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Abstract

Twin Rivers, New Jersey, a Planned Unit Development now
under construction and already occupied to the extent of 1500
dwelling units, is being used as a laboratory to understand
energy usage in residentiasl communities, The consumption
of gas and electricity is being monitored and correlations
are being established with weather data, housing type,
architectural design, mechanical subsystems, and demographic
characteristics of the residents., In parallel, an extensive
study of the consequences for energy uwtilization of decision-
making by the builder, architects, contractors, and public
and utility officials 'is underway. Preliminary results
indicate that there is a large varistion in energy usage
even when identiceal units are compared, The influence of
such variations as architectural design, thermopsne windows,
and dwelling orientation on gas consumption for space heating
is perceptible; however, the magnitude of the differences is
not always in agreement with standard heat load calculations,
There seems to be little correlation, at least in the sample
of townhouses analyzed, between gas consumption and electrical
consumption. Advanced dats collechbion schemes are currently
being deployed to provide a more detailed temporal and spatial
resolution than is available from meter resdings snd westher
records,




I, Introduction

The decision to study how energy is ordinarily used in housing is
motivated by the perception that there is a critiéal need to improve the
date and methods commonly employed in the determination of energy require-
ments in the residential sector. The existing state of knowledge of
energy utilization in & residentisl community is relatively primitive.
The data describing the consumption of energy are generslly either
based on the detailed study of the performance of a dwelling in
hypothetical or controlled situations or are based on the requirements
of some average household living in some standard unit. The quantitative
mbdéling of the performance of individusl structures, as represented by
standard heat load calculatlons, ASHRAE procedures, or various computer

‘codes such as the so called "Post Office Program" or GATE, has never

been verified in detail in a resl-life situation, The numerous studies.
of utilities' aggregated data on sales to residential customers, thoggh
glving useful information about the range of situstions encountered snd

“trends over time, do not explicate the role of technical factors, such as

house construction, in determining actusl energy use,
The research progrem that has been initiated in the Center for

' Environmental Studies at Princeton University is designed to fill some

of the volds in the data on residential energy usage. It was decided to
study an actual community, Twin Rivers, New Jersey, to determine how
energy 1s used there, what varisbles affect energy consumption, and how
energy conéumption can be reduced. The research has proceeded on three
fronts: 1) A statistical étudy, based on all the utilities' data
(monthly meter readings) since the town began, in conjunction with the

. architects' drawings, sales data on options selected, and available

weather data (high and low daily temperatures). 2) An instrumentation
program, designed to develop detamiled informastion about the behavior of
selected dwelling units, The first effort has been to establish a
weather station at Twin Rivers, 3) A program of interviews, intended

to establish how the technological reality came into being. The builders,
architects, consulting engineers, public utility officials, and municipal
authorities have explained which decisions they participated in, the

rationale for their actions, and the factors which would have to be
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altered for them to choose differently.
Below, in Parts ITI, IV, and V, respectively, we present a
preliminary account of our activities in these aress. First, part

IT describes the research site,.

If. Twin Rivers, New Jersey

Twin Rivers is a Planned Unit Development (PUD) which occupies a
little more than one square mile of what only a few years ago were potato
flelds, half a mile from exit 8 of the New Jersey Turnpike. (Figure 1
shows an aerial view of a portion of the site.) As Wew Jersey's first
PUD, it is being watched closely by professional planners and sociologists
for whatever special lessons it may hold. From the point of view of |
our research project, Twin Rivers is interesting for almost the opposite
reason: from a technical standpoint it is representative of much
conventional residential housing being built at this time, Tt possesses

an example of almost every generic type of housing: there are single -

family detached homes (168 units), tovmhouses (1626 units), and garden

apartments (942 units), and there are plans for two high-rise apartment
complexes, The current price range of the dwelling units is $32,000
to $41,000. The townhouses and condominium and garden apartments are of

