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ARR1'RAC1' 

Thh pap~r dhclI~~~~ t.h~ r~~lI1t~ of ~n~rgy r~trofit~ on ~xi~ting 
hllilding~ own~d hy non-profit Rg~nni~~. Th~R~ hllilding Rr~ 

pRrticipRnt.~ in th~ N~iehhorhood Non-Profit F.n~rgy Proeram (NNRP) in 
ChinReO whinh i~ Rdmini~t~r~d hy t.h~ C~nt~r for· N~iehhorhood 
T~chno10ey (CNT). 1'h~ NNRP proeram ha~ provid~d t~chnina1 and 
finannil'tl 1't~~i~tRnn~ to ov~r 160 p.xhtine hni1dine~ ownp.d hy 
np.iehhorhood-ha~p.d non-profit ~ommllnity orel'tnhl'ttion~. Thp. hlli1dfne~ 
covp.r I't hrol'td ranep. of nonRtrllntion dp.tl'ti1~, floor I'trp.8R, liRa ep. , I'tnd 
HVAC ~yRtp.m typP.~. Howp.vp.r, thp.y I'trp. rp.prp.~p.ntl'ttivp. of many oldAr 
comm~rnil'tl and in~titlltion81 hni lding~ fonnd in nrhl'tn I'tr~l't~ ~nnh I't~ 

thp. City of Chinaeo. 

Thi~ pl'tpAr 
in nRt.nrl'tl 
hn i 1 dineR. 
in th~ NNRP 
(w~rag~d 2:1%. 

d~monRtrl'tt~~ thl'tt ~ienifinRnt ~nArey Rl'tvineR, pRrtinnl1'tr1y 
gaR nonRnmption, ~an hA r~1't1i~p.d in thP.~A typ~~ of 
For th~ fir~t 48 rAtrofit~ to hA nnmplp.t~d I'tnd monitorp.d 

proerl'tm I'tntnl't1 r~dnntion in annlll'tl nRtllra1 eR~ IIRl'teA 
Th~ proerRm-wid~ ~imp1A pl'tyhl'tnk iR I'thont 9 yp.l'trR. 

ThA rARll1tR indi~l'ttA thA nA~p.R~ity of Ronnd AnArgy ml'tnaeAmAnt and 
~qllipmp.nt maint~nannp. prRctinp.~ I'tnd monitoring of hnildine nonditionR 
I'tnd lit i 1 i ty bi 1 JR to i nRnr~ I't ~nC~ARR fnl r~trof it. F i na 11 y , 
improVp.m~ntR to th~ NNRP proeram and th~ pot~nti81 for fnrthAr R8vineR 
Rl'~ di RcnRRAd . 
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PROGRAM nRSCRTPTTON 

The hnildingR examined in thiR paper are partieipants in the 
Neighhorhood Non-Profit Rnergy Program (NNRP). This program was 
initiated in the spring of 19R2, fund ed hy $4.7 million in grant money 
and $2.9 mil lion in loan money. The program is targeted at hnildings 
owned hy non-profit commlJnity hased social service agencies in the 
Chicago metropolitan area. The major intent of the program is to 
a11eviate the impact of rising energy costs that threaten the growth 
of new programs, and in some cases, the very existence of non-profit 
ne i ghhorhood organ i 7.at i onR and ROei a 1 Rervi ce agenei eR. Thro1Jgh the 
end of 19R7 the program haR provided aRRlRtance to over 160 hnildings 
owned hy more than 120 neighhorhood haRed non-profit comm1Jnity 
organi7.ationR. 

F.ach participating agency receiveR a complete package of 
technical RerviceR, aR well aR financing for recommended conRervation 
meaRnreR. The technical Rervice package inc1udeR a comprehenRive 
energy audit, preparation of hid RpecificationR for recommended 
meaRlIreR, management of a competitive hidding proceRs, faci1itation of 
contract document signing hetween agency and ·contractor, contractor 
payont inRpectionR, agency Rtaff energy management training and 
performance monitoring of completed retrofitR. 

The financing conRiRtR of a grant for one-half the total retrofit 
and conRtr1Jction management fee cORtR. The other half of these CORtR 
is financed through a five year 10an at 0% intereRt. Program funderR 
nnderwrite the interest on the loan and also pay 90% of the technical 
Rervice CORtR. F.ach recommendedretrofit package is designed to have 
a Rimple payhack of no more than 10 years. Thns, the payback on the 
loaned amollnt iR no more than 5 years. The intent iR to of fRet an 
agencY'R ann1Ja1 deht service with annnal enerey Ravings and ideally 
create a positive caRh flow for each year of the loan agreement. 

