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RESIDENTIAL ENERGY CONSERVATION STRATEGiES; _

Eric Hirst

ABSTRACT

An engineering-economic model of residential energy use is used to
evaluate the energy impacts from 1975 to 2000 of changes in: household
formation, housing choices, per capita income, fuel prices, equipment
efficiencies, and thermal integrities of new and existing residential
buildings. Twelve cases are run with the computer model to determine
the impacts on energy use of each factor.

These runs suggest the following:

1. Residential energy use will grow more slowly during the fourth
quarter of this Century than during the third quarter because of
slower growth in population and household formation, changes in
fuel price trends, and near saturation of equipment ownership for
the major residential energy end uses. OQOur highest forecast shows
a growth of 2.5%/year, compared with a growth of 3.6%/year from
1950-1975.

2. The high forecast discussed above is not a likely forecast because
it assumes that fuel prices will remain constant at their 1975
values, that household formation will increase rapidly, and that the
1960-70 trend in housing choices (away from single-family units) s
will not continue. More realistic assumptions include slower growth
in household formation, rising fuel prices, and a continuation of
the 1960-70 trend in housing choices. Under these '"business as
usual" assumptions, energy use grows at 1.5%/year. This suggests
that energy use will grow at half its historical rate if no new
government programs and policies are implemented. Thus a great deal
of energy will be 'conserved" because of projected changes in
demographic conditions and increases in fuel prices.

3. Implementation of energy conservation programs to raise energy prices,
increase efficiency of new household equipment, and improve thermal
integrity of both new and existing housing units can have significant
energy impacts. A vigorous conservation program might yield an
average annual growth rate of 0.47 between 1975 and 2000, with an
energy use in 2000 only 10% higher than 1975 energy use. Implemen-
tation of such programs would reduce energy use in 2000 from the
business as usual case by almost 25%; the reduction relative to the
high case is 40%.



INTRODUCTION

Between the end of World War II and the early 1970's, residential
energy use grew steadily and rapidly because of growth in population,
households, and income; declines in retail fuel prices; and the intro-
duction of new household energy-using devices. Responses to these
demogréphic, economic, andvtechnologicai changes included: growtﬁ in
ownership of energy-intensive household equipment (e.g., food freezers,
air conditioners), shifts from small energy-efficient devices to larger
less efficient units (e.g., replacement of small manual defrost refrig-
erators with large automatic defrost models that consume 50-100% more
electricity), and increasing household use of equipment (e.g., taking
longer hot showers, leaving lights on, setting thermostats higher in the
winter). The net result of ;hese changes was an average annual growth
rate in household energy use of 3.6% between 1950 and 1975, nearly
double the growth rage in household formation (2.0%),1 as shown in
Fig. 1.*

During the past few years, however, a number of forces have emerged
that may significantly alter these historical trends. As shown in
Fig. 2, residential fuel prices1~ began to increase around 1970, after

2

two decades of declines. Because of these increases in fuel prices,

For those who prefer British units, 1 Btu = 1055 J. Electricity use
figures are in terms of primary energy; that is they include losses
in generation, transmission, and distribution. Figures for gas and
0il, however, do not include losses associated with refining and
transportation.

1-Fuel prices are deflated by the Consumer Price Index to remove the
effects of inflation.
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persbnal consumption expenditures on household fuels rose 27% between
1970 and 1974.

In addition to the economic force of rising prices, a number of
institutional changes are underway or unaer serious consideration. The
Federal Energy Administration, created in July 1974, has an Office of
Conservation and Environment that develops and implements federal energy
conservation‘policies and programs. The Energy Research and Development
Administration, created in January 1975, has an Office of Conservation
that manages federal RD&D programs to develop and commercialize new
energy conservation technolégies.

The recent federal Energy Policy and Conservation Act (PL 94-163)3
fequires the FEA to establish voluntary residéntial équipment and appli-
ance efficiency targets so that the aggregate efficiency of appliances
sold in 1980 exceeds the aggregate efficiency for 1972 by at least 20%.
The Act also requires that labels be affixed to household appliaﬁces
showing their energy efficiencies and opgrating costs.

Legiélation establishing a program to develop and implement build}ng
energy performance standards is being conéidered in both Houses of
Congress. The American Society of Heating, Refrigerating, and Air-
Conditioniné Engineers developed a set of thermal standards for new
buildings (ASHRAE 90-75) . Implementation of these standards would
substantially reduce space heating and air conditioning requirements for
new housing units with little or no increase in initial costs.

A number of issues related to energy prices — natural gas dereg-
ulation, o0il price decontrol, and electricity rate reform — are hotly

debated although unresolved.



Table 1 shows several energy conservation measures (actions to
reduce household energy growth) and policies to implement these measures.
The first three measures — household growth, housing choices, and income
growth — are generally considered outside the realm of energy policy.
Nevertheless, we later evaluate the residential energy consequences of

changes in these demographic and economic forces.

Table 1. Residential Energy Conservation Measures and Policies?

Policies

Measures Fuel price Financial Information, Research &

changes Regulations B incentives education development

N

Reduce population
and household
growth 0

Change housing
choices 0. ?