magonry bearing-wall construction with wood framing floors and roof,

"The single family dwellings are conventional wood frame. The construction

nominally meets the various applicable codes, ordinances and FHA standards.
The construétion of Twin Rivers began in June of 1968 and has proceeded
in four stages - called quads, At present, Quads I, IT and IIT are
completed and the construection of Quad IV is scheduled to begin in the
spring of 1973. With the exception of 43 town-center apartments, all
constructed units have gas space heating. There is electric central air
conditioning throughout., The dwellings of Quads I and II have electric
hot water heaters, electric ranges, and electric dryers, while the
corresponding appliances of Quad ITI are gas. The town is particularly
sulted to be a "laboratory" because there are relatively few basic units,
each repeated many times, all containing identical major appliances,
except for standardized options, ‘Thermopane windows and patio doors are
also optional and these have been adopted by approximately half of the

residents.
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Twin Rivers is a relatively homogeneous community; its residents

f%fe-drawn mainly from the mobile professional middle class.* The average
.Tihcome is $16,180; 65% of the heads of family have at least a.bachelor's’
 dégree; the mean age of the head of family is 29 years; 96% are white;
_ £he average number of children is approximately 1.0 for the townhouses,
*TQ.3 for the garden apartments and 1.4 for the single-family houses,

6 is interesting to note that 36% of the residents of Twin Rivers come
:_ from New York and approximately 51% of the heads of family work in
wf New York, Each week-day morning, 19 buses carrying epproximately 850

' commuters lesve the Twin Rivers Shopping Center for the 55 minute trip
;:: ﬁo New York City on the New Jersey Turnpike, The land use plan of
i ifTw1n Rivers sets aside 35% of the space for residential use, 30% for
 '1ndustr1al use, 17% for open space, 10% for commercial use, and 8% for

"o roads,

ITTL. Preliminary Analysis of the Monthly Gas and Flectric Consumption

Both the gas and the electric ubility servicing Twin Rivers have
proyided us with complete records of their monthly meter readings since
the first units were occupied, They have also arranged for us to receive
each new set of readings on a regular basis. The results presented here

are preliminary, We have not yet anslyzed all of our data, and the dats

for the current winter will be extremely helpful in establishing some

of the uncertain features of the data we have loocked at most closely.

This summery will emphasize the data on gas consumption during the
1971~72 heating season, the winter immediately preceding the inception
of this project. We have defined a six-month winter seascn, from Qectober 29,
1971, to April 28, 1972,** during which (based on a reference temperature
of'65°F) there were 4567 degree days, 92 per cent of the annual total.

The data in this paragraph are drawn from Robert W. Burchell, Planned
Unit Development: New Communities American Style (New Brunswick, N A
Center for Urban Policy Research, Rubtgers University, 1972).

% .
The meters are read in all Quad II townhouses on each of these days.
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We have further restricted cur first investigation to the town-
houses in the second quad, Among our reasons for this choice are:

1. Gas in Quad IT is used only for heating, not for appliances.

2. In comtrast to Quad I, the meters are located out of doors, so

utility dabta include few estimated readings,

3. There are over 400 townhouses, and many fé?:er of the other types.

4, The single-family detached homes have not yet passed through

a complete heating season.

Of the L0l Quad II towmhouses, 153 are split-level townhouses
("splits") and 248 are two-floor townhouses, In both cases; the town-
houses have either two, three, or four bedrooms and are 18, 22, and 24
feet wide, respectively. A single structure either contains splits or
two-floor townhouses, not both, but it containg a mix of the three
sizes, Figure 2 shows a building containing ten splits.

The townhouses can be further identified by whether they are end or
interior units, by whether the thermopane option was exercised or not,
and by thelr compass orientation.

The average winter gas consumption by number of bedroomg is shown
in Table 1. It is apparent that the average winter gas usage is guite
closely proportional to the townhouse width in the two-floor townhouses,
but not in the splits; in fact, the three-bedroom splits use slightly
more gas than their four-bedroom counterparts. Our tentative explanation
{put forward by Mr, John Fox, a graduate student working with us) is
that the additional consumption is primariij due to an architectural
variation'in the three-bedroom units, a projecting rectanguiar element
on the second floor. (See Fig, 2) To isolate such a cause will require
further study; the four-bedroom units have larger furnaces, for example
(in both the split-level and the two-floor town houses, however), TImproved
statistics, for this and other investigations, accrue automatically as
time passes and additional years of data unfoid.

