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l INTAODUCnON 

In June 1990, FPL filed a potitlon with the Florida Public Service Commisslon 

("Cou wnissb11 10 conduc:t a CommerciaillnduSlltal Hot Water SIOI'age Researc:ll 

Projed. The project was approved by the Commisslon, and FPL proceedod with 

the reseatdl project. FPL iclentified and ewluatad various design concepts, 

developed 8IOnlge wator heater prototypes and conductod laboratory testing of 

1hose protOtypeS. lhi! report I! a 5UITVIlaiY ollhe rasults of the I8S8ildl as wei a:s 
FPL's conclusions and rooommendallons. 

IL OESCRIPl iON OF COIIOAERCtAUINOUSTRfAL HOT WATER STORAGE RESEARCI!i 

PROJECT 

I.A. ~of Raeereh ProJect 

lhe purpose of tills project was to as~-ess lhe viability and foasilility of heating water 

during off peak hours and storing ~until needed during the day as a potential means 

of raduc:lng on poak elodJicity U18QU, and thus becoming a demand sklo 

management program, More 8f)f!clflallly, the proj,eot aimed at developing convact 

eleclrlo IIDrage waler heaters lor use In residential and comrnerdaJ awkations. In 

Oldef for FPL to evaluate lhls technology 81ldl make a progrnm devclopmernt 

decision for fn1liemet oting of wch 8 program, a residential and 8 oonvnerdal water 

hea!ef protoiYPfj had to be developed. This re~arch project evaluated potential 

demand and enefg)' saW1gs as wet as customer savings and paybacks associated 

with lhe dlflerent options available. The soopo of this research project dld not 

incblo research of mar11et potential. 



l 

• • 

In June 1990. FPL potitloned lho Comrnlsslon for approval of Its 

~strlal Hot WaJBr Stomge Research Projed. Subsequently. FPL's 

Cornmen:ila1lln Hot Walsr Storage Reseum:h Projed was ~ ln 

October 1990 as pan of lhe CC)I!1Ial'ly's DSM Plan for lhe 90s. A copy of lhls Is 

llhown In Appendbc A. 

The ploposed dovelopment of an eledrlc S101BQ0 water heater was based on 

cer1aln constraints such as capacity. size. te~raJure. maximum allowable cost 

and applicable codes and 61andalds. The conslrlllnt in1X>sed on lhe slze required 

the volume of lhe new water heater to be no more lhan 150¥. of tho volume of a 

conventional water healsr of lhe same lhennal stor:ago oapaclty. The allowable CO!It 

oonstralnt. based on avoiding the peak load duo to water heallng for an average 

1811de.'lllal QISiomer, let in the $400 to $500 range. This cons1rillnt was based on 

an odglnaliiSSIJI11)Iion ol avo~ 311 watts during peak periods a1 an evoided 

genemting cost of $1flOOiliW. 

The projed was conduetod in four phases: (1) thennat energy storage materials 

were kietltif.ed and (2) evelu8led, (3) various design concepts were developed and 

evakla18d, and (4) labotatory testing of systems based on lhe co;;;::gpts was 

~ Based on the wolk OOftllletlld In the fli'St two phases ol lhe project. two 

off peak water heater concepts we1e sel8ded for further development and tes1ing. In 

Phase Ill of the project. prototypeS of 1W0 water heaJBre, lhe HOPE (High Density 

Polyethylene) 8IOr1lge healsr and lhe high te/Tl)OraJure sensille heat storage 

heator, were buill ln the labotatory. The prototypeS we1e tested for thermal 

performance, accelereted lilelime. and lntennodlate·tonn perlonnanoe aceotdlng to 

a documented test plan agreed upon by aft pastios .assodeted wilh lhe proJoct. 

At lhl end of Phase Ill, two potent QWka!lons were filed for tho water heatets 

d!MIIcped. The conoepls were dlsdosed to two manufaclurore on a confidential 
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basis. lor lhe purpose of aolicili1g their input on the manufac1urabmty of tho water 

heatetL The rvsull of the studies sho\'IICI thallho HOPE stornge water heater had 

bltl8t overal thelmal perlotmanoe 1han tho high tomperaturu sensille heat stornge 

watar healer. Then!f1X'e, 1he HOPE water heater was selected lor fut1her Sludy, and 

b design wu finaJiuld In cotlabonlllon wilt> VIIUOhn Manutactuting Inc. Based on 

lw 1hllm1lll petfonnanoe and lhe manutacturabmty potential of lhls design, It was 
oanciJded lhat 1t was the design best su~ for c:oi'1IVTl9rdalzal 

Aekl l8s1lng or lhe rusldential and lhe commercial pto!OIYPO$ manufacturud by 

Vauglm was c:oncluQed at lhe Energy Research and Education Pask of lho 

l.Wvera!ty of F1ortda under Ptwe IV. The test resulls show lhat tho two water 

llealals wol1ced effectively in pmlding all of the dally hot water needs or their 

·~ appllca11ons with only one off peak c::hatge. Detal!s of tho watsr heater 

del91. operimeniDI test plan and J)IOOedurus. and results Ml Jlf8$0nted In this 

report. 

