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Affordable Housing ïhrough Energy Efflciency: The Norrhgate story

R-O. Diamond, J.A. McAllister, H.E. Feustel, C. patullo and T. Buckley

ABSTRACT

ln this paper we evaluate a c,omprehensive retrof¡t and rehabilitailon effort lo lmprove thecomfod, affordability, and energy efficiency of 336 low-income housing units. The units had com-plete shell retrofits, including new siding, air-infittration barriers, new windows and doors, and bothroof and foundation insulation. ln addition, the existing etectiic-baseOoarOtlãat¡ng system was
replaced with a
gerators, and te
project included
and savlngs of t
their comfort, be
of more lhan Z0o/o for the shell measures, with
combined measures. The resident survey shows high tenant satisfaction wilh the rerroflts.

INTRODUCTION

we are currently facing a major crisis, one that threatens the loss of hundreds of
thousands of low-lncome housing unit the country. According to the NationalLow-lncome
Housing Preservatio.¡.lomqrisslon, by the year 2000, about 650,000 unirs or reoerally;Ñ;;;
housing (HUD 221(dX3) and 236 Seci¡on Bi will be ralsed to market-rate rents. Thele units at risk
were bullt in the 1960s and 1970s by private devolopers under vadous teoerat renþuarantee and

, mortgage-subsidy incentive programs that are d
tho owners of more than 50,000 currenUy
under whlch the un¡ts were bullt (Naüonal L
p.47'1, After prepaymont, the ownor has no
low-income houslng.

; ,.A key aspect of ma¡nta¡n¡ng the affordability of low-income
enorgy. Apartment ownef8 lack incentlves to make investme
monts or even ln basic bullding maintenance beóause the rent

easily be passed on. lnefficlent appl¡ancos
utarly in severo heailng climates; for the

comprcmtse affotdability (prindte and Reid,
ssiô "renter's dilemma,. in which the landlord

íent if the tenants pay for energy, and landlords
vements. Evsn low{ncoms renters receivlng
Feney 19BB).

Northgate Housing provides a valuable case study tn rhat ¡t successfully demonslraled howonergy eff¡olency can.be. a key factor in preserving hóusing áffordabitity. rir¡À prõ¡ect atso pro-vldes a well-documented example of fuel-switchini trom e¡ãctric treat ó gas-.rñrqúe ¡n that theconversion to gas was part¡ally pald for: by the elecrìo uülity.

R'c' Diamond, J'A' McAllislor, and H.E. Feustel are slafl in the Energy and Environment Divisíon, Lawrence Berlteley tn-boratory. Borkeley, cA: c. Palr.¡llo is with Norlhgate t{ôusing. hã.. áüi"gr"", 
" 
t, r. Buckley is with rhe Burl¡ngton Eloc-ùic Dopatment. Burlingon, W.
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PROJECT HISTORY II \

Northgale Housing is a 336-unit apartment complex in Burl¡ngton, Vermont. The unils were
built in 1969-1970 as subsidized hoçrsing under HUD section 221(d)(3), which provided loans to

developers to build multifamily housing for low- and moderate-income families. ln 1989, the own-
ers of Northgate announced their intent to pre-pay their HUD loan and convert the apartments to

market-level rents. A grass-roots effort was launched to preserve the apartments for low-income

families by having a nonprolit o'rganization buy the units. Bgcause utility bills were oflen higher
than rents, the,nonprofit organization targeted.energy efficiency as a key element in tþe rehabilita-
tion work planned for the,apar,tments (Northgate Housing lnc. 198pa, 1989b).

, The housing at Northgate consists of two-story, wood,frame row-houses, wilh,;four lo'ten
hquses in each blocft, whieh,are clustered agross the sits. There are 36 one-bedroom un¡tsÍ'202
two-bedroom-u¡its, and g8.,lhree-bedroom units. Thg'residents are a cross sect¡on of the working
poor in the region, With more than B0% of the households having at least one wage earner, and
mqfp tharhfO%:Qualilying for low-income (HUD,Section B) housing support; rnore than 500.chil-
dren live a!-Nor{fgate., ì1 :

The major retrofit perfoifhed at Norfhgatetwas the replacement of the electúic baseboard
heating with individual gas-fired boilers that provide both space heating and domest¡c hot water.
ROO¡t¡oia¡ retrofits incluãed increased levels of insulation in the basements and attics, lnstalla[ibn
of new exlerior siding with inf¡ltrat¡on bariers, and lhe replacement of doors,and windows.

ri
, ,.ln .1,990, the U.S.:.Department of Energy announced that Northgate Housing.was one of 10

reçipíents.of a,,qompetitive solicitation to demonstlate energy conservat¡on'in existing buildings.