Similarly any detailed accounting for the increased gas consumptibn
in splits relative to two-floor townhouses will require a careful compsrison
of architectural features. Some of the features contributing to the gas
consumpbion are given in Table 2, which presents the results of.a standard
heat-loss calewlation for a three-bedroom interior two-floor townhouse,

It is worth emphasizing a result of this calculation that is well known

T
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TABLE 1

AVERAGE WINTER GAS CONSUMPTION (therms™)

Split-Level (Sample Two-Floor (Sample
Tovnhouses size) . Townhouses size)
728 - (34) 626 (71)
958 (98) 836 (138)
03 (20) 901 (39
900 (152) 782 (248)
105Btu.




TABLE 2
SUMMARY OF HEAT LOSS CALCULATION FOR 3-BEDROOM INTERIOR TWCO=-LEVEL TOWNHOUSE
(70°F design temperature difference)

P

o U-factor2

Component Area (££.9) (Btu/hr/ft7F) Heat Load (Btu/hr)
Walls 514 0,093 3400
Doors : 20 0.48 700
Ceiling 723 0.063 3200
Rasement 4000?
Windows , 192 1.13b 17300
Air Infiltration 1;@90C

TOTAL | 40200

a. The calculation includes heat losses above ground,
below ground, through two small windows, and
through the floor,

b. Assuming single gless. If thermopane (U = 0,72) is
used, the heat loed is reduced by 6300 Btu/hr, or
16% given the other assumptions above,

¢, Assumes 0.75 air exchanges per hour, This is a
typical handbock wvalue. We have not yet
measured alr infiltration rates at the site.




apTOfGSSlonalS but apparently not elsewhere: heat loss through windows and
t loss via air infiltration are both at least as large as heabt loss
all.other means, once wWalls, ceiling, end basement have even average
sulation ( two inches in walls,four inches in ceiling). 'The

tfiibutlon of 43 per cent of the heat load to windows and 28 per cent
.inflltratlon justifies our continuing emphasis on these characteristics
our future research,

“UA naive way to predict the winter gas demand for three-bedroom
“tcwnhouses would be to take the heat load, which ls calculated for a

TO.F design temperature difference, and multiply by the 4567 degree-days

in _hé hea$1ng seascn. Chooslng a 75% furnace efficiency gives an

rage gas demand of 835 therms. The close correspondence with the
luefin Teble 1 is fortuitous for several reasons: 1) the average

1¢'in Tsble 1 includes end units end units with thermopane, 2) the

6ad calculatlon omits any consideration of solar heating and

nternal heat sources (it is intended for sizing a furnace that has to

ope .té‘ﬁﬂder the worst conditions - no sun and an empty house), and

ﬁéiﬁﬁ?x the furnace efficiency nor the alr infiltration rate is yet
ireéély megsured number, An improvement on the methodology of

'lcﬁlating fuel consumption that takes these factors into account is ;

one'bf the goals of our study.
'?The number of degree days per month correlates closely with the

__“;average gas consumpbtion, confirming that a reference temperature of 65 F
T-fffor calculation of degree days is a good ch01ce.** The correlation
, w{coeffic1ent between the average consumptlon of gag in the splits and
"fﬁthe monthly degree days (adjusted for actual dates of meter reading)
*_;5;0.997, calceulated from twelve months of data.
. ° Aversged over all of the splits, the electric consumption for

- almost the same six-month interval (the meter reading date is slightly

- ho,2 i -
—2 ggoﬁtu/m« X 24 X gsgg hr- F . 5 1 = 835 therm.
’ 10 Btu/therm
Es
- Let T be the average temperature on a given day; the degree days

i in a time interval are found by summing (65 - T) for all days where this
i _ 1sﬁa positive number,
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different) is 253 therms (7409 kw~hr), 28 per cent of the gas consumption.