nRSCRTPTTON OF RIJTT,nTNGS RF.TROFTTTF.n 

Tn general, the bni ldingR owned hy the ageneieR participating in 
the NNRP program are hllildingR which were original1y designed for 
other uses RlIch aR light ind1JRtria1. Many of the hlli1dingR are older 
with HVAC RyRtells that are not wel1 RlIited to the current huilding 
liRe. Typica1 1JRe of hnildingR c1Jrrent1y in the program fnclllde VMCA's 
and ROY'R CluhR, day care and health care centerR, homelesR RhelterR, 
Rheltered workRhopR, and variolIR other social and cultural centers. 
Many of the older hni1dingR contain Rteam heating RyRtems. Hot water 
and forced air RyRtemR are alRo ~ommon. 
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Anothp.r prohlp.m rp.latp.d to thp. agp. of thp. hlJildingR and finan~ial 
prioritip.R of thp. agp.n~ip.R iR a hiRtory of in~omplp.tp. or dp.fp.rrp.d 
mftintp.nan~p.. Thp. typi~al agp.n~y haR ft Rmall maintp.nan~p. hlJdgp.t and a 
maintp.nan~p. Rtaff with ~IJRtodial RkillR rathp.r than thORp. of huilding 
opp.ratorR. Mp.~hani~al p.qIJipmp.nt tp.ndR to hp. poorly maintainp.d, 
np.aring thp. p.nd of itR uRp.fnl lifp., or inp.ffi~ip.ntly opp.rating. Tn 
addition thp. maintp.nan~p. RtRff IIRlIally dOP.R not havp. kp.p.n p.np.rgy 
r-onRp.rvation aWarp.np.R or knowlp.dgp. of how to IIRP. RophiRti~atp.d p.np.rgy 
mRnagp.mp.nt ~ontrol systp.ms. 

Ovp.r 95% of thp. hnildingR in thp. program nRp. natnral gaR as flJf~l 

for Rpft~P. hp.ating, whilp. thp. rp.maining 5% nsp. oil or p.lp.~tri~ity. 
Only thosp. hnildingR whi~h nsp. natnral gas as fnp.l for Rpa~p. hp.ating 
arp. Rnaly7.p.d in thiR papp.r. At thp. timp. of thp. initial planning phaRp. 
of thp. program in 1981, p.lp.~trir-ity ~osts wp.rp. ~onsidp.rahly lowp.r than 
thp.y arp. today. Rarly ~lip.ntR typi~ally Rpp.nt lp.Rs than 20% of their 
p.nergy hudget on p.lp.~tri~ity. Thp.rp.forp., thp. early stagp.s of thp. 
program p.mphasi7.p.d natnral gas ~onsp.rvation. Thp. most frp.qup.ntly 
rp.commp.ndp.d p.np.rgy consp.rvation mp.asurp.s (ECM's) wp.rp. ~eiling 

inslllation, storm windows, hp.ating plant rp.pair or repla~p.mp.nt, 

tp.mpp.raturp. ~ontrols, distrihution systp.m halanriing,and rp.pla~p.mp.nt 
fluorp.R~p.nt lighting. This paper prp.RentR ft~tual mp.ftsurp.d sftvings of 
the firRt 48 retrofits ~omplp.tp.d under this program and fo~usp.s on 
natural gas ~onservation. 

TF.CHNTCAT. SF.RVTCF.S 

Andit Rp.port 

A ~omprp.hp.nsive p.np.rgy audit rp.port is thp. first dp.livp.rahlp. 
produ~t whir-h ft parti~ipating agp.n~y rp.~p.ivp.s. Thp. audit rp.port is 
thp. rp.snlt of p.xtp.nsi VP. fip.ld work at thp. hui lding sitP., intp.rvip.wR 
with agp.n~y staff, and ~omprp.hp.nsivp. p.nginp.ering analysis. Field work 
inr-ludeR mp.asuring Rtp.ady-state effidp.n~y of thp. hp.ating plant, spa~p. 

tp.mpp.raturp.s, and 1 i ght i ng i 11 nm i nan~p. 1 p.vp.l s . Thp. aud it rp.port 
inclndp.s a dp.s~ription of thp. huilding p.nvp.l opP. , HVAC and p.lp.~tri~al 
systemR, enp.rgy ~onsumption projp.~tionR, and ~ost and savings 
p.stimatp.s for implp.mp.ntation of varions F.CM's. A final F.CM pa~kage is 
rp.~ommp.ndp.d whi~h is the mORt ~ost p.ffp.~tivp. and addrp.ssp.s thp. 
~riti~al nep.ds of thp. huilding. 
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r.onstrur-tion Phase 

Following agenr-y approval of the re~ommenrlerl measnres, hirl 
spe~ifi~ations are preparerl for the installation of the Rr.M's. 
Management of a ~ompetitive hirlning pro~ess ann the nevelopment of a 
~ontract agreement hetween the agency ann selecten contra~tors is also 
provi nen. r.ontr1'lctor p1'lyouts 1'll'e mane npon sat i sf1'lctory i nspect i on of 
work. 

