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Electrifying Pinnacles

A hybrid photoveltaic system provides Pinnacies National
Monument with an elegant solution to the problem of providing
electrical services in an environmentally sensitive area.

sndprn rilenidénl Chary Cande|ana i very
efithusiasthe shoul the pholovaltake (PY)
installapion at Pinnacles hutsonal
Moaement in California, “The PY svitem does
evervithing we designed it to do, and i costs a
fraction of what wie used fo pay each month o
operate sl maintain the digsel generators it
replaces. Our dicsel fuel coats alone were
S0 00N & year,"

The Pinnacles inuallaton, which was finished
In April 1996 is & state-of-the-art hybrid PV svs-
tem insdalled within the Natlonal Park Service
(NPS) It includes & 96-Kiloavait (K'W) PY amay,
& 4,200 amp-hour bank of Mooded lead-schd
batteries, and o J0-LW propane-powered backup
generator. The hybeid system replaced two
100-k'W Caterpillar disis| penerators, derated
t0 §7-kW for single-phase operation, that ran
24 howrs a day, creating a consiant du and
poiluting the akr in this pristing arca

"We could hear the genérator nodis (nom the
residences, offices, work spaces —even the trails
and the surrounding peaks,” explains Candelana
"It was hand to enjoy the soliiude and slence of
the wilderness with the comstant sound of
machinery operating and the smell of exhaus
Wi had no [dea there were so many birds in this
wren until the PV system came on line.”

In nddition 1o the noke and pallu-
tlon, park senvice safl werne con-
cermed that the diesel generntors were
an envimoamental disaster walling (o
happen. The need 1o trunapory dicsel
fuel to the site aod store it 08 large
tank presented the constant danger
of fuel spllls or leaks in this environ-
mentally sensitive region, And
because the generslon wene over-
sized to meet an infrequent peak lnad,
park personnel had to leave lights on
1o maipiain & stebilizing load for the
idling engines, wasting fuel and cre-
ating light pollution.

Thee local wtllity, Pacific Gas &
Electric Company (PCG&E], supplics

of the park, but the oot 10 extend the grd fo the
undeveloped Chapparral anes on the west side
wis prohibitive. For the aiility, i was a losing
proposition, because the site would be at the end
of the power line—they could not justify main-
inining a ling for oaly one customer. Park person
el also worried shoal the environmental impac
of runming power lines through a wiklerness area

Finding a sustainable solution

Although the diesel generators had provided
refiable power for decades, the emvirommental
anid pestheidc costs were becoming unacceptable,
especially in light of the park serviee commsi-
ment 10 protect resources as wiell as provide ser-
vices, In 1991 | the Mational Park Sernce (MFS)
kdengified susiainable design as the comesbon:
of & effort 10 accommadate park visiors with
oul compromising the ability af future genera-
tions o meel their own peeds, In 1994, (he
U 5. Department of Energy (DOE) and Sandia
Nuational Laboratories (Sandia) collaborated with
NP5 to survey eatsfing PY wystems and assess
the patential for fulure nstallagions ot park
factlities

The sirvey revealod as mamy as 600 PY
projects already operating [n the national park
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The Y avstem woubd Be o quieter, bess pollifig,
miare Fuel-cifichoni means 10 meei ihe power needs of
the sibe. A Cary Candelaria pu iz, "The MY hybrad hits
all the mght notes in the NP5 mamndate to protect pnd
pheserve oar parks ond still provide services (o visiton

Mew hybrid systems i ihe datwmal parks alie s
popane penerulors disbend of diesel wiils, becaise
pogune Bemieds abe cleaner, quister. and maore silsd
1o ihese matallangmns” ehort dity cvebes |'r|l|'n.:||-.' s envi
rofinsenially sofer than diesel fuel becaise pecidental
g -|'-|':|-. will evaporute rather than conlamimnate
ihe prond. and propane does not produce os mach s
|'--'||||1u.-|1 In adadation, hybrsd syabem desigmers preder
pogang penscls because thie generaion in thewe instnlls
tias ruin Al regueesdy the 'Y |'-e-.'-'.:.!-..'- miast al ke
power —and the propane generaios need not be left
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Energy efficiency first

