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Fllehavestudiedthepotentialforenergysrnr 
ings in an old, lmrise, 50 unit  aparbwnt 
building. standard engineering calcula-, 
coupled w i t h  s-le field measurements have 
been sufficient to abtain a consistent, quah 
t i ta t ive  picture of energy use and allow an 
as- of conservation sttabegies. The 
results mqgest a p ten t ia l  30% fuel s a v w ,  
ahwe and beyo& traditional strategies of 
aftic insulation and stom windows. The 
msthods of analysis are appmpriate for a 
wider class of old buildings. Dwelogmnt 
of a cheap form of insulation to  be applied 
externally to massive walls represents the 
major area ahre research i s  needed. 

ne have W e d  an old, -rise, brick 
anaplex in Qder to find ways of analyz- 

ing, & then reducing, energy amsmptbn-in 
this type of W i n g .  Old strwtures are ~ra 
gmrtant for energy -tion because they 
mske up a significant class of busing in 
nrlfiy -tries. By oux s t i n a t e ,  about 6% of 
tutal U.S. primary energy is cons- in C q Y  
neckion w i t h  residential stmztures bui l t  b e  
fore 1940 111. The figure for Fmmx is cob 
siderably higher 121. Ihe lcng lifetime of 
swh stmctures (estimated to be 70 years 
ibr the U.S. 131, 90 years ?3r Paris 141 1 
insures that these old buildings dl1 be 
withus-alongrim. -y, they 
shnildIlDtbeignomi3innatrcnalenergy 
Plans. 

pie pexmtage of mtimd energy use associ- 
a t d d t h  old buildbqs, as well as the erd 
towhichsrcheaergy i sput ,  var iesf ran - to -trU depedding UEJQn the age of 
thehouPingstock'I t h e ~ ~ ~ f t h e ~  - 

Partially suppoatea by US. k R 9 A  

my, the climate, and the people. For inseance, 
&k?xim and India use a negligible percentage 
of their energy for space ccnditionbg of old 
buildings, but use a significant prcentage 
for cooking and other ImusebId purposes [S, 61. 
-re, there can be widespread differ- 
ences betwen countries wen when te~peratylre 
effects are eliminated: The per capita space 
heating a m a m p L b  per degree-day in Sweden 
is -tely onehalf the U.S. value [71. 
?hereiore, the roan for inpm-t, as well 
as the priority given, w i l l  not be the sax? 
-. 
-ess, in many places Qn the wru en* 
gy ansmpth  in old buildings is large em* 
ao that a detailed analysis appears to be jus- 
t i f ied  - as a survey to provide policy quid- 
ante &, possibly, to pnrni.de specific re- 
amnedations for U v i t b a l  units. l h e v e ,  
old stru3xres are particularly diff icult  to 
analyze because of lack of infomation about 
their constmzticn and lack of infomation 
about rmdifications made wer the yeuus. In 
certain cases, grass discrepencies have been 
f o W  between calculated heat loads and ma- 
d values [8] . -y, greater vari- 
fication of heat load calculations, as ccmpar 
edtonewstnlctures,  is likely to be~lecess- 
ary m e  the calculations can be relied on 
b suggest energy saving strategies. The need 
for special attMtion is particularly troutrle 
sane i f  cne hopes, sfmeday, to andlyse irdivi- 
dual stn&ures on a cost-effective basis: 
~ i d l a t t e n t i c P l m e a n s e x t z a o o s t s w h i c h ~  
be charged against future fuel savings. In 
BLtrene cases, the b t e d  mst of a full 
energy analysi6, including varm.cation of cab 
culaticns, can extend the payback period bt+ 
y w d t h e ~ l i f e t i m e o f t h e s t r u c t u r e .  
A l ~ u g h ~ ~ c a s e i s n o t l i k e l y t o  
occm: when dealing with apartment CuqlexeS 
(became of eamnies of scale), analysis uats 
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cannot' be. neglected even for then. 

Uith the payback problem i n  mind, w e  haw 
tried to sinplify our methods of analysis as 
rmch as possible, wing to develap techni- 
ques which can be adapted in a cost-effec 
t ive way to a wide  class of Musing. Caw 

' tation, such as SF air infil- 
tration=ring equipnent, rafi been irr 
traduced only to varify sbpler methods in 
this test case, mt to suggest that all old 
stnxztures need Qe analyzed in this way. 

