Lawrence Berkeley National Laboratory
Recent Work

Title
THE ENERGY EFFICIENCY OF CALIFORNIA BUILDINGS: TECHNICAL POTENTIAL AND PROGRESS

Permalink
https://escholarship.org/uc/item/60k1d143

Author
Harris, ).P.

Publication Date
1983-05-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/60k1d143
https://escholarship.org
http://www.cdlib.org/

LBL-16086

RPN

@ Lawrence Berkeley La[b@m@ry

UNIVERSITY OF CALIFORNIA e

- v TRy
: e T
APPLIED SCIENCE v
. DIVISION
_ k“”ON
Presented at the Franco-Californian Symposium on
the Management of Energy in Residential and
Commercial Sectors, Sophia-Antipolis, France,
May 16-19, 1983
THE ENERGY EFFICIENCY OF CALIFORNIA BUILDINGS:
TECHNICAL POTENTIAL AND PROGRESS
J.P. Harris - :
| * OPY
May 1983 TWO-WEEK LOAN C
This is a Library Circulating Copy %
L i which may | be borrowed for two weeks_
\ ¥ .

APPLIED SCIENCE
DIVISION

Pkepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098

~— -7

NRO) | =17



[y

DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



O

-

LBL-16086

Presented at the Franco-Californian Symposium on the Management of
Energy in Residential & Commercial Sectors in Sophia—-Antipolis, France,
May 16-19, 1983.

THE ENERGY EFFICIENCY OF CALIFORNIA BUILDINGS:

TECHNICAL POTENTIAL AND PROGRESS

Jeffrey P. Harris

Energy Efficient Buildings Program
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

May 1983

The work described in this report was funded by the Assistant Secretary
for Conservation and Renewable Energy, Office of Building Energy
Research and Development, Buildings Systems Division of the U.S. Depart-
ment of Energy under Contract No. DE-AC03-76SF00098.



o

THE ENERGY EFFICIENCY OF CALIFORNIA BUILDINGS:

TECHNICAL POTENTIAL AND PROGRESS

Jeffrey P. Harris
Buildings Energy Data Group
Energy~Efficient Buildings Program, 90-H
Lawrence Berkeley Laboratory
Berkeley, California 94720
(415) 486-4362

Abstract

Estimates of the technical potential
for improved energy efficiency in U.S.
buildings range up to 50% of current or
projected consumption; this is compar-
able to estimated potential in French
buildings. Several "conservation
potential” studies in California show
varying estimates of savings, but gen-
erally 1less than 507%. Targets for
"achievable" conservation in Califor-
nia, used in forecasting future energy
demand and planning conservation pro-
grams, are even lower. Still, they
represent potential savings of hundreds

of millions of dollars in fuel costs

and utility capital investments.

It is difficult to find hard data on
how much of this conservation potential
in California has actually been real-
ized. Most reports are based on judg-
mental estimates or computer models,
rather than measured data. Some meas~
ured results are available from other
states. The Buildings Energy Use Com=—
pilation and Analysis (BECA) data base
at Lawrence Berkeley Laboratory now has
data from several thousand new and
retrofitted buildings. These data are
summarized, and compared to building
trends and conservation targets in both
California and France.

The work described in this report was
funded by the Assistant Secretary for
Conservation and Renewable Energy, Of-
fice of Buildings and Community Sys-
tems, Buildings Division of the U.S.
Department of Energy under Contract No.
DE-AC03-76SF00098.

“efficient

The data show that cost-effective con-
servation has been widely demonstrated
in both new and retrofitted buildings.
Yet today’s conservation practice has
still not achieved the level of savings
justified by current technology and
energy prices. For the U.S., the most
new homes and commercial
buildings use only about"1/3 to 1/2 of
the energy required by typical con-
struction of a few years ago. Median
savings from retrofitting existing
buildings are 20-25%. For California
buildings we can not draw such conclu-
sions from the available data.