Rnergy Man1'lgement Tr1'lining 

Af ter suhstantial completion of the energy retrofit an Rnergy 
M1'ln1'lgement Training (RMT) session for 1'lgenr-y staff is connllcten. The 
tr1'lining is meant to cre1'lte a gener1'll energy conserv1'ltion aW1'lreness 
among agenr-y staff ann present the specific energy rennction goals of 
the retrofit. Agency mainten1'lnce st1'lff 1'lre also trainen in general 
m;tintenance of HVAr. eqllipment and speelfic operation of new eqllipment 
ann controls. At the RMT session the 1'lgency is presented with an RMT 
m1'lnual which includes instructions on reading gas and electric meters, 
setting lip 1'l m1'lintenance program and general 1'lnn specific operating 
ann mantenance procedures for hnilning equipment .. 

Perform1'lnce Monitoring 

Utility hills are analy7.en, 1'lS descrihen helow, for a period of 
two years af ter the ~ompletion of a retrofit. This is the phase where 
1'lctllal perform1'lnce of a retrofitted huilding is determined. The 
performance monitoring reslllts of the fi'rst 4R hili ldings in the 
program are presenten ann discussed in this p1'lper. 

ANAr.VSTS MRTHonor.OCW 

TJt.ility Rill Analysis 

TJt.ility hills from each hllilding are 1'ln1'lly7.ed during t.he energy 
audit. t.o estimate annll81 energy consllmptlon and cost.s to he used as 
the hasis for energy s1'lvings c1'l1~1I11'lt.ions. The consnmption d1'lt1'l are 
then used to determine the hnilding's energy indices (explained later 
in the p1'lper) 1'lS a hasis for comparison t.o simil1'lr hnildings ann 
potential energy savings. Utility hills spanning one to three years 
1'lre usally availahle for t.his pre-ret.rofit. analysis. When sufficient. 
utility hills are not availahle or 1'l change in hnilding m;e is 
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p.xpectp.o, naturl'tl gaR conRumption iR eRtiml'ttp.o uRing an ASHRAF. "HA" 
mooel of the hui 10ing <tO 0 a hin ana1YRiR program. F.lectricity 
conRumption iR estimatp.o from equipment nameplate data, estimateo 
efficiencip.R and p.Rtimateo hOllrR of operation. Rstimateo conRumption 
oata is mat.r:hp.o t.o actual 1Jt.ilit.y hi11s whenever pORsih1e. 

np.t.erminat.ion of p.np.rgy conRumption from ut.ility hfl1R is 
acr:ompliRhp.o using 1'1 "modifieo oegrp.p.-oay" mp.thod. F.np.rgy consumption 
hetween ar:tua1 met.p.r reaoings is IISP.O. The dp.sirahlp. span hetwp.en 
rp.aoingR is as C10RP. t.o 1'1 fu11 yp.ar aR possih1p.. Natura1 gas 
consnmption is oisaggregateo into hase 10ad (domestic hot watp.r, 
cooking), which is re1ativp.1y constant. t.hrollghout the year, and RpaCp. 
hp.ating 10ao which is degrp.e-oay dp.pendant. Rasp. 101'10 is op.tp.rmined 
hy l'tveraging gas Ilsage ouring thp. non-spar:e hp.ating season (typ1r:al1y 
May 15 thru sp.ptp.mhp.r 15). Actna1 hi11ing pp.rioos are usp.d whenp.vp.r 
possihlp.. Howevp.r, t.hp. oetermination of hasp. 10ad of ten involves 
jndgp.ment due to p.stimateo hi 11 ings. Thp. hase load, in thp.rms/day, 
is suhtracted from the tota1 gas consumption for each ana1ysis 
period. Thp. rp.maining gas consumption is allocatp.o to space heating 
which is aojusted to reflect. normal Chicago weather conditons. Tota1 
Rpace heating therms f01' thp. analysis period is divioed hy the numher 
of rJegree-days (65Op hase) for the period reslilting in an average 
space heating gas 101'10 in units of therms/oegree-day. This average 
space heating load iR th en spread over an entire 'normal' Chicago year 
of 6500 oegree-daYR (from O'Hare weather oata) to arrive at annual 
consumpt.ion. 

Rlectricity commmption iR determineo as an annual total of 1'111 
IIReR i n the hu ilo i ng. However , Rummert i me hi lh (May 15 thru 
Sept.emher 15) are analy~eo Reparately due to the seasonal URe of air 
conoitioning and higher summertime p.lectricity rates. For each 
analYRis perioo consumption is dp.terminp.d aR an average IIsaee in lJnits 
of ki10watt-hour/day. 

Rnergy Consumption Tndices 

The enerey conslJmption estimatp.s rJeriveo from lJtility hilI 
ttnalYRis arp. lJsed t.o estahlish pre-retrofit enerey consumption indicp.s 
for natural gaR and electricity usaee. Rlp.ctricit.y usagp. is convp.rted 
int.o unit.s of primary energy using 1'1 conversion factor of 11,600 
Rtu/kwhr. All inoicp.R are in unitR of Rtu/yr-Rq ft and arp. adjuRted 
to reflect a year with normal Chicago weather conoitions of 6500 
heating op.grep.-oayR and R50 cooline deerep.-daYR. The indiceR arp. 
llRefu1 to compare a huilding with simi1ar huiloines in thp. proeram and 
initia11y oetp.rmine its potential for P.nergy savingR. 
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The pre-retrofit indice~ have heen sorted according to hllilding 
~i7.e, hnilding nsage and HVAr. ~ystem type for compari~on pnrpo~e~. Of 
the fir~t 1:-l1 huilding~ investigated in the program no correlation 
hetween energy i nd i ce~ and hu il d i ng ~ i 7.e, n~age, or HVAr. ~y~tem type 
wa~ fOllnd. A more in depth analy~i~ of huilding energy consnmption 
indice~ wOlllrJ he a good topic for a fnture study. 

