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ABSTRACT

We have studied the potential for energy saw-
ings in an old, low-nse, 50 unit apartment
building. Standard engineering calculations,
coupled with simple field measurements have
been sufficient to obtain a consistent, quarnr
titative picture of energy use and allow an
assessment of conservation strategies. The
yesults suggest a potential 30% fuel savings,
above and beyond traditional strategies of
attic insulation and storm windows. The
methods of analysis are appropriate for a
wider class of o0ld buildings. Development
of a cheap form of insulation to be applied
externally to massive walls represents the
major area where research is needed.

INTRODUCTION

We have studied an old, low-rise, brick apart-
ment complex in order to find ways of analyz-
ing, and then reducing, energy consumption in
this type of housing. O0ld structures are imr
portant for energy conservation because they
make up a significant class of housing in )
many countries. By our estimate, about 6% of
total U.S. primary energy is consumed in con-
nection with residential structures built be-
fore 1940 [1]. ‘The figure for France is con-
siderably higher {2]. The long lifetime of
such structures (estimated to be 70 years
for the U.S. [3], 90 years for Paris [4])
insures that these old buildings will be
with us for a long time. Consequently, they
should not be ignored in national energy
plm.

The of mational energy use associ~
atadwi old buildings, as well as the end
to which such energy is put, varies from
country to country depending upen the age of
the housing stock, the nature of the econo-

* Partially supported by U.S. E.R.D.A.
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my, the climate, and the people. For instance,
Mexico and India use a negligible percentage
of their energy for space conditioning of old
buildings, but use a significant percentage
for cooking and other household purposes [5,6]
Furthermore, there can be widespread differ-
ences between countries even when temperatiwe
effects are eliminated: The per capita space
heatmg consumption per degree-day in Sweden
is approximately one-half the U.S. value [7].
Therefore, the room for improvement, as well
as the priority given, will not be the same
everywhere .

Nevertheless, innanyplaces'?.nthémrldener
gy consunption in old buildings is large enowh
sothatadetalledanalys:.sappearstobejm-
tified - as a survey to provide policy guid-
ance and, possibly, to provide specific re-
cormendations for individual units. However,
old structures are particularly difficult to
analyze because of lack of information about
their construction and lack of information
about modifications made over the years. In
certain cases, gross di ies have been
found between calculated heat loads and mea-
sured values [8]. Consequently, greater vari-
fication of heat load calculations, as compar-
ed to new structures, is likely to be necess-
arybeforeﬂ':ecalmﬂatimscanbereliedo‘n
to suggest energy savmg strategies. The need
for special attenmtion is particularly trouble-
some if one hopes, sameday, to analyse indivi-
dual structures on a cost-effective basis::
special attention means extra costs which must
be charged against future fuel savings. In

‘extreme cases, the estimated cost of a full

culations, can extend the payback period be-
yord the remaining lifetime of the structure.
Although this extreme case is not likely to
occur when dealing with apartment complexes
(because of economies of scale), analysis costs
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cannot’ be neglected even for them.

With the payback problem in mind, we have
tried to simplify our methods of analysis as
much as possible, hoping to develop techni-
ques which can be adapted in a cost-effec-
tive way to a wide class of housing. Com
plex instrumentation, such as SF, air infil-
tration monitoring equipment, hag been in-
troduced only to varify simpler methods in
this test case, not to suggest that all old
structures need he analyzed in this way.

Description of Apartment Complex

The Plainfield camplex is made up of nine,

3 story, old brick structures, side-by-side,
with brick walls. (A ground-floor plan is
shown in Fig. 1) Numerous small airshafts
help to provide ventilation. The buildings
are subdivided into a total of 42 efficiency
" apartments and 5 three-room units. The pres-
ent owner purchased the building about two
years ago-and knows virtually nothing about
its history. We estimate that it was built
around 1900. A major modification was made
relatively recently to the front: wall air
conditioners were installed and a 1/4 inch,
decorative brick facade added. The building
already is equipped with storm windows and
one inch of attic mineral wool insulation.
The tenants have modest incames and represent
a variety of nationalities; twenty percent
speak Spanish only.