By comparing conservation potentials
and savings actually achieved we can
identify areas needing more effort.
Even among new buildings and appliances
that meet California’s strict stan-
dards, there is a range of efficiencies
on the market. This suggests that
further savings are possible from non-
regulatory approaches (labeling, incen-
tives) and more emphasis on research
and product development.

The data show large variations both in
energy savings (percent and absolute)
and in costs per unit of energy saved.
The reasons for this variation are not
yet well understood. Also, predicted
savings often differ from actual sav-
ings, especially for individual build-

"ings. This points to a need for

improved models, better quality data,
and more effective feedback to building
designers, energy managers, and
policy-makers on conservation results
in actual buildings.



Introduction

For nearly ten years,
state and local governments, along with
utilities and business firms, have
actively encouraged energy efficiency
improvements and increased use of
renewable energy sources (solar and
geothermal heat, wind-generated elec-
tricity, and fuel obtained from urban
or agricultural wastes). Residential
and commercial buildings, although
accounting for only about one-third of
all energy use, have so far received
the most emphasis in energy conserva-
tion programs. This may be because of
historically high growth rates in both
floorspace and - building energy use.
Also, compared with industrial
processes, energy use in buildings is
considered easier to analyze and regu-
late. In contrast to new automobiles,
the energy efficiency of buildings is
not regulated at the federal level, and
is presumably slower to improve as a
result of market forces and normal
stock replacement.

This paper summarizes several studies
of technical opportunities for conser-
vation (including use of solar energy)
in California buildings. We then exam-
ine the evidence on how much conserva-
tion has actually been achieved, and
conclude with some comments on remain-
ing conservation opportunities and the
need for better data.

Background Data

To put the next sections in perspec—
tive, we will briefly compare energy
use patterns in California and France,
based on published data.! 1In 1981,
California’s 8.6 M households wused a
total of 1.08 quads (101 Btu) of
resource energy (1130 PJ, or 130
GJ/household). French data for
residential energy use a year earlier

in 1980, shows 41,2 Mtep (1 Mtep = 106
tonnes equivalent petrole) of resource
energy (1725 PJ) for 19.1 M households,
or about 90 GJ/household. Reasons why
the average French household uses only

California’s .

two—~thirds as much energy as a Califor-
nia household include the smaller aver-
age floorspace and greater prevalence
of multi-family residences in France,
lower heating season temperatures (17.8
- 19.5 oC), and somewhat lower appli-
ance saturations.

Average annual centigrade heating
degree-days (base 18.3°C) in California
range widely, from 550 HDD (1000 ©°F-
HDD, base 65°F) in the Mo jave Desert to
4550 HDD (8200 °F-HDD) at Lake Tahoe.
The two biggest population centers are
Los Angeles, with about 1100 °C-HDD and
San Francisco, with about 1650. Since
Paris, for comparison, has about 2950
Oc-HDD annually, on a population—
weighted basis the French climate is
significantly cooler than California’s.

California commercial buildings, with
an estimated 322 M mz, used about 0.82
resource quads (865 PJ) in 1981, while
1180 M m? of French commercial build-
ings (1979-80) used 19.9 Mtep (833 PJ).
This means that the average California
commercial buyilding, at about 2.7
resource GJ/mz, is almost four times as
energy-intensive as the typical French
building, at 0.7 GJ/m2.

Part of this difference, however, is
due to accounting for energy in
resource units, combined with the
greater use of electricity in Califor-
nia commercial buildings (where over
two-thirds of resource energy is elec-
tricity, VS. about one—-third in
France). The remaining difference is
probably due to the prevalence of air
conditioning and higher lighting levels
in California buildings, less efficient
building shells and equipment, and dif-
rerent hours of operation.

Average energy prices for the residen-
tial and commercial sector in Califor-
nia (1981) and France (1980) are shown
in Table 1. Comparisons should be made
with caution, however, since tax levels
differ, and the tables do not reflect
energy rate structures (time-of-use,
peak demand charges, or multiple

fvnd
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tiers).

The factors noted above should be kept
in mind when comparing conservation
potentials or accomplishments in Cali-
fornia and France.

California’g_Conservation Efforts

"in California buildings.