Jlmcription of Ppartment -1ex 

The Plainfield q l e x  is made up of nine, 
3 story, old brick stmctures, side-by-side, 
w i t h  brick walls. (A grow-floor plan is 
shown in Fig. 1) Nmxous mall airshafts 
help to w i d e  ventilation. The buildings 
are subdivided into a Mal of 42 efficienq 
aparlmnts and 5 threelocm units.  The p-- 
en t  mmer p~nrchased the building about t w  
years ago and lams virtually nothing about 
its history. We estimate that it was built 
around 1900. A major mdification was made 
relatively recently to the front: wall air 
anditiomrs were installed and a 1/4 irch, 
-ative brick facade added. The buildinq 

for relief). Ihe burner operates autaMticdlly 
aamdhg to a central thenmstat, except that 
the m g e r  makes "adjustmsnts" when t k  o i l  i n  
the tank is "low." 

I-bt water is also provided by the main boiler. 
Sewage water leaves the ox&)lex through one 
central pipeline. 

Outline of Paper 

The f i r s t  part of our paper deals w i t h  the an- 
alysis required to build up a wnsistent, qym- 
titative picture of energy use. We distbxpsh 
three levels of analysis which ice h v e  perfontt- 
ad (and which might be perf-; ora ather s t rue  
tures) : 

Level 1: Standard static heat load calculations 
and fuel b i l l  analysis. 

Level 2: mgular meter readings; sinple instru- 
mentation for spot visits to varify Level 1 re- 
sults and to supply missing paramters for the 
heat load model. 

is equipped w i t h  storm windows and - ,,- 1w and 1- 211 -esent the 
me inch of a t t i c  mineral c ~ o o l  insulation. woUld use if we were to other 
?he have incanes and represent s-aes f a  t* purpose of rraking specific a variety of mtionalities; twenty percent --: w-l 3w represents research 

,- speak Spanish only. 

Heat to the inlividudl -tS is pravid- 
ed by a central o i l  burner driving s t e a m  ra- 
diators. !Cenants in the end sections caw 
plain of a lack of heat; tenants in the cen- 
t r a l ~ c o n ~ t h e b o i l e r ~  
of a heat surplus (and open their windaws 

?he second part of our paper deals with strate- 
gies to reduce energy waste. In conne.ction 
w i t h  reducing waste, we have looked a t  s t r a t e  
gies which go beyond the abvious "roof insula- 
tiool, starm wbdms, and good maintenance" dis- 
cussed in swh recent reports as the Rand st* 

Fig. 1. P la in f i e ld  ground f loorplan 
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of mf. 3. CNr results suggest that there 
are uwy additional s m l l  -ts w h i d  
can be cabin63 to reduce consuqkion by a 
eiw- E===-5T=. 

Lere l l  - 
TAlellanalysiswasbasedonfuelbillsand 
a curaary examination of the building - the 
kin3 of data that would be readily available, 
bar marry building& (In fact, if building 
plans had been available, no on-site visits 
vmld have been needed a t  all. ) aim was 
t o s e e h c r w r w = h u s e N i n f ~ t i o n w u l d b e  
gleanel fmn meager data. 

Wth this informtion, it vas pmsible tp set 
up a useful energy balance relating the space 
heating energy input (fran the fuel) to the 
d c t i o n  and air infiltration losses. This 
algebraic equation dcf ines a linear relatiow 
ship betwen the unknown net furnace efficienq 
and the urhmn air exchaqe rate. If one as- 
sues a value for the furnace efficiency, basel 
on performance experience w i t h  similar units, 
then the a i r  infiltration losses are uniquely 
determined. This procedure gave us our f i r s t  
esthmte of air infiltration. 

f i e  space heating energy balance is expressed 
by: 

aafirststepwastodrawupflo~rplans,  
estimate wall parameters, and measure a t t ic  - 19756 vdlue 

inaulaticrm. From inf-a* Q = heat content of fuel burned* =3.24x1bf) Btu loss coefficients were oxqted. Howwer , 
they could mt be directly related t o  fuel 

,-, , , a,, ,, w = fraction of heat lrvd for 

s t d y , b t  water is provided by the space- hot water = .27 
heathq boiler and, therefore, separate in- -* on space--- fuel -@on € = furnace efficiency = € 

was not dY ~ v w ~ G .  ~rk disa&egat- 
ed bt water losses fran space heating re ' losses -ugfi 

qukamb by andlyzing fuel delivery data shell = 7000 Btu/hr/ 
as a fmction of seasn-~.* W e  assigned the OF 

swt fuel consuop A = air M i l t r a t i a  coeff. = ml. 