Heat to the individual apartments is provid-
ed by a central oil burner driving steam ra-
diators. Tenants in the end sections com~
plain of a lack of heat; tenants in the cen-
tral section containing the boiler complain -
of a heat surplus (and open their windows
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for relief). The burner operates automatically
according to a central thermostat, except that
the manager makes "adjustments" when the oil in
the tank is "low."

Hot water is also provided by the main boiler.
Sewage water leaves the complex through one
central pipeline. ' ,

Outline of Paper

The first part of our paper deals with the an-
alysis required to build up a consistent, quan-
titative picture of energy use. We distinguish
three levels of analysis which e have perform-
ed (and which might be performe. on other struc-
tures) :

Ievel 1: Standard static heat load calculations
and fuel bill analysis.

level 2: Regular meter readings; simple instru-
mentation for spot visits to varify Ievel 1 re-
sults and to supply missing parameters for the
heat load model.

Ievel 3: ILong term automatic monitoring equip-
ment and complex instrumentation.

"Ievel 1" and 'level 2" represent the methods we
would use if we were to study other similar
structures for the purpose of making specific
recommendations: "level 3" represents research
techniques.

The second part of our paper deals with strate-
gies to reduce energy waste. In connection
with reducing waste, we have looked at strate-
gies which go beyord the cbvious "roof insula-
tien, storm windows, and good maintenance" dis-
cussed in such recent reports as the Rand studs
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Fig. 1. Plainfield ground floorplan
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of Ref. 3. Our results suggest that there
are many additional small improvements which
can be conmbined to reduce consumption by a
significant percentage.

PART I - METHODS OF ANALYSIS

level 1

Ievella:alysiswasbasedonfuelbillsand
a cursory examination of the building - the
ld.ndof data that would be readily available,
ﬁornm:ybmldumgs. (In fact, if building
plans had been available, no on-site visits
would have been needed at all.) Our aim was
to see how much useful information could be

gleaned fram meager data.

Our first step was to draw up floor plans,
estimate wall parameters, and measure attic
insulation. From this information, energy
loss coefficients were camputed.. However,
they could not be directly related to fuel
consumption because, in the apartments under
study, hot water is provided by the space-
heating boiler and, therefore, separate in-
formation on space-heating fuel consumption
was not directly available. We disaggregat-
ed hot water losses from space heating re-
quirements by analyzing fuel delivery data
as a function of season.* We assigned the
degree-day independent part of fuel consump-
tion to energy literally ."going down the
drain." For the 1975-76 winter, this proce-
dure, based on six fuel bills, led to an es~
timate of 27 (+5)% for lost heat.** a nurber
consistent with U.S. national averages. Sub-
tracting this percentage from the total fuel
consmpt:.on led to an estimate for the amount

energy required for space heating of 3.26
gallons of oil per Fahrenheit degree day
(470,000 primary BTU/degree day).

AR

* An unexpected difficulty arose when we .
discovered that the oil tank was not always:
filled at each delivery, so that we could not
directlydetenm.netheammtoffuelusedbe—
tween deliveries.  We overcame the tank-fill-
ing ambiguity by recognizing that a delivery
quantity close to a miltiple of a thousand
gallons represented the amount scheduled by a
* dispatcher, whereas a random nurber of gal-
lons delivered meant that the tank filled up
before .the schedule amount could be added.

#* Assumptions had to be made about the
relationship of sumer hot water use to
winter hot water use, so the determination
is not unambiquous. It is for this reason
that we have included the +'5% error.
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wWith this information, it was possible to set
up a useful energy balance relating the space
Matmgenergymput (from the fuel) to the
conduction and air infiltration losses. This
algebraic equationdefines a linear relation-
ship between the unknown net furnace efficiency
ard the unknown air exchange rate. If one as-
sumes a value for the furnacewefficiency, basel
on performance experience with similar units,
then the air infiltration losses are uniquely
determined. This procedure gave us our first
estimate of air infiltration.

mespaceteatixxgexxergybalameismsed

Q(l=w)e = (C+ Af) xDD

where 19756 value
Q = heat content of fuel burned* =3.24x10° Btu
w = fraction of heat used for

hot water = ,27
¢ = furnace efficiency = €
C = conduction losses thmugh )

shell - = 7000 Btu/hr/

°F

A = air infiltration coeff. = vol.
of bldg's. inside air x heat
cap. of air + a 12% contribu~
tion from latent heat load
(see text) = 5250 Btu/°F

f = infiltration rate in air ex-
changes per hour =f

D’= Nutber of degree hours in

heating season** = 120,000 Fah-
renheit de-
gree-hours

Using the accessible information listed above,
we obtain this relation between the unknowns

€ and f:

2.36 € = .84 + .63f

This is displayed as the middle curve in Fig.
2. (Also included on the graph are the results
of certain level 2 ard 3 measurements which
will be discussed later.)