There are no readily available esti-
mates of how much money is invested
each year to improve energy efficiency
It is even
difficult to define the baseline from
which these "additional investments"
should be counted. For  example, does
one include all construction costs
related to the State’s Title 24 build-
ing energy code, or only the cost of
features that exceed the code require-
ments? A second example: how efficient
(and how expensive) is the theoretical
"average refrigerator" that would have
been sold in California in the absence
of appliance standards?

Despite these difficulties, I will risk
an estimate that: (1) government and
utility expenditures for conservation
and solar use in California buildings
are over $400 million per year (about
two-thirds from utilities), and (2)
additional private spending by house-
holds and businesses is at least $700 M
annuallyz. To put these sums in per-
spective, Californians spend approxi-
mately $9.2 billion per year on energy
(fuel and electricity) for buildings”,
and total personal income in California
was about $265 B in 1981,

Is this substantial investment--over $1
billion/year--a '"success" or not? The
answer depends on whether current
efforts are compared with the extremely
wasteful energy practices of the past,
or with the identified technical poten-
tial. Also, to objectively judge the
success of California’s conservation
efforts requires a carefully documented
data base—-little of which now exists.

"How much has energy demand

From an aggregate point of view, at
least, California’s "alternative energy
path" appears to be successful. Total
annual growth in electricity demand for
California buildings was 5-7% prior to
the 1974 Arab oil embargo, but future
growth from 1980 to 2000 is now pro-
jected by the Energy Commission at less
than 2% per year. Even including new
construction, residential electricity
use has actually declined by about 10%
over the past five years, while commer-
cial use has increased only slightly.
According to Energy Commission projec-—
tions, residential and commercial
natural gas demand will stay constant
or even decline slightly over the next
twenty years despite 1.5 % annual
growth rates in the building stock.

But what do these aggregate demand
trends mean for individual buildings?
growth
slowed because of improved technical
efficiency, rather than better manage-
ment of buildings or reductions in com—
fort, amenity, or other energy-related
services? And how do energy savings
achieved to date compare to the poten—
vial savings that might still be
achieved (at a cost per unit saved
lower than the cost of purchased
energy)?

Unfortunately, many of the data to
answer these questions for California
do not exist, Most studies have had to
rely on computer model results or
"informed guesses." For example, at
present there are no measured data
(even at the level of monthly utility
bills) on the performance of typical
new homes or commercial buildings that
meet the Title 24 building code. Also,
despite the hundreds of millions of
dollars spent each year to retrofit
homes and commercial buildings, data on
actual energy savings are only now
beginning to be collected and
analyzed.” Appliances and water heaters
sold in California must be certified to
meet minimum standards of efficiency,
but there has been no effort to see how
test results compare to efficiency in



actual use. As part of a large utility
demonstration project, a few such meas-
urements are beginning to be made for
solar water heating systems.

As indicated below, in many cases it
seems easier to find '"hard" data on
energy savings and cost-effectiveness
of conservation from other states,
despite California’s widely perceived
leadership 1in energy conservation pol-
icy. Paradoxically, this may be
because energy efficiency and renewable
resources in California have been so
widely accepted among consumers, utili-
ties, and political leaders that there
has been too 1little insistence on
well-documented evidence of results.

Efficient

Technical Potential for

Buildings

If data on actual results are scarce,
there 1is no lack of studies of conser-
vation potential. One report analyzed
the potential for improved efficiency
and renewable energy use in_ all U.S.
buildings by the year 2000.7 Compared
to a baseline projection’ that antici-
pated buildings energy use increasing
trom about 27 quads of resource energy
(28.5 EJ) today to 34 quads in 2000,
the study found that a 50 % reduction
in that year 2000 estimate was techni-
cally and economically feasible (see
Figure 1). This target for the year
2000 also represents an absolute reduc-
tion of about one-~third below today’s
energy use in buildings, despite annual
additions to the building stock of
almost 2 7%Z and an assumed 2.5 %
(constant-dollar) annual growth in GNP.

