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ENERGY INTERACTIONS BETWEEN BUILDING EQUIPMENT SYSTEMS

Hiliiam P. Levins
Energy Division
Dak Ridge Naticnal Laboratory*
Oak Ridge, Tennessee 37830

ABSTRACT

The way in which an appliance is used or where the appliance is
located affects its energy usage. The building-equipment 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 (HVAC) system. This paper discusses two cases of
energy interactions between appliances and the house HVAC and uses
measured operating datz to calculate the appliance energy usage inclu-
ding the HVAC interaction.

The Tirst study involves the interaction between a heat-pump water
heater (HPWH) and the house HVAC.! Since a NPWH extracts energy from
the air in its surroundings and adds it to the water it is heating, the
load on the house HYAC 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
A1l 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 venuted electric
clothes drver.

*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 muny instances the amount of ernergy entering am appliance
via its electric cord and/or gas {nlet line does not give the true
energy usage of the appliance. Depending upon where the appliance
is located and how it 95 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 {llustrate this appliance-HVYAC interaction are the outside
venting of a clothes dryer and the cperation of a heat pump water
heater (HPWH). Figures 1 and 2 schematically {llustrate these two
processes.

1. Clothes Oryers

Although venting & clothes dryer inside the living area of 2
house is energy efficient during the heating seascn, the practice
has several drawbacks. If the dryer uses a combustion process to heat
the air as gas dryers do, potentially dangerous combustion products can
permeate the house air; therefore, gas dryers should mever be vented
inside. Lint and excess moisture in the exhaust from both gas and
electric dryers can also present safety and aesthetic problams if mot
effectively controiled. Thus, clothes dryers are usuaily vemted ocutside.
Venting the dryer outside, however, czn increase the house air infiltration
rate. e S

The rate at which this air enters or leaves a2 structure ¢s an
important factor in perfoiming heating and cooling calculations for
residences or other buildings. This air-flow rate {s callad the air
nfiltv “ion rate and usually is expressed in units of air changes per
hour (ACPH). Infiltration occcurs through cracks around doors, windows,
walls, floors, etc., and its magnitude is determined by the quality of .
‘materials ar' construction and by existing weather conditions. -
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Some infiltration air is neceséary; however, to replenish the
oxygen supply in houses, depiete "used™ afr and contaminants, and
furnish air to any fossil-fueled heating devices. In cases where
infiltration air is inadequate to do these jobs, veutilation 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 Infiltratfon

Both 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 atr infiltration rates are presently
best made using the tracer-gas decay technique which involves intro-
ducing a tracer gas, such as sulfur hexaflucride, cthane, nitrous
oxfide, etc., into a structure, monitoring its concentration versus tims
with a suitable instrument, and using this data to calculate the infii- B
tration rats. The rathematical model used is that of a first-order = . !
decay rate — that is, the rate of Joss of the tracer gas from a structure {
is proportional to the amount of the tracer gas present 2t any instant
in time. Expressed mathematically,

ot

where

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

k = the infiltration constant.




When this.equation is integratod with the initial boundary ccnd!-
tions att=9,¢cs= ¢ the solutioh is

co

Plutting 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 measured infiltration and weather data are avatlablie -
for a given structure, the Achenbach-Cobientz method may be used to

correlate the data and form a predictive infiltration equation. Tha
Achermbach-Coblentz crrrelation uses an equation of the form:

infiltration rate = A + [B x {wind spoed}]

+ [C x |house-to-ambient aT|] ,

vhere R, B, and C are empirical constants for the structure.

3. Heat Pump Water Heaters

Labofatoty and field tests have shown that a HPWH uses about
half the electrical énergy input when compared toc &n electric resistance
water heater. However, since the HPWH extracts energy feom the air in
its envirownent, the question arises as to how this energy extraction
would affect the house HVAC system 1f the HPWH were lccated in &
conditioned space of a household. Also, geography, house constructicn,
type and efficiency of HVAC system, and hot-water usage will all affect

~ the effective HPWH performance.




Figure 3 shows a schematic diagram of &n iHPWH system and Figure 4
shows the concept of the engrcy fTows in a HF%?