* Assumes 145, 000 Btu/gal of #5 fuel oil. Any
deviation fram this will be reflected in the
definition of furnace efficiency.

*% The 65°F baseline used to determine degree
days is assumed to account for internal energy
sources in the camplex.
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Fig. 2 Relationship between furnace efficiency and number of
air exchanges per hour.

Without further information, it is impossi-
ble to separate net efficiency and air infil-
tration, although the equation alone does
say that the net efficiency cannot be less.
than 36%, i.e. its intersection with the f =
zero axis. If one takes estimates of perfor-
mance for the particular heating system bas-
ed on experience with other systems, then
the value of "f" is fixed. For instance, a
typical rule of thurb for the efficiency va-
lue of a steam radiator system of this form
would be 50%. This i. turn leads to a value
of £ of .54 air exchanges per hour. The re-
sult is quite reasonable in that it falls
within the ASHRAE rule of thurb range for air
exchange rates [.66 for rooms with storm win-
dmsandmextemaldoors, .33/hr if the‘air
is assumed to pass from rooms on one side of
a building to rooms on the other (9)].

Level 2 Analysis

Incmda:tovenfytheemergybalameequa—
tion and to narrow down uncertainties, vari-
ous terms in the equation were checked experi-
mentally. These simple "level 2" measure-
ments consisted of: 1) a crude wall heat flw
measurement to verify the wall thermal resis-
tance. 2) a flue gas measurement to determine
pnmyftmxaceeffma:cy,a:ﬂ3)ammd1ty
"decay” experiment to measure air exchange
rates. We also hired the building manager to
take weekly oil readings as well as weeklv
tenant gas and electricity meter readings .

(This, incidentally, turned out to be a very
cost-effective method of date acquisition.)
Fram this information we were able to check
both our fuel bill analysis and the 65° F base-
line temperature used in the determination of
total degree days. In all cases, the results
have been consistent with the "level 1" tradi-
tional engineering calculations and rules of
thutb — a sign that we have not missed any-
thing subtle by doing the obvious.

Hot water and furnace losses to the basement
were also measured to provide a more complete
picture of energy flow.

Check of Conductive loss Term. First of all,
we ran a check on the corductive loss calcula-
tions. The daminant part of the conductive
losses came from the outside walls, so we per-
formed a wall heat flux measurement. For this
purpose we used a portable thermocouple surface
probe with digital readout. (We have found
this unit to be extremely convenient for use
both as a thermometer and a heat flux meter.
As such, it can serve as a "poor man's" infra-
red camera.) The wall heat flux was measured
(as described in the appendix) at intervals of
several hours over a 24 hour period.

The average of these readings agreed with our
prediction, based on wall construction esti-
mates, to within 20% - which lies just within
the accuracy range of the measurements. As a
result, we can have confidence in the conduc-
tive part of the energy balance equation.
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Measurement of Primary Furnace Efficiency.
Next, we made a simple flue gas measurement
of primary furnace efficiency (62% at a
stack temperature of 560°F), samething inci-
dentally the maintenance company never does.
We then measured the heat flux leaving the
boiler ( 20,000 btu/hr), again using the di-
gital temperature probe as heat flux meter,
and calculated from wall conductivities the
fraction of total consumption lost to the
outside (5%). Thus, the net efficiency of
the heating systeth must be less than or equal
to 57%, (62%-5%). We have included the 57%
upper limit line on the graph in Fig. 2.