Over two-thirds of the potential sav-
ings in the year 2000 would be in elec-
tricity use: a reduction of 11.4
resource  quads (12 EJ), or the
equivalent output of about 228
baseload, 1000 MW, powerplants.

Lawrence Berkeley Laboratory prepared a
similar detailed study of technical
opportunities for conservation in thg
existing stock of California homes.

This study identified a potential to
save about 35 7 of today’s residential
gas use and 22 7% of electricity use
(see Figure 2).

A  non-profit environmental group
recently completed an extensive, well-
documented analysis of conservation and
renewab%e energy opportunities in Cali-
fornia.” The study recommended aggres-

sive actions, by state and 1local

governments and utility companies, to
achieve a 1995 scenario of almost no
growth in commercial and tesidential
gas use, and growth of only 0.6 % per
year in electricity use (almost all in
commercial  buildings). This slow
growth in energy demand was projected
despite net annual additions to the
building stock of 2.4 7% (residential)
and 2.6 % (commercial).

In response to requirements by the Cal-
ifornia Public Utilities Commission,
the four large regulated wutilities in
California have each conducted detailed
studies of technical potential for
energy conservation in their service
areas, and used the results to set
goals for their programs. Comparisons
among these utility studies is diffi-
cult, due to different assumptions
about baseline growth in energy demand,
some differences 1in the criteria for
estimating conservation potential and
goals, and varying approaches to fuel
substitution between gas and electri-
city.

With these cautions in mind, here are
examples of the savings shown in the
utility studies:

o Between 1980 and 2000, there 1is a
~ potential to reduce average elec-
tricity use per household (for all
purposes) by 12-17 %, and average
commercial electricity use per
square meter by 15-35 %Z.

o The PG&E study finds that, by the
year 2000, space heating and cool-

" ing energy for the average existing
1975 home could potentially be



" much conservation is

reduced by 30 %, while savings in
new homes could be as much as 63 %.

o The So. California Gas Co. study

- projects a potential reduction of

" 55 %, by the year 2000, between the

baseline ("no conservation") fore-

cast and the "maximum conservation'

forecast for both residential and
commercial buildings.

o The SCE conservation goals for 1987
call for achieving 50 Z of the max-
imum potential savings in commer-
cial building electricity use; this
would mean an average annual demand
growth of 1.7 7, compared with
about 3 7 growth in floorspace.

The California Energy Commission is
directed by law to forecast future
energy demand for the State, including
conservation which is "reasonably
expected to occur.,”" The Commission has
also made various estimates of addi-
tional conservation potential which
might be achieved with added incentives
or regulations., Because the
Commission’s forecasts are used mainly
in regulatory proceedings, as one fac-
tor in determining the need for addi-
tional powerplants, there has been much
controversy over interpretations of how
"reasonably
expected,"” and how much "additional
conservation potential” exists.

Each year since 1977, the Commission’s
demand forecasts have shown succes-
sively lower growth rates. The latest
rorecast shows both residential and
commercial energy use remaining nearly
constant from 1980 to 2002 (electricity
and gas combined), despite annual
growth ratf? in the building stock of
1.5 to 2 7.

An alternative scenario presented in
the same report suggests that addi-
tional conservation and solar energy
use might lead to an absolute reduction
of energy demand by the year 2000,
equal to about 15 % in the residential
sector and 12 7 in commercial build-

ings. In other words, compared with
1980 levels, this alternative scenario
implies a 40 % reduction in both aver-
age energy use per household and aver-
age energy intensity per square meter
of commercial space.

For comparison, one French report
estimated that the long-term potential
savings in both new and existing build-
ings could be as much as 50 % compared
to current practice. 2 In terms of sav-
ings actually achievable in the build-
ings sector by 1990, through conserva-
tion programs and response to energy
prices, the same study estimated that
the baseline projection of 88.5 Mtep
(3.7 EJ) could be reduced by 25 7% to
about 67 Mtep (2.8 EJ).