Reduce income
growth 0

Increase thermal
integrity of
structures:
New X
Existing X

7 3¢
oo
>
<
<

-

Improve efficiency
of equipment and
appliances ' X X, 0 X X X

Change fuel use
hehavior X. 0 X

9% — indicates those policies that can induce adoption of conservation measure shown.
0 — indicates those measures and policies evaluated in this report.

Improvements in technical efficiencies for household equipment and
structures can be induced by a number of policies, as shown in Table 1:
fuel price increases, regulations, financia% incentives and disincen-
tives, information and education, and research and development.

Changes in household behavior have two aspects. One deals with the

day-to-day operation of given stocks of equipment and structures. These



changes in equipment use (thermostat settings, furnace maintenance,
number of refrigerator door openings? etc.) can be influenced by changes
in fuel prices and information on the energy and dollar impacts of
different equipment usage patterns. The second aspect of household
behavior deals with choices made when new equipment and residences are
purchased. At issue hereAis the tradeoff between efficiency improvements-
(reduced operating costs) and higher initial costs.

In this report we use a detailed computer model of residential
energy use developed at ORNL to évaluate the energy impacts of various
energy conservation strategies. The model, details of which are in ref.
1, simulates household energy use at the national level for four fuels,
six end uses, and three housing types. Each of these fuel use components
is computed on an annual basis in résponse to changes in: stocks of
occupied housing units and new residential construction, equipment
ownership by fuel and end use, thermal integrity of housing units,
average unit energy requirements for each typé of residential equipment,
and usage factors that reflect household behavior. Thus the model is
sensitive to the major demographic, economic, and technological deter-
minants of household fuel use.

The model is used to evaluate the energy impacts between 1975 and
2000 of changes in: household formation, housing choices, incomes, fuel
prices, efficiency of new equipment, efficiency of new structures, and
efficiency of existing structures. We start with a set of input boundary
conditions to ‘the model that produces a "high" forecast of residential
fuel use, as close to historical trends as is reasonably possible. We

then postulate a number of changes — reduced household growth, shifts in



housing choices, slower income growth, increases in fuel prices — to
yield a '"business-as-usual" forecast. Next we adjust the boundary
conditions towards higher fuel prices, improvements in thermal.integrity
of new and existing structures, and increases in equipment efficiency.
This yields "low" forecasts due to implementation of these conservation
strategies. These changes in boundary conditions are applied sequen-
tially so that the influence of each change on household fuel uses can
be isolated; interactions among these strategies are also evaluated.

The remainder of this report discusses and compares these forecasts
and offers conclusions on the relative energy savings of different
government programs and policies. Table 2 lists the 12 sets of boundary
condition§ used to drive the simulation médel and briefly summarizes the

energy impacts of these exogenous changes.

Table 2. Assumed Boundary Conditions and Major KResults for Residential Energy Use Forecasts

Increased thermal Energy use

integrity of _—

Par Tmproved structures: 2000  1975-2000

Case Household Housing capita Fuel efficiency of -
No. formation choices income prices new equipment New Existing (1018 joules)

1 Series A 1970 2.8%/yr Constant No No No 32.7 650
2 Series C 1970 30.3 bl/
3 Series A 1960-70 31.7 636
4 Series C 2.8%/yr 29.4 604
5 2.1%/yrx Constant 28.4 595
6 Low growth 25.2 563
7 High growth No . 24,1 543
8 ' Yes: to 1980 21.6 507
9 Yes: to 2000 No 20.1 494
10 ‘No Yes No 23.4 533
11 No No Yas 23.9 535
12 Series C 1960-70 2.1%/yr High growth Yes: to 2000 Yes Yes 19.3 478




HIGH FORECAST

The starting point for our exploration of alternative forecasts is
a set of assumptions that yields a high growth in energy use to the year
2000. We assume that household formation will occur accérding to the
Bureau bf the Census seriés A (high) forecast,” shown in Fig. 3.

We assume that the distribution of housing choices (single-family,
-multi-family,’trailers) by age of household head remains constant at the
1970 distribution,® also shown in Fig. 3: 69% single—fémily, 287 multi-
family, 3% trailer. Real per capita income is assumed to grow at an
average annual rate of 2.8% between 1975 and 2000. Residential fuel
prices are held constant at their 1975 values. Finally, no improvements
in technical‘efficiency of new residential equipment or thermal integrity
of residential structures are postulated.

Figu;e 4 shows forecasts of electricity, gas, oil and total house-
hold fuel use produced by our simulation model (run 1) using the inputs
discussed above.* Total energy use grows from 17.7 GGJ (1018 joules) in
1975 to 32.7 GGJ in 2000, with an average annual growth rate of 2.5%.
Electricity use grows more rapidly at 3.87%/year, while gas and oil grow
more slowly at 1.8% and 0.4%, respectively.Jr Because of differences in
growth rates, the percentage of fuel provided by electricity grows ffom
43% in 1975 to 59% in 2000. Comparable figures for gas are 347 and 29%,

for o0il 19% and 11%, and for other fuels 47 and 17%.

*
The low forecast shown in Fig. 4 (run 12) is discussed later.