LC. Theoly of OperatSon end Scope of Research 

All elec:b'lc Slolage water heater Is dlarged onoe a day during the off peak period 

and stores lhe holl wator for use tlvoughout lhe day. Although the requited capacity 

of a walor heater depends on the applcatlo!l. a lharmaf storaoo capacity of 15 kWh 

{eo galons) Is sulflcient lor lhe claJy water requiremenlll of an average residential 

cus1omer. Considering two or mo111 charging periods belween peak periods, and 

lhe edual average supply waler lllrlll8ralul11 lor Florida {~ 'TZ"F. Instead of lhe 

national average of 590f), then lhe 8$SUn10d 60 gallons capacity ptovides an 

additional eushlon of 20% to 80% mo111 hot water lor an average rusldential 

QIS!Omot. In lhe COIMleldal sedor lhe most common aim of water heater is lho 

100 gallon size. TherufO«l, a water hea!Dr with a storage capacity ol30 kWh (110 

galons) was seledsd as tho unit to be dewloped. 

3 
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Vatlous 1t0t8Qt c:cncep1s Involving sensllle hea1 slonlge. latent heat storage, 

CXliT'blnallon of ..-.Bille and la18nt heat storage, and chemical reactions C8ll be 

used to atore hot walar. For this project. c:hemlcaJ reactlon storage was abandoned 

from lhla research proJect In 1avot of the sensllle and latent heat because of the 

l8d1nlcal ~of chemical reactions. 

ConYenllonal wa1er hea18ts are of the sensille heat water S10I8ge type, oonslstlng 

Wll8r heating applic:ations, 30 gallon and 40 gallon sl0f800 tank wator heaters aro 

most common and seU In the range of $100 to $250 per unlt. However. these watot 

heatels clo not have sufficient capacity to provide the nooessary storago for off peak 

opet ation. A Jasg;er tank operating at higher 18mporatures Is needed to meet the 

demand during pe.aJ< hot wal8r usage. 

lalger capacily off peak wal8r heal8rs are avallable as non1)(8SSWized and 

pressurized water atorBQO units. Water Is l)1lkally heated to 203-F in non· 

pressurized unlls, and to 280-F in prossuriztld unlls at a pressure of about 50 pslg .. 

However, the mallll dlsadvan1ages of laJge capacity water storage water heaters aro 

the latge si%e of tlile unit and the laJge standby losses from lhe storage tank. Since 

ooe of the objeclivoa of lhls research project was to dovelop a water heater lha1" 

r1ldu<:od the volume of the storage una by at least lhaH the volume of a convanl!OilaJ 

water healer. Iaroe capac:ity water storage units dtopped from conslderatlon. 

Therefore, two water he810r concepiS became the main locus of the research. the 

8eNille heat stoolgo In solids at high te~turu and the latent heat storage In 

Phase Change Materials (PCMs). 

Thennal energy IIOnlge In solids has hlslollca.lly been used lor space heating 

applc:allons by lmroducing an elt·water heat exchanger in a conventiooal space 

heallrlQ S)'SI8m or by running stainless steel tubes through the sold and dirodty 

pasailg water tlvough the tubes. These units: usuaBy utilize ceramic storage 

ma1etlals lhat 8l1l electtlcaJy haalod during off peak periods ID very high 
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~ r., adlleve ihe lowest volume. it Is necessasy io use the storage 

medium with the hlghest possible energy density. This leads to a choice of eilhef a 

oenunlc materlaJ or cast Iron. However. since cast Iron has high eleclrical 

ooncllctlvtty, whlch requires special materials for tho heallng elemenL and high cost. 

b u.o a a storoQe material Is not preferred. Ceramic materials necossitale the 

act1it!M of an alr-waJor heat exchangor or tho running of a stainless steal tube 

thtoUgh the solid. Due to lhe complexity of lhe blower arrangement In lhe heat 

exchanger and the bJb!ng In lho olher solid heat storage method, lho research 

concenlnltlld on the latent heal storage water hooter concept. 

The advantiiOO of tltOrlng thermal anergy ill the form of la!ont heat Is that a high 

volumetric energy density Is aohloved over a nanow temperature rongo. Sovernl 

PCMs that Wld&rgo solid-liquid and solid-solid phase b'ansformalion meeting lhls 

a lbnian were ldemified. These PCMs can bo classified Into various CBleg»ries such 

as: aaJt hydrates. 01ga11ic paraffin's, non-paraff111 organics, solid-state PCMs and 

eutedics of cnganlo and/or Inorganic compounds. For water heating applicalions, 

those PCMs that have transition lllllll&rebJres In the range of 140" to 21 1•F am 

most Sl!ftable for thermal storage. Although many tmatetlals showed the appropriate 

c:haradorisllcs am were seledsd for ful'ltler consideration since the others am very 

expensMI or not conmen:ialty available. In general, lhe materials selected for 

analysis were !hose with volumelllc energy donsi1ies higher than t 00 kWhlm'. 

