220 Let's
wanr wel have 230 sguare tfeet of ook space that s apprepTioks
for monnbrg PV medules.

Cryslalling modulea: 230 fL.2 12 W2 = 5000 W
Amuarphous modules: 230 1.2 < 6 W2 = 1,500 W

With crystallne modules, tre resf space = mese than
aduequate b fit the proposed arvay siee (250 KW LIF
armnarphous silicon modoles are used, the arays wall o Fset
abaonk 55N o e electicity ndage) Whers feod-an baviff
(FITI progrars are avalablc—which pay a premium raks
for solar-genoratec clectriciby—some hemoowners wall opt
to masimies ose of their oot space, which e sone coscs
will cversive the array and preduce o surplus. Fueen we et
accwss b a FIT program, Wife changes (such as a new baby
and inzreasing lkeads of laondey por week) often provds
vppurtumiticg for wang Hiose cobro walar produeed kvl

Sizing by Budget

Often the tost contfufg comsideraton s bodget, Corrently,
the cost per installed wath of residential PV syatens typically
ranges fom 57 b 3R owkich inclodes cvervtvmg from
modules, inverter, disconnects, racking, wite, znd conduit b
taas, sleppag, nstallation labor, and pormittingg.

Fole-rounted arrays and trackera get the modules up off the
ground, away rom shading obstructions like bushes and snow.
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array sizing

Lsimg the: same location, l=a say tHheeea 510080 available.
Witheut amy fedoeral, state, or keal incentives, the array sico
will b li-mkad b bebaesn 107 <% and 1.4 ki

G100 - STIW = 1420 W
ST - B = 1111 W

Aryene with a federal tasn habilite com b ke odvimtage of
the: imeappend 30 federal b oredit, allowcing vou e noreass
the budpret to 2142480 (14287 « 030 — 3438 baw oredit) and
the spstem s Froam TR kY b 204 kiA—end still be wethm
the ST Yon'd ne=d by pay —he Frell cost up-fronb—and have
wnugzh B lalitye te fake the full crodit Brat s year or onough
habaliby cach year o soread the tax crodit over soveral vesrs,

Additiomally, muuny idividua stutcs, nosneipalities,
and ntlities offzr rehates that can frrther ofsst a 'Y
sysben’'s cost. The Database of Stake lncontives for
Koenowables & Efficionecy [DSIRE, woww dsireusa.org
srrganizem ncentive programs by atate and program bype,
making mcentives casy ko oroscarch. o Mow Mesico,
for mnstznce, FY incontives include a utihby renewabls
wnterEy crodit { LS of $0012 per kWh, a perseal szate tax
avedit (15 &F the cosk, capped ab 90000 and A propercky
tax cxompticn “or solar systoms. While none of those
mecntives redoce the ap-front ecst of the PV systor, soo
the “hupact of YV Incenzives™ sidelor tor haw yea con
reccU vour un-front irvestment ard aven maks mcney
aver Ehe systom's lifekime.

[mpact ot PY InCentives

Scenaric 1: System sized to mest 1003

of elacTricity nesds

At 37 ta $2 per rated watt, 2 2.59 KW PY aystam will zast batwesn
13,130 and $23,310. The =ystem iz satmated to praducs azcut
4,000 hWh par yen-.

A0 f=deral tax oradit rangea from $65,435 to 55,553

10 pereonal tax oradit mngea fram 51,813 ta $2,331

Eatimsted RES paymart: 4,000 kWhiyr, = $013%h = 12 vra. =
} 6,240 tatol PME RES paymarta

Eatimated range =f total inzentivea == 13,432 — 15,584
Eatimated =ye-em cost, efter incantives = $ 4,628 — 47,745

Wa can alza conaider tha mavinga =f the kWWh offzst ot 20.0200%h
Swet 05 years (comiman modu S vwarranty periad):

4,002 kWhiyer = 50.0avkWh » 26 yre. = $8,000 additianal savings"

Scoenaric 2: Maximizas roof
space; provides a surplus of
electricity

Scenario 3: Budget systam

At &7 to $5 per watt, 510,000 will buy 8 1.1 t= 1.4 kW syatam, wh oh
ey praduce abaut 1,700 kvYh ta 2,180 EWE por waar

0% faderal tax cradit will be 53.000

10 peraona tax oradit « || be 51,000

Estimeted REC payment: 1,700 kWhhyr, = 5013
kWh = 12 ym. = %2562 tatal PRM REC peyments; ar
=, 120 kihivr. 2 2013 = -2 y-a. = $3,37 D total PMM FEZ paymete
Eatirated range of tatel incant ves — $6,5352 - 57,270

Eatimated =watam coet, after incentivea = $2,620 — 43,343

Wa can alza conaider th= =avinga of the kKWWh offast at Jo084kWhH
Swet 0o years (comiman madu S vwarranty periad):

1,700 kWb, = S0.037kMH 2 25 yra. — $3,825 additional savings*

=, 160 KWhiyr. = S0.097kWh = 26 vra. = $1,860 additicnel ==v ngs*
THete e kG ke Walks B core e SAs est nates it Les Rew

Sz LA E apacs chacticite vt b S0 25w a, Ecotii: oy abis
a0 Wkely B einbieus e epaseed sorve coeer bies peereaad,

mm
A 2.0 EWY eyatem iz sstimseted to coat batwaen HYE‘I‘H"-' HI}H"H”[I JI]EIE
$21,000 and 27,030, Thiz syetzm may produce
gbout 4,830 kY h par year. Meets 100% of MMaximizes Roof Burlget
i 2
3044 faderal tax cradit ranges from $5.300 to 28,100 Sl e i Bl Sl Bl L
. _ Syetern aize [k 2.59 3.00 1.1-14
10%: permonal tax crecit rangze from 2,100 to %=, 700 - —
Extimeted REC & 4,807 kYhe 30,1 344k Annual enengy output [KWhH) 4. 000 4. 600 1,700 - 2 "E0
imE = payment: 4, Wheyr. = $01 30 - — ” — ~
12 yre. = $7 176 total M REC pevmants Syst=m cast [§ . Gopar'w] | $18,130-23,310 |$21.000 - 27,000  §10,004
Federal tax zradit 2096 35,439 - 5,853 | $5,300 to 8,100 53, 000
Estimated range of total incanfivee — 515,572 - " ; = - -
§17.270 Pe-sonal tax oradit (12463 31,813 - 2,331 %z,100 to 2,700 51,000
. . . Fenavvakls oradit S
Estu—latsd aystern coat, aftar incertivea = 55,424 — “..EI-_,:I,_.F ;EE: kf'.'hnf?jrﬂi :.'rs.:l $E.220 7 TS 2,852 — 3,370
[=Raek]

W= can alec consider the savings of the Wh offsas; at
F0.0930Wh over 25 yer-a [cammor module warraty
pericd):

4,602 kWhier = 30O09KWH = 25 yra.
additianal savinga*

= 310,350

s ST 128 .

{94 per k¥h for 25 yre.)

Totslincentives | § 13,492 - 15,554 |$15,575 - 17,876 $5.882 - 7,370

Net system cost| & 4.600-7.746 | §5.42< - 9.0e4 | 52,630- 5.041 |

LHility savings $2.000

$10.050 £3.325 - 4.880
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