+Our energy demand model assumes implicitly that energy supplies are
always available at the exogeneously-specified prices.
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The distribution of fuel by end use changes slightly over time:
the percentagés éf Eotal fuel used for space heating and water heating
decline slightly, while the perce;tage used for air conditioning grows
from 7% in 1975 to 11% in 2000.

The model shows a growth in fuel use of 2.5%/year, compared with
the historical rate of 3.6%/year between 1950 and 1975. Table 3 shows
differences in historical and forecast growth rates for several vari-
ables,1’7’8 and Fig. 5 shows estimates of the factors that yield lower

"growth in the forecast period than in the historical period.

Table 3. Comparison of Residential Energy Trends and Determinants

Average annual growth rate (%)

1950~1975 1975-2000
Population 1.4 1.0
Households 2.0 1.7
Per capita income 2.3 2.8
Total income 3.7 3.8
Electricity 7.3 3.8
Gas 5.4 1.8
0il 2.3 0.4
Total residential fuel use 3.6 2.5

Changes in household growth account for about one-fourth of the

difference in fuel use growth rates.

We assumed that fuel prices remain at their 1975 levels (in constant

dollars) to the year 2000. However,Abetween 1950 and the early 1970s,
electricity prices declined one-third and gas and oil prices each de-
clined 5%; see Fig. 2. Overall, household energy prices declined about

15% between 1950 and the early 1970s. This change in fuel price trends
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(from'deciines to constancy) accounts for roughly one-third of the
difference in fuel use growth between the two periods.

Finally, the forecast assumes that no new residential energy uses
will be introduced during the next 25 years. However, during the past
25 years, energy use for air conditioning and refrigeration grew dra-
matically. Growth in air conditioning energy use was primarily due to
increasing market penetration: fewer than 1% of households had air
conditioning in 1950 while 50% had air conditioning in 1974.% For
refrigeration, electricity use grew because of shifts from émall manual-
defr&st units to large automatic-defrost units.? Largely because Qf
these two growth markets, the relative growth of electricity compared
with overali household fuel use was higher in the historical period
(2.0%/year) than in the forecast period (1.5%/year). These changes in
equipment ownership account for the remainder of the difference between

historical and forecast growth rates.

. DEMOGRAPHIC CHANGES

Using the forecast discussed above as a reference, we next evaluate
the impacts of changes in household growth and housing choices, shown in
Fig. 3. Household formation grows at an average annual rate of 1.4% in
the Census series C forecast, compared with 1.77% in the series A fore-

cast.”

This discussion and Fig. 5 imply an accuracy that is unwarranted by
either our understanding of historical data or the validity of our
model.
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Reducing household growth from series A to series C slows energy
growth from 2.5%/year to 2.2%/yeér, as shown in Table 4. The reduction
in household fuel use in run 2 corresponds exactly with the reduction in
household formation. The distributions of energy use by fuel and by end

use are unchanged by the change in household growth.

Table 4. Residential Energy Impacts of Demographic Changes

, Energy use (1018 joules) Average
Run Description annual
No. 1980 1990 2000 Cumulative growth.

1975-2000 rate (%)

1 Series A, 1970 housing

choices 20.16 26.67 32.69 649.6 2.48%
2 Series C, 1970 housing
choices . 19.72 25.01 30.28 617.4 2.187%
Savings re #1 C2.27 6.2% 7.47% 5.0%
3 Series A, 60-70 trends 19.94 26.03 31.69 635.8 2.37%
Savings re #1 1.1%  2.4%  3.1% 2.1%
4 Series C, 60-70 trends 19.50 24,42 29.35 604.4 2.07%
' Savings re #1 3.3% 8.4% 10.2% 7.0% '

In the high forecast (run 1) We assumed that housing choices as.
functions of age of household head would remain constant at their 1970
values. In run 3 we assume that housing choices change along an extrap-
olation of the 1960-1970 trends.® The consequent distribution of house-
holds by housing type is shown in Fig. 3: the percentage of households
in single-family uni;s in 2000 declines from 69% in run 1 to 61% in
run 3.

Table 4 shows how the energy impacts of the shift in housing choice

increase over time, growing to 37 of the run 1 fuel use in 2000. The
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distribution of energy by fuel is essentially the same in run 3 as in
run 1. However, there is a change in the distribution by end use. The
shift to multi-family and trailer housing, with their smaller space
heating and cooling demands per unit, reduces energy use for these two
functions. In the year 2000, energy uses for space heating and air
conditioning are 5% less in run 3 than in run 1. Energy for all other
end uses is unchanged.

Table 4 also shows the energy impacts of changing both household
growth and housing choices. In run 4 household formation grows according
to the series C forecast and housing choices occur along the extrapo-
lation of 1960-1970 trends; Energy savings grow from 3% in 1980 to 10%

in 2000.

INCOME CHANGES

The four runs discussed so far assume groﬁth in real per capita
income from 1975 through 2000 of 2.8%/year. This yields an increase in
total income (population x per capita income) consistent with historical
growth (Table 3). . .

However, some economic forecasts suggest a slower growth in income
for the coming decades. For example, a recent Data Resources macro-
economic forecast!0 has a growth in per capita income of 2.1%/year
between 1974 and 1990.