Based on exlenslve testilg In Phase Ill, the HOPE storage water heater design was 

finaliDid and two prototypes, a resldential and a commercial unit, were fablicatod. 

The resldenlial SIOI8ge tank is made of 1/8 indies thlc:k steel plate, 18 inches in 

diametat and <Ia Inches In height The tank is fiBed with HOPE and propylene glycol 

up to 35 Inches from the bottom to ltave room at. the top for thermal expansion of 

the ol A 4 kW oleotricaf reslstanc:e eltment Is suspended from the oenl.or of tho top 

cover. The heating eltment Is doslgned to provide more heat at the bottom than at 

the loP so that thermal stratfflcatlon can be nlnlmized. A 5 indl diameter open 

mesh cylinder amund lho efectlfc::al element separates tho element from the HOPE 

s 



\ 

pelets. The heat exdlanget is a iong finned copper tubing wound Into three coils of 

dilletent dameters. which 8181nvne!sed Into !he HOPE pellets and propylene glycol 

dJtlon. The lank Is insulated wi!h four layons of 1 inch 1hick lilerglass Insulation. A 

hNmoalal autornalicaly tums lhe heating element off when lhe S10faOO bed 

~reaches lhe pmset uppor fmlt oi284"1F. Fof safe operation, a prassure 

relet valve Is aet at the top or the tank and set to 40 pslg. to prevent excessive 

pren 11111 bulkklp. The commercial unit uses lho same deslgn. but it has more 
YOiume, and It incolporalos a c:itculaling pump to reduce strutiflc;a1lon. 

a R&DPROJECTCOSIS 

The total energy ~•lllion COSII8COVel)' dolars approved by lhe Commlsslon fOf lhls research 

project was $225,000. These e~ went based on FPL 's best estimale fo;r 

the lout phait re.llldl and development po«:ess. which is Included as EXhbit II 

within the petitiOn. The pnna.y expenclibns assroated with lhls research project 

included !he following: 

• COntmd to conclld a lour phased feastiity s!Udy, and 

• FPl openses a.W>C'lnted wilh projed management 

FPL'a total expondilures to COI\1)Iel8 lhe ConvnerciaVIndUS1tlal Hot Water StOfaOS 

Researdl Project went $ 228,039. FPL has only recovered $225,000 through the 

ECCA Clause lof !this project. 

JV. R&D EVALUATION 

rv .A. Method of Evatuutlon 

Residential Willer Heater 

A roslclentlal wal8f heater pn~IOtypo W8l CIO'lllietoly lnstrumentod and Installed Ill 

the lJnlvetslly of Flollda solar house. Thermocouples wore lnsUilled to monhOf the 
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lelr\:)olliiW8s at seledsd positions of tho system. In tho charging process, the 

IIOrage mal8llal was heated 10 an averaoe bed leflllGraturo of 284 •F during the 

nU•alone (off peak perlod). The bed 18mpetal1Jr8S at different heights wero 

I'800I'ded eveq 30 seoonds and lhe total eleetridly input was measurod by a kWh 

meter. 

In the rnt group ol clsdlalge tam, waler was con!Jnuously drawn through tho 

healer at a oonst1nt 11ow rate. Three Offorent fbw rale!. 1.5, 2. and 3 ~ were 
used for I8Slilg. These flow rates are typical of various residential BW'calioos, 

ax:h as showers. cish washers. clothe$ washefs. etc. The !f!nllemlures of !he hoi 

wal8r enlelilg and exDig lhe mildng valve were recorded. 

In lhe second group of tests. wa!ef was drawn from the storage system llCCOidlng to 

a liTUid8d lest plan which dosoly resembled tho daily hot wa1er c:onsuf'T1)tion In a 

typical household. The test plan lolowed a plan 18<Xliomellded by ASHRAE in tho 

ASHRAE Appi •flo•-, Hancllo9k 1987. The discharge operation was manually 

conttolled. 

COnunerctal Walllr Heater 

The lnstlumenlilllon sotup and tes1 procedures were the same as !he ones used for 

the resldenllal walar hoalef. Tes1S, included charglng. cfJScharging at varlous 

continuous draw ratDa and dlscharging aocordlng to a slmulated fiold test plan, 

wllk:h was anilar 10 tho one used with !he residential water heater except that the 

time raquin!d for each event was doubled. 

