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ABSTRACT

The way in which an appliance is used or where the appliance is
located affects its energy usage. The building-equipnent system which
usually is most affected by the efficiency and/or the manner of opera-
tion of other building-equipnent systems (appliances) is the house
heating and cooling (IHVAC) system. This paper discusses two cases of
energy interactions between appliances and the house HVAC and uses
measured operating data to calculate the appliance energy usage inclu-
ding the HVAC interaction.

The first study involves the interaction between a heat-pump water
heater (HPWH) and the house HVAC. 1 Since a HPWH extracts energy from
the air in its surroundings and adds it to the water It is heating, the

load on the house HVAC will be changed if the HPWH is located In a

conditioned space.

The second study concerns the increased amount of infiltration air
brought into a house caused by venting a clothes dryer to the outside.2s3

All the increased infiltration air must be conditioned by the house HVAC

if the dryer is located in a conditioned space.

Graphs and tables based on measured data are presented which show the

estimated interaction of the house HVAC with a HPkH and a vented electric
clothes dryer.

Research sponsored by the Office of Building Energy Research
and Development, U.S. Department of Energy, under contract
W-7405-eng-26 with the Union Carbide Corporation.



INTRODUCTION

In mnny instances the amount of energy entering an appliance
via its electric cord and/or gas inlet line does not give the true
energy usage of the appliance. Depending upon where the appliance
is located and how it is installed and used, the appliance may
interact with the house neating and cooling (HVAC) system and either
increase or decrease the load on the HVAC. Two examples
which illustrate this appliance-HVAC interaction are the outside
venting of a clothes dryer and the operation of a heat pump water
heater (HPWH). Figures 1 and 2 schematically illustrate these two
processes.

1. Clothec Dryers

Although venting a clothes dryer inside the living area of a
house is energy efficient during the heating season, the practice
has several drawbacks. If the dryer uses a cobustion process to heat
the air as gas dryers do, potentially dangerous cobustion products can
permeate the house air; therefore, gas dryers should never be vented
inside. Lint and excess moisture in the exhaust froa both gas and

-~~/ ~electric dryers can also present safety and aesthetic problams if rot
effectively controlled. Thus, clothes dryers are usually vented outside.
Venting the dryer outside, however, can increase the house air infiltration
rate.

The rate at which this air enters or leaves a structure Is an
important factor in performing heating and cooling calculations for
residences or other buildings. This air-flow rate is called the air
infilt,.,ion rate and usually Is expressed in units of air charges per
hour (ACPH). Infiltration occurs through cracks around doors, windws,
walls, floors, etc., and its magnitude is determined by the quality of
materials an.' construction and by existing weather conditions.
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Some infiltration air is necessary; however, to replenish the
oxygen supply in houses, deplete "used" air and contaminants, and
furnish air to any fossil-fueled heating devices. In cases where
infiltration air is inadequate to do these jobs, ventilation must be
added to the house. In cases where infiltration air is too high, a
penalty is paid in terms of increased space-conditioning costs and
perhaps personal discomfort.

2. Air Infiltration

Boti the measurement of and the prediction of air infiltration in
residences and other buildings are receiving a great deal of attention

these days because of the contribution that infiltration adds to the
house heating and cooling loads and indoor air quality.

Quantitative measurements of air infiltration rates are presently
best aade using the tracer-gas decay technique which involves intro-
ducing a tracer gas, such as sulfur hexafluorfde, ethane, nitrous
oxide, etc., into a structure, monitoring its concentration versus time
with a suitable instrumsnt, and using this data .to calculate the infil-
tration rate. The rathematlcal model used Is that of a first-order
decay rate - that is, the rate of loss of the tracer gas from a structure
is proportional to the amount of the tracer gas present at any instant
in time. Expressed mathematically,

_ kc *

. ..

where

c = the concentration of the tracer gas in the structure at any
time t,

k = the infiltration constant.

(~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
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When this equation is integrated with the initial boundary condi-

tions at t - 0, c - eCo the solution is

In c -kt.

Plotting ln(c/c ) versus t, in hours, results in a straight line going

through the origin with a slope equal to -k, the infiltration rate in

ACPH.

If sufficient measuied infiltration and weather data are available

for a given structure, the Achenbach-Coblentz method may be used to
correlate the data and form a predictive infiltration equation. The

Achenbach-Coblentz correlation uses an equation of the form:

infiltration rate - A + [B x (wind speed)]

+ [C x jhouse-to-airblent AlT3

where A, B, and C are empirical constants for the structure.

3. Heat Pump Water Heaters

Laboratory and field tests have shown that a HPWB uses about

half the electrical energy input when compared to an electric resistance
water heater. However, since the HPWH extracts energy from the air in

its enviro:vent, the question arises as to how this energy extraction
would affect the house HVAC system if the HPWH were located in a

conditioned space of a household. Also, geography, house construction,

type and efficiency of HVAC system, and hot-water usage will all affect
the effective HPkH performance.

!
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Fi gure 3 shws a schematic diagram of an iHPHli syste and Figure 4 ::: -
shows the concept of the energy flows in a HP..