Measurement of Air Exchange Rate. Our third
simple measurement consisted of an estimate
of air infiltration using water vapor as a
tracer gas. Robert Sonderegger at our lab
has had considerable success in equating
moisture balance with air infiltration rates
measured with SF,. as a tracer gas. Although
his work has beeg based on long term averages,
and although not all his runs are consistent,
we decided to try the method on a pulsed
basis. The method is potentially so cheap

in comparison with other experimental methods,
that one should be willing to put up with
considerable difficulties in interpretation.
The experiment was performed in a vacant
apartment, midway up the building. The mois-
ture content of the rooms were doubled (by
running the shower) and the rate of decay of
moisture monitored for a few hours.* (Humidi-
ty was measured with a sling psychrameter.)
After suotracting background, we found that
the data produced a straight line on a log
plot with a slope corresponding to .8 air ex-
changes per hour. The same result was obtain-
ed 12 hours later.

Of course, one cannot confidently equate the
number obtained in this way with the true
rate of room air exchange. There exist other
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amounts to about 25% of the flow rates to and
from the outside. We plan to do a more careful
conparison of the technique with 515‘6 measure-
ments in the future.

The nurber obtained, .8 exchanges/hr., is con~
siderably higher than the average value obtain-
ed from the energy balance equation. However,
it should be noted that the measurement deter-
mines room exchange rates, and not building ex-
change rates. It is possible, in a particular
wind situation, for cold air to enter the apart-
ments on one side of the building, warm up i
side, and leave through the apartments on the
other side. This would mean that the infiltra-
tion rate for the exit side apartments would be
effectively zero. Thus, the true building ex-
change rate could be as low as ane half the
measured value (.4/hr), indicating that the
measurement is not really inconsistent with the
derived value of .54/hr. '

This factor of two uncertainty in the measure-
ment appears to be an inevitable result of try-
ing to measure net exchange rates in a multi-

celled building without air ducts.

Check of Baseline Temperature. Calculations of
the "free heat”™ provided by sources other than
the furnace were made to check the baseline
temperature used in the degree-day calculations.
The results, shown in Table (1), suggest that
the conventional 65°F baseline used in this
part of the U.S. should be satisfactory.

Table 1 "Free Heat" Gain @)
b)...2°F People.....1l.6°F

Appliances

G@s®?..oueo..2F  Sunlight...2.1°-2.6°F

thrudglin- * (24 hr average)
dows

Sunlight energy.4°F
thru £ and
e

pathways by which moisture can be removed from wall:

air (i.e., it can migrate into furniture, ,
walls, etc.). Oonsequently, we interpret the
number as an upper limit on the net air change
in the room (on the particular day on which
the experiment was performed). However, we
- feel the nunber is reasonably close to the
true value because the mmber agrees with
SF, measurements taken in the same room under
sifilar weather conditions. This suggests
that the migration of moisture into surfaces
could not have been a dominant effect. The
absence of any great change in room backgrownd
after our experiment supports this conclusion.
So does an examination we have made of re-
cords of moisture input and balance kept by
Sorderegger for a modern townhouse. His data
suggests that flow in and out of "storage"

*0n a day estimated to be representative of
average wind and temperature conditions.

Total
(Since the internal temperature is kept around
73°F, the highest outside temperature at which
furnace heat is needed is 73°-8° = 65°. This
agrees with the 65° baseline commonly used for
degree-day calculatiaons.

a) In units of temperature: Input power (Btu/hr)
/Bldg's calculated loss rate (10,000 Btu/hr/
°F);
b) From meter readings;

c) Crude estimate;

8.1° - 8.6° F

d) Based on 1) cbserved shading practices as
revealed in photographs, and 2) ASHRAE tables
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(Ref. 9).

Measurement of Fuel Consumption Rate. Weekly
oil level readings by the building manager
were analyzed to obtain the rate of fuel con-

for the 1976-77 heating season. A
slope of 3.07 gallons per Fahrenheit degree
day was obtained, which campares with the
3.26 figure determined fram the previous
year's fuel bills.* Consequently, our fuel
bill analysis method has been confirmed.