IV .8. Evaluation of Results 

Aesldentlal Water Hea1er 
The residential stomge wa1er healer took approximately IWO hours to fuly charge 

the storage unit from an average bed temperature ol 1 22" to 284 •F. Thermal 

611aUIIc:atlon was low unta !he HOPE pellets at tho top have changed phasCI 
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~ly. The rnaxlroom ~ralunl c:fdference Is TrF to 66"1'. which Is 

ecoeplable. 

Based on dischalging the water heater at 1.5, 2 and 3 gpm, the tempcrabJro of 

c:lired discharge at the end of each test was stlll 1BS•F, which means addlitional 

Ul8ful hot water CICXJld be drawn. Thus. the prototype water heater has suflic:ient 

capacily ID meet the typk:al hot water needs of a residential household With a sklgJe 

ehatDe dUring the off peak period. 

Commercial water Heater 

The tempcrabJre profiles for the convnerdal water heater showed a tempcrabJre 

Slnllific:ation oi122"F to 140"F between lhe top and the bottom of the storago bod. 

The bollom portion of the HOPE pellets Is abotJt 1 04•F lower lhal1 the phase 

change lerJ1)erabJru of 259•F. These results pror11)led the modification of the 

deiGn !of lhe commen::lal water healllr to lndude a citcutaling Pllrl¥1 to c:fiSttibute the 

ol 11om lhe bottom to the top of lho IJllk for a short pofiod of time to redual 

slr'atificalion. Tests With lhe modiJied design showed that after tho oB ciraJiating 

pul11) Is operaled lor 30 miootes, lhe tomperabJre diflorunco docroased slgniflcantly 

from 46" 10 500F. 

The results of the test showed the water heater was able to meot all of the water 

heating requirements With a single off peak charge. 

JV.C. PetlUon Comparisons 

When FPl filed lis Coniiler'CiaVIndustrial Hot Water Storage Research Project 

Petilion, FPL projected an average norHlOincident pat1lc:ipant demand of 

approxlmalely 3.38 kW tOC" both aummor and winter With no annual onorgy 

reduction. 
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AJ. the time the petillon was filed, the project had a benefit to cost ratio, wi1h 

generallon dalemll credits, ol 1.70 based on the above savings. However, based 

on the R&D resulls and additional resean:h msulls, FPL estimates that typic:aJ 

rasldaullal and 004l1YI'lei'Cia QIS!Omemanergy and demand savings llfll as shown In 

Table 1. 

Table 1 

Summer Demand Winter Demand Energy 

(kW) (kW) (kWh) 

Saving (Increase) Saving (Increase) Saving (Increase) 

Residential 0.19 0.~ 0 

Smlll eommerdll 0.20 0.13 0 

(non-demand) 

Uldl.urn eomm.erclal 1.28 0.50 (348) 

(demand) 

V. COST EfFEcnYEHESS TESTS 

• 

Based on the aavings lor a lyplcal customer Installing a storage watar heater and 

addillonallnpuiS shown In Table 2, cost allecliveness analyses was performed fo.r 

the ICIIII8IIos shown in Table 3. These analyses assumod that customii!S currently 

on TOU ra111s were stil operating their conventional water heaters during on peak 

padods. lnstallallon of a storage water heatar allows them to move aJ water healing 

usagetoollpaakpeflods. 

A copy of a repre$8flllltiva cost elfectlvaness testis In Appendlx B. 
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cu..om.r 

Relldentlal 

Sm8ll oommerclll 

(llOIHIImand) 

Medium commii'CIII 

(demand) 

CUitomel' 

Relldentlll 

Smlll commerclll 

Uedlum commerclll 

Table2 

Ufe of Storage lncntmenlal Cost· lncremenlal Cost • 

Watet Healer New Conitructlon Retrofit 

15)'9818 $225 $550 

15 y$81$ ~ $550 

15yeara $1,711 $2,000 

Tllble3 

Buellne Revised Newt RIM Participant 

Rate Rate Retrofit Ratio Tett Ratio 

Standard TOU New .65 1.77 

Standard TOU Retrofit .65 .72 

TOU TOU New .63 1.83 

TOU TOU Retrofit .63 .75 

Standard TOU New .68 1.18 

Standard TOU Aetrofrt .68 .48 

TOU TOU New .57 1.42 

TOU TOU Re!tolit .57 .58 

Standatd TOU New 1.00 .68 

' 
Standard TOU Retrofit 1.00 .58 

TOU TOU New 1.00 .72 

TOU TOU Retrofit 1.00 .62 
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A ~ COI'IIIIIUior to the rediiC8d COS: elled!Yeness of this technology as ~ to 1he 

~ ooet ~done as part of the program petition Is 1he cost of generation. In 

1he ~ enalylis a oo:st of $1 .000 per kw was used as co1l1l819d to a current cost o1 

$285 per kw. Based on thls IIYOiied cost. the demand and energy saWlg9 and the retatiwly 

high lnaemental cost related to this emerglng technology, hot walor storago is not cost 

ellaeiM for ei1her FPL ot ils customers. 