Gost estimate~ for P.GM installation~ are ohtained primarily from 
t.hree ~onrce~: Act.ual co~t.~ from previons ret.rofit~ in t.he program, 
est.imat.e~ from cont.ract.or~, or co~t. dat.a from reference hooks. 

Saving~ estimates rely upon engineering analy~h n~ing modified 
degree-day and hin analysis met.hods prescrihed in ASHRAP. FlIndamantals 
Handhook, nOp. manlJal~, and ot.her energy consflrvat.ion referencfl~. 

Actllal Savine~ 

Act.ual savings rfl~ult.ing from a rfltrofit. are det.ermined in the 
performance monitoring pha~e of the program -hy analY7.ing 
po~t-retrofit. utility hilh. The ~ame methodoloeY applied to 
pre-retrofit utility hill analy~i~ i~ al~o applied to pORt-retrofit 
analy~iR. Saving~ are indicated in termR of percent change in energy 
con~umption hetween the pre-retrofit period and the pORt-retrofit 
pflriod hy t.he Rpfloific category of energy uRage. Only hilh with 
actna 1 meter read i ngs are n~ed for t.he ana 1 ys i ~ . Th i ~ ~avi ngR 
mflthodoloeY waR checked againRt a regresRion analYRiR and it waR 
conc1nded t.hat t.hiR ~implified method of determining ~aving~ waR 
~nfficiently accurat.e (KatrakiR, 1984). 

MF.ASHRp.n Rp.Sm.TS 

Tah leT ~how~ t.he mea~mred reRU lts of the f i rRt 48 ret.rof i ts in 
t.he NNF.P Program. The project.~ repre~flnt.ed in thi~ tahle are only 
hllildingR which URe natural ga~ a~ fuel for space heat.ing. The few 
ret.rofitR t.hat involved fuel converRionR (ie_ from oil or electricity 
to natural gaR) are not analY7.ed aR part of thi~ report. Tahle T al~o 
pre~ent~ huilding floor area, pre-retrofit flnergy CORts, and fl~timated 
retrofit CORt and RavingR data for each project.. 
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Prp.-rp.trofit i'lnmli'l1 p.np.rgy r-osts shown in '1'i'lh1p. T wp.rp. rlp.rivp.rI 
from i'lnrlit rp.port p.stimi'ltp.s of flnnufl1 p.np.rgy r-onsnmption i'lnrl flVp.ri'lgp. 
f1\l~1 prir-p.s of $O.50/thp.rm for nflturi'l1 gi'ls i'lnrl $O.10/kwhr for 
p.lp.ctrir-ity. '1'hp.sp. fnpl prir-p.s arp. not np.r-p.ssflri1y thp. pricp.s thi'lt 
wp.rp. prp.rlictp.rI in thp. aurlit rp.ports or the pricp.s that an agp.ncy 
r-unrpnt1y pa ys for fIlel. Rathp.r thp.y rp.prp.sp.nt thp. averagp. pricp.s for 
gas anrl p.1p.ctrir-ity in thp. City of Chicago ovp.r thp. past two yp.ars, 
anrl thp.y inclnrlp. tax chargp.s. For comparison pllrposp.s anci hp.ci'lllse 
energy savings arp. rp.a1i7.p.rI ovp.r sp.vp.ra1 yp.ars, in which fue1 prices 
mi'ly f llwtnatp., thp.sp. averi'lgp. fup.l pr i ces werp. chosp.n. 

Rstimatp.ci rptrofit r-osts anrl pp.rcent savings shown in '1'i'lh1p. T 
rp.prpsp.nt thp. va1np.s that wp.rp. presp.nterl in thp. enp.rgy allciit rp.ports. 
'1'i'lken sp.pari'lte1y, p.stimi'lteci gas or p.1p.ctricity percp.nt savings are thp. 
Si'lmp. with rp.spp.ct to p.ither consumption or cost. Rstimi'lteci total 
p.nergy pp.rcp.nt si'lvings shown in '1'ah1p. T, taken from allciit rp.ports, Ilrp. 
rp.lative to toti'l1 p.np.rgy costs anci arp. cip.pp.ncient on thp.rp.1ativp. IInit 
pricp.s for gi'ls anci p.lp.ctricity that wp.rp. preciictp.ci in thp. allciit. 