Mirongh Sandia, DOE deterauined that the Minnacles
provject et their fumsding pusbelines for matching funds
Sundia and park service personnel then develpped a
|~|.|:| liv install ihe PY svaiean. A critical compenem
of the progasal was an utegraled program of energy
ellbciency. bood management, and load segmentation thal
cidl the enerey requirements &l the side e Bl [ Prom an
avernge of 31 KWhiday i 195 10 41 KWhiday in 1997T)
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Economics

MPS now bases development decisons on lide-Cwcle
ciml amalyacs, which inelinde the cost of dgcrating ansd
meaintaining natallations throughout thei snbicipatesd
service life. These anadyses alsor assipn dodlar vadies
bbb comts of energy use that are usially hadden— g
pollistion, fuel splls, and sther epyvironmental damage,
for example. This s good news for renewable energy
techmilngies, becatise slthaugh they are ivpscally expen
SIVE Do piEnchass, ey N mimmal mainlenance, no
el and proafuce no skl

Abihough the park service chose the Pannacles PV
h:.I'|||1 wyalem becsuse i1 ollered sppnifcunt envirop
aectidal henelits, a life-oveke ool analysis shows thal e
"y I|:.h||.| wyslem also comis gkt 585 D00 beas than o
replocement primpane pemscts over o 2evear Life cyele
I madelsiionn by ol Bar sy imjs the 'Y hiviead saves more
than B AN gallons (30,250 liers) of propane Teel coch
vear {more than 16 D00 galBoaps |6] 2 0TEN libers] ;I:.rln:;
the Mi-year service life of the swstem), 11 the cosin NPS
Fas assipined] o emsasmy o carhon dscksle . sallur diox
il anl nitrones owide are inclikled o the anolysos, the
™ hybiridd syaberm weves more than dpother $24 (00 gvey
A woars and pvoils over | IEN) ions (AR metne tons)
il l'l"l_ winid 1.5 towis £ 8 metne sons) il "'q.'[].h If 1hse
pensets were tbesel imsiend of propane, the wavings
wiild be even more imipressive, The omginal Pinnecles’
clise| penerator prosluced 143 toms (120 mctne tooss ol
(| l_-_ 1 SN |||.-|,|||||'. (T 1M1 L||I-|__'I'.\j|||'a.l ol M Ky . AP
L% pn'u'-.!-. | 155 kilsgraime) ol S0 every year

Performance

e hvbrigl Y svstem continoes o funciaon well
ami] has excellent ay .-.|!.|h|I|I:|. aii] reliahality, From May
Ehrostigh S pidmiber 1997, the Py array provided wiru
wlly all the encrpy usend @ the site. The kinkls sre slighils
higher mowmter, becawse off ihe increased Hghimg bood
wnd ibe need b PUamp W inice F||-||r|.:l w iker Uhad infil
frubes the sewer systen. |n addition, meslaton lévels
e lower. Dareng the cowerse of 8 year, the propane
gencradon runs anly TS howrs and buarms | 265 gallion
(4 ROND Fisers ) ool loel



"INt were up b omee,” says Candelaria, ®] wolild
power the endire park with phodovoliaices, The utility
povwer on ihe east side of ihe Motiuiment seeims (o go
ol an average ol once o wock—ihe PV hylnid sysiem
itk far mwmre nelinhle "

Assuring success

Careful planning and gpood commuanication can belp
assure the success of rencwabbe enendy installations. Y
ybnad systemas are differcan i several ways from the
cisventinnal generatons thal they replice, which cin
cause some resislance on the pant of facility stff, They
cind fnore i purchase, are more complex, thear batbenes
require matmienance, and they use fechnologies that may
e umfamiline i miindenance persojineg]

Hiswever, the PV system’s many sdvaniages make
the resiutance worth overcoming. The clean, quiet elec-
pricity it produces creales & more plessing eaperience for
the staflf amd visiiors than the noise and polhution of the
iesel penermiors. Becawse i requires leis (ond soferi
fuel, the PY system also protects the Iocal environment
froem wir pollistion amd the risk of Tuel spills amd beiks,
And the PV syitem is less eapensive on & X-year life-
eyele cost basis

Anvther strategy (o snioath the process of installing
# renewahle encrgy system b 1o establish & spirn of
ol lsboration and & comanitment 0 sucoess from the
owibsed, und choose supplien and contmciomn who share
thiil enthisiasm, Acconding s Candelaria, "One of the
kews 1o the socoess of this progect was the wonderful
parinerships that developed among the individuals and
pegunitations. imvedvel, Everyone sos commaticd 1o
muking the propct work”

The big picture

Installing renewable energy projects af Federal
facilities provides Federal agencies an oppartuqity (o
fulfill their miandate for responsible stewandship of oar
natinal resoinoes with cosl-efTective, envimnmentally
benign technologies that do mot contribuie 10 ghishal
chimade change. Pedernl agencies administer more than
1190 oo thee lnmid wron n dhe Unbied Stales, and a lnrpe
percentage of this lond is remote and environmentally
swensitive, I many of these areas, the need for services
ihat reguire electncity is Increising.