The coefficient of variation (the ratio of the standard deviation to
the mean) is somewhat larger for the eleetric consumption (60.9 therm
standard deviation, coefficient of variation of 0,24) than for the gas
consumption {162 therm standard deviation, coefficient of variztion

of 0,18) as one would expect, given the larger nuiher of ways in which
individual behavior can influence electric consumption, What came as
a surprise was the total lack of correlation between gas and electric
consumption in the same unit, A scatter plot of gas and electric

consumption for 152 units is shown in Fig. 3; the coefficient of

correlation is 0.24, Apparently, of the two contradictory "explanations" -

1) those who are profligate with one energy source will be profligate
with another, and 2) more heat generated by electricity means less heat
generated by gas - both are operating.

From the fact that the thermal content of the electricity consumed.
during the winter pericd is 28 per cent of the thermal content of the
gas consumed in the same period, it is apparent (assuming about 30
"per cent efficiency in electricity generation and delivery) that
roughly equal quantities of fossil fuels are involved in the production
of the gas and the electric services for these homes in winter. The
gas consumption in summer (April 29-October 28) is ebout 9 per cent
_of the consumption in winter, but the electrlc consumption in summer
is about 125 per cent of the electric consumﬁtion in winter, a result,
of course, in substantial measure of the air conditioning., This large
summer electric load will become an incressingly important focus of
our further research,

One of our major objectives is to identify the factors that account
for the variations in gas and electric consumption in similar units,
When previous studies based on utility sales date have confronted large
variations, they heve sometimes ascribed these variations to differences
in "life-style"; it is occasionally intimated that with pecple so
unpredictable and individualistic, alterations in bullding practices,

P

M

appliance design, control syétems, and other aspects of the technological
reality in which people function, cennot be expected to affect aggregated
energy consumption substantially (as much, for example, as campaigns to
alter each resident's consciousness of how his own decisions are affecting

his energy consumption)., In our study, where many of the technological
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actors are standardized, we were prepared to discover that nearly

llﬁéf the "life-style" effect had vanished, in which case we would
éﬂé'beeﬁ in a position to emphasize the role of technology and to
eéﬁfhasize the role of individual behavior.

.;Ezf is already clear that the truth lies samewhere in the middle,
ﬂéfééch technological variable is separated out, the observed variation
_ﬁﬁéas and electric consumption is reduced, but when many of the
fééhhological variables of which we are currently aware are separated

6ﬁ£_ €oﬂsiderab1e variation remains, In Fig. 4, a histogram of gas
consﬁmptlon in all split-level {townhouses is shown, and, within it,
“hlstogram of that subset of the large sample heving no thermopane,
hay1nglw1ndows facing east and west, and not occupying end positions.
tﬁi§ éubset, the ratio of standerd deviation to mean has dropped
.hat, but it is still substentlial, as seen in Table 3, which also
ﬁﬁe corresponding data for electric consumption.

-Wélhave attempted to extract the energy cost associated with being
fﬁnit and with not having thermopane windows and patio door. We
&éﬁe a multiple regression analysis on a sample of 98 three-bedroom
,,éhd on a sample of 138 three-bedroom two-floor townhouses, using
th iéxpiession Winter Gas = Constant + A x (Cost of Being an End Unit)
o ‘ + B x (Cost of No Thermopane)
where. A and B each teke on the values O or 1, depending on which unit is
being considered, Our results are shown in Table k.