Actni'l1 rp.trofit costs rp.prp.sp.nt thp. actni'll i'lmonnt of cin11ars 
spp.nt on a rp.trofit. Hi'l1f nf thp.sp. costs wp.rp. fnncip.ci hy a grant anci 
the othp.r half was fini'lncp.ci hy i'I fivp.-yp.ar, 0% 10an: 

Actna1 gi'ls i'lnci p.1p.ctric pp.rcp.nt savings rp.prp.sp.nt thp. pp.rcp.nt 
changp. hp.twp.p.n prp.-rp.trofit anci post-rp.trnfit gas anci p.1p.ctric 
commmption. '1'0 hp. consistp.nt with thp. p.stimatp.ci va1np.s, thp. actna1 
totAl p.np.rgy pp.rcp.nt savings i'lrp. rp.lativp. to total p.np.rgy r-osts anci 
arp. hi'lsp.ci on thp. i'lvp.ragp. fnp.l pricp.s mp.ntionp.ci i'lhovp.. Rnp.rgy savings 
i n rio 11 a l'S arp. hasp.rI on thp. Si'lmp. avp.ragp. fnp.l pr i Cp.s . '1'he s i mp 1 P. 

pi'lyhi'lck Wi'lS calcn1ateci hy rliviciing thp. actna1 rp.trofit cost hy actna1 
annlJi'll cio 11 ar savi ngs. 

As shown in '1'ahlp. T, thp. avp.ri'lge actna1 percent savings in 
nflturi'll glls consnmption for the first 4A retrofits is 2~%. Actni'll 
annnal rp.cinction in natnra1 gi'ls consnmption rangerl from 51% to -7%. 
'1'wp.nty fivp. of the rp.trofits rp.snltp.rI in a rp.rlnction in natnra1 gas 
r-onsnmption of 25% or morp.. '1'he avp.rage actna1 pp.rcp.nt savings in 
p.1p.ctricity cnnsnmption is 0% with a rangp. from 44% to -152% R1p.vp.n 
hnilrlings expp.rip.ncp.rI an incrp.i'lsp. in flnnni'll p.1p.ctricity consnmption. 
'1'otfl1 i'lctllfl1 p.np.rgy cost si'lvings i'lvp.ri'lgp.rI 12% anrl ri'lngp.rI from 41% to 
-01 %. Ni netp.en of thp. rp.trof its rp.snltp.rI in i'I rp.rlnct i on in tota 1 
p.np.rgy consnmption of 15% or morp.. 
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The res1l1ts on i1 progri1m-wioe hi1sis show thilt over(lll si1vings in 
energy r:osts were lR% for n(ltllr(ll gi1S, 2% for eler:trir:ity i1nrl 10% for 
toti11 energy. A toti11 of $1,635,960 Wi1S spent on the 4R retrofits 
resIJ 1 t i ng in toti11 i1nnni11 energy s(lvi ngs of $179,920. The 
progri1m-wirle simp1e p(lyhi1r:k for the 4R retrofits is 9.1 ye(lrs. 

nTSClTSSTON OF RF.SlTT.TR 

Progri1m SIIr:r:ess 

The overi111 progr(lm money spent on the first 4R retrofits 
resnlterl in overi111 i1nnlli11 p.np.rgy si1vi ngs of 10%. The progri1m-wi rle 
simpIe pi1yhi1r:k of 9.1 ye(lrs is less th(ln the progr(lm t(lrget of 10 
yp.i1rs. Twp.nty fOllr of thp. rp.trofits prorlllr:p.rI simp1p. payhar:ks of 1p.ss 
than ten years, whir:h rp.snlts in positivp. r:ash f10ws for t.he 
agenr:ip.s. Reven rp.trofits prorlllr:p.rI i1 simpIp. payhar:k of morp. than 20 
years. Howp.ver, r:hangp.s in hllilrling nse or strl1r:tl1re prer:1nrlerl p.np.rgy 
savings in i11most (111 of thesp. rp.trofits. As shown in thp. r:omment 
r:oll1mn of Tahlp. T thp. retrofits of sevp.ral of the ~]ilrlings (lrlrlrp.sserl 
r:ritir:al np.p.rls sllr:h (IS improvp.rl vp.ntilation or rp.pair of inoperahle 
r:ooling eqnipmp.nt. Tn snr:h r:(lses r:omfort in t.hp. htiilrling W(lS improverl 
(It thp. p.xpp.nse of arlrlitional p.np.rgy r:onsllmption. 

Ar:tll(ll sav i ngs in rlo 11 ars (lre rlp.pp.nrlant on t.hp. nn it fllp.l pr i r:es 
r:hosen for gas anrl eler:trir:ity. The i1verage fue1 prir:p.s that wp.rp. 
nsp.rl to r:alr:nlatp. thp. ar:tnal rlo'1lar si1vings (lre lp.ss thi1n thp. fnp.1 
prir:p.s that were prerlir:terl in virtua11y all of t.hp. (Inrlit estimates. 
Therefore, lower rlo 11 ar savi ngs (lre p(lrt 1 y the resnlt of rler:rei1ses in 
g(ls prir:es in rp.cent yei1rs ri1ther than the incre(lsP's that wp.re 
exper:terl (It the time the anrlits were r:onrlllr:terl. The rer:p.nt lower gas 
prir:es rel(lt.ive to e1er:trir:ity prir:es in the City of Chigar:o i11so 
(lrlverse1y (lffer:t the tota1 energy percent si1vings. 