Level 3 Analysis

As mentioned, SF, tracer gas measure-
ments (Ref. 10), were mage as a further test
of the derived air exchange rate. The re-
sults were similar to those obtained by the
humidity experiment. Values ranged from .8
exchanges per hour to 1.2 per hour
over the weekend of April 9 to 11, 1977.
These measurements were taken with an inside-
outside temperature difference of 30-40°F
and under average wind corditions, which
should be representative of average condi-'
tions. As with the water vapor tracer experi-
ment, there is factor of two ambiguity in us-
ing these results to infer net building ex-
change rates. Oonsequently the results are
consistent with a value lying between .4 and
1.2 exchanges per hour. This range was in-
cluded using vertical lines in the energy
balance graph of Fig. 2. A summary of all our
information on air exchange rates is given in
Table 2.

Table 2 Summary of Information Cbtained on
Alr Exchange Rates

From energy balance .54/hr a)

From water vapor tracer b)

gas experiment - .8/hr

From SF, tracer gas ' by
t .4 - 1.2/hr

a) Heating season average. Assumes a 12%

hunidity heating load (see text) and a 50%
furnace efficiency.

b) For reasons given in the text, the lower
limit on the range of exchange rates is de-
termined by taking 1/2 of the lowest measured
values. Note that these measurements were
taken over a short period of time and, al-
though representative of average conditions,
do not necessarily reflect the seasonal aver-
age value.

¥At the time of this writing (April), we do
not yet have sufficient warm weather data to
make an independent determination of hot wa-
ter use for this year.
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Other level 3 type measurements, which we did
not make but which might be useful in other
situations, are 1) furnace on-time, and 2) In-
frared photography scans. ‘

It would have been helpful to have monitored
humidity in several sample apartments as a
check on the latent heat load. Although knowl-
edge of the latent heat load is not needed to
determine the total energy lost through air in-
filtration, it does enter the determination of
the derived air exchange rate, "f". The ener-
gy used to evaporate water during the heating
season appears as part of the air infiltration
coefficient in the energy balance equation. We
estimated this term to be only 12% of the total,
so did not feel the expense of several humidity
recorders was worth the information we would
gain. However, the potential error in our es-
timate was large, and it would be comforting
tohaveanexpermem:alcheck We will proba-
bly pursue this next winter as spare units be-
came available.

Final Energy Accounting

Our experimental checks on parameters which
appear in the energy balance equation do seem
to confirm that standard engineering methods
are applicable to this housing complex. Our
energy accounting leads to the breakdown shown
in Table 3. Also included in the table is a
value for losses from the hot water tank. We
did not know the insulating value of the tank,
s0 losses were determined with the heat flux
method described in the Appendix. Same of this
hot water heat loss was retained in the build-
ing; the net loss was determined by calculation
(based on knowledge of wall conductivities and
estimates of air exchange rates), as was done
with the boiler.

Table 3 Breakdown of Energy Use

Misc. Information:

5000 degree day heating season.

Total space heating losses: 10,000 Btu/hr/
degree day; 3-3.3 gallons #5 fuel oil/degree
day.

Hot water tank loss to basement:1000 Btu/hr.

Boiler losses to basement: 20,000 Btu/hr.

continved
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Table 3 Breakdown of Energy Use (con't.)

6
percentage Brafr’  ollarsfr  Bty/etlyrt  Cost/etlAr

Hot water down the drain 27% 880 $2200
Conduction thyouch walls

(.23 Btu/ft“/°F/hr;R4.3) 26% 860 $2150 58,000 $.15
Air infiltration . 21% 680 $1750
Windows and doors 108 - 340 $ 825 128,000%*  $.33%*
Roof 108 310 $ 825 48,000 $.12
Air shafts _6% 180  _$ 500

TOTAL 100% 3250 $8250/yr at $.37/gallon

* 50% of this energy isassuredtobelostupthestackorduetopoo’rdistribution. (62%
primary furnace efficiency; 5% loss in basement; 7% misc. distribution losses)

(Note that it is not only fuel oil energy which is lost to the external environment, but
also the "free heat" from applicances, sunlight and people. Reducing energy losses by
insulation and tightening will not only reduce the terms listed above, but also serve to
make the free heat go further.)