To evaluate the impacts on energy use of slower growth in income,
we use run 4 as a reference and reduce per capita income growth from'2.8

to 2.1%/year. This reduces per capita income in 2000 from $11,600 to
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! %
$9,800; both considerably higher than the 1975 level of $5,800. Growth
in energy use is reduced from 2.1 to 1.9%/year (Table 5). The energy
savings due to slower income growth increase from 0.57 in 1980 to 3.1%

in 2000.

Table 5. Residential Energy Impacts of Income Changes

Energy use (lO18 joules)’ Average
Run Description annual
No. 1980 1990 2000 Cumulative growth
1975-2000 rate (%)

4 Series C, 60-70

trends, 2.8%/yr 19.50 24,42 29.35 604.4 2.07%
5 2.1%/yrx 19.41 24,00 28.43 594.9 1.94%
Savings re #4 0.5% 1.7% 3.1% 1.6%

The present version of our model underestimates tﬁe energy impacts
of income changes because it allows only for changes in equipment usage,
but not equipment ownership, in response to income changes. Thus the
changes in energy use described above should be considered lower bounds
on the effects of income changes on energy use. This underestimation
occurs because we assume that iﬁcome elasticities are the same for all

fuels and end uses. While this is surely incorrect, we were unable to

r————rt

*
These income figures are given in terms of 1975-§.
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*
find consistent and reliable estimates for these income elasticities.

Because of this assumed uniformity of elasticities, changes in income do

not induce shifts in fuel choice.

FUEL PRICE CHANGES

The changes considered so far — in household formation, housing
choiceé, and incoﬁe growth — are generally not considered part-of the
nation's energy policy deliberations. The following discussions, and
the computer results on which they are baséd, deal with energy policies
and programs of FEA, ERDA, and the Congress.

One powerful tool for slowing energy growth is to increase fuel
prices. Proponents argue that prices are now too low because they do
not include various social costs associated with energy extraction,
production, and use: adverse environmental impacts such as air poilution
from power plants and refineries, cxtreme reliance on foreign nations
for energy imports, inter-generational considerations (e.g., energy
scarcities), etc. Proponents also feel that enefgy taxes are easy to
administer, effective, and relatively benign because they allow consumers
maximum choice in terms of equipment ownership and use.

Opponents argue that the economic burden of higher energy prices

on low-income families would be excessive, that demand for energy is

A forthcoming ORNL report11 describes cross-section models we con-
structed for space heating, water heating, cooking, air conditioning,
and food freezing that do include estimates of income elasticities.
These new models are presently being incorporated into our overall
simulation model.
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relatively insensitive to price changes, and that economic growth would
be adversely affected by higher energy-prices.

We examined fuel price projectons from a number'of sources and ‘
ultimately selected two sets of trajectories produced by Anderson's
energy supply-demand model;12 see Fig. 6. The low price series yields
prices in the year 2b00 that are nearly 50% higher for electricity and
gas and 107 higher for oil than 1975 prices. The high price series
‘'yields prices in 2000 that are about 607% higher for electricity and gas
and 35% higher for oil than 1975 prices.*

Households can respond to fuel price increases in three ways.
Initiaily they can change the manner in which they operate existing
stocks of equipment and strudturesb(e.g., lower thermostats in winter).
When equipment wears out, they can switch fuels (e.g., replace an elec-
tric water heater with a gas wate; heater), choose a more efficient unit
(é.g., replace an inefficient air conditioner with a more efficient
one)., or both.

The present version of our residential energy model properly evai—
uates the first two types of responses to fuel price increases: .usage
changes and fuel switching. However, the model cannot endogenously

estimate changes in equipment efficiencies; these efficiencies must be

It is not clear whether Anderson's fuel price projections assume natural
gas deregulation and/or oil price decontrol. However, his gas and oil
prices are much lower than those produced by the Brookhaven National
Laboratory energy system optimization model or the FEA PIES model.
Using either the FEA or BNL price trajectories would yield lower energy
growth and greater shifts from oil and gas to electricity. Also, Fig. 6
shows that differences between Anderson's two price trajectories are
minor — roughly a 157% difference in the year 2000.
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.exogenously specified. Because of this limitation, the energy saviﬂg
impacts of fuel price increages are understated.

N The impacts of increasing fuel prices from their constant 1975
values (run 5) to Anderson's low price series (run 6) and Anderson's
high price series (run 7) are shown in Table 6. If prices increase
according to Anderson's low price trajectories, residential energy use
in the year 2000 would be 11% less than otherwise. Increasing prices

still further to the high price series would reduce energy use an

additional 4%.