As mentionerl previonsly, the focus of the retrofits ear1y in the 
program was on natura 1 gaR r:onservation. Thns, for the 4R retrofits 
Rhown in Tahle T, we are mORt1y r:onr:ernerl with the snr:r:ess in rp.rlllr:ing 
natnra1 gas r:onslJmption. The (lverage g(ls savings of 23% (lnrl overall 
gi1S savings of lR% rlp.monstratp. that the NNF.P program has hep.n 
sllr:r:essfnl at rp.rlnr:ing gt'lS r:onsnmption 
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Rlp.r:trir:ity r:on!'\llmption !'\rtving!'\ wp.rp. rtr:hp.ivp.d in almo!'\t rtllof 
t.hp. rp.trofit!'\ in whir:h t.hp. II!'\P. or !'\t.rllr:tllrp. of thp. huilding wa!'\ not 
rtlt.p.rpd. Howp.vpr, t.hp.rp. wa!'\ (I vpry largp rangp. in p.lp.ctrir:it.y 
r.on!'\llmpt.ion srtving!'\ with sp.vpral hnildings showing rtn incrp.l'Isp. in 
IISl'lgP.. Agrtin, t.his WI'I!'\ nSlIl'Illy thp. rp!,\lllt. of a r:hl'lngp. in hnilding IISP 
or st.rlwt.llrp. or a rp.t.rofit. t.hat. annrp.ssp.d r:ritir:l'Il hnilding np.p.ds snr:h 
I'IS improvpd vp.nt.i lrtt.ion or rppflÏr of inopprl'lhlp pqllipmp.nt.. 

A!'\ shown in Tahlp. T, nsing thp. I'Ivpragp fup.l r:ost.s mp.ntionp.d 
hpforp, t.ot.al annm~l prp.-rp.trofit p.lp.ct.rieit.y costs ($906,4R1) arp. 
highp.r than thp tot.al rtnntlAl prp.-rp.trofit. gas r:osts ($R79,693). This 
is rt !'\trtrt.ling faet, whieh h dlJP in pl'lrt to ri!'\ing plpetricity prir:ps 
in thp r,ity of r,hiel'lgo sinr:p thp inr:pption of thp NNRP progrl'lm. 
Howpvp.r, morp pmphl'lsis hrts hp.pn for:lIspd on p.1p.r:t.rir:ity r:onsp.rvat.ion in 
rp.trofits sinep. thp. 4R prp.spntpd in this papp.r. Pp.rformanr:p. 
monitoring of t.hsp.!,\ latp.r projpets is np.p.dp.d t.o rtr:r:p.ss thp snr:cp.ss of 
p.1p.r:trir:ity consp.rvation in thp. progrl'lm. 

Prpdictivp Ar:r:url'lr:y 

Thp. l'Ier:url'lr:y of p.stiml'ltp.d rp.trofit costs was vp.ry I'Iccnrl'ltp. as 
comparpd to thp acturtl costs. Thp total program l'IC!tlll'll rp.trofit r:ost, 
for thp. 4R projp.r:ts ($1,635,960), is within 2% of thp p.stimatp.d totl'll 
progrl'lm rp.trofit. r:ost ($1 ,604,R92). Audit. p.stiml'ltps for rp.trofit 
costs wp.rp within 10% of thp actua1 r:osts for 25 of thp projpr:ts. 
This rpsult !,\ppms to indir:atp. that thp prp.spnt mpthods llspd to 
p.st.imatp rptrofit r:ost.!'\ arp sound. Tt also stands t.o rpason that 
ar:r:llrrtcy for pstimat.ing r:o!'\ts will improvP' a!'\ rtr:turtl rptrofit costs 
from morp projpcts rtrp. addp.d to thp. datahl'lsp.. 

Thp. accllrrtr:y of pstimatpd pnprgy savings for thp 4R r:omplp.tpd 
rp.trofits was gp.npra11y good. Ar:tual gas savings wp.rp. grp.rttp.r thl'ln 
70% of thp. pstimatpd vrtlllp.s for 22 of thp. 40 hllildings whp.rp. gas and 
p.lp.r:trir: sl'lvings wp.rp. prp.!,\p.ntp.d sp.paratply. Fourtp.p.n of thp huildings 
rpali7.p.d rtctnal grtS srtvings of lp.ss thl'ln 50% of thp.ir pstimatp.d 
valups. Ml'lny of thpsp. hui1rJings wp.rp. fOllnd to havp. p.xr:p.ssivp. spar:p 
t.p.mpp.rl'ltllrp.s, impropp.r r:ontrol sp.ttings, strnr:tllrl'll prohlp.ms, poorly 
man i ta i np.d P.qll i pmp.nt, or rt1 tp.rp.d hIJ il d i ng IlSl'lgP.. 
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r.p.rtain adjnstmp.nts arp. np.~p.ssary to mOl'p. a~~lIratp.1y p.stimatp. 
p.np.rgy savings and insnrp. a high dp.grp.p. of ~onfidp.n~f> in audit 
,'p.sn1t!L 'J'his is p.spp.da11y trllp. whf!rp. ,'p.t.rofit. invp.stmp.nts arp. to hp. 
finan~f!d nndf>r markp.t ~onditions and risks arf> thp.rf>forf> grf>atf!r for 
thp. horrowf!r. ~nggf!stions for improvf!mf!nts in~lnde thf! fo1lowing: 