..,4n integrat part of the DOE support was,to provide a comprehensivd evaluation of the prolectto

.document the resultsuso thatLthe work could be replicated elsewhere. This paper presents

rhigþliQhtq frorn the project evaluation. ì:r , : . Iì '¡r

'l l"

'r,lr,ì

METHODOITOGY .'r

We used three techniques to evaluate the performanöe of the'energy conservat¡on measures:
(1) computer slmulation of individualapartments to evaluate the individual measures; (2) analysis
of;the utility bills, pre. and post-retrdf¡t, to determlne aggregate, weather-noimáli2ed energy sav-
ings: and (3) surveys of the residents'satÍsfaction with the measúres.

- Deternnlning the Pèrlorrnance of the lndividual Measures through Computer Simulation

We used'the DOE-2 building C¡muiat¡qn prograp to determine fo¡,Jhei,rirdi-
vidual measures. DOE-2 computes annual energy consumpt¡on our-by-hour

ìperformance of a lruilding,for eaoh of the t96O hoúrc ln a yeár. W of four one-
bedroom uhits and a btock of eight two- and three-bÞdroom un¡ts. :'

to'be,estimated, such as the occupancy schedules and the domestic hol water loads.
' The annual energy consumption"för domestic ¡ot.fiare"r for the äne-u¿ároo[F.aparlments was

I di5tiibulion losses. The lights'were assumed to
e l¡ghting schedûle
assumed ici. have

is equipment fo bp
son'livirig in each

menl. '"' ' 'r
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The process of simulaling the two- and three-bedroom apartmenls was similar to the simula-tion described for lhe one-bedroom apartmen were also the replacemenl olthe electrical resislance heat¡ng by hydronic,l lems, installation of infiltrationbarriers, increased levels of insulation, replac ndows, and basemenl insula-
tion.

s,,the.consumption profiles and schedules, such
r ar{d-schedules [or lighting, refrigerator, cooking,
onresl¡c hot rivaler consumptiön, however, was
iwo-bedroom'aþarrmentr, *à aérrme a r,busã-

translates into an'annual energy consumpt¡on of

aparrmenr accounts iåli.îffi3J'.åiïi$ï'niil:iJ1,"Ë.?',,Ë",i"î
'râñd equipment; we consumption.does not'depenå olt'rhe numbèr ofoccupants' The¡:efor aö of ligirting and equiprc¡iáirta same vatue aswas used for the on cco(íng-íy, wã touno'édz rwruveairor t¡ghrtuìg ánã2,628kwhlyear for-refrigerator, cooking, laundry., TV, ã¡cr, for eaoh apartment. ir

' tt' ' ìl'1,. 'il
oalculation of the Aggregated Energy savings from the utility Bills i"rc

bining ù[n'June rsso)
1990 t Sífì..¡n {eneratwere'r hadlthe advàn-

occasionally missing for one month,s reading
was zero or whether consumption for that bilii
amblguous cases, the data were classified as
billing periods wero treated as a single data poi
one month and received a refund the next. ln this case, the data were adjusted,lo reflect aclual
'use, i'e., the two bills were spread over both biutng neSio'oi. rneqf- prbd;àjr.àìeo only l% ro2!oot the data points.', 

r

rb su mmarizel o¡, þparlire nq sug 1onó-', r*o-, and {h ree-bedroom) andManagemenlpaid for the etectricìty for sire'l¡gñhé;ãrd for rne gas
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¡ fhe Tenant Satisfâction Survey

ln addition to learning about the energy savings due to the retrofits, we also wanted to loa6n

3. Del¡vered Energy Use. To isolate insofar as possible the performance of lhe rehabilitated
building shell, thermal, or "delivered" enelgy,use was calculated uping an estimated efficie¡cy for
the new heating equipment. ln the case of electricity_, 100% end-use elficiency is assumed for the
electric resistance baseboard heaters that were formerly in use at Northgate. ln the case of gas,

boiler efficiency and distribution losses must be taken into account. The rated efficiency of the
boiler unitd installed at Northgate,is 87%; typical distribution,losses might be 4%. Total gas

efficiency, then, is estimated àt 937"; we i$rlore the seasonatiiy ot OistriOution losses. FiQure 2

shows pre- and post-retrofit'consumption in tlerms of. source eñergy, site energy, and delivered

energy.