Table 6. Residential Energy Impacts of Fuel Price Changes

Energy use (10!8 joules) Average
Run Description . annual
No. Cumulative growth
- 1980 1990 2000 1975-2000 rate (%)
5 Constant prices 19.41 24.00 28.43 594.9 1.94%
6 Low growth 19.21  22.61  25.22 562.9 1.45%
Savings re #5 1.0% 5.84 11.3% 5.4%
3 7 High growth 18.64 21.66 24.11 542.6 1.27%
Savings re {5 4.07% 9.8%2 15.2% 8.87%

Because the changes in fuel prices and assumed elasticities differ
from one fuel to another, the price increases change the distribution of
energy use by fuel. Electricity's share of the total grows more slowly
with Anderson's fuel prices than with constant prices; the shares
accounted for by gas and oil decline more slowly with Anderson prices.
Distributions for the year 2000 are compared with the actual 1975 dis-

tribution below:
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Fuel use
distribution in 2000
in run number:

1975 5 6 7
Electricity 437% 607 56% . 567%
Gas 34 28 29 30
0il 19 11 14 13
Other 4 1 1 1

TECHNOLOGICAL CHANGES

Equipment Efficiency Improvements

As part of its responsibilities under the Energy Policy and Con-
servaﬁion act,3 FEA is administering thé federal'appliénce efficiency
program. FEA's initial targets for improvements in appliance energy
efficiency form the basis for the values shown in Table 7.!3 1In addi-
tion to the 1980 targets, we show continued improvements in appliance
and equipment performance to the year 2000. New equipment efficiencies
are higher in 1980, on average, by about 25% relative to 1970-75 values.
In the year 2000, the average efficiency increase is about 40%.

As an example of the changes required to meet such standards,
consider residential water heaters. The table below shows the impacts
on annual energy use due to factory reduction in thermostat setting,
increaée in insulation thickness on the heater jacket, and reduction in

pilot light size for gas water heaters: 1%
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Percent reduction in annual
energy requirement

Electric Gas
Reduce thermostat setting
by 11°C 16% 15%
plus
Add 5 cm of extra
insulation to jacket ‘ 67 13%
plus
Reduce size of pilot light
from 790 to 370 kJ/hr - 8%
Total reduction in energy
use 22% 36%

The schedule of efficiency changes in Table 7 requires gas and electric
water heaters to meet thé performance achieved by the changes shown
above some time during tﬂe 1990s. Similar exercises could be carried
out for each fuel/end use combination to evaluate the design changes
that might be used to meet the goals of Table 7.*

A comparison of runs 8 and 7 (Table 8) shows the impacts of im-
proving appliance and equipment efficiencies between 1976 and 1980 and
then holding efficiencies at their 1980 levels to thé year 2000. A

comparison of runs 9 and 7 shows the impacts of continuing to improve

*The efficiency changes evaluated here and shown in Table 7 generally
have cost, as well as, energy efficiency, impacts. Design changes in
equipment, appliances, and structures to improve energy efficiency will
generally increase capital costs. These cost impacts are not evaluated
here because the present version of our energy model cannot deal ex-
plicitly with capital costs. We assume, implicitly, that the equipment
efficiency and thermal performance standards evaluated in this report
are cost-effective, We are completing development of an improved
version of the ORNL residential energy use simulation model that is
explicitly sensitive to both operating (fuel) and capital costs.
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Table 7. Assumed Improvements in Energy Requirements for New
Equipment and Thermal Loads.for New Structures

(1970 = 1.0)
1975 1980 1990 . 2000

Space heating equipment

Electric 1.0 0.95 0.90 0.85

Gas 1.0 0.80 0.70 0.65

0il 1.0 0.80 0.70 0.65
Water heating equipment }

Electric 1.0 0.89 0.80 0.75

Gas 1.0 0.74 0.66 0.60

0il 1.0 0.74 0.66 0.60
Refrigerators 1.0 0.68 0.60 0.50
Cooking equipment

Electric 1.0 0.83 0.75 0.70

Gas : 1.0 0.67 0.60 0.50
Air conditioning equipment 1.0 0.80 0.70 0.65
Other equipment 1.0 0.90 0.80 0.75
Single-family units

Space heating 1.0 0.89 0.89 0.89

Air conditioning 1.0 0.70 0.70 0.70
Apartments

Space heating 1.0 0.54 0.54 0.54

Air conditioning 1.0 0.45 0.45 0.45
Trailers

Space heating 1.0 1.0 1.0 1.0

Air conditioning 1.0 1.0 1.0 1.0

Sources: refs. 13, 14, and author's assumptions for space heating
equipment.
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efficiencies beyond 1980. The-energy savings with either schedule of
efficiency improvements are considerable: 107 and 177 in the year 2000.
Continued improvement in equipment efficiencies beyond 1980 yields:

significant energy savings by the year 2000. The cumulative energy

savings between 1975 and 2000 is increased by a third (to 49 GGJ) in

going from run 8 to rumn 9.

Table 8. Residential Energy Impacts of Equipment Efficiency
and Thermal Integrity Improvements

Energy use (10!8 joules) Average
Run Nescription a annual
No. e Cumulative growth
1980 1990 2000 1975 2000  rate (%)
No efficiency changes 18.64 21.66  24.11 '542.6 1.27%
8 Efficiency increases
to 1980 18.07 19.92  21.60 506.6 0.82%
Savings re {7 3.1% 8.0Z2 10.47% 6.6%
9 Efficiency increases ,
to 2000 18.07 19.42  20.12 494.1 0.54%
Savings re #7 3.1%7 10.3% 16.5% 8.9%
10 New construction
standards 18,49 21.20 23.39 532.8 1.15%
Savings re {#7 0.8% 2.1% 3.0% 1.8%
11 Retrofit program, )
1976-1985 18.32 21.32 23.86 534.9 1.23%
Savings re {7 1.8% 1.6% 1.0% . 1.4%
12 Equibment improvements
to 2000, new con-
struction standards, .
retrofit program 17.60 18.71 - 19.31 478.0 0.38%
Savings re #7 5.6z 13.6% 19.9% 11.9%

The distribution of residential energy by fuel type does not change
at all in response to these efficiency improvements. This is surprising
because the improvements shown in Table 7 are greater for gas and oil
equipment than for electric equipment; thus one would expect .the sévings
in gas and oil to be relatively larger than those for electricity.