VI. CONClUSION 

The CommerclaVlndustriaJ Hot Wal&f SIOrage Research Project has led to tho development 

of two ~ Slol8ge water heaters, both using = Dnl<ed HOPE peBets as the 610rage 

malerfal and pcopylene glycol as the heal transfer oil. The water healers were buit In 

partne~ with Vaughn Manufacturing Corp. T esiS under simulated field conditions 

showed 1hal both water heaters were able to meet the intended hot water needs. 

T ec:hnlcaly, these designs oould be used lor off peak storage of hot walor. 

Themllll eftldoucies WOI8 found to be ~ for 1ho residential water heater and 80-83% 

lor the oommordal unit. Those efflcioncles could be lmpfoved by Increasing the thlclcnos:~ 

ot the quaily of the lmulation. 

ThennaJ slrlllification of up to 122"F was found In tho oommordal water heater deslgn , 

v.tlictlls undesirable. One solrtlon is to use a ciri:\Jtaling pu!Tll to oliiMate tho &1ralifica!lon. 

Another solution is to limii the height of the Wlller heater to between 40 and 44 Inches. 

Bofh laboralofy and field tests have shown lha:l COI\"l)ad HOPE storage water heaters can 

meet ollhe daDy hot wawr needs for commercial and reiSldentloJ applications with one fuU 

charge ~ off peak periods, which is one of the two constraints set Bl tho stan of tue 

projec:t. However, the wa:ter heaters devaloped hava not met the cost OOI\StralnL The main 

8IIJrlt)llng block is the cost ol lhe non -standrud elecuical reslstence elemenL The element 

used In lhe pt010typeS cost $1.300. Al1hough 1he cost of the healing element oould be 

brought down to abou1 $150 per unit when ordered In quanUtle5 ol10,000 units. tho cost Is 

1111 too high to meet 1he cost oonS11lllnts of residontlal and commercial water heelers. 
11 
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Additional eflolts need to be loaJSed on commerclalizallon ol ihls tedmology In order to 
l1lduoe first costs. FPL wl oontinoe to monitor this ted1nology In order to detemine when ~ 

II a oommarclaly viable l9dvlology. 
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BEFORE TilE FLORIDA Pt1BLIC SERVICE COMMISSION 

In re: Conaervation Plan 
ot Florida Power ' Liqht 
Company 

Docket No. 900091-EC 

Fil.ed: June 12, 1990 

JHifiCII I'CIR Ul'~ OJ' n.QI't!\a PaiD " I.IQif CONl'lUfY' S 
C ...... O'L/DIDOS'I'RXAL 80'1' IIADA St'OIWD IIUZAJtCB l'RO.:IECT 

FLORIDA POWER ' LICHT COMPJUfY ("FPL") , pursuant: to Sect: ion 

366.82(2), Florida Stat:ut:ea (1989), hereby peeitiona t:ha Commi~sion to 

approve t:he Commercial/Induser ial Hoe Water St:Qraqe (" CIBWS"l Research 

Project:, eo be conducted in connection with FPL's Demand Side Hanaoememt 

Plan for the 90's , and to allow FPL to recover i t a reasonable and prudent 

expenditures on the C IRWS Researoh Project: throuqh FPL' s £nerqy 

Conservation Coat Recovery ("ECCR"l Clause. 

Petit:i.on are a a f ollowa: 

The qrounds f or thi:~ 

1. FPL ia an invutor-ovned electric utility requlat:ed by 

tbe Commission pursuant to Chapeer 366, Florida Statut:ea. FPL ia aubject 

to the Florida £nerqy £L!iciency and Conservation Act ( "FEECA" ), Section 

366.81 !! sag., Florida S tatutes (1989), and its ECCR Clause h subject 

to the Commiaeion' a jurisdiction. FPL is substantially affected theraby. 

2. FPL'I eddresa is 9250 treat Flaqlar Street, Hia:lli. Florida 

33114. Corrupondenc& concerninq ehit Petition. !hould b6 !tnt to: 

Jobn T . Butler 
Staal Hecto r ' 
4000 Sout heast 
Miami, !"lorida 

-and-

Davis 
Financial Center 
33131-2398 

Stave £. Dickinson 
Florida Power ' Liqht Company 
8700 Walt Flaqler Street, Suite 200 
Hlam.i, Florida 3317 4 
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3 . The CtRWS Research Pro,act: is an approach to redy~g tllle 

peale ciem&nd impact of electric reai:~t:anco water heatinq amonq FPL' s 

col!IIUtrciA:l/inc1unriAJ. cu:stomers. By means o! a viable, cose-e!!eceive 

etor aqe system, hot water needed durinq tho peak hours would be heated 

c111rinq ot!-peak houn. The CIHWS Research Project is i ntended to 

evaluate the technical feasibility and customer acceptance. I! CIHWS is 

thovn to be economically anc1 technically feasible and is well accepted 

bl( rPL' a cu.tomers, rPL will develop a permanent proqrllJII tor the Cti!N"S 

tochnoloqy and propose the proqr&m to the Commission for approval. The 

Cl:HWS Reseu:ch Project is describec1 in more detail l.n 1\ppendix I, 

aceaehed here1:o. 

