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ABSTRACT

"Waste heat" given off by refrigerators, water heaters;
appliances has significant effects on space conditioning requirements;
reducing heating and increasing air conditioning. The importance of
these effects varies wi .such factors as climate, thermal integrity
of residence; heating fuel prices; air itioner.. .
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INTRODUCTION

"Waste heat" given off ~y refrigerators, water heaters, and other
appl iances has significant effects on space conditioning requirements;
reducing heating and increasing air conditioning. The importance of
these effects varies with such factors as cl imate, thermal integrity
of the residence, heating fuel prices, and furnace and air conditioner
efficiencies.

The most widely used energy demand simulation models have
neglected this interaction between appl iances and space conditioning.
This neglect would be reasonable if appliance efficiencies were
expected to remain constant; since the effect of waste heat on heating
and air conditioning loads would also remain constant. However, due
to increased electrici ices efficiency standards; we expect
substantial appliance ciency improvements; reduced waste heat, and

ified space conditioning loads. We need, then, to incorporate
interaction between appl iances space conditioning into projections
of energy demand and into estimates of impacts of policy options
as efficiency sta

results incorporating this
Oak Ridge National Laboratory (ORNL)
the Northwest Power Planning Counei I
electricity in the Pacific Northwest

and estimated impacts of an
standa are compared with those

the model.

is paper describes
interaction into a version

simulation I
act residential demand

ections total
I iance iciency

~ ~

un. version

we could incorporate the interaction of appliance energy
use wi heating cooling requirements; we needed two things: 1) a
I imulation analysis of interaction; given climate appropriate
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to the ORNL model to
the load-simulation

structural modifications
interaction revealed by

to our region, and 2)
reflect properly the
analysis.

The load-simulation analysis done by Palmiter and Kennedyl
fulfi I Is the first requirement} and was the original stimulus of our
interest in the whole issue. This analysis is based on the fact that
energy used by appl iances is sooner or later converted to heat. To
the extent that the heat is given off inside the heated space during
the heating season, the "waste heat" or "internal gai reduce the
need heat from heating equipment. To the extent that the heat is
given off inside an air conditioned space during the air conditioning
season, the internal gains increase the cool ing required from air
conditioner.

Imiter a Kennedy's analysis consisted simulating
ing and cool ing loads of houses of varying thermal i2tegrities and

solar characteristics} in four locations (el imates) , assuming two
levels internal gains. By comparing assumed change in internal
gains to the resulting change in heating loads, other influences
remaining the same, they estimated the fraction of internal gains
whi is I. They cal I this fraction "uti I ity of internal

heat i ng. ·5 i mil ar IY1 by compar i assumed change in
gains to resulting in heating cooling

an estimate uti Ii internal gains
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r,

ng season,
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Palmiter and Kennedy characterized the
internal gains with thermal integrity as
specification:
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variation of utility of
fol lowing a curve of

where F =
A,B =

Ln =
Q=

the heating (or combined heating and cool ing) uti lity of
internal gains
coefficients
the natural logarithm
the annual heating load for the high internal gains case
in kwh/sq.ft.

The coefficients 6f the three cities of the PNW did not vary
greatly, and our forecasting model does not run climate zones
separately; so the coefficients for Portland were used to represent
the entire region. The values used for A and Bare .3976 and .1126,
respectively, for the heating uti I ity curve; and .2933 and .1429;
respectively; for the curve representing ~he uti lity of internal gains
for combined heating and cooling loads. In the range of Q values
commonly observed in the PNW (roughly 7 to 12 kwhjsq.ft.) the value of
F for heating uti lity ranges from .62 to .68. That is, 62% to 68% of
waste from appl iance use inside the heated space is useful.

n~~~~r~nr·~~ing these results in the ORNL residential demand
simulation model was fairl straightforward. Whi Ie explicit estimates

total internal gains our base (or any other) year are not
avai labl it is reasonable to assume that current estimates of base

r heat ng cooling requirements impl icitly include the effects
I gains. Based on this assumption; we concentrated on each

year's changes in internal gains; compared to the base year, and the
ti changes heating cooling loads. The modification to

II

1. year; nge in internal gains from those the
year 1979 was calculated. is was accompl ished by using

current appliances' iciencies and utilization levels to
calculate ir energy use, and comparing that use to the use

********************

latter curve wi I I lower; of course (lower F). As pointed out
earlier; internal gains reduce heating needs but increase cooling

; as a result; the usefulness of internal gains for combined
Ing cooling is Jess than for heating alone. a warmer

climate .g. Miami) the combined uti lity might even be negative.
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of the base year appl iances. The result IS an estimate of the
change (in Btu's) in use by appl iances.