. VWhen we attempt to add the compass orientation to the multiple

_jregresslon, using the simple form of a weight of O for windows facing

':fingrth ond south and 1 for windows facing east and west, the improvement
"ﬁiﬁ fit is not significant for the townhouses and is barely significant
f;for the splits. (Except for the constants, fhe values in Taeble 4 change
.Lfby less than 5 therms) On further study, we find tlmt the modeling of
77f §he solar load term needs to be done quite carefully - we estimate that
ﬁhe shading of the windows by projections and overhangs can easily make
ff-a difference of 50 therm in the winter gas consumption, With the help
' _of our weather station, which records direct and indirect solar flux,

'-:'We hope to study the solar effect on winter heating load in congiderable
debail,
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TABLE b

MULTIPLE REGRESSION FOR EFFECT OF BEING ON END, HAVING NO THERMOPANE,
, ON WINTER GAS COI\TSUMETION

1its Two-floor Townhouses
Sample Size 98 units 134 units
stant (base gas
onsumpti on) 879 therms 71h therms
ed C¢st'for |
' ' 60 therms 110 therms

98 therms 37 therms
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Tn our study of solar load, we have come upon one result which
appears not to be widely known: & vertical surface facing south
receives more incident solar radistion over a clear winter day
than sn identical vertical surface facing east or west, and it
receives less incident solar ppdistion over & clear summer day, for
40° 1atitude, The difference lies in the fact tﬁat the sun is enough
higher in the sky in summer than in winter to reduce the heating of a
south~facing surface from a value gbove to a value below the value
for the morning heating of an east wall or evening heating of a west
wall. Hence glass on the south walls is advantageous relative to
glass on east or west walle, both from the point of view of winter
heating snd from the point of view of summer cooling.

The cost in Table U for being an end unit should have been roughly
the same for the splits and the two-floor townhouses, because the end
well is virtusily identical, An elementery calculation like the one
for the total gas consumption discussed earlier (see Table 2) glves an
estimated winter energy cost of 108 therm for the end Wall;* it is
not olear to us why the "cost” of an end wall on a gplit 1s so much
smaller. The cost for extra outside walls is real, however, and
confirms the desirability, from an energy standpoint, of multiple-
family relative to single-family structures.

The cost in Table 4 for not having thermopane should have
turmed out (and did turn out) larger for the splits than for the
two-floor townhouses because a largerarea of the splits is glass.

{For the game reason, the base gas consumption for the splits is

larger) A direct calculation of the difference in the conduction losses
through thermopane is cited in Table 2: a 16 per cent reduction in the

heat losses is predicted, versus a 10 per cent reduction in average winter
gas consumption in the splits and a 5 per cent reduction in average winter
gas consumption in the two-floor townhouses, Thus our tentative conclusion
is that the thermopene ig less effective in redueing winter fuel con-
sumption than naive caleulations would predict.

» _
Assumptions: 4567 degree days; 556 sq. £, of wall of U-value 0,093 ;

9 sq. ft. of glass of net U-value 1,24; 12 cublc feet per minute infiltratiod

through cracks; 75% furnace efficiency.
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Iﬁ?dollar terms, & 100-therm reduction in winter gas consumption

responds to a saving of $12.80 per year, which is about 3 per cent

théfcost of the thermopane option for the Twin Rivers townhouses
(v tﬁéén $400 and $500, depending on window area). To this return

in?éstment one needs to add the dollar saving for reductions in

ummer- air conditioning (not yet estimated) and the advantages in

fort from not heving cold interior surfaces.

Once we have factored out the effects of architectural style,

ér_ientation, thermopane, and end wall, considerable variation
aing, (Recall Fig. 4) Of course, this variation, too, must have

explanation in terms of technological variables. A critical

nétion is between variables over which the consumer has 1little control
qfiables that the consumer dominabes, We will be extending our
rch in the next months, hoping in the process to understand what
" the residual variation is attributable to varisbles of the
‘1ﬁd.that we have not yet studied (like variations of tightness
of windows and variations in performance characteristics of
:wgl" furnaces) and what part is attributable to varistions of
ond kind'(like variations in thermostat settings and in frequency
openings),

’6hg the factors that are not proving helpful in analyzing
“'§ns in energy consumption are the family income and the family
The family income and the femily size are inversely correlated,
péﬁt_because there are often two incames when there are no children,
; iﬁ7part because wealthler large families would have bought larger
'h_ﬁés{ But even among families with children there is no perceptible
ihgfease in gas consumption and only a small increase in electric
:§§nsumption es the number of children inereases, holding number of
'bé§pooms constant, Our (by now familiar) population of twenty three-
'b?droomfinterior splits without thermopane and with windows facing
égﬁnand west has annual family incomes ranging from $15,000 to $34,000
and family size ranging from 2 to 5, yet other than the inverse

correlation of family size and income, no correlations of either winter

_é&é*or winter electric consumption with elther family income or family

:Size are statistically significant, A correlation matrix for these

fqur'variables for this twenty-unit population is given in Table 5.