4 . 1\s described l.n Section 2 of 1\ppendix I, FPL inte nds to 

l£mL1: participation in this CIHWS Research Project to commercial 

customers. The Project is scheduled to be completed by 4th Quarter, 1993 

and total expenditures tor the research projec t ~ill not e xceed $225,000. 

If the resaarch project approach, which is described in &xhibits I and 

It, !ails to meat any ot FPL's criteria tor tho research and development 

process, no further &CCR money would be spent tor the development of thi:s 

technoloqy. 

5. A proqram promotinq CIHWS would help advance the policy 

objectives sat torth in Rule 25-17.001, Florida Administ rat ive Code and 

Ft:ECA. ~ further •!'J'lainad l.n Appendix r, FPL projects that such .a 

proqram could provide up ~o 54.73 MW of peak demand reduction by the year 

2008. The CIBWS Research Project is necessa ry in orde r to make a 

business deciaion tor the development ot such a proqram. 

2 
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6. f't!L proi ecta that: a program promodnq Clllll$ would be 

coae-effe~ive. Appendical II and III , ateached heraeo, are t he result .s 

o~ the coat• effectiveneaa analysis of such. a proqram usinq th·e 

Conmiaaion• s methodology prescribed in Rule 25- 17.008, Florida 

Administrative Code and El'RI' s Load Manaq.-nt: Strateqy Teatinq Model 

(•U.S'!:M" ), The coat ot the research projeclt h included in tbue 

anelyael. Of courae, the de.ma.nd and enerqy r eduction aaaumptiona are 

neceasarily apeculative at thia eima, and FPL would have to review and 

revise them, baaed on the r eaults of the CI BWS Reaearch Project. , bator·• 

sllkcittinq a permanent proq.:am promotinq CIBWS. FPL intenda to evaluac•e 

and documant the resul t a o f the CIRtiS Reaearch Pr oject. and uce a 

monit.orinq plan which is daacrib'd in Seceion 3 ot Appendix I. 

~R£FOR£, FPL reapectfully petitions the Commisaion to 

approve t he CIBWS Reaearch Project: eo be conduct.ed i n conneceion with 

FPL' a Demand Side Manaqll1!lflnt Plan for the 90' a, And to allow FPL to 

recover ita reaaon&ble a.nd prudant expenditures on the research project 

throuqh FPL't tCCR Clauae. 

Reapeccfully submitted, 

STEEL, HECTOR ' DAVIS 
4000 Sout.healt Financial Center 
Miami, Fl orida 33131-2398 
(305) 577-2800 

Attorneys !or Florida P war ' Liqht Compa ny 
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llppetl4i.x % 

RX.' a CXM'D' I U./ DIDt7Snu:AL BOT lllU'D S:tOJUGK U~ca IIROJZCT 

ftca:!I%CU. DUCJU:IITIOJI 

Section l - Project Technology: 

Among the varioua approaches to alleviating the peak demand impact 

is commercial/industrial hot water storage. Hot water required during 

rPL'a syat~ peak would be supplemented by hot water which was heated and 

at.ol:'ed durinq ott- peak houra. By means ot 11. viable, coat-e!!ective 

atoraqe system, hot water needed dur ing the peak would be heated durinq 

oef -pealt hours and this reduction in dlll!lllnd frolll conventiona1 electnc 

resistance water heating is conaistent with r~ECA goals. 

Section 2 - Project Description: 

Fl'L' a hypothesis is that a 5 to 15 percent penetration of HWS 

technology exiats in the commercial water heatinq market !or restaurants, 

hotels, hospitals and other lerqo hot water users. The CIHWS Research 

Project would not only evaluate the inatallation o ! additional storage 

capacity but inveat iqate the feasibility of alternatives such as high 

temperature and preaauro' storage tanka which m.ay reduce the &lllOUnt o ! 

storage required. This type of HWS technology may be the most beneficial 

since cuatomaLs are often concerned with the additional spacinq requ~red 

wi th conventional SWS. 