1. morf! ~Iantitativf! data on savings of ~onsf!rvation 

mf>aRnrf!S 

2. morf> a~~nratp. modf!ling of huilding ha1an~p. points, 
partir.lI1ar1y dnring IInor.r.llpip.d pf!riodR 

3. morf> ar.r.nratf! df!tf>rmination of gaR haRe 10adR, pp.rhapR 
hy sllhmf!t.p.ring nRagf> 

4. mp.aRllrp. ar.tlla1 ampp.ragp. draw of p.1p.r.tri~a1 p.quipmp.nt 
rat.hp.r than nt.ili7:ing namp.p1atp. dat.a 

5. more ar.r.uratp. dp.tp.rmination of intp.ra~tions hp.twp.p.n 
r.onsp.rvat.ion mp.asurp.s 

A. morp. analysis of hllilding indir.p.R to morp. ar.r.llratp.1y 
gallgp. sav i ngR potfmt i a 1 of a rf!t. rof it. proj P.r.t. 

Progrp.Rs haR hp.f!n madp. in ohtaining ~Iantitativp. data on savingR 
of r.ertain r.onRp.rvation mp.~RlIrp.R for st.f!am Ryst.f!ms. r.N'J' is r.omp1eting 
a t.hrp.p. yp.ar rp.Rp.arr.h projer.t RpOnROrf>d hy the GaR Researr.h Tnst.itllte 
(GRT) t.o dor.nmf!nt individna1 performanr.p. of effer.t.ivp. rf!t.rofit.s of 
Ringlf!-pipe st.p.am heat.ing syRt.emR, whir.h are t.ypir.a1 in t.hf! NNRP 
program. 'J'hp. resn1t.R of t.his st.ndy shon1d he awli1ahlp. in thp. Rnmmer 
of 19RR. 

'J'hf! liRe of pORt.-ret.rofit. p.nergy data np.p.dR more dp.vp.lopmp.nt. t.o 
hp.lp ar.r:nrat.p.ly gnage RavingR pot.ent.ial of a rp.t.rofit. projp.r.t.. Morf! 
analYRiR iR np.p.ded of the indir.f>R p.Rper.ially whp.n morf> post.-rf>t.rofit 
dat.a is availahlefor hllndingR with an p.mphasiR in p.lp.r.t.rir.it.y 
r.onservat.ion. 

KP.YR t.o a ~nr.r.f!R s fnl Ret rof it 

A 
annnal 
p.nf!rgy 
program 
ar.r.nrat.p. 

sllr.r.eRsfnl rf>t.rofit. in t.he NNRP program iR onf> wherp. a pORitive 
r.aRh flow for thf> agp.nr.y iR r.rp.at.p.d and or.r.npant r.omfort. and 
awarp.np.SR are inr.rp.asp.d. RaRf!d nn CN'J"s p.xpp.rip.nr.p. with t.hp. 

t.hns far a snr.r.p.Rsfnl rp.t.rofit haR mnr.h lp.sR t.o do wit.h 
andit· eRtimates than with good RCM inRtallation and ROimd 

operation and maintp.nanr.e prar.t.ir.e~. 
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Thp. ovp.rall ~aving~ rp.~n1t~ of thp. fir~t 48 complp.tp.d NNF.P 
rp.trofit~ arp. po~itivp.. Significant p.np.rgy ~aving~ wp.rp. achip.vp.d in 
mo~t ca~p.!'o;. Tn tho~p. hnilding!'o; whp.rp. ~aving~ wp.rp. not !'o;ignificant, 
anomalon~ condition~ wp.rp. n~nally fonnd, ~uch a~ p.xcp.~~ivp. !'o;pacp. 
tp.mpp.ratnrp.!'o;, incorrp.ctly !'o;P.t control~, or impropp.r p.quipmp.nt 
opp.ration. Thp.~p. condition~ wp.rp. di~covp.rp.d only aftp.r monitoring 
pO!'o;t-rp.trofit ntility hill!'o;. ThlJ!'o;, a pp.rformancp. monitoring pha!'o;p' i~ 

p'!'o;!'o;p.ntial to in!'o;urp. thp. !'o;ucCP'!'o;~ of a rp.trofit. Thp. di~covp.ry of 
anomolou~ condition!'o; !'o;uggP.~t thp. importancp. of propp.r p.np.rgy 
managp.mp.nt of a huilding and that it i!'o; al~o a kp.y to a ~uccp.~~fnl 
rp.trofit. Thp. rp'!'o;ult!'o; of thp. NNF.P rp.trofit~ prp.~p.ntp.d in thiR papp.r 
indicatp. that a !'o;UCCP'~!'o;flJl rp.trofit !'o;hould includp. hut not hp. limitp.d 
to thp. following: 