TPABLE 5

CORRELATION MATRIX FOR SPECIAL POPULATIOﬁaOF 20 TDENTICAL SPLITS

Winber Number
Winter Gas Eiectric of Family
Consuambion Consumption Occupants Income
winter Gas 1.00 0.14 0.13 -0.24
Consumption
Winter Ele?tric 0.1k 1,00 0.31 -0.,20
Consumption
-Number of
Family Income -0, 24 -0.20 ~0.57 1,00

a., Three-bedroon, interior, non-the}mopane, windows facing east
or west.

Nobe ‘thet for & 20-member population correlations as large as
0.U4l ocenr randomly 5 per cent of the time,




Fufﬁre Plans for Daba Acquisition

“arly 1n this project it became apparent that there was little

ata on the usage of energy in residentiel communities and that
;iy”avallable dats sources such as gas and electric bills would
é@;ykééfve only a limited objective. There is a need for data
lééqld;l) describe how energy is used in urban communities, 2) be
i?éd:ﬁo evaluate various proposed technological and socio-economical
vétioﬁs which would affect energy consumption and 3) be used to
f@£e data statistically for other urban mixes, Though the components
éxTwin Rivers project that will be described briefly here are

méinly in the plenning or development stage, a knowledge of
methodology employed and the data being generated may be useful
thosétplanning gimilar projects on other aspects of urban communities
those attempting to evaluate the effects of specific modifications
gy technology. For example, the data that will be collected
p;ovi@e a hase for evaluating modular integrated utility systems
be compatible, hopefully, with date that will be collected by
ional Bureau of Standards in its evaluation of the total energy
t;ﬁhe Jersey City Operstion Breakthrough site,

"kiﬁype,-the date being collected at Twin Rivers can be classified
;@?iﬁing energy consumption, local meteorology, physical character-
"iéé;pf the town and of individual residences, the internal environment

@é;dwelling, and household characteristics. In each instance, we are
eginning with the readily available data (when it exists),then refining
y;lﬂmited sampling and field studies, and finally, where it seems

a;féhted, preparing a lasrge-scale monltoring effort., The various stages
Hg’épmponents of this scheme are depicted in Table 6.

g We have just finished installing an automatic weather station atop
.he:bank at Twin Rivers, The station has the capability of measuring
w;nd velocity, total wind run, wind dlrectlon, alr temperature, ground
Qmperature barometric pressure, dew point, rainfall, total solar flux,
nd"dlffuse solar flux, WNormally this data is gathered and dlgitized
‘hoquy and transmitted from Twin Rivers to the Engineering Quadrangle
'at“Prlnceton University where it is recorded on paper tape to be
3Processed later on a computer, Several field studles are currently

””belng initiated, primarily on air infiltration measurements, heat flow
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}ahd temperature variations within dwellings., Three single-

homes. have been instrumented to give a continuous record of gas

ption and electricity used for hot water, This work is being
hﬂéonjunction with Hittman Aesociates, Columbia, Md, Our data
e:used to evaluate a compuber program that they have been using

sidential energy consumpbtion, The data also provides us a
I’miﬁéry indication of the detalls of energy use, which allows a
afibnal means of planning future instrumentation.