2. To estimate the change (in Btu's) in energy given off inside
the heated or air conditioned ~pace, appropriate fractions
estimated by Palmiter and Kennedy for each type of appliance
were multipl ied by the total change in appliance use.

3. Current levels of thermal integrity were used to calculate a
uti I ity of internal gains (F in the equation above).

4. This value of F, multiplied by the change in energy given off
inside the space, generated the final change in heating and
cooling loads resulting from the new stock of appl iances.

Presently; consumers are largely unaware of the subtleties of the
interaction between appliance use and space conditioning loads. They
are; however, aware of their uti lity bi I Is, and they wi I I observe
future utility bills which implici y reflect the physical reality of
this interaction. In the long run; therefore; we can expect to see
them act "as though" they are aware of it as they make fuel and
efficiency choices for new houses~ I the model was modified to
include the new levels of heati and cool ing loads not only in the
final ing energy use; also in simulation of fuel

iciency choice new houses $ As a result; the increase in
ing loads resulting from more icient appl iances wi I I cause an

increase in energy use for heating, this wi I I be partially offset
in long run by ice of more efficient houses.

Ideally; the choice iciency of appliances should also take
interaction between their energy use and space conditioning loads

into accounts PNW; where heating loads are generally much
hi air conditioning loads; the net effect of a decrease in
appliance energy use is an increase in space conditioning loads. As a
result; net economic incentive to choose more efficient appliances
is interaction. A model which simulates this choice

i s i ncent i va ~ IY J i ncent i va
more icient liances is partially dependent on the

DClancy space it oning (wh~ch we have just made partially
on app Ii ance i c i'ency) .

space
is sort

itioning
mutual dependence

iciencies suggests
appliance efficiencies
that the determination of
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these variables would best be done by an iterative process which
converges to a set of values which are mutually consistent. Such a
model would inevitably be significantly larger and slower than the
current one; in any case, construction of such a model is ~ task wei I
beyond the resources we could commit to this work. Even the
development of a simplified approximation IS difficult, and has not
yet been completed. The results described here, therefore, are
interim results based on the assumption that the fuel and efficiency
choice for space conditioning takes the interaction between appl iances
and space conditioning into account, but appliance choice does not.

RESULTS

The projected 2002 energy use of the revised model was compared
to that of the original model for four cases:

Case A. The PNW grows according to the Power Planning (ounci I's
Medium Low assumptions; except for bui Iding efficiency
codes already in place in 1983; .appliance and space
conditioning energy use respond to energy prices only~

Case Bo The same as Case A e~cept

efficiency standards on
I ightingo

the imposition of appl iance
refrigerators] freezers and

Co same as Case A except J as a result of
weatherization programs and efficiency standards for new
structures; the thermal i ity of the bui Iding stock
is significantly improved.

Do is case
Case B wi
Case Co

Ines
the

appl iance mClency
I I icient i Jding stock of

Ie I
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summarize results comparlsonso
electricity use only, whi Ie Table

sta are not based on any optimization criterion; such as
minimized life-cycle cost) nor are they intended to represent
significant savings of energy. The intent in setting the standards
was to it possible to examine the relative differences in
savings as by original and revised models.

£-11
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shows projected totals of al I fuels.? The two models' projections for
Case A differ (Line 1) by 172eO AMW of electricity and lOeB! tri I lion
Btu's of al I fuels (2e4~ and 3e2~, respectivelY)e This change is not
a trivi~1 one, but neither is it la§ge compared to the averal I level
of uncertainty about the projections.

The more interesting differences in the two models' projections
result from the simulation of the effect of appliance efficiency
standards on energy use. Case B results imply savings (Line 3) due to
the standards of 20e4 AMW of electricity and 0.61 tri I I ion Btu's of
al I fuels according to the original model. When the revised model is
used, the effects of the standard drop to 12.2 AMW of electricity and
0.05 tri I lion Btu's of al I fuels. These are reductions of 401 and
92%, respectively, in the estimates of savings due to the standard-
enough to §adical Iy alter an evaluation of cost-effectiveness of the
standards.

Palmiter and Kennedy found that uti I ity of internal gains is
sensitive to the thermal integrity of the bui Iding; the utility
decl ining as the thermal integrity improves. This·being so; a given
change in appl iance use would have a sma I ler secondary impact on space
conditioning (and a sma I ter net effect on total energy use) as thermal
iiis i . resu It» we wou Id to f i
revii's energy use to
original IS

********************
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Table I. Projected electri~ity use in PNW (2002; AMW).