t taken from actual bills but was calculated from
rate structures that vary seasonally. Addilionally,
riod of analysis. Monthly costs for both fuels for
ing both thése comptei¡t¡es .into acðount. Post-
day and added to gas coçts to determine tolal
e same way as energy usê.. Figure 3 shows the

costs an ptio lor the pre- and post-retrofitþeriods. r '

I ;Tho zed eton Scorekeeping tuemod leRlSM), which nor-
malizes typ gicalyear and identifies.the space-heatiñg pórtion

of-ttte normalized annualconsumption (Fels 1986).'Ïhe weather datâ for the pre- and post-retrofit
periods are shown ln Figure 4l Ths pre-retrofit year vias colder tlian the post-retrofit year--6,161

,. cornpared to 5,384 heating degree-days (HD))--due primarily to an unusually cold Decbmber,
.', underscoring lhe lmportance of'weather-normaliz¡ng the data. :

', !-;,ti

whet
rhäil

her the tenants were satisfiedwith the results. A key goal of the pro¡ect was to demonstrate
he retrofits.would not only saye energy, but also increase comfort and res¡dent satisfaction.

" One-third of the households (100 apartments) were selected at random from the population
and were interviewed in person with an B0question s.urvey. The survey asked the residents
about their sat¡sfaction with different aspects of their home before and after the retrof¡t. Residents
were asked abut their satisfaction with the inside temperalure, draftiness, humldity, hot water
ternpefature and pressure,lâqd the new appliances and thermostat. ln addition, they Were as$ed
aboul any changes in their household¡behavior that might affect their energy consumptlon. The
response rate was 100 percenü': "

!;l
sections, which cover the
analysis,'and the findings

t.,l'

Eslimated Savinggfor the lndividual Measures ! :. , rjr'

The com ing energy consumption for a one-
bedroom apa substantially híghefihan lhe 5,868
kWh average bills. The différence in the energy
consumption he simulation ánd the billing datals
probably due adual àpartments being lower than the välues
assur¡ted inthe model or the pattern of.only heating,,parts of the apartments witfulhe électr¡cal
heaters rather than the u¡iform temperatureS assumed,in'the model

¡iti The retrofit of the exterior wallslab'Òvd'the basdment ihcluded an air infiltration retarder and
;¡,riyy,'v[nyl siding:'Ihe retrof¡t measure û,as predícted'tolifþduce infiltration by about'.2S%, which
represenls an energy",sav¡ngs of atiòtlt 37o, B owêt ddör mea"su'relhents were; mäOìl on site to
determine pre- and post-retrofit airflows at a pressure difference of 50 Pa, but the data proved to
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be inconsistenl, and could not be usedìlo calculate infiliration rates. Therefore, rhe pred¡cted

'""'n';:",::i:ffi::i;:i'[:]'.'iïl'äi::ll.*.n was rhe rep,acemenr or rhe o,d sins,e-
panä windows with
based on'ä reductio
basgment w,1,lls sho
the floor is well insu
the freeZing point. T
part of the heat losses of the boiler will heat the basement.

?te!y one inc¡, trgrfi,t 0 ¡nchäí to t i. incties, does
êl for the pre-retrofit cqnditionq was asqumed as
s anecdotal evidence that^the cellulose insulation
overall qfkjctiveneôs. Hgiiär vdnJþtion rates in

the ,attlc are incrê{Sing the energy losses thrqygh the ceilíng and, thqrefQrg, ðãuse a slight
lncrèase in energy fd..isumptioî. ;i ;; . ,, : ¿ |

. The fuel swiicüing is the most r the build-
ingg. However, duê'to the lo.Wer effi butioo.sys-
tem,'the site energy,cons_umption nìoas{res
tôget[rer produce a dêðreaöe gf ene I i ",

These results' are baqed on the assumpt¡ofi that'each apartment ls fulli healed.i'The new
heating system does not allow for individual room zoninp.r-a sln$e therrnostat oontrö,|€ each floor
of the apartment. Therefore, we would expect higher heating consumption than the previous use
of the electric baseboard heaters. ln order to estimate the savings compared to the zonal.treating

the input data set
s¡muËt¡bir resutts
rne rbsdirå'qr rhe
aviriþs in thebne-

'bedroom,units. i'ì ' ¡ .r¡(-r, i i

ri iì ìr :"