However, because the operating costs of new gas.and oil units are
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reduced, the model forecasts some fuel switching. That is, some house-
holds that formerly used electricity for a particular end use, will
shift to gas.and 0oil because of the efficiency improvements. Thus, some
of the gas and oil savings are lost because of fuel switching.

Also, household usage of fuels will increase because energy effi-
ciency of new equipment increases (and operating costs dgcline). For
example, households with efficient water heaters will take longer showers
than they otherwise would. These usage changes are greater with gas and
0il equipment than with electric equipment because of the greater effi-

ciency' improvements for gas and oil units.

t

Thermal Integrity Improvements

As noted earlier, ASHRAE recently developed a set of thermal stan-
dards for design of new residential and commercial structures.“ An
evaluation of these standards by the A. D. Little Company“ showed that
space heating energy requirements for new single-family units would be
reduced 117 nationwide, compared with typical 1973 construction practices.
Comparable savings for low-rise apartment buildings are 467%. Energy
savings for air conditioning are 307 for single-family units and 55% for
apartment buildings. No energy savings were estimated for mobile homes.

According to ADL, the increase in cost for tighter construction,
additional insulation, and storm windows and doors was almost exactly
offset by reduced cost for smaller HVAC equipment. Thus the net impact
of these standafds on initial cost is negligible.

Space heating energy savings much higher than those estimated with
the ASHRAE standards for single-family units can be achieved in a cost-

effective manner. For example, the Arkansas Power & Light Energy Saving .
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15 shows typical space heating savings relative to conven-

Home Program
tional construction of 65% (compared with ADL's estimate bf 117 .for the
ASHRAE standards). Because the ASHRAE standards are so weak for single-
family units, thé energy saving impacts estimated here are much lower
than could be achieved with standards that minimize life-cycle costs
rather than maintain initial costs.

In run 10, we assume that the ASHRAE 90-75 standards are fully
implemented by 1980 (Table 7) using the unit energy reductions estimated
by ADL. The energy impacts of applying these standards to all new
single-family and multi-family construction are shown in Table 8.
Aggregate energy savings, relative to run 7, increase from 0.8% in 1980
to 3.0% in 2000. The energy savings are split roughly 50:50 between
space heating and air conditioning.

At first glance, these savings are much less than one would expect
from a vigorous program to improve'thermal integrity of new construction.
In part, the national savings are small because of the slighf impact on
single—-family units, which account for half of new residential construc-
tion between 1980 and 2000.

Also, conventional housing units last a long time: typically less
than 17 of the existing stock of occupied housing units is scrapped each
year. The inputs on household formation and housing choices used in
these runs yield an addition of 17 million single-family and 11 million
multi-family units between 1980 and 2000. Thus, only 28% of the nation's
stock of occupied housing units in the year 2000 ig affected by these

standards.
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Another reason for the small impact of these standards relates to
the end uses affected. Space heating and air conditioning together
accounit for about 65% of total household fuel use. Combining the effects
of long lifetimes for the housing.stock and the applicability of the
standards to only two end uses shows that more than 807% of the household
energy use in 2000 is completely unaffected by the standards.

A éomplementary program to adoption of new construction standards
is to retrofit existing housing units with additional attic insulation,
weatherstripping and caulking, and storm windows and doors. In run 11
we implement a program so that each year from 1976 to 1985, 7% of the
remaining* stocks of single-family and multi-family units constructed
‘before 1974 are retrofitted. The improvements due to this program. are
assumed to be the game as those due to adoption of ASHRAE 90-75 on new
units. (The criticism of the ASHRAE standards for single-family units,
discussed earlier for new construction, applies here for retrofits: the
standards are much weaker than could be applied.)

This retrofit program affects approximately 20 million single-
family units and 10 million multi-family units during the 1976-1985

‘decade. In 1985, when the program is terminated, more than a third of
the occupied stock of single- and multi-family housing has been affected

by the program.

*The program is applied each year to 7% of the pre-1974 housing units
that have not yet been scrapped and not yet been retrofitted. Thus
the pool of eligible housing units declines each year by 8% (77 + 1%
due to scrappage of housing units).
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A comparison of the outputs from runs 7 and 11 shows how the energy
savings increase while the program is in effect and then slowly decay
after the‘programzis terminated.- The energy savings increase from 1.47%
in 1978 to 2.3% in 1985, and then decline slowly to 1.0% in 2000 (Table 8).
The cumulative energy savings for this program are nearly the same as
those for the new construction standards. However, the dynamics of the
two programs are quite different. As Table 8 shows, the retrofit program
has large savings quickly but the savings decline after the program ends
and retrofitted houses are slowly. scrapped. Implementation of thermal
standards for new construction,'on the other hand, yields only small
energy savings initially. However, by the year 2000, when a significant
fraction of the stock of housing units has been affected by the standards,

the energy savings are substantial.