App I i ances
(both
models)

Total
(original

model)

Total
(revised
model)

Difference
Between
Models

1. Case A 5043.8 7192.6 7364.6 172.6
(Pri ce response)

2. Case B 5023.4 7172.2 7352.4 180.2
(App Ii ance eff i-
ciency standards)

3. Estimated Savings 20.4 20.4 12.2 - 8.2
of Appl iance Effi-
ciency Standards
(Case A - Case B)

4. Case C 5043.8 6497.3 6631.9 134.6
(Pr ice response
+ ti

5. Case D 5023.4 6476.9 6617.6 140.7
(Appl iance m-
clency standards
+ tigh·t houses)

6. Estimated Savings 20.4 20.4 14.3 - 6.1
Appl iance Effi-

ciency Standa
(Case C ..... Case

7. 695.3 732.7 37.4

C)

[-73
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Table II. Projected energy use in PNW (2002, al I fuels, 1012Btu).

App Ii ances
(both
models)

Total
(original

model)

Total
(revised
model)

Difference
Between
Models

1. Case A 170.54 337.97 348.78 10.81
(Price response)

2. Case B 169.93 337.36 348.73 11.37
(App I i ance eff i-
ciency standards)

3. Estimated Savings 0.61 0.61 o 05 -- 0.56
of Appliance Effi-
ciency Standards
(Case A - Case B)

4. Case C
(Price response

-+ ti

170.54

169.

304.65

304.04

313.59

313.34

8.94

6.

7.

o. o.

33.32 35.19

- 0.36

1.87
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expectation is realized, as demonstrated by a comparison of Case C
projections with those of Case A: These cases differ by the assumption
of greater thermal integrity in Case (1 which reduces the difference
between the original and revised models' projections to 134.6 AMW of
electricity and 8.94 tri I I ion Btu's of al I fuels (compared to the
differences of 172.0 AMW and 10.81 tri I I ion Btu's mentioned above for
Case A). A comparison of Case D differences with those of Case B
shows simi lar relationships.

The savings projected by the two models to result from appliance
efficiency standards are also more simi lar with improved thermal
integrities (line 6), though the differences which remain are still
significant. The original~ model projects unchanged savings of 20.4
AMW of electricity and 0.61 tri I tion Btu's of al I fuels; whi Ie the
revised model now projects savings of 14.3 AMW of electricity and 0.25
tri I lion Btu's of al I fuels. These savings projections by the revised
model are 30% and 59~ less, respectively, than those of the original
model--sti I I enough to alter an evaluation of cost effectiveness of
standards significantly.

Finally, if we compare the projections of Case A with those of
Case (, (or alternatively, Case B and Case D) we can estimate the
effect of identical programs to improve thermal integrity, other
i luences remaining the same (Line 7). Since the revised model
projects space conditioning loads which are larger than those of the
original model; we can expect that the revised model wi I I project
larger impacts from a given program to improve thermal integrity. The
results in Tables I and II are consistent with this expectation. The
energy savings improved thermal integrity projected by the revised

I are higher 5a4% 506% for electricity and al I fuels;
respectivelyo

AND CONCLUSIONS

most important limitation of the work
it is on climate data specific to the

ific PNW has relatively long heating seasons; which
Increases uti I ity internal gains; and most of the

lation of the region lives in a cl imate which has almost no air
itioni season; which decreases the cooling disuti lity of

internal ga nSa a could be made that the secondary effects
appl iance iciency standards are more unfavorable in the PNW than

any region in the U.Se If data were avai lable to carry out the
exerCise reported here for the state of Florida, for example; we might
fi the revised model projects appliance standards as more
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attractive than the original model, since the standards' secondary
benef its (reduced air cond i t ion i ng loads) might more ttlan outwe i gh
their secondary costs (increased space heating loads).

A number of other circumstances of the PNW are unusual. It has
lower electricity prices than any other region of the U.S. and some of
the highest residential prices of natural gas, resulting in high
saturations of electric heating. The thermal integrity of our
electrically-heated houses has reflected low electricity prices. It's
not clear how these circumstances influence the result of the work
reported here; but they should further discourage any impulse to draw
conclusions for other regions without careful consideration.

The estimations of savings due to appl iance standards presented
in this study are only to illustrate the differences between the
original and revised models. The estimation of savings falls several
steps short of being an evaluation of net benefits. To make such an
evaluation, we would need, in addition to the estimates of savings;
estimates of the cost of the more efficient appl iances J prices of al I
fuels; and the ~ocial discount rate. many uti lity service areas we
would also need estimates of the distribution of savings between peak
a off-peak demand periods} and the costs of serving loads in those
periods. The changed· savings projections made the revised model
would the level of net benefits; of course, wi
carrying out rest net benefits evaluation we cannot know

they are positive or negative.
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A necessary incorporation of the interaction of
appl iance energy space itioning loads in analysis of
conservation programs is completion of more work I ike Palmiter and

an appropriate number of cl imates. Their study was
f t to is one, it is hard to imagine how analysis of
simi tar programs fn climates can be done properly without
cl i ific les like theirs.