Aggregate Savings in Utility Bills' 
- I - : r' ì 'i

" ;- tñ. .n,U.i orrr ; ií*.l"ents was ngìin" ,.orl¡ion in energy urr, p"r'r", bur rhe d;.-
tiôn ln þnergy.cost., fhe residen(s pay lor thàir individuai gas and etectricity consumption..At the
tlme of ths study, residential rates ln Burtington were roughly $0.082/kWn_tor gtectricity-anO
$0.71ltherm (or $.024/kWh) for gas. The reduc{ion ln weather-normalized energy costs afler the
retrof¡t has been dramatic: the actual utiltty costs for the average apartment dropped 47o/o,lrom
$1,278 to $676, and the weather-normalized dilference was 45% for the two pedods. The Érgest
mpnthly energy bill'in the average apartment declined:by 62Vq a reduciiònrof?$l46'per month.
Signlficantly,'energy costs.per heat¡ng degreeday in the post-retrofit period äre only onb-'fourth
those during the pre-retrofit period; annual heatlng costs are $817 and $255 in the pÏó'andr¡íost-
periods, respectlvely (see Figures 5'and 6).

Source energy use was reduced by 41%from the pre- to post-retrofit years, even.thòuþh site
heating was reduced by 60%. The peak month

pelivered energyi 1.e., energy consumption that
u ipmerrt;lncreaçed slig hlly \2%) du e to thë 4óss

åïq,iinsrease 
in resident com-

The costs'of the energy relroflt msasúre3 hävd¡'beên diffiiutt'to disat'gregate fiòm ihe total
cosls of the renovatlon. The totaf cost ðf the building rehabÍlitatiori úaò $8.1 miil¡on, of which we
esllmate
$6,000 p
as paft o
peak.
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Wh¡le the utility has expressed satislaåt¡on with the, rçduction in its winter peak, we, have nol
yet calculated the avo¡ded cost to the utility f rom the peak ieduction,. which wiil iequire further col-
laboration with its load-forecasting staff. What we have seqn was that tre goalof pràserving the
housing affordability was achieved by reducing the residents' utility bills to match the i4crease in
their rents. Not factored ¡nto this simple calçulation is the enoinìous increase in occupant comiort
and satisfaction. lf the occupants had continued to keep the apartments at 60 oF post-retrofit,
then lhe energy savings would have been much greater.

Results of the Tenant Surveys

The rnajor finding from overwhelmingly þositive'response from the
tenants regarding.the retrof¡ or to the retrot¡is, B4o/o ol the res¡dents said
their apartments ltiere too c say lhat it is now tqo cold. The number of
residents who had complained previously of drafts (97%) was reduced lo'201" afterthe retrof¡t.
Uniform temperatures in the apartments had been achieved in 17% of the units prior tb the retrof¡t,
coñpared to 83% of the residénts who now roporl they are able to mainta¡nJunilorm temperatures.
t{early everryone (98% of the surveyed households) reports thàt their energy bills havergone down
since the retroflts. . r t

''The survey s witf¡ the retrofits as wètl;' Perhaps the biggest
challenge,was lh rammable thermostats. An'energy spec¡al¡st met
with residents--in explain the functiori.of,the new lhermostats. The
energy specialist was'also able. to troubleshoot problems with the new bollers and the ¡nstallat¡on
of the thermostals, more than 50% of which had been incorreclly wired.

Condensation on the windows was another problem reported by the residents after the
retrofits were installed. Prior to the retrofits, residents had used humidifiers extens¡vety during the
ryinter due to lhe dryness caused by the leaky windows admitting cold outside.air. Íne seáson
after the retrofit was nol only unusually wet, but sonne residents continued, through habit, lo use
thelr humidifiers. The resuit *a, conl¡nred condensation on the windows until the residents

,a-d?pted to the,new changes and stopped runn¡ng fne¡r frum¡O¡i¡ers.

DISCUSSION

The key to the success of this project has been the demonstration of a major reduction in fuel
costs. We have shown that the weather-normalized energy costs are statistically significant,
despite the discontinuities introduced by the tiered rate structure, rate changes, and seasonalrate

$tfe9ry9s, The conelations calculated fgr the energy costs by the PRlSlr¿l model are quite high,f = 0.977 for tho pre-retrofit period and f = 0.9€ 6 for the post-retrofit period, with standard errors
less than 3.5 %.