,- tion to energy literally "going dcrwn the of bldg's. inside air x heat 
drain." Ebr the 1975-76 winter ,  this prwe cap. of air + a 12% contribu- 

. &re, based on six fuel bills,  led to an es- tion frcm latent heat load 

t h t e  of 27 (+5) % for lost heat. ** a rmrS3er (see text) = 5250 Btu/OF 
consistent with U.S. national averages. Sub- 
tracting this prcentage frun the total fuel 

n l e d t o a n e s t i r r a t e f o r t h e a m ~ &  
z r e q u i x e d  for space heating of 3.26 
gallons of o i l  per Fahrenheit degree day 
(470,000 FP:- m/d- day) 

* AnmexpedAdifficultyarosewfwne 
dkweredthattheoiltankwasnotalways- 
EUled a t  each delivery, so that we auld  rot 
direct ly  determine the a u n t  of fuel used be- - deliveries. We avercame the tank-fill- 
iw  anbiguity by recognizirag that a delivery 
quantity close to a rniltiple of a 
gaUonsreEPesentedtheamnmtsch&uledbya 
diqatckr, whereas a randan nurS3er of gal- 
lans delivered meant that the tank filled up 
m e  the schedule amount could be added. 

f = infiltraticn rate in air ex- 
chatages per b u r  = f 

D D i  M&er of degree hours i n  
hasting season** = 120,000 Fah- 

renheit* 
gJ=-ho- 

Using the accessible infomation listed above, 
we obtain this relaticm between the Llnlrnawns 
E and f: 

2.36 E = -84 + .63f 

lhis is displayed as the middle clave in Fig. 
2. VUso included on the graph are the results 
of certain level 2 and 3 measurements which 
will be discussed later. 

** Assmpthm had to be made abut  the 
relationshipofsurmerhotwtteruseto * Ass- 145, 000 W g a l  of 45 fuel oil. Any 

winterhotwateruse, sothe- deviatim from this w i l l  be reflected in the - definition of furnace efficiency. i s m t ~ i ~ .  I t i s f o r t h i s -  
that we have hided the f. 5% error. ** The 6S°F baseline used to detemine degree 

days is assured to a m w t  for internal e k g y  
emrces in tta anplex. 
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Fig. 2 Relat ionship  between furnace e f f i c i e n c y  and number of 

a i r  exchanges per hour. 

Wftbmt further information, it is impossi- 
ble to sepaxate net efficiency and air infil- 
tration, allhugh the equation alone does 
s3y that the net efficiency cannot be less 

36%, i.e. its inters- with the f = 
m a?&%. If one takes estimates of perfor- 
m the particular heating systan bas- 
& an ercperience with other systems, then 
the value of "f" is fixed. For instance, a 
typrical rule of thmb for the efficiency va- 
1uz of a stearn radiator system of this fonn 
vmdd be 50%. This i. turn leads to a value 
o f f  of .54 air exchanges per hour. The r e  
s d t  is quite reasonable in  that  it f a l l s  
w i t h h  the ASHf(AE rule of thmb range for aFr 

rates 1.66 for rmm with storm win- - and no extexnal doors, .33/hr i f  the 'air 
is assuned to pass fran roans on one side of 
abdldbgto-ontheother (9)l. 

Inozdertoverifytheenergybdlanceequh. 
tian a d  to narrow dawn mxrtahties, vari- 
oustenrsintheequationwerecheckedexpsri- 
merhally. These sirrple "level 2" measure- 
ments emmisted of: 1) a crude -11 heat fhx 
meas\aeaent to verify the wall therrrel resis- 
tame. 2) a flue gas measuranent to deteunine 
&mxy furnace efficiency, and 3) a hunidity 
"decay" e x p e r m  to m?asure air exchange 
ates. W e a l s o h i r e d t h e b d l d i n g ~ ~ ~ g e r t o  
take m&ly  oil readkrgs as w e l l  as weeklv 
terranrt gas and electricity readings. 

(This, incidentally, turned out to be a very 
cost-effective n&bd of date acquisition. ) 
Fram this informtion we were able to check 
both our fuel b i l l  analysis and the 6S0 F base 
line tanperatme used in the d e t h t i o n  of 
total degree days. In all cases, the results 
have been consistent with the "level 1" tradi- 
tiandl engineering calculatbm and rules of 
thmb - a sign that we have not missed a n y  
thing subtle by doing the obvious. 

H o t  water and furnace losses to the basement 
were dlso masumd to provide a mre ample& 
picture of energy f h .  

Check of M u c t i v e  Loss Term. First  of a l l ,  
we ran a check on the cordmive loss calcula- 
tions. The daninant part of the conductive 
losses came franthe outsidewalls, so we per- 
fomd a w a l l  heat f lux measurement. For this 
purpse we used a portable thermcouple surface 
probe with digi* readout. (We have found 
this unit  to be -y convenient for use 
bath as a themmeter and a heat f lw meter. 
Ps such, it can serve as a "poor man's" infra- 
red a n m a  ) Ihe wall heat flux was measured 
(as described in the appendix) a t  intervals of 
several hours over a 24 b u r  period. 