fﬁrﬁdée and some of the appliances used at Twin Rivers have been
alled in a laboratory in the Engineering Quadrangle, for the dual
9{of_qhecking instrumentstion and evaluating performance, One
prétotype data acquisition systems for monitoring the internsl
_gﬁt, energy consumption and user habits are being assembled
‘g;iation at Twin Rivers in a few monthg, The quantities that
gaéﬁfed are 1listed in Table 7, The ldea is %o instrument g
esfin detail in order to determine what will be required in a
qgiéieffort.* Finally with the electric and gas utilities we are

ng ipsfrumentation of the mains and the primary distribution system.'
h Progrem of Interviews

n effort to untangle the web of ideas, decisions, and actions
%ulted in the creation of Twin Rivers, we are carrying out a
'f3interviews that are producing a mass of material, an oral
yﬁéf"the decision-meking, We are emphasizing the decislons
.'thé intervievees, particularly those affecting energy, Since
wﬁrge and small decisions can become important factors in energy
:"P#ion, the information is somewhat difficult to organize into a
nt*pattern and flow. We are trying to pin down decisions about
1ze, location and density, fuel sources, house design and
‘ientation, HVAC equipment and appliances, landscaping, maintenance,
u ;re. An extensive nerrative is in preparation at this time, In

: This work is being done in_collaboration with the National Bureau
_Standards which has a supporting grant from the National Science Founda-
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TABLE 7 PROPOSED MEASUREMENTS IN INDIVIDUAL UNITS

Temgeraﬁure

I

a, alr temperature in each room
b. air supply temperature in each
room
exterior wall and window temperatures
(inside, outside, and difference)

d, basement temperatures

e. garage temperature (if spplicable)}
. attic

g. main return duct

h, supply duct at furnace

i. hot water temperature

j. cold water temperature

k., furnace flue gas temperature

(also gas hot water heater
flue if applicable),

Humidity

a. kitchen

b. ‘wathrooms
. ¢, mein return duct

d. 31iving room

e, upsiairs

f. main supply duct.

Electric Consumption

&,

" b,

c.
d.

e,
f-
£.
h,

range (if applicable)
refrigerator
hot water heater (if
applicable)
clothes dryer (if
applicable)
total living area.
furnace fan .
air conditioner compresser
air conditioner condenser fan,

b,

2.

10.

Gas Consumption (pulse meters
and counters)

a, furnace

b. hot water (if applicable)

¢, range (if applicable)

d, cliothes dryer (if
applicable).

Water Consumption

8., cold
b, hot.
AMr flow

a. 8upply ducts
b, return duct
c. exhaust fans.

Time of Usage

a, various appliances
b, door open time

c. windows

d, fans,

Pressure across Exterior Surfac

Heat Tlow

s, exberior walls
b. glass

¢, basement wallg
d., celling

e, through flue,

Continuous Monitor of Air
Infiltration,




sPace available here, it is impossible to do Justice to the
try of relationships that we have found. We will mention only

:_f the asreas of concern that we are exploring. )

The interviewee often states that e consideration of "costs"
determined his decision. A closer scrutiny is showing thab mich
“is 4mplied than the customary financial balence sheet of labor,
ateflals, interest rates snd the like, The town did see more than

revenues, the developer more than profits. Certain soclal costs

or the town the same question shaped itself as nagging

and threst of forever sltering the character of a rural
Y Sometimes it is possible to sort out economic from social

:;ﬁéncem Often enough, determinations sppear thoroughly muddled

uhderéstimated the shadow he cast, For example, we assumed the

£i ancial backers would have much to say about the design and execubion
'proaect On the contrary, they accepted the developer's package,
luding his time teble, without modificetion, Initially the financial

: ‘did oppose the townhouse idea, which was an untried idea in

éféey, but they quickly ylelded, The backers' firm was chosen

_?gly heating equipment, bub this concession is viewed by parties
ﬁﬁéitréhsaction as a minor courtesy (later withdrewn), extended
iy:because their product was competitively priced, In sum, the

'Qper was able to achieve finencing for his own plan, with the
:ékéiﬁékerting figeal controls only. |

The developer was alsSo solely responsible for the choice of energy
saureg;f*ﬂe found gas chespest in instellastion and running cost, No
§ﬁion about availabllity of fuel or its conservation arose back in
1969~70 when negotiations with oil, gas, and electric utilities were first
undertaken,

?ﬁg developer's architect has played & small role, He did schematics

the units and elevations, He told us that decisions on the size of
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the unite and their orientation were essentially builder declsions,

(For example, the developer's marketing man takes credit for the presence
of s basement,) An earlier developer, his architects, and the township
planning board had shaped the master plan, including the balance
between residential, industrial, and commercial areas. Those
architects were more fully invoived as physical planners; they had

been the architects for Reston, Virginia.