This technology will not only provide individual customer sovin~•· 

b~t will aloe act to lover FPL's system peak demand by as much as 54 .73 

KW by the year 2008. Based on the projected average participant, the 

expected peak d&lll&nd reduction per customer would be approximately 3.38 

KW tor the summer and 3.38 for the winter and no annual anorqy reduct ion 

4 
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is expected. To con t icn cheae bene fits t o i ndividual comme:cial 

cust.omera, and quantify the peal< r eduction achievable, FPL proposes CIHWS 

reaeuch project: installations in various coamercial seq~Mnts aa 

mentioned above. The deaiqn a.nd coa t of theae experiments are more .fully 

described i n Exhibits I and II. 

It the research projects confil:m FPL' s pro j ected peal< demand 

racluc.:.iona and a permanent proqr &lll continual t o appea.r cost-etfoc ~: ive, 

~ban a system- wide Gonrneroia 1 CIHWS p~<oqTem vou1d be developed ond 

brouqht before the Coamhaion for approval. If the results from t he 

reseuch project fa.il co meee any of FPL' s crite.r i a, includinq cost

etfectiveneas, t he CIRWS concept would be discontinued and no funher 

tnarqy Conae.rvation Coa t Recovery ( MtCCR"l mone y would be spent on this 

project . 

Cuatamera who pareicipate in the r osesrch project: will be approached 

on an individua l basis and incentives may be required f or cust.omer 

perticipac1on. FPL may seek a research facility to ~naqe and perform 

cb• CIHNS resear ch project: on a turnkey basis . Payments and all other 

idont :!.nable c:osts a.uociated wi th the project will be lilnited to tho 

project coat amount shown in Exhibit II. Any deviation in coata will be 

r eponed eo the Coamission aa part o~ FPL' a aami-annua l tCCR Factor True

up. Further, FpL may seek fundinq for thia pro jec:t from sources such as 

£PRI, U.S. DapaJ:t.ment. o! £nerqy (00£), Governor's £ner qy Office CG£0) 

end/or other en~i~iea interes~od in electric enerqy conaervetion 

research. I t succe•s!ul, aucb funds would be used to lover £CCR coats 

and/or expand the acope of the reaearc:h project if jultitiable . 

5 
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Section 3 -Project Honitorinq and Analysis: 

FPL wouid tarqet those cuatomers moat likely to benefit tro~ the 

technoloqy aa candidates tor the research project. The objective ot the 

reaeareh p~:o ject would be to demonstnte and quantify the demand an<! 

anezqy ~ct u well aa cuatomer savinqa when compared with .a 

conventional syatem. rPL andcipatea the totu monitorinq pllue ot tll<l 

project would be :or a period of 29 to 32 months. That is: 

Site Selection/Installation 
Honitorinq 
Anal yah 

4-6 months 
2 4 a10ntha 
1-2 months 

Projact results would be reviewed monthly during the monitoring pha.se o! 

the project. 

Section 4 - Coat-Etfe~iveneaa: 

A fvlly i=plemented CIHWS proqram ia p~:ojected to be cost-effecti ve 

usinq the Co=isaion• a ·approved coat-effectiveness methodoloqy and £PRI' :s 

Load Hanaqemant Strataqy 'Testinq Hodel ("LMSTH"l. Appendices II and III, 

attached hereto, contain theae results. The cost of the research project 

is included in t hese analyaea. ror a hypothetical future CIHWS program. 

F~L eatimatea a total utility coat per customer of approximately $1,500 

with ad:lliniatrative coats of $500 and incentive coat a of $1.000 and 

1!,000 participant• by the year 2008. 

6 
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1CC!!T8U' X 
nor.• S CQIWDMaL/DmOSm%Ar. 110T !IUD S,...,.'Gil UAUCII I'Jt0JZC1' 

Rypochuis: 

Commereial/Induat:rial Hot Wetar Storeqe ("CIHWS" l will provide individual 
cuatomar savinqa aa well aa reduce FPL's syatam peak demand. 

Purpose of the Research: 

To JPke e buaineu dec:ia.ion for the development. and implementation of a 
CJrHWS proqram in 19!13 estimated to provide 54.73 Mlf of peak demand 
reduetion by the year 2008. 

Objectives of the Study: 

o To develop tho mosc viable and feasible method for chis cechnology 

o To compare KW redue~:ion and coat dittarend.al ot a hot: wacer storac;,e 
ayate:a over e convancional hoc wet:er syacam 

o To discover a.nd overcome pocentia~ barriers that: may be aaaociaced 
with chis caohnoloqy 

o To ceet: acceptance o f che t:echnoloqy wich a.rehicects and enqineerinq 
conaultancs 

o To make a qualitat:ive aasesament of customer acceptance aa a base 
tor a market reeee:r:ch study to determine target markets and expected 
penetration• · 

o To quantify the dace uaed for !:PRI" s Load Hanaqement: Strate<;y 
Taatinq Hodel (LHSTM) 

Method: 

Seaeon&l Load Shapes 
Saaaonal XW Impact: 
Seasonal KWH Impact: 

Conduct Reaearch and Development Procesa as described in Exhibi t: Ir. 