The average of these readings agreed with our 
prediction, based on wall construction esti- 
mates, to  w i t h i n  20% - which lies just w i t h i n  
the accuracy range of the maswem~ts. As a 
result, we can have aglfidence in the conduc 
~ v e p a r t ~ f t h e e n e r g y b d l a n c e ~ t i o n .  
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&mmramt of Prirmry Furnace Efficiency. 
~ex t ,  we mde a sinple flue gas -t 
of primary furnace efficiency (62% a t  a 
stack tanperatme of 560°F) , xrrething inci- 
dentally the mainkmame ccmpany narer does. 
b k  tbn measured the heat flux leaving the 
boiler ( 20,000 btu/hr) , again using the di- 
gital tarperatme probe as heat flux meter, 
a d  calculated frcm wall condwtivities the 
fraction of tow oommption los t  to the 
autsi.de (5%). Thus, the net efficiency of 

, the heatirq system must be less than or equdl 
to 57%, (62+5%). We have included the 57% 
upper l i m i t  line on the graph in Fig. 2. 

masuremnt of Air Ekchaxqe mte. Our third 
sinple measuranent consisted of an estinrate 
of air M i l t r a t i o n  using water vapor as a 
tracer gas. R h r t  Sorderegger a t  our lab 
has had considerable success in equating 
xroisture balance with air infi l t rat ion rates 
measured w i t h  SF as a tracer gas. Altbugh 
h i s  wcnk has bee$i based on long term averages, 
and although not a l l  his runs are consistent, 
we decided to try the m9dmd on a pulsed 
basis. The method is potentially so cheap 
in amprison with other epsrimental 
thatonesbouldbewil l ingtoputupwith  
considerable diff icult ies in interpretation. 
'Ihe exper- was performed in a vacant 
apartment, midway up the building. Themois 
ture content of the roonrs m e  doubled (by 

,- nmning the shtmx) a d  the ra te  of decay of 
misture mnitored for a few burs. * ( H m i d i -  
ty was measured with a sling psychmneter.) 
After stjtracting background, we found that  
the data produced a straight l ine  on a log 
plot w i t h  a slope corresmndi .~  to .8 air ex- 

ammts t o  about 25% of the flow rates to and 
fran the outside. We plan to do a m e  c a r e m  
carpariscrm of the technique with SF6 measure 
mts in the future. 

Thenmberabtained, .8 ex&qes/hr., is 
siderably higher than the average value obtain- 
edfrcmtheenergybalanceequation. Iwwwer, 
it s M d  be noted that the masuranent d e t e r  
mines roan exchange rates, and not building ex- 
change rates. It is possible, in a particular 
wind situation, fca cold a i r  to enter the apart- 
ments on one side of the building, warm up in- 
side, and leave through the apartmnts on the 
ather side. lhis muld mpjtn that the infi l t ra-  
tion ra te  for the exit side apartments muld be 
effectively zero. Thus, the true building ex- 
change rate could be as low as one half the 
measured value ( .4 /h r ) ,  indicating that  the 
measuren~& is not really hcmmistent with the 
derived value of .54/hr. 

'Ihis factor of two uncertainty in the measure 
mnt appears t o  be an inevitable result of try- 
ing to measure net exchange rates in a naiiti- 
celled building w i t h x t  air ducts. 

oleck of Baseline Tanperatme. Calculations of 
the "free heat" provided frJ Sources other than 
the furnace were-mde to c k k  the baseline 
tarperature lsed in the degreeday calculations. 
Ihe results, sham in Table (1) , suggest that 
the axwen- 65OF baseline used in this 
part of the U.S. should be satisfactory. 

Wle 1 "Free Heat" Gain (a) 

-liarices b' . . .2'F People. . . . .l. 6OF 

Ghmgesperhour. ~hesaaneresultwasal~tkirr- 
ed 12 burs later. Gas.b) .......... 2 9  S1mlight...2,1~-2.6~F 

thruill$in- (24 hr average) 

Of aourse, one cannot confidently equate the dCkJgU' 

nurberabta inedinthiswaywiththet rue  m i g h t  energy. 4 OF 
rate of rocm air exchange. There exist  other th ru  p f  and 
pathways by which misture can be ramwed frun walls 
air (i. e., it can migrate into furniture, 

etc.). (bnsequently, we interpret & 'Ibtdl - 8.1° - 8.6O F 
nurberasanupper l imi ton thene ta i rchange  
in the roan (on the particular day on which (Since the internal tetpxature is kept around 
the srperiment was  performed). However, te 73OF, the highest outside m a t u r e  a t  which 
f ~ t h e n ~ i s r e a s o M b l y c l o s e t o t b e  m h e a t i s n e e d e d i ~ 7 3 ~ - 8 ~ = 6 5 ~ .  This 
true value because the nuher agrees w i t h  agrees w i t h  the 65O baseline ammnly used for 
SF -takeninthesame-- degreedaycalculations. 
s&-* con3itions. This suggests 
that  the migration of misture into surfaces a )  In units of tapratme: Input power (Btu/hr) 
could mt have been a dcsninant effect. The /Bldg's calculated loss ra te  (10,000 Btu/hr/ 
absence of any great change i n  roam b d q m m d  OF) : 
after aut experiment supprts this canclusian. 
So does an exadnation we have made of r e  b)  ran readhgs; 
crads of moisture input and balance kept by 
Sarderegger for a mDdern tmwnbuse. His data c) CNde es th te ;  
suggests that  flow in and out of "storage" 
*Q1 a day estimated to be r e p r e s e t i v e  of d) Based on 11) s w  -ices as 
average w i r d  and tcmperatrae conditions. xevealed in pbbgraphs, ard 2) ASHRAE tables 