Equipment and Structural Improvements

Run 12 (Table 8 and Fig. 4) shows the impacts on energy usé, rel-
ative to run 7, of implementing the equipment efficiency schedule of
run 9, the new construction standards of run 10, énd the retrofit program
of run 11. Implementing these three technical improvement pfograms
N i

reduces energy use growth from 1.3%/year to 0.4%/year. Energy use in

the year 2000 is cut by 20%, a savings of 4.8 GGJ.

INTERPRETATION OF RESULTS

Twelve different. computer runs were discussed in this report; see
Table 2. Growth rates in residential energy use between 1975 and 2000

range from 2.5%/year (run 1) to 0.4%/year (run 12); cumulative energy
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use for the 1975-2000 period is 650 GGJ in run 1 and 478 GGJ in run 12,
Figure 4 shows‘forecasts of electricity, gas, and oil use for runs 1 and
12.

Table 9 shows the influence of the demographic, economic, and
technological factors on differences between runs 1 and 12. The dynamics
of residential energy use are such that the fractional energy savings
increase over time. Energy use in run 12 is 41% less in the year 2000
than in run 1; however, the cumulative energy reduction is only 267%.
Except for the retrofit standards, each factor listed in Table 9 has a

larger energy savings impact in the year 2000 than in earlier years.

Table 9. Contributions to Reduced Residential Energy Usea

Change in energy use (%)

Cumulative
2000 1975-2000
Slower household growth 15 17
Changes in housing choices , 6 7
Slower income growth 6 5
Higher fuel prices 31 30
Improved equipment efficiencies 34 ' 30
Increased thermal integrity:
New structures ) )
Existing structures 2 5
Overall energy savings (1018 J) 13.4 172
Overall energy savings as 7 of
run 1 417 26%

a . .
The percentages are based on contributions of each factor to energy use
reductions achieved in going from run 1 to run 12.

Demographic factors (household formation and housing choices)
account for 20-25% of the differences in energy use between runs 1 and

12. Economic factors (incomes and fuel prices) account for 35-40% of
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the differences. Tecﬁnical improvements in equipment and structures
accodnt for the remaining 40%;. Changes in fuel prices and improvements
in equipment efficiencies together account for almost two-thirds of the
differences.
Table 10 shows the impacts on energy use of the four specific
conservation strategies discussed here — higher fuel prices, improve-
-ments in efficiencies for new residential equipment, adoption of'tﬁermal
standards for new construction,.and implementation of a retrofit program.
The number; in Table 10 show the contributions of these four factors to

the energy reductions in going from run 6 to run 12.

Table 10. Energy Impacts of Residential Conservation Measures®

Change in energy use (%)

Cumulative -
2000 1975-2000

Higher fuel prices 18 23
Improved equipment efficiencies 66 . 57
New construction thermal

standards . ' 12 11
Retrofit existing structures 4
Overall energy savings (1018 J) 5.9 8.5
Overall energy savings as 7% of

run 6 ' . 23% 15%

a . . T
The percentages are based on contributions of each factor to energy use
reductions achieved in going from run 6 to run 12.

Increasing fuel prices from Anderson's low to his high price series
(increases in real prices in 2000 of 10-25%) accounts for 20-25% of the
decline in fuel use. The dynamics of response to fuel price. changes

is faster than for the other measures considered; this is shown by the
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' larger impact of fuel prices on cumulative energy use than on energy use

in the year 2000. This is so because much of the energy use reduction
in respomnse te a fuel price increase involves changes in household
behavior (usage of existing capital stocks) end is therefore not limited
by equipment lifetimes.

The present version of our model cannot evaluate changes in equip-
ment efficiencies or structural thermal integrities induced by higher
fuel prices. Therefore, the contribution of higher fuel prices to
energy conservation is understated in Table 10; correspondingly the
impacts of efficiency standards are overstated.

The improvements in equipment efficiencies shown in Table 7 are
responsible for'abodt 2/3 of the energy reduction in 2000, and for
almost 607% of the cumulative energy savings. Implementation of the
ASHRAE 90-75 standards (Table 7) accounts for slightly more than 10% of
the cumulative and year 2000 energy savings. For both new equipment
efficiency standards and new construction thermal standards, energy
savings increase over time. This is due to the dynamics of capital
stock ownership. Imerovements in efficiency occur slowly as old equip-
ment and structures are gradually scrapped and replaced with more
‘efficient units.

The dynamics of energy savings due to implementation of the retrofit
program (retrofitting 20 million single~family and 10 million multi-
"family units between 1976 and 1985) are just the opposite. As Table 10
shows, this program produces larger savings in the short-term than in

the long-term. Energy savings peak in the early 1980s; after 1985, when
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the program is stopped, the savings gradually decline. Overall, the
retrofit prog?am accounts for 5-10% of the energy reduction.