1. Appoint an F.np.rgy Managp.r to hp. rp.Rpon~ihlp. for thp. RUCCP.~R of 
thp. rp.trofit. Thi!'o; pp.rRon mayor may not hp. tp.chnically trainp.d 
hut Rhould hp. awarp. of thp. gp.np.ral opp.rAtion of thp. huilding and 
coordinatp. pp.rformancp. monitoring activitip.~. 

2. F.!'o;tahl i~h a rp.gnlar maintp.nAncp. progrAm for all p.quipmp.nt in 
thp. hnilding. Hirp. an ontRidp. contractor .if np.Cp.RRary. Tt iR 
important to rp.ali7.p. that hnilding RyRtp.mR mnRt hp. in Round 
opp.rating condition hp.forp. implp.mp.ntation of conRp.rvation 
mp.aRUrp.!'o;. Trp.atmp.nt of dp.fp.rrp.d maintp.nAncp. will oftp.n rp.Rult in 
p.np.rgy ~avingR. 

~. F.dncatp. agp.ncy Rtaff on thp. importancp. of p.np.rgy conRp.rvation 
and thp. goalR of thp. rp.trofit. Allow Agp.ncy RtAff, pArticularly 
ma i ntp.nancp. pp.r~onnp.l input into thp. rp.trofit dp.Rign. Staff who 
arp. involvp.d in thp. rp.trofit dp'!'o;ign Brp. mnch morp. intp.rp.Rtp.d in 
opp.rating p.qnipmp.nt propp.rly and monitoring rp.RultR. 

4. Kp.p.p huilding control Ry!'o;tp.mR !'o;implp.. Thp.y arp. only aR 
p.ffp.ctivp. a!'o; thp. pp.oplp. that opp.ratp. thp.m (RimpIp. dirp.ct 
tp.mpp.rAturp. controh havp. provp.n to hp. vp.ry p.ffp.ctivp.). F.~tAhliRh 

dp.Rirp.d control !'o;p.tpointR and Allow l'.itp.d aCCp.RR to chAngp. 
thp.!'o;p' !'o;p.tpointR (ta.pp.rproof covp.r!'o; !'o;hould al.oRt alway!'o; hp. 
inRtallp.d with np.w thp.rmoRtatR). 

5. Continually monitor pp.rformAnCp. hy rp.vip.wing utility hillR, 
chp.cking ~pacp. tp.mpp.raturp.R, updating control Rp.tpointR, 
vp.rifying P.qui pmp.nt opp.rattng conditionR, and chp.cking for 
wa!'o;tp.fnl prActicp.R, Rnch aR P.XCP.RRivp. RpACP. tp.mpp.ratnrp.R, opp.n 
w i ndowR, lmnp'cP'!'o;RAry p.qn i pmp.nt 1 p.ft on, P.tc. 
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POTRNTTAr. FOR FlJRTHRR SAVTNGS 

Thp. program orlginally p.mpha~i7.p.d ga~ con~p.rvation ovp.r 
p.lp.ctricity con~p.rvation hp.call~p. p.lp.ctricity wa~ con~idp.rahly chp.app.r 
at thp. on~p.t of thp. program and ~Jildlng~ ~urvp.yp.d at program 
I ncp.pt I on ~pp.nt 1 P.~~ than 20% of thp.1 r p.nf~rgy hlldgp.t~ on p.l p.ctr I city. 
Slncp. thp. 41\ rp.troflt~ prp.~p.ntp.d In thh papp.r thp. program ha~ foclI~p.d 

more on p.lp.ctrfcity con~p.rvatlon a~ well a~ ga~ con~ervation. We havp. 
al~o ~ep.n In rp.cp.nt yp.ar~ grp.at advancp.~ In p.lp.ctricity con~p.rving 
dp.vlcp.~ p.~pp.cially in lighting p.quipmp.nt. WP. wi 11 havp. morp. 
confldp.ncp. in rp.commp.nding ~uch mp.a~urp.~ oncp. thp.y havp. p.~tahli~hp.d a 
'track rp.cord'. A~ a rp.~ult, much largp.r p.lp.ctrir.ity ~avlng~ 1'lhould 

hp. rp.ali7.p.d In thp. morp. rp.cp.nt projp.ct~ a1'l comparp.d to thp. flr~t 41\ 
hu il d I ngR . Al RO a1'l fup.l pr I cP.1'l cont I nup. to r 11'lp., p.np.rgy ~av I ng~ in 
dollar~ will proportlonatp.ly rl~p., making lnvp.~tmp.nt~ in p.np.rgy 
con~p.rvation p.vp.n morp. attractivp.. 
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