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

PART II - CONSERVATION STRATEGIES The total savings amount to 29% excluding attic
insulation. Thus, we predict this much poten—

Having obtained a validated model for energy tial saving above and beyond traditional strate-

losses, it is possible to quantitatively as- gies. If attic insulation is included, the

sess particular conservation strategies. predicted savings is 35%. (For apartment cam-
Some of those which we have considered are plexes without storm windows (the majority), at
cbvious, some are not. The list given in least another 10% should be added for window
Table 4 consists of simple modifications upgrading.) Scame of these retrofits will be

which can be made over the years by the build~ implemented in the summer of 1977. A 10% im-
ing manager. The list given in Table 5 is provement should be easily visible in the fol-
more involved and requires expert assistance. lowing winter's fuel consumption data.
The list includes waste heat recuperation
and ﬁ shaft ﬁulm&ag; It is our intent Table 4 Simple Improvement Strategies
to ement e es ourselves, if . R
funding is available. Although, the expect- Estimated Savings
ed saving shown for each improvement is small, (Pe'j‘_ﬁge of
the total savings , of the order of 30%, are ‘ou.: g consurmp=
significant. The estimated payback periods tion unless starred)
range from one to five years. (Payback times - R .
were calculated assuming energy costs in- 1. Optimize Eu.stmnglc?lstri-
crease at a yearly rate equal to the cost of bum‘g{zs@éfaﬁlm
money. The manager's labor was not included Pshmuléer o?f’gr dintars in
in the estimates.) We have not been specific, hot ting £
in Tables 4 and 5, about. individual payback Par"sli of structure, 3
periods, except for the longest ones, be- Atmn‘) 3
cause the cost estimates are subject to large .
errors. We have been most concerned with the 2° Péggs'_:Bumerfor Better N
ﬂleirlong payback strategies and have calculated iciency 5%

r costs conservatively - appropriate for . . :
new system designs. Persumably, their costs 3. I(‘ﬁcmle Auv;:fllt:i:;.m.
would drop after the prototype stage. udes doorsu,mbut p;_:mg]y
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'lhble 4 Simple Improvement Strategies (con't) Table 5 Strategies Which Cannot Be Implemented
Estimated Savings by Manager Alone and which Required Design Work

tightening basement doors : Estimated Savings

vhich are flimsy, riddled

with openings, and kept 1. Hold Up Tank for Clothes

open for much of the heat- Washer Discharge Water : 1%

ing season.) , 2.5% _

) 2. Stack Energy Recovery.

4. Insulate Basement (We have designed an air heater
Above Grade (6" of which will be installed in tI =
fiberglass) 3% chimey and exit at the burner

N air inlet. Payback period es-

5. Increase Attic Insula- timated at 5 years. The installa-
tion (8" of fiberglass) 7% tion will be experimental - test-

ing the performance of the stain-

6. Insulate Hot Water Heater less steel heat exchanger. ) 5¢*
(Wrap with conventional
wall fiberglass insulation) .43 3. Cold Air Feed to 0il Burner or

Air shut Off.

7. Install Heat Shields in Front (To prevent warm air from going
of Boiler (Removable polished up the stack when the burner is
aluninum sheets, hung fram off, we are considering either
ceiling hooks) 2.5%* a cold air feed or a shut-off

valve. Note that the percentage

8. Tighten and Insulate Air savings listed is not indepen—
Conditioners (The losses ' dent of other improvements.) 0-2.5%
here were detected by scann—
ing the walls with the digi- 4. Insulate Airshefts.
tal temperature probe.) .2% (Our design uscs conventional,

rolled, fiberglass insulation

9. Block Up 0l1d Chimneys in hung fram the tops of the shaft
Basement very small and pressed against the surface

by braces. The question to be

10. Heat Recuperation from answered is how long the insula-

Iaundry Room timanispec:.alback:mgcanlbld

(The laundry room gets so up.) 2%

hot that the tenants leave

the door open in the coldest . 5. Recuperation of Heat from Waste

part of the winter. We pro- - Hot Water.

pose spreading out the equip- ' (All waste water fram the nine

ment, and venting the dryer sections exits through the sewer

exhaust inside during the pipe in the basement. There is

winter.) 2%, - a 30 ft. flat nn of pipe fram

which we propose to extract heat
(using heat pipe:, c~ preheat

cold water headi: 4 for the hot
water tank. No oreak of the sewer
is contemplated. Heat transfer

is through the pipe wall. Pipe
temperatures were sampled with
the terperature probe to es-
timate savmgs. Build up scale
in the sewer pipe will be re-
duced using "snaking techniques"
to improve heat transfer. Pay-
back time is estimated at 5 years.) 3%