Together, these four measures reduce energy use in the year 2000 by
23% and cut cumulative energy use by 15%. Fue; price increases and new

equipment efficiency standards account for most of these savings.

CONCLUSIONS

A comprehénsive engineering-economic model of residential.energy
use developed at ORNL was used to evaluate the energy'iﬁpacts from 1975
to 2000 of changes in: household formation, housing choices, per capita
income, fuel prices, equipment efficiencies, and thermal integritiééhaf
new and existing residential buildings.. Twelve cases were rﬁn with the
model to determine the impacts on energy use of each factor, in isolation
and in combination with other determinants of fuel use. Major results
from'these runs are shown iﬁ Table 2; degails are provided in Tables 4-10.
What insights do these COmﬁu;erAruns and the consequent mass of
numbers provide Qith respect to future trends in residential energy use?

*
My conclusions are:

1. Residential energy use will grow more slowly during the fourth
quarter of the 20th Century than it did during the third quarter.

The highest torecast shows a growth of 2.5%/year, compared with a

*In addition to the conclusions concerning residential energy use during
the next 25 years, these runs suggest that the ORNL model performs well.
Responses of the model to exogenous changes (both individually and in
combination) agree with prior expectations; this increases our confidence
in results obtained with the model. :
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growth of 3.6%/year from 1950-75 (Fig. 4). Thus, energy use in the
year 2000 is almqét certain to be less than 33 GGJ, about double the
1975 value of residential energy use. Energy growth will be slower
than in the past because of slower growth in population and household
formation, changes in fuel price trends, and near saturation of
eqﬁipment ownership for the major residential energy end uses.*

The high .forecast discussed a?ove~is not a likely forecast because
it assumes that fuel prices will remain constant at their 1975
values, that household formation and personal income will increase
rapidly, and that the 1960-70 trend in housing choices (away from
singlé-family units) will not continue. A more likely forecast is
one tﬁat assumgsAslower'growth in household formation and incomes,
rising fuel priées, and a continuation of the 1960-70 trend'in
housing choices. Under these 'business as usual' assumptions,
energy use grows at l1l.5%/year (run 6), reaching a,level of 25 GGJ

in 2000, roughly 457 higher than the 1975 level of residential energy

*

Because the present version of our model does not adequately account
for the possibility of the introduction and adoption of new residen-
tial energy end uses, our high forecast may be somewhat low. My
judgment suggests that the impact of new end uses will be slight be-
tween now and the end of this century. '

-i.

Two deficiencies of the present version of our model should be men-

tioned. The first, discussed above, concerns the model's imperfect
ability to forecast ownership and use of energy-using equipment that
performs new residential functions. The second is the model's in-
ability to endogenously determine demand for equipment of different
efficiencies in response to fuel price changes. The model cannot
predict how consumers will respond to fuel price changes in terms of
their selection of new equipment with respect to its end-use effi-
ciency. Fortunately, these two factors tend to offset each other.
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use. This forecast suggests that energy use will grow at about half
its historical rate if no new government programs and policies are
implemented. Thus a great deal of energy will be 'conserved'" because
of projected changes in demographic conditions and increases in fuel
prices.

Implementation of energy conservation programs to raise fuel prices,
increase efficiency of new household equipment and improve thermal
integrity of both new and existing housing units can have significant
energy impacts. A vigorous conservation program (run 12) might yield
an average annual growth rate of only 0.4% between 1975 and 2000,

with an energy use in 2000 only 10% higher than 1975 energy use.

Implementation of these programs (run 12) would reduce energy

use in 2000 from the business as usual case (run 6) by almost 25%;
the reduction relative to the high case (run 1) is 407%. These con-
servation programs assume no lifestyle changes on the part of
American households; nor do they assume use of solar energy for any
hougehold functions. Thus, energy use in the year 2000 could be kept
at the present level with only slight lifestyle  changes, modest use
of solar energy, additional improvements in efficiencies of equipment
and structures, or combinations of the above.

Implementation of a program to increase efficiency of residential
equipment by 1980, as specified in the Energy Policy and Conservation
Act, can cut energy use in the year 2000 by at least 107 (run 8).
However, additional improvements after 1980 yield considerably
greater savings. Run 9 assumes that equipment efficiencies continue

to improve afler 1980, but at a slower rate; the energy savings in
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tﬁe year 2000 in run 9 are 60% greater than those from run 8. These
results suggest the need for additional research to furthér improve
energy efficiencies of household equipment, and the need for programs
to ensure that manufacturers produce and consumers purchase increas-
ingly efficient household equipment.

Programs to improve thermal integrity of residential structures cani
also provide significant energy savings during the next 25 years.
However, the estimated savings (runs 10 and 11) for thermal improve-
ment programs are much less than for programs affecting residential
equipment and appliances — only about one-third as great. The energy
savings estimated for these ASHRAE-based thermal improvement programs
are much less than could be achieved for single-family units. A
tougﬁ, but economically-efficient, set of thermal étandafds for new
and existing residential units could yield savings comparable to
those for the equipment efficiency programs. The different dynamics
of retrofit and new construction programs suggest the desirability

of implementing both. A coﬁbined program would yield short-term
savings due to retrofits and long-term savings due to new construc-

tion standards.
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