Energy Savings Achieved

Conservation estimates. In the face of

these studies identifying large poten-
tial savings in California, how much
has actually been achieved? Most of
the numbers cited in response to this
question are based on estimates rather
than measurements. Moreover, aggregate
energy use numbers are more common--but
less informative—-- than component esti-
mates.

The California Energy Commission esti-
mates that, due to a combination of
energy prices and conservation pro-
grams, residential energy use in 1980
(weather—-ad justed) was about 10 % lower
than it might otherwise have been.13
This would imply that about one~fifth
of the CEC’s identified potential has
been accomplished. The total residen-~
tial savings estimated for 1980 were
2850 GWh of electricity and 860 M
therms (91 PJ) of gas.

For comparison, the California Public
Utilities Commission has compiled, from
utility reports filed each year, the
utilities”’ own estimates of energy
saved as a result of their programs.
According to the utilities, the cumula-
tive impact of their efforts in the
residential sector was savings of 1460



GWh and 500 M therms (53 PJ) in 1981.1%4

These aggregate conservation estimates
are generally made up of estimated sav-
ings for various building types and
measures. An example will illustrate
how much these component savings esti-
mates can vary.

Table 2 shows several recent estimates
of savings from installing six common
retrofit measures (attic, duct, and
water heater tank insulation; weather~
stripping; caulking; and low-flow
showerheads) in an average single-
family, gas—heated California home. As
the table shows, there is some range of
opinion about how much energy would
actually be saved in the average home,
especially in the milder Southern Cali-
fornia climate.

This range of estimated savings is not
surprising, both because actual energy
savings in homes do vary, and because
the numbers in Table 2 are all based on
computer models or simplified heat-loss
calculations, with many built-in
assumptions. In the absence of meas-
ured data on retrofit savings in Cali-
fornia, there will be little basis for
resolving differences between the
Energy Commission estimates and those
of the utilities.

Legislation proposed in California (but
not - passed) would have required that
these six measures be installed in
every existing home, upon resale.
There has been resistance from both
building owners and real estate agents
to a mandatory retrofit-upon-resale
law; some cities with their own local
retrofit requirements also objected to
pre—emption from a statewide require-
ment. But one other factor in the
defeat of this 1legislation may have
been the absence of "proven" (measured)
savings from retrofitting actual
houses. In the next section we will
consider some of the measured data on
energy saved in buildings (mostly out-
side of California), and compare these
data with various California goals and

savings estimates.

Measured results. The data summarized
below are drawn from a project at LBL,
funded by the U.S. Department of
Energy, to compile and analyze measured
savings from energy conservation in
occupied, new and retrofitted build-
ings. For each buildings sub-sector we
have created a '"BECA" data base (for
Buildings Energy Use Compilation and
Analysis).

Retrofitted buildings (BECA-B, -CR).
Figures 3 through 7 summarize the
retrofit results from over 2000 U.S.

residences (68 project locat{gns) and

over 220 commercial buildings.

Figure 3 shows residential retrofit
energy savings vs. installed costs of
the conservation measures (mostly shell
insulation and glazing improvements,
with a few heating system retrofits).
Although the data show a lot of varia-
tion, median costs are $1100/household
and median energy savings about 28 MBtu
(29.5 GJ), or 24% of space heating
energy use before retrofit. Median
simple payback time for the retrofits
shown 1is 7.9 . years. The reference
lines drawn on Figure 3 show the
minimum energy savings that must be
achieved, for each level of investment,
if the retrofit is to be cost-effective
at the unit energy cost shown (assuming
that retrofit investments are amortized
over 15 years at 7 7 real interest).

Only three of the data points are from
California, but many new points may be
added when the results of a California
study of the Residential Conservation
Service (RCS) program become available,

For comparison, the California state-
wide estimate for savings resulting
from six common retrofits (see above)
is shown by the (+) on Figure 3 (34
MBtu [35.9 GJ], $832). This point
seems reasonably consistent with the
measured data, until we note that most
of the measured retrofit results are
from colder states. On a percentage

"a
’



basis, then, the California estimates
are relatively high compared with meas-
ured results.