METHODOLOGY

The initial information needed to conduct the study was gained
experimentally. For the dryer experinent, measurements of house air
infiltration rates were made both with the dryer off (not operating) and
with the dryer operating while venting 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. Regressfon analysis
techniques were then appiieﬂ to the measuréd_data in order to obtain
equations relating the increased amount of Infiltration air brought
into the house by operating the dryer and wenting it cutside as a
runction of the cutside weather conditions.
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Fig. 3. Schematic of HPHH.
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Fig. 4. Concept for HPWY showing approximate energy transfers_

The experimental data for the performance of the ﬁeat'bﬁmé_; !
water heater was obtained over a two-year period'in the 1abdrafbny.f R
A concurrent test of four water heaters was set up — two of the water B
heaters were integral-type (tank + HPWH form single unit) HPWH's, one
was a separated-type HPHH, und one was & standard resistance water heater.
A1l the water heaters used fdentical storage tanks. The water heaters
were put on & daily draw schedule test of 64.3 gal/day which simulated
actual average inhcuse use.’ A microprocessor conirolled the experiment,
gathered the data, and also reduced the data. The output of this . .
testing was a set of equations describing the performance of the variocus '
water heaters as a function of ambient, inlet water, and delivery water:
temperatures.
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Sime the ac‘ma‘l interactﬁen betxeen either app’l‘iam:e and tha hsuse SN

HVAC would be extremely difficult to measure, a computer mdeﬁng
approach was taken to m%ytice‘ny estimate the magnitude of each -
interagtion. Therefore, & representative house was modeled as shown in
Figure 5, which contains the heating and cooling lecad lines of the house
as well as the performance and capacity data of a central heat pump
HVAC. Weater data from sevaral parts of the country in the form of
monthly 5°F oins, average monthly wind speeds, and average menthly
ground water temperatures were incorporated in the model. Moathly
héating and cooling loads were calculated for the house both with and
without the appliance-HVAC interactfon. The interaction resu.ts were
then calculated for a house with a heat pump HVAC and for the same house
with resistance heat and-electric air conditioning. :

RESULTS

»

Vented Electric Dever

g

Figure 6 isa p‘ié& of tha ex;mrimentaﬂy moasured data which |

shows the effect of forced wni:ﬂaatﬁm (ventirg a dryer cutside} o L
the house infiitration rata. The mgmssiem equstioa rﬂ:icb} Bost’ T B

fit the data my b@ w!ttea in the mm. - . -;\x.-l,;
VI = NI+ VR x gf‘.""m) . . |
where
vl = infﬂtr;tion rate including dryer effect, -
NI = normal fnfiltraticn rate (no dryer effect)'.

VR = vent rate of the dryer.
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rme fm tMs e@at‘i; that t?m ‘Jncmese ?n tlm house infﬂtratiw
rate caused by wmtrmg the dryer outside 1s not simplv the sum of
the original house infiltration rate plus the dryer vent rate, .
but something less than that.

Assuming a monthly dryar usage of 34 loads per month and an
average operation time of 45 minutes per load, the annual interaction
effect of the dryer on the house central HYAC for several cities is
shown fn Tadle 1 for two types of HVAC systems. It should be kept in
mind that an electric dryer wi11 use zdout 1100 Kih/y under these
conditions so that the maximm penaity paid for venting the dryer.
outside §s about 63 KM/y in a Seattle resistance heated house. This
number s about 6% of the morwal dryer input emergy. Resistance-heated
houses in most other geographical locations would only pay abcut a 4-1/2%
penalty for venting the dryer culside, and caly about 25 if the house
had & heat pump WYAC. Tho peralty for @ Fossil-fuelcheated house wuid
pmbab'iybeéito?%cftt&edryer&wﬁ. BERAR T el

_ Yab!a 2 shows the NVAC intm'actim for a W lmted iyesis%e a’Z
“house with a central heat pusp HVAC, and uses tha ?ntaractima ps%miti%
and ggfns to calculate the effectiva 2nnual perfmmnc& factm' of m
Heel (HPuH PF). The coluzm Tabeled “RES WY K e shms ﬂ%z; &m'ﬁ~

£nerqy that a resistance water heater would use in th? samz sif'tuatfwa

Since the penaity paid during the heating season HVAC intevection s
greater than the geins made during the sumeer season for all but the uw

Florida locations, the effective HPiM PF is lower than the measured PF m‘s"

1.94, which does not include the HVAC interaction. Howaver, an overall ?_1;;.? .
energy savings averzging about 2300 ¥h/y is obtained when compared to -

resistance water heating. This would amount to about a 403 savings. .
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Table 1

ANRUAL. EFFELCT OF VENTED DRYER ON TWO TYPES OF H#val BYSTENS
DELTA HvYva LOAP EKBHIYRD

ELEC RES & A/C HOUSE ELEC HEAT PBTP MHOUSE
CITY :
HEAT cooL TOTAL | HEAT COOL.  YOTAL
 ERGUE £7.2 3.7 3:.8 2 25.3 2.7 29.0
ATLANGS 68 . 32.2 5.5 . B7.8 ---- - 16.8 3,5 . 22.0 .
W m 3905 X.Z Moé mo? aez 2408 .