A particulsrly important occasion for the exchange of informetion
was the Model House Conference, during which the prototype house wes
rebuilt several times. The vertical flow of information from and back
to the developer was augmented on that occasion, when architect,
developer and mechanical people interacted closely. Aesthetics and
cost considerations were Joined momentarily in lively interchange.
window sizes were reduced in deference to maintenance costs, Ducts
were wrapped around both to achieve ease of installation and to solve
sesthetic problems, Design changes were mede by the architect to
achieve simplicity in congtruction.

There is rivalry between the gas and electric utilities to capture
the largest possible share of the domestic heating, hot water and
appliances., No exchange of information has occurred between them,
Though the utilities do their own layouts up to the slte,one of the
negotisble items is whether the developer will do his own trenching
at the site, For each quad, the decision about what will be gas and
what will be electric is made anev. The utilities have presented a
coat package to the developen end he has chosen and chooses still
between them ag costs, revenue credits, and now perhsps supply conditions
alter,

A conbract system in general binds sub¥eontractors to contractors
and builders to contractors. Bub it is percelved by our informents as
no better than the parties to the agreement, and the real cement of the
business relationship comes from confidence in the reputation and
character of the parties to the agreement,

Performance is probected in two ways. One is the chain of
guarantees which underpins the system, The house is guaranteed by the
buildér for a year to the purchaser. Tts components in turn are guaranteed
by the installers and manufacturers to the builder, Thus, the responsibility
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iVé construction and equipment is passed along whenever
°° the financial backer even gets guarantees from the

an_his own heating and cooling system,

St ond; construction stendards are checked by inspectors and
Pérsons‘with both generalized and specislized responsibilities
he, ite, Inspectors representing the State Department of
‘ty.Affalrs, the township, the gas and electric utilities, and

1 érs are there cmtinually. They appear to interact primarily as
not,_as one mlght have supposed, in jealous regard for their

ar constituency, A significant checkpoint in the inetallation
_hegﬁihg system, for example, is the gas company's inspection
6éﬂﬁecting up a unit,

'éord is full, and we are returning to gsome of our informants
cond time now as we try to clarify detalls, Our hope 1s to

the detalled pattern of the decision~meking process, We hope
understending of this pattern wlll be of assistance when we seek

hat are suggested by other portions of our research project,

:atg discussed in this report could not have been gathered

he willing cooperation of many people in Jersey Central

d Light Company, Public Service Electric and Gas Company,
fRivers Holding Corporation, the Township of East Windsor,

he architectural firm of J. Robert Hillier. We are also grateful
Edﬁérd Pickering, vwho contributed his personsl weather records,
nvgﬁtiveness, care, and teamwork of John Fox, Harrison Fraker, Jr.,
vid ngrje, Norman Kurtz, Elizabeth'Schorske, and Douglas Zaeh are

ere in evidence in this report,
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Figure 1,

Flgure 2.

Figure 3,

Figure Uk,

Figure Captions

Aerisl view of Twin Rivers,

View of a building containing ten split-level townhouses

iﬁ Quad, IT. ‘The box-like projection on the second floor is

characteristic only of the three-bedroom units.

Winter gas and electric consumption, in therms, for
152 splits. {The 153rd split was not occupled until
midwinter.) The coefficient of correlation for this
population is 0.2k,

Distribution of winter gas consumption for 82 three-bedroom
spllts and for a subpopulation of 20 three-bedroom interior
splits without thermopane and with windows facing east and

weat,
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