This is illustrated on Figure 4, which
shows percentage savings 1in heating
energy vs. retrofit costs. The Cali-
fornia estimate (24-30 % for an $832
investment) is at the wupper end of
measured retrofit savings at comparable
levels of investment. '

Figure 4 also 1illustrates how 1little
evidence there is of successful, cost-
effective retrofits involving expendi-
tures of more than about $2000 per
house, or savings of more than about
35-40 Z%. Yet the Energy Commission’s
latest Biennial Report estimates sav-
ings of nearly 60 7% in a gas—-heated
home from adding wall insulation and
storm windows to the six retrofits
listed above (and 1in Table 2).
Clearly, there 1is a need for good
empirical evaluation of such "~savings
before placing great reliance on this
estimate for either program planning,
allocation of public funds, or energy
demand forecasting.

Commercial bY%lding retrofits are shown
~ 1in Figure 5. Again, there is a large

variation in energy savings, in abso-
lute and percentage terms. We should
note that the buildings shown are not
representative of the entire commercial
stock: 75 7 of those in the sample are
schools or offices (three times their
fraction of all U.S. buildings), and
large buildings are over-represented.
Of these 223 data points, four are from
California (and two from France). We
now have underway an effort to add data
on retrofitted state-owned buildings in
California, and to obtain California
utility company data on the results of
their commercial audits and incentive
programs.

Median savings are slightly 1less than
20 % (resource energy), as shown in the
histogram on Figure 6. This can be
compared with a California Energy Com-

mission goal to save 20 % of current
(1979) energy use in the entire commer—
cial (and industrial) sector by 1985.
However, 9 7 of the buildings in the
sample used more energy after retrofit
than before; changes in building occu-
pancy or operation, weather, or actual
"failure" of the retrofit may all have
contributed. Better data are needed on
such '"failures"; they may be even more
instructive than the successes.

Most of the commercial building savings
resulted from operations and mainte-
nance changes or from simple, low-cost
measures. Median payback times, shown
in Figure 7, were about 15 months,
while median investments were only
about $g.OO/m2 (compared with about
$16-20/m“ paid for energy each year).
This suggests that commercial retro-
rits, 1like those in the residential
sector, have not by any means exhausted
the technical potential.

New residential and commercial build-
ings (BECA-A, -CN). Data on over 200
new, low-energy residencig are summar-
ized in Figures 8 and 9. Two of these
homes are in California, but additional
California data will be added as a
result qf a current project at LBL,
sponsored by the University of Califor-
nia Energy Institute.

Six of the data points shown on Figure
9, all of them active solar homes, are
new French buildings (numbers 27, 28,
58, 60, 61, 67). It has proven diffi-
cult to obtain good data on active
solar homes in the U.S., but most
active solar homes appear far less
cost-effective than either super—
insulated homes, or those combining
good insulation with '"passive" solar
gain from moderate amounts (less than
12 %Z of floorspace) of south-facing
glass.

The best of the homes in the data base
use only about 1-2 Btu/ftz/degree-day
(°F, base 65) for space heating, or
20-40 kJ/m?/degree-day (°C, base 18.3).
This is less than one-third the heating



energy used by the stock of existing
U.S. homes, and about one-half the
energy required by a typical new home,
as indicated in Figures 8 and 9.

Also note that space heating energy in
an efficient new home can be less than
the energy required for water heating,
typically around 11-15 kBtu/ft2 (125-
170 kJ/m“). The new California build-
ing standards require a maximum water

eating load ,of 10.8-11.6 Btu/ft?
(123-132 kJ/mZ), as shown in the Fig-
ures (assuming that the energy use
budget is based on a 75 % efficient gas
water heater).

For comparison, the space heating
energy budget level for new California
homes in three 1locations (San Diego,
Fresno, and San Francisco) are plotted
.with a (+) on the Figures. Heating
energy budgets ~pecified in
California’s latest revised Title 24
standards have been converted to the
building loads shown on the Figures,
assuming a 70 7 efficlent gas heating
system. Note that these standards
appear quite stringent, compared with
measured performaﬁce of actual homes—-
but that the standards are also for
design energy budgets, which may not
reflect the actual usage of occupied
buildings.