378 BEYEA, HARRJE, SINDE' 

Measuranent of Fuel Consuption Rate. Weekly 
ail level raadinss bv the buildinu mmaoer 
text= analyzed to-o& the rate of f d  am- 
amption for the 197677 heating season. A 
slop? of 3.07 gallons per Fahrenheit degree 
day was abtained, which ampares with the 
3.26 figure determined fran the previous 
year's fuel bills.* Consequently, our fuel 
bill  analysis method has been confinoed. 

C 

~s already mentioned, SF tracer gas measure 
ments (Ref. 101, m e  mde as a further test 
of the Wived air exchange rate. The r e  
sults were similar to  those obtained by the 
hunidity experiment. V a l u e s  ranged f m  .8  
e x d m g e s p e r b u r t o  1.2 exchanges per b u r  
over theweekend of Ppril 9 to ll, 1977. 
'Ihese nreasuratlwts were taken with an i n s i d e  
outside m a t u r e  difference of 30-40°F 
and average wind conditions, which 
should be representative of average condi- 
tions. A s  with the water vapor tracer experi- 
ment, there is factor of two arbiguity in us- 
ing these r e s u l t s  to infer net building ex- 
change rates. Cimsxpntly the results are 
amsistmt with a value lying between .4 and 
1.2 exchanges per b u r .  This range was in- 
cluded using M c a l  lines in  the energy 

,- balance graph of Fig. 2. A smmq of all our 
infomation on air excharge rates is given in 
Table 2. 

W e  2 Surmary of Informtion Cbtained on 
Air Ekchange Rates 

From water Mpor tracer 
gaS w-t .4 - .8/hr 

b) 

From SF tracer gas 
I,wtsur&t .4 - 1 . 2 m  b' 

a) Heating season average. Assunes a 12% 
hunidity heating load (see text) and a 50% 
furnace efficiency. 

Other level 3 type measurements, which we did 
mtmakebutnfiichmightbeusefulinothr 
situations, are 1) furnace cartime, ard 2) In- 
&ared plobgraphy scans. 

It wuld have been helpful to have mnitored 
humidity in several sample a-ts as a 
check on the latent heat load. Although -1- 
edge of the latent heat load is not needed to 
determine the total energy lost  through a i r  in- 
filtration, it does enter the det-tion of 
the derived a i r  exchange rate, " f "  . ?he ener- 
gy used to evaporate water during the heating 
season aFpears as part of the air infiltration 
coefficient in  the energy balance equation. We 
e s t h t e d  this term to be orily 12% of the total, 
so did rYrt feel the expense of several humidity 
recorders was w r t h  the information we wuld 
gain. However, the potential error in  our es- 
timate was large, and it wuld be CQRforting 
to have an experimental cheek. W e  w i l l  proba- 
bly pursue this next winter as spare units be- 
cane available. 

Our w i m e n t a l  checks on parameters which 
appear in the energy balance equation do seem 
to confirm that  standard engineering me-s 
are applicable to this housing conplex. Cur 
energy aconmting leads to the breakdam sham 
in Table 3. Also incl!duled i n  the table is a 
value for losses frcm the hat water tank. We 
did not krm the insulating value of the tank, 
so losses were d e t w e d  w i t h  the heat flux 
method described in th? Appendix. Scme of this 
hot water heat loss was retained in th? build- 
ing; the net loss was determined by calculation 
(based on -ledge of w a l l  conductivities and 
eskimtes of air exchange rates), as was done 
w i t h  the boiler. 

Table 3 Rreakhm of m g y  Use 

5000 degree day heating season. 
'Ibtal space heating losses: 10,000 Btu/hr/ 
degree day; 3-3.3 gall- #5 fuel oil/degree 
day* 

b) Ebr reasons given in the text, the lcwex H o t  water tank loss to basemnt:lDOO Bt-. 
l i m i t  on the range of exchange rates is d e  
temined by taking 1/2 of the lowest measured Ebi ler  losses to basement: 20,000 Btu/hr. 
values. Note that  these measurements were 
taken over a shDrt period of time and, al- 
tknqh representative of average corditions, tmntinraed 
do mt necessarily rde& the seasmal avee 
age value. 