1 



EXHIBJT U 

DEVE'LOPMENT PROCESS FOR FPL'S COMMERctALIINDUSTRIAL 
HOT WATER STORAGE 
RESI!ARCft PROJECT 

Stage I • Estllbllah Research Concept 

1}' U18nWre Seal'ch 2 lndullry Snrch 
3 lllilll!b Snrch (EPRI. EEl, etc. .. ) 

Objecllve: Gather Olla and Defina Reseatth 
Objac!lve and Scope 

MILEstoNE • Manaaemem Roylow IPenlfai!/Moc!IM 

Stage U • Economlc EvaluatiOn 

1) Cost Esllmales 
2) Btnaflt &IIIIIIIAI8 
3) Cost·Eifeollveneu Analysis 

Objedlve: Detarrnloe Bene!IVCost Rallo for Vlablllty 

M!L.ESTQNE • LMS fi8jij Beyllw IPmlfaJI!ModiM 

Stage Ill • Techillcal Evaluation 

I) Otslgn Experiment 
2) Conduc1LJ!t)(ntory T etta 
3) Technical Analylls 

Obladlve: Identify FaaslbiUIY and Risk Factora 

MILESTONE • Management 8ey!OW IPftle!fa!VModiM 

Stage IV • Site Tts11ng 

1 > establiSh sae Plan 
2) Install Research Protect 
3) Condllet Site Analylla 

Obfac:tlve: Conftml Economic and Tachnlcal Asaumptlons 

MILESTONE • L.tacl Iti!II Bgy!lw IPMJ'faiVModiM 

Stage V • Marllet Study 

1) Customer Acceptcnce 
2) ~ and Et!Qinaar AcceplatiOB 
3) El1ab!lah Target Mll!lets 

Obfac:l!vt: Conf!tm Sales Potential 

s 15.000 

s 7,500 

$42,500 

$135.500 

S 24.5QO 

Toial ProJected R&D Co.ia " f22!,000 
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SUMMARY 01- INL. . • tDUAL AND COMBINED ~ .AotANU-SIUI: OP I IO.NS 
BENEFIT/COST RATIOS 
(NPV - 1990 MIUJON $) 

l'rtR!l! 
,.._ 

Y.,.,_OI ....... Pr....,. VIILleCI lMS11ol 

Proorat~~ v-.ol VIILleol !HIIklrMfill 8/Cf\IIJO rW . .... HtC OoiQ CW10 Gen Del (WIOS...Oel 9efto.l 
DEW•Ifl) $lllE OPtiONS: ~ l.c&!M (feu!) C.ICMa) a-) C.d 

1407 68.26 sus 611.41 0.73 .. 
2.. C:C.••••~T•••• 7.22 17.78 2$.01 IUS 0.73 10.87 

81.70 1.a.75 230.4$ 1~~0 0.62 130.06 

z.n 2..0 5.12 us 0.$6 2.(0 

Cll a.. Alit- 43.02 175.58 218.60 139.35 0.64 92.110 

I. Cll TbonNI "'*"' SloniQa 14.6G 25.22 au lUI 0.42 6109 

7. Cll Elllclllll UgiiClno 10.88 58.07 &873 « .20 0.64 2U8 
I. Cll Cenlrel 0... Sy$1MI 2.H 7.H 10.118 7.00 Q.64 1.12 

a. cn HcC w-Stanqe 8.97 17.92 211.89 14.1t 0.53 3 1.47 

10. CIIC*;! Nt ~ ~ I~ 4.~ ~10 Ml 0.71 2.50 
11. CIIIIAI,_.. 4.18 65.74 68..92 48_54 0.67 57.04 
12. Cll w.. HM1A0 Hllll'llnlp 1.10 4.&8 5.78 4.52 0.78 1.70 

IS. P " &I n..rm.l EnlrOf Slcnge 5.84 0.00 5.84 0.73 0.13 !>.22 
14. AI Coo\sonoaslon f>rOQIIIN 191.111 596.45 784.63 502.00 0.63 4ti.OO 
15. On<:aii(IILC) 471.10 21.42 497.5a 902.4t 1.81 IUA 
1&. Cll Lood ~ 2.52 17Q.84 173.38 2215.25 1.31 IUA 

: . 

v- lMS11ol 

olllel I!IC ....... Rollo 

(WIOel) Del (WIGen Oil 
' CIICIII) c.~ 

aeo 1.:h 

29.12 1.18 
273.(8 1.19 

5.25 1.03 

232.15 1.06 

79.90 2.00 

n.sa 1.06 

13.12 I. 19 

45.65 1.70 

15.11 uo 
II:LSt 1.62 

1.22 I .OS 

5..85 1.02 

1183.00 1.24 
1102.46 1.81 

2215.25 1.31 
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