6. Management Strategy.
(Many of the recammendations we
*Percentage in this case means percentage will make to the landlord require,
after other improvements have been made. when in operation, intervention
’ : - by a responsible party at the
right time. One advantage of
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Table 5 con't Estimated Savings

6 Management Strategy (con't.)
housing on this scale is
that the manager can be trained
to & those things that an
average homeowner might for-
get. A yearly calender and
instruction book will be made
for this purpose.)

Already
included

*Percentage in this case means percentage
after other improvements have been made.

Physically, the individual buildings
in the Plainfield complex are similar
to low-rise, masonry-style, row hous-
ing found in most urban centers. How-
ever, the centralized heating, hot
water, and sewer systems are less com-
mon. Since one half of the potential
savings we find are associated to some
extent with this contralization, it
would be incorrect to extrapolate the
full set of results to all low-rise,
urban row housing. The complete set
of results apply to about 2.5% of pre-
1940 U.S. dwelling units, which is 1%
of all U.S. units[11].* Although a
small percentage of the total, these
units represent the obvious place to
start testing retrofit strategies in
old buildings. The most successful
can be applied to less centralized
units. ’ .

One improvement we have not listed is
wall insulation.

tion with a payback period of less

than ten years, although we keep dream-

ing of a cheap, foamy paste that could
be "slapped" onto the outside walls,
look attractive, and last for thirty
years. Of course, such a dream paste

% 35% of which are found in' New York
State. We consider Plainfield as re-
presentative of apartment complexes
containing 20 or more units, six stor-
ies or less, without elevators, and
built before 1940. ([Another 1% of U.S.
housing units is associated with old,
high rise apartments. Once again, it
might be incorrect to extrapolate our
projected savings to these units. New
physical mechanisms become important,
(such as strong stack-effect drafts)
and the geometry is quite different.]

We have not yet been
able to design a system of wall insula-
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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
this type, then the walls cannot be neg-
lected.

It is possible to consider placing in-
sulation on the inside, at the time of
some hypothetical remodeling of the in-
terior. One must then worry about the
effect on the cooling load. The storae
effect of the exterior walls would be
lost, and, as a result, summer cooling
loads would be increased. To compen-
sate for this loss of storage (or as a
general energy conserving measure) it
would be desirable to strip down the
interior party walls to the bare brick,
something which is done often for aes-
thetic purposes in the U.S. when re-
modeling old brick townhouses. 1In this
way, resistance to the interior walls
is removed, increasing storage. We have
modeled such a situation mathematically
at Plainfield,** and find that, with
bare party walls and upon opening and.
closing of the windows at the right
time, peak daily temperatures can be re-
duced a few degrees. (The calculation
was made for typical internal loads
found at Plainfield.) The effect could
be enhanced by installing fans (or con-
trolling the present air conditioner
fans) to force air over the inside walls,
improving heat transfer. The fans
would operate during the coolest part
of the night, cooling the walls and
thereby reducing the air conditioning
load the following day. Since summer
price differentials between peak and
off-peak periods tend to be larege in a
summer-peaking utility district, consi-
derable inefficiencies in the fan sys-
tem can be tolerated during the parts
of the summer when it would be used.

At Plainfield, the prospect for imple-
menting this is poor because the tenants
pay electricity costs directly. The

*Although external insulation products,
such as Dryvit, are beginning to appear
on the market. ,

#* The model consisted of a resistance/
capacitance circuit with variable re-
sistance parameters. (Window openings

or fan turn-ons changed the resistances.)
Outside temperature and internal loads
were given both a sinusoidal component
and a static component. The circuit is
gimilar to an electronic rectifier.
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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.

CONCLUSION

We have found many opportunities for
small energy eavings. 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 nf 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 for
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
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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
height and near by). 1In 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
was not great enough to significantly
affect the answer. Thus we were able
to use standard, combined surface co-
efficients to make the,theoretical 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.) Although,this 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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