The base-level energy use and heating slope are similarly defined ln terms of dollars. Figure6 shows in the pre.retrof¡t period that there is a clear separation between ths upper points
(representing tlmes of high heating) and the low po¡nts (largely nonseasonal or base energy use);
the two groups in fact seem lo lie along two different lines. This is the result of two factors: lhe
tiered rate structure penalizes high electr¡city users, such as the residents of Northgate, dur¡ng the
winter, and seasonal rates are higher in the winter as a disincentive to high energy use during the
utility's period of peak demand. There were no rate hikes during the pre-retrofä period. Dúring
the post-retrofit period, however, eleciricity rates went upby 12% in February 1991, and gas rateã
were raised by 6% in May 1991.

We suspect that the lack of delivered energy savings is due to a substantiat "take-back"
effect, given that lenants are now paying much less nþney for much higher comfort levefs. The
results lrom the ng higher indoor temperatures supports this finQing, but it is
difficult to demo the PRISM model. Figure 5 showi a stight 1z 

oFlincrease
in the modeled e, but attributing higher thermostat sett¡ngs lo this finding
àlone is difficult.

b
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From the survey it is clear that there is now much less zoning ol individual rooms for heating.
This finUing is'notrsúrprising in that previbusly the residents nao ¡äo¡v¡Ju"r ónrrãs ãn tne electr¡c
baseboards'ln each room'and they'how have one ortwo thermostats that control entire zones in
the house. Consequently, the'heated area of each household has increased. The shell retrofit
measures (windows and insulation) are consequenlly providing a siþnificant component of the
energy saVings as, without thrjm, the luel switch mighl have iesultéd ih much,higher heating
energy use per apartment. ' 

,,

coNcLUStoNS 
ìr

The retrofits at Northgate have resulted in major cost s ts because of the
fuèl swilching and the pbrformance of the retrof¡!,,q. Part of'th are being used to
improve thÈ comf'ort of the residents, botll in theíl'increasing rature and in their
heatlng the entire hOupe. ,,,) ,,f , u .l J .-.

The electric utility is happy because of the,,reduction in its w¡ntef peak electricity load and
because pqlent¡atly bill'troubled customers havelowered their bills Prior to tho'ietrofit, lr¡orthgate
represented 5o/" oÍ Burlington's çesiden\ial electriQ load, but accountedr lor 2P/" gf'the.,utilily's
households. Northgate now uses less than ZYoollhe utility's residentialload. 1'r)î.'.

The original goal otthe Northgate communit¡l was lo preserue the affordability:of the low-
income housing stock¡, What thq project hqs demonstrated is that energy effioiencycan;provide a
means for achieving this goal. We hope that the project can serve as a model forr,hoUbing aövo-
cates across the country i¡ showing the linkages between energf:efficiency and houslng afforda-
bility. ) i ',¡ i¡¡¡,

.l , .,r \t: , ¡i. )i
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FIGLJRE CAPTIONS 'í)

('.ì

I'
u*,;

Figure 1. Total billed energy consumption at Northgâte; pre- and post-retrofit, for monthly billing
periods.

I

- Flgure 2. Energy consumption at Northgate, pre- and post-retrót¡t,'shown as source energy, site
;;eoêrS!, qnd defiveredenergy: 

. -,

.,', Figure 3.' aniJ cost ,i
,Ll

Ç.', Figure 4i asei69 o 
rofit periods.

,, I

Figure 6. Energy costs per apartment, pre- and post retrof¡t.
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Total Residential Site Energy, Mwh/b¡ll¡ng period
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[Diamond et al.l
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PRE:
Base: 21.4 ky¡h/QaY (1.24t-

Stope:.,1 .47 lwh/hdd (0.073)

NAC: 1 6550,kwh/Yr (2341

Heat part: 8730 l$vhlyr (41 5)

Ref. Temp:57.9oF

R-square:0.99

POST:
Base: 26.1 loñ/daY (1.4)

Slope: t.O¿ ¡ìwnnOö (0.09)

NAC: 201 8û,laflh/Yr (255)

Healpart 19659 kuttvYr (470)

Ref.'-Tempr60.09F"; ' :

R-square:0.99

I
Flgu re y' Weather-rp rmalÞed energy consu nption, pre- and post-retrof it.
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Base:1.38$/day (0.21)

Slope: 0.18 t/hdd (0.01S)

NAC:,f322lryyr(,ß.8)
' Heat part 817,$lyr (64.5)
Ref. Temp:51.2"F

R-square:0,9n

9Flgure Energy oosts per apänment, pr+ and post retrcfit.
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