Federal programs that encourage sustainahle salu-
Homs by these needs help oneite 5 market Tor renewnhle
energy lechnologics, For example, Benew the Parks
i parmership smwng e DOE PV Diviseon, Sandia,
und the Matioaal Park Service) lus identified several
humdred national park bocations in need of power that
wimilid besl be served by photovaltaics. In addition,
informsation a1 lgh-peodike sites can belp ediscate the
public sbout the benefits of renewable energy techrolo-
gles, which include reducing emiasions of gases
betevesd 1o cause global elinaie change.

To other Tacility managers whe are considering a
renewable etierpy insdallation, Gory Candelania éxlemly
an invitation, "Come visi our system and see how guiet
and uroshtrusive it is. We save malniennsee tme and
money, fi longer have 1o worry iboul diesel Tuel leaks
and spills, and this sysiem is aisiainable! What more
could yous ask of o power system ™

20-YEAR LIFE-CYCLE COST ANALYSIS

Hase Caze PV Wyl Cass
INITIAL INVESTMENT
Capétal Reguiremants 24,000 £135.000
FUTURE COSTS
Hecurring Costs® £74. 045 $10.3%5
Enorgy-Related Copts™*  $164.588 £27. 230
Capinl Replacements £31, 790 $43 577
TOTAL PRESENT YALUE 5204 78T £211,208
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WPS ASSIGHMENT OF EMISSION COSTS
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PINMACLES ANMUAL EMISEIONS COST ESTIMATES

Bass Catn PV Hyhrid
Gy 503 long 2.0 lons
|I 50; 0.7 pounds 0.1 pounds
N, 170.7 poands  24.2 pounds
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For more Informatlan

Grary Camnadelaria

Pinnacles National MMonument
500 Highway 146

Pascines, Califomin 95043977
{408} IR9-S485 exi 233

Fax: (408) 1894439

Hal Poxt

Sondia National Laboraionies
PO, Bex 3800
Albuguergue, Mew Mevico
ETIRS

(508) R44-2154

Fax: (405) B42-634]

email: hnpest @ sandin gos

ke Themas

Sandin Mutional Laboratories
PO, Box S804

Albuguergque, New Mexico
BT18S

[ S015) Ba4-1 344

email: mgthoma @ sandia gov

Andy Rosenthal

Southwest Technology
Development [natitute

Mew Mexico Sute Lintverslty
PO, Bax 30001-MSC 3 S0OLAR
Las Crucex, New Menico 83001
{ 8) A1 313

Fax: (S05) Bb6-TH4 |

gmall: amusenth® nmsu.edu

Tinr Burll or Mike MiGom
Applied Power Corporation
1210 Homann Drive. SE
Lacey, Washingion 98503

{ Ry 44821 ik

Fax: (3600 438-211%

emall: apcuolardanl com

Doviglan DeNip

Mutienal Park Service (retieed)
12322 Weal New Mexico Avenue
Lakewood, Colorado 80728
(30T 98E-1406

This case study Is availahle on the FEMP Weh slte
(httprfwww.eren.dosgovTemp) and from the

FEMP Help Deak [ 1-R00-363-3732)
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For More linformiatbon

FEMP Help Dk

(80 DOE-EREC (363-3T31)

Fax: (202) 386-3000

Internei: hitpywww eren.doe gov Temp
Arnne Sprunt Crawley

Team Leader, Techaical Assistance

DOE FEMP, (202) 556- 1505

Federal assbatance for rencwables i
provided through the following national
laborutories in support of the LS,
Deparimert of Encrgy's Federul Energy
Maenagement Program

National Renewable Encrpy

Andy Walker, (303) 384-753|

Mancy Carliske, (303) 384-7509
Pairina Taylor, (303) 184-7548

Sandia National Laborstories
Hal Poat, (505) B84-21 54