*At the t i n e  of this writikg ( A p r i l ) ,  we do 
not yet have sufficient m k~ather data to 
ndce an -ent detemhation of hot w- 
tsr use far this year. 
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Table 3 BreaWx¶ of hergy Use (conlt.) 

Ocorh;lction q u g h  walls 
(.23 Btu/ft /OF/hr;R4.3) 26% 860 $2150 58,000 $.15 

Air infiltration. 
! 

wir&wsanddoars 

* 50% of this energy is ass- to be lost  up the stack or due to poor distribution. (62% 
primary furnace efficiency; 5% loss in basanerrt; 7% rnisc. distribution losses) 

(NAe that it is not only fuel o i l  energy which is lost to the external envjram?nt, but 
alm the "free heat" frun applicances, sunlight and people. Redwing energy losses by 
insulation and ti@- w i l l  not only reduce the terms listed above, but also serve to 
makethefreeheatgofurther.)  

** Figures for the (storm) windows, not doars. Does not include solar gain 

,- 

PAKP I1 - WEmVAmON cnTATM;IES The total savings amount to 29% exclujing a t t i c  
r insulation. Thus, we predict this mch poten- 

EhViTlg abtairaed a validated d e l  for energy tial saving above and w o r d  traditional s t r a t e  
losses, it is possible to quantitatively as- gies. If a t t i c  insulation is included, the 

particular comervation strategies. predicted savings is 35%. (For aparhent can- 
Sane of tlmse which w have considered are plexes without storm wiradcrws (the mjori ty)  , a t  
ckwious, sane are not. 'Il-ke list given in least another 10% should be add63 for widckJ 
Table 4 consists of sinple modifications upgrading.) Some of these retrofi ts  w i l l  be 
which can be made over the years by the build- inplanented in the sumer of 1977. A 10% irrr 
ing manager. The list given i n  Table 5 is pravanent should be easily visible in the fol- 
mre involved and r-es expsrt assistance. lcuring winter's fuel c o m q t i o n  data. 
The list includes waste heat r-ation 
and air shaft insulation. It is our intent Table 4 Simple Improvanent Strategies 
to irrpl-t these changes ourselves, i f  
funding is available. Altbu@, the expect- E s t h t e d  Savings 

ed saving sbclwn for each i q m m m n t  is srall, (Percentage of 

the total savings , of the order of 30%, are original consrmnp 

significant. The estimated payback periods tim lmless !starred) 

range fran one to five years. (Payback times 1. me *ting Distri- wre calculated assuning energy costs in- 
crease a t  a yearly rate equal to the cost of bution System (Includes 

mmy.  he -gerl s ~abca. was not i n c l d d  ~ ~ " , ~ ~ & ~ ~ 2 , - ~  in the estimates.) We have not been specific, hot parts of --, in Wles 4 and 5, about individual payback 
periods, except for the longest ones, be tenant edU2ation. 3% 

awe the =st estimates are subject to large 2. Pdjust Burner for Better 
errare. We have been most concerned w i t h  the 
lorag myback strategies ard have calculated 5%* 

tkh-&st5 conserv&ively - appropriate for 
new systen designs. PersuMbly , theix costs 3. Reduce A i r  Infiltration 

WJUM drop after the prototype stage. (Includes weatherstripping 
entrance dmn, but mainly 



lhble 4 sirrple -t Strategies (can't) Table 5 strategies Mch Be mlemented 
Estimates Savings by mger Alore and Which Fepired Design Wrk 

tightedng basamt dDors 
which are flimsy, riddled 
WithcwnjwPI andkept 1. 
apen for mch of the heat- 
ins season.) 2.5% 

2. 
4. Insulate Basanent 

Pbcrve Grade (6" of 
f*-) 3 % 

5. mcreaSe A t t i c  Insula- 
thm (8" of fiberglass) 7 % 

6. Insulate WWater  Heater 
(wrap with comt iona l  

w a l l  fiberglass insulation) .4% 3. 

9. Ihstdll Heat Shields in Front 
of Boiler (Ranovable polished 
aluninum sheets, hung frun 
ceiling hooks) 2.5%* 

8. Tighten and Insulate A i r  
Qnditioners (The losses 
here were by scann- 
ing the walls with the digi- 4. 
tdl temperature probe.) .2% 

9. Blockupold Qlimneys in 
Basaoent very 

Heat &cu&eation from 
Laundry - 
(IhelaUndryroanget5 so 
b t  that the -ts leave 
the &or open in  the coldest 5. 
part of thewinter. w2 p?a?- 
PO= s~n:- out WP 
mt, and venting the dryer 
exhaust inside during the 
winter. 2% 

6. 