METHODOLOSY

The initial information needed to conduct the study was gained
experimentally. For the dryer experiLent, measurements of house air
infiltration rates were made both with the dryer off (not operating) and

with the dryer operating while ventirng its exhaust outside through a
standard 4" diameter through-the-wall vent kit. Sixty-nine
measurements were made over the course of 18 months, in order to
encompass weather conditions from all the seasons. Regression analysis
techniques were then applied to the measured data in order to obtain
equations relating the increased &,iount of infiltration air brought
into the house by operating the dryer and venting it outside as a
function of the outside weather conditions.
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The experimental data for the performance of the heat pump --

water heater was obtained over a two-year period in the laboratory.
A concurrent test of four water heaters was set up -- t of the water
heaters were integral-type (tank + HPWH form, single unit) HPWH's. one
was a separated-type HFPMt1, and one was a standard resistance water heater.
All the water heaters used identfcal storage tanks. The water heaters
were put on a. daily draw schedule test of 64.3 gal/day which simulated
actual average inhcuse use.l A microprocessor controlled the experiment.
gathered the data, and also reduced the data. The output of this

water heaters as aC function of amient, inlet water, and delivery water
tem eratures.
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Since the actual interaction betseen either appliance and the house . --

HVAC wtuld be extraily difficult to measure, a computer Sdel.ing
approach was tkent to analytically estimate the magnitude of each
interaction. Therefore, a representative house was modeled as shown in
Figure 5, which contains the heating and cooling load lines of the house
as well as the performance and capacity data of a central heat puMp
HVAC. deater data from several parts of the country in the fora of
monthly 5F bins, average monthly wind speeds, and average monthly
ground water temperatures were incorporated in the model. pcnthly
heating and cooling loads were calculated for the house both with and
without the appliance-HAC- interaction. The interaction resu.ts were
then calculated for a house with a heat pup HiVAC and for the sase house
with resistance heat and-.electric air conditioning.

RESULTS

Vented nlectrict D ,r

Figure 6 is a plot of the experimentally measured data wh id
shows th effect of forces vntilat!on (venting a dryer ouatside) - .
the house Infiltretion rate. Tie reresslin equation OiBch bt. s I * .

fit the data y b writtee in th for a.,.': .. -'; ..-.. "'t in

VI - 7I + VR x e '-( W / ) .

where

VI I nfiltration rate including dryer effect,

NI normal infiltration rate (no dryer effect),

VR vent rate of the dryer.

-.
I

*.. .-. .... .... . .... ... ... J-.. . I



Toaa WSt

MT n
Crp~

E~~~~~~~~~B lea

0.0
.03) 47 42 -CT -u . 27 13S? 4L

B #ro~~~~~~~~~r

0 10 so 04o 00 ?40 04 2tt4

FIGURE 5 HEATING -CcaINf3 DyRCp,^j OF MODEL RES IDErMSE

* .0

s' %~

7 
WA 80=~~~~~~~I R.MJMATWM

CL a

4 O A. 2 1.4 t. a I. 9 .0 2.2 4 L

A~~~~~~~VA

9*in F% rrC'CrT nr rnm.-r- 2

.2UR 
S. -ETI~ -~ILL1 IL9 B~I~ ~lii6L

- - - -

· · : ;: : :: : ;5.2~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'
0.00.0I-- 

L---·- .2 .4 , 9 1' , . . . . . . .



· .: . . i .

rate caused by venting the dryer outside 1s not sitply the sa of :
the original house infltraton rate plus the dryer vent rate, ;:
but something less than that.

Assuming a monthly dryer usage of 34 loads per month and an
average operation time of 45 mSl tes per load, the annual interaction
effect of the dryer on the huse central RKAC for several cities is
shom in Table 1 for two types of hVAC systuas. It should be kept in
mind that an electric dryer till use about 1100 kWh/y under these
colition s so that the maxisia penalty paid for venting the dryer
outside is about 6i kWh/y in a Seattle resistance heated house. This
nurber is about 65 of the noreal dryer input energy. Resistance-heated :.
houses in most other geographical locations would only pay abcut a 4-1/2
penalty for venting the dryer outside, ad only about 2 if the house
had a heat puas HVAC. Th® perFlty for a fossil-fuel'heatvd house ti*u';d
probably be 6 to 7% of the dryer pInV. '

Keat P ater Heater -: - - ...... ' . -. :,.

Table 2 shas the HVAC interaction for a H? loated insidr . '
house with a central heat pets HYAC W uses t nra he snteraction p- a lties
and gains to calculate the effectivs ainal p orrs ce factor of h 's
HPiWH (HP 9i PF). Th ocolu t labeled i'ES Ub fl shows I A the, a.-al
energy that a resistance water heater would use in thl sawe s ituatione --U;' '
Since the penalty paid during the heating season HVAC Interaction Is -.
greater than the gains ade dring the sizter season for all but the tw -
lorida locationso the effective HPIl PF Is lower than the measured PF of

1.94, which does not includo the HVAC interaction. Hoawver, an overall
energy savings averaging about 2300 k*h/y is obtained when ccsaared t
resistance water heating. This would aamot t about a 40 saving. - ::^
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resistance heat and electric air cowdticnr VIoC. As muld be ,.:
ex pcted, the savtngs' or this case i less thnb at l ora hou 'se -

with a heat ptp HYAC;.

Figures 7 through SO depict the magnitude of the house heating
and cooling loads both with and without a HPAg in the house for 21
different geographical locations.

Figures 11 and 12 s how the effect of varying HPWH efficiency on
the annual energy savings for five different cities for a beat pup
HVAC and for a resistance heat wit electric air conditioner HWAC.

CO- CWSCLUIS

Field measurouents have shd a tht the increoase in tse house
infiltration rate caused by ve ating a dr.yer outside S. so t less
than the measured ventilation rate of the dryer. PTh cal culated i:
interaction effect of the vented dryer s geoap - and IH fC-depef ent,-
and ranges frgo 2 to Gs of the. dryr input of ebot 11fo ahy. There-
fore. It can be concluded that y vetingO a dryer utsi s nos at 5 .
ia.steful of erkere ...: ; ....- . ,-

Although locating a HNI inside.e e residece al a ; 4ef nite (Inpact
on the house heating and cooling la d, the HPMI s still an ener gy
conserving device, especially in the southern part of the country.

. .... o
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