CMICASD B 59.3 2.2 1.5 9.5 2.2  3i.8 ..
DEMVER CO 5.9 2.0 %5, - 32.3 1.0 333
FT RORTH TX 22.9 7.2 30.3 11.6 = 7.2 26.9
IGEOXVILLE TH 86.0 4.8 T30.8 - 28.0 _ A.B _ BT
LOS ANGEES CR 38.1 0.2 3|t o 1B T 18.@
HINNEAPTLES F58 S SE.S 0 0.8 S6.3 7 36.8
NEMARC B85 86.8 2.3 T g
PITTEBUREY PR 3 PR BT g
SAN FRRICIECT CR 47.5 C.0
i . 'I.‘ LT SAIE IR 5 FaNAL A
mm@ w &7.6 ‘0.0 L 0.8, ,ﬁwmﬂ& Gy
TP FL 28.4 . w.,mﬁ 10.8.° . 1608 7VnA :
HASHINGTON m 80.6. - 3.6 3.6" m.s ‘f.;, :
- 83.3 1.2 .2 2@,%' o
§9.6 2.3 2.3 - 29.0
Note: Average Monthly Tewperaturas and Hind Yelocitics Used
";'f h;
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Table 2 - .

CITY 081 I8 QDD K383 IG88 SVD 080 T 6G84 X0 IS GVD A8t PF

tidnn Ba 33 |
E’&MW& 1 AN

Phesndn m‘%
Pitts Pa S
Pring T ;. 3872,

R «,,5;@
% €8
Sesttia

Tm :

Mo D¢ 3109 839

Albug M8 I07F . 797
atlanta 3008 602
Bostan =61 2382
Chicegs . 3752 1187
Denver - 5232 2576
Fe Morth 2868 a91
Houstan 2808 368
Knce T S0T6 &3
A el . 299 68

thatn BY 3169 1087

Hile Dal

'5§

3149

203
L33
178

1487
333
308

JFFR
229
39

wrg

143
&2

beaiiip g

S WP Located in C@adﬁtimﬁ Space of H@xm
2. Daily Hater Usage is (3.3 Callons at 150 F

4778 | 6420

I Sy pid &010
3377 =¥

6453
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Tabla 3 is sﬁmﬂar to mm 2 Bm app‘!i@s 1B a msa wma a

L Tp  amom e

resistance heat and electric Mr cmditi&mer WRC. &s mw be
expected, the savings for this cas& %s ?ess ﬂ’iﬁﬁ %hat ?m- 8 house
with & heat pump HVAC.

Figures 7 through 10 depict the magnitude of the house heating
and cooling loads both with and without a HWA m the house for 21 _
different geograph‘lca] locatiens.

Figures 11 and 12 show the effect of varying HPWH effic_iem:y on
the annual energy savings for five different cities for a heat pumd
HVAC and for a resistance heat with electric air conditioner HVAC.

COKCLUSIORS

Field measurements have shoun that the increzse in the house
infiltration rate caused by venting & dryer wﬁsi&e s somswvhat ‘iess i
than the measurad ventilation rate of the drye@.._ The calculated HYRE .
interaction effect of thz vented e%ry@:r is gwgmp%zy- zmé iW&C»&epmﬁem,
ard ranges frem 2 to 67 of the dry&‘r ﬁnput of about ms iy, Them»
fore, it can be concluded. that vents ing a  dryer wts%c?»@_ ﬁr;_ Gt vars
. waatefu‘l af enem,y; Sai YN

Althaugh locating a HPMR insice 3 resmeme Ez&s a éeﬂm’te ‘Z%gxac”
on the house heating and cooling ‘ic&é, tha HPE s stﬂ! an energy .
conserving device, especially in. the ‘southern pzart of the country,
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