*Percentage in this case mans m t a g e  
after other -ts have been made. 

b t e d  Savings 

Aold Vp Tank for C l o t h s  
Washer Discharge Water .1% 

-mergy,-. 
(We have designed an air heater 
which will be installed in t k ~  
chirmey and exit a t  the burner 
air inlet. Payback period es- 
U t e d  a t  5 years. The installa- 
tion will be experimental - test- 
ing the performance of the stain- 
less steel heat exchanger. ) 5%* 

Oold Air Feed to Oil Burner or  
AFr Shutoff. 
(To prevent waxm air fmn go* 
upthestackwfientheburner~s 
off, we are considering either 
a cold air feed or a shut-of f 
valve. Note that th? percentage 
savings listed is not indeperr- 
dent of other inpmmmlts.) 0-2.5% 

Insulate Airshifts. 
(Chr design uscs conventional, 
rolled, f iberylass insulation 
hungfrcmthetopsof the shaft 
and pressed against the surface 
by braces. The question t o  be 
anmered is hew long the h u l a -  
tian an3 special backing can b l d  
up. 2 % 

-tion of Heat fmn Waste 
Hot water. 
( A l l  waste water fran the nine 
sections exits through the sewer 
pipe in the basenmt. Tkre  is 
a 30 ft. f l a t  run of pipe fran 
which we propose to extract heat 
(using heat piper, r-0 preheat 
cold mter  k a d i  , for e.e b t  
water tank. bb .xeak of the sewer 
is cantanplated. Heat transfer 
is through the pipe wal l .  Pipe 
teperatures were sampled with 
ule -ture probe to es- 
tfmate savings. Build up scale 
i n  the sewer pipe will be re- 
duwd using "snaking techniques" 
to inprwe heat transfer. Pay- 
back time is estimated at 5 years.) 3% 

Mmagenmt Strategy. 
~ o f t h e ~ t i ~ ~ ~ ~ w e  
w i l l m a k e t o t h e ~ o r d r e q u i r e ,  
ldEn in cperatian, intEaention 
by a reqmsible  party a t  the 
right time. Che advantage of 
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Table 5 m ' t  EStinsrted saw is not available,* but the idea does 
suggest a useful direction for future 
research. If really large savings are , 
to be made in old, massive buildings of 

housing on this scale is this type, then the walls cannot be neg- 
that the v e r  can be trained lected. 
todotbsethingsthatan 
average hemmer might for- It is possible to consider placing in- 
get. A yearly calender and sulation on the inside, at the time of 
-on book d l  be made Already some hypothetical remodeling of the in- 
for this p u r p ~ e . )  included terior. One must then worry about the 

effect on the cooling load. The storaq 
effect of the exterior walls would be 

* e r c e n ~ e i n t h i s c a s e m e a n s ~ t a g e  lost, and, as a result, summer cooling 
after other inpmments have been made. loads would be increased. To compen- 

sate for this loss of storage (or as a 
general energy conserving measure) it 

Physically, the individual buildings would be desirable to strip down the 
in the plainfield complex are similar interior party walls to the bare brick, 
to low-rise, masonry-style, row hous- something which is done often for aes- 
ing found in most urban centers. How- thetic Purposes in the U.S when re- 
ever, the centralized heating, hot modeling old bricktownhouses. In this 
water, and sewer systems are less com- way, resistance to the interior walls 
mon. Since one half of the potential is removed, increasing storage. We have 
savings we find are associated to some modeled such a situation mathematically 
extent with this centralization, it at Plainfield,** and find that, with 
would be incorrect to extrapolate the bare Party walls and upon opening and 
full set of results to all low-rise, closing of the windows at the right 
urban row housing. The complete set time, peak daily temperatures can be re- 
of results apply to about 2.5% of pre- duced a few degrees. (The calculation 
1940 U.S. dwelling units, which is 1% was made for typical internal loads 
of all U.S. units[ll].* ~lthough a found at Plainfield.) The effect could 
small percentage of the total, these be enhanced by installing fans (or con- 
units represent the obvious place to trolling the present air conditioner 
start testing retrofit strategies in fans) to force air over the inside walls, 
old buildings. The most successful improving heat transfer. The fans 
can be applied to less centralized would operate during the coolest part 
units. of the night, cooling the walls and 

thereby reducing the air conditioning 
One improvement we have not listed is load the following day. Since summer 
wall ins*Lation. We have not yet been price differentials between peak and 
able to design a system of wall insula-off-peak periods tend to be larege in a 
tion with a payback period of less summer-peaking utility district, consi- 
than ten years, although we keep dream-derable inefficiencies in the fan sys- 
ing of a cheap, foamy paste that could tem can be tolerated during the parts 
be "slapped" onto the outside walls; of the summer when it would be used. 
look attractive, and last for thirty At Plainfield, the prospect for imple- 
years. Of course, such a dream paste menting this is poor because the tenants 

pay electricity costs directly. The " 35% of which are found in New York 
State. We consider Plainfield as re- 
presentative of apartment complexes *Although external insulation products, 
containing 20 or more units, six stor- such as Dryvit, are beginning to appear 
ies or less, without elevators, and on the market. 
built before 1940. [Another 1% of U.S. 
housing units is associated with old, 
high rise apartments. Once again, it ** The model consisted of a resistance/ 
might be incorrect to extrapolate our capacitance circuit with variable re- 
projected savings to these units. New sistance parameters. (Window opening~ 
physical mechanisms become important, or fan turn-ons changed the resistances.) 
(such as strong stack-effect drafts) Outside temperature and internal loads 
and the geometry is quite different.] were given both a sinusoidal component 

and a static component. The circuit is 
similar to an electronic rectifier. 



landlord has little incentive for in- 
stalling new, unproven systems when 
it comes time to replace the present 
air conditioners. Possibly, in other 
buildings such a scheme would be con- 
sistent with the institutional arrange 
ments. 

CONC LUS ION 

We have found many opportunities for 
small energy savings. Many of the 
improvements would have too small an 
effect to be bothered with in a one 
family house, but on the scale here 
(50 apartments) they represent a large 
enough absolute dollar saving to moti- 
vate the owner to consider them. 

Standard engineering calculations, 
coupled with simple field measure- 
ments, appear to be sufficient to 
quantitatively identify where the 
energy is being wasted and to allow 
quantitative assessment of hypothe- 
sized improvement strategies. To pro- 
vide the field measurement equipment 
for general use we can imagine the 
development qf a special "house doc- 
tor" kit for these old structures. 
Such a kit might cost about 1,000 U.S. 
dollars and handle some twenty com- 
plexes per year. As such, it would 
not add a significant burden to the 
analysis costs per structure. 

The major area towards which research 
should be directed is wall insulation; 
development of cheap insulation far 
existing solid walls. 

APPENDIX Heat Flux Measurements with 
a Digital Temperature Probe 

We have used a commercial surface 
thermocouple [12] consisting of a 
curved surface which flattens upon' 
contact, producing a reproducible 
pressure. The thermocouple output 
feeds into a commercial digital read- 
out unit, which we have packaged into 
a portable chassis. [13] . (Our present 
unit is line powered. A battery sup- 
ply would be more convenient.) The 
digital readout provides the resolu- 
tion necessary to determine accurate- 
ly temperature differences of a few 
degress. 

However, reliable measurement of sur- 
face temperature requires more than 
resolution; the probe may interfere 
with the heat balance at the surface. 
We have minimized this problem by 

making full use of the unit's portabi- 
lity. We let the probe come to equili- 
brium at a test spot, and then move it 
to the desired location (at the same ' 
hdight and near by). In this way, the 
probe temperature is close to the wall 
temperature at the second reading, so 
there is little heat transfer. Also, 
the reading can be taken quickly which 
avoids disturbing the local wall equili- 
brium. This "iterative" procedure can 
be repeated along the wall to improve 
accuracy, but we have found one move- 
ment sufficient to produce constant 
readings. 

Use of the Probe as a Heat Flux Meter 

Our procedure for measuring heat flux 
is to measure the differential between 
surface and air temperatures. For rel- 
ative measurements, all we need do is 
move the probe along walls, recording 
the differential at each point. An in- 
crease in the difference, i.e. colder 
wall, means increased heat flux. 

To determine the heat transfer value 
absolutely, the measured temperature 
differential must be multiplied times 
the appropriate surface heat transfer 
coefficient. Since surface heat trans- 
fer takes place by both convection and 
radiation, in principle it is necessary 
to compute two heat fluxes, one using 
air temperature and one using the tem- 
perature of internal walls. Fortunate- 
ly, in our cases, the temperature dif- 
ferential between air and internal walls 
wa$ not great enough to significantly 
affect the answer. Thus we were able 
to use standard, combined surface co- 
efficients to make the2theoretical pre- 
dictions., (1.46 Btu/ft /hr/"F for room 
temperatures, corrected upwards accord- 
ing to temperature for measurements on 
the hot water tank and the boiler.) 

In the case of massive walls, the in- 
stantaneous heat flux is not equal to 
the average heat flux, so a time-averag- 
ed measurement was necessary; We took 
measurements for 24 hours, at intervals 
not exceeding three hours, in order to 
average over the diurnal cycle. (Inter- 
nal wall temperatures were also moni- 
tored.) Althoughithis meant that one 
of us had to spend 24 hours in a vacant 
apartment, the time was well spent. The 
time that would have been required to 
set up automatic monitoring equipment 
and make it work would have exceeded 
the total measurement time. Further- 
more, we used the time between wall 
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measurements to make other necessary 
measurements and to inspect the build- 
ing. 
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