There is clearly a need for better data
on the actual energy use of houses
built in conformance with the State’s
standards. Even fewer measured data
are available on cooling load perfor-
mance, in California or elsewhere.

At present, the performance data for
new commercial buildings are more lim-
ited than for residences. Our data base
now contains 80 commercial buildings,
of which 40 are offices and another 20
are schools. ] However, for three-
fourths of the buildings, we have not
yet obtained actual energy use data—-
only design budgets. Typically, energy
systems in a new building will require
some ''shake-down'" time, so measured
energy use for a minimum of 3-4 years

will be required. Of these 80 build-
ings, two with actual data (and ten
more with design data only, at this
point) are located in California.

Figure 10 shows the distribution of
site energy intensity for 43 new office
buildings, including those with actual
use data and those with design predic-
tions only. Median site energy con-
sumption is 40-50 KkBtu/ft? (450~570
MJ/mz). This is roughly one~third the
energy intensity of new U.S. offices
built in the early 1970’s. It is

slightly below the design energy budg-

ets recommended by the ASHRAE 90-75
(revised) guidelines, and the proposed
Federal Building Energy Performance
Standards (BEPS), now voluntary guide-~
lines. A sub-sample of these new
office buildings, with measured energy
performance, are shown in Figure 11,

along with estimated trends for U.S..

and Swedish office buildings, and the
ASHRAE and BEPS budget levels. Note
that Figure 11 shows energy wuse in
resource energy  rather than site
energy-—an important difference since
many new U.S. office buildings are
all-electric.

For comparison, two sets of California
building standards for low-rise offices
in three climate =zones (San Diego,
Fresno, San Francisco) are shown in
Figure 11. Again, note that these are
design energy budgets, which may differ
from wusage 1in occupied buildings.
Under the existing state standards,
low-rise offices must use 1less than
180-196 resource kBtu/ft?/year (2.0-2.2
GJ/m“). The proposed new . state stan-—
dards woul reduce this to abgut 100-
134 kBtu/ft“/year (l.1-1.5 GJ/m“). 1f
the design budgets are representative
of actual consumption, these proposed
new California standards call for all
new office buildings to meet the per-
formance achieved to date only by the

best new construction. This may be a

stringent criterion to meet.

| ¥



Appliances and Equipment (BECA-D). The
BECA data base on appliance performance
has not yet compiled enough data to
report. However, we might note the
evidence for considerable potential to
increase efficiency beyond the levels
required by  California’s appliance
standards. For example, the standards
require that a typical new, frost-free
refrigerator with volume of 18 £t3 (510
litres) can use no more than 1630
kWh/year.20 However, the best refri-
gerator of this size and type now
offered for sale 1is a model made by
Amana, rated at only 867 kWh/year, or
47 % __less than required by the stan-
dard.z-1 For other typical sizes and
types of refrigerators, the best model
now on the market uses 30 to 40 % less
than the standards require.

Data on the efficiency of new refri-
gerators actually sold 1in California
are difficult to obtain, but by defini-
tion the average refrigerator sold will
be more efficient than the minimum
level required by the standards. The
Energy Commission recently estimated
the average usage of a nswly purchased
refrigerator at 1400 kWh, 2 1f all pur-
chasers were to buy an available model
that was 30 7 more efficient, the
annual savings after only five years of
normal appliance turnover would be
about 1113 M kWh, worth $63 M per year
to consggers, at today’s electricity
prices.

But this estimate is based only on
models currently for sale; prototype
500 litre frost-free refrigerators now
being tested are operating in the range
of 650 kWh/year. Once introduced to
the market, they would double the
potential savings (beyond current Cali-
fornia standards) noted above.

For other categories of appliances,
slightly 1less dramatic savings, beyond
the existing California appliance stan-~
dards, are available from models now on
the market. For example, the best
available 115-V room air conditioners
have energy efficiency ratios (EER) of

11.0,24 compared with a standard that
requires 8.7. This represents a 21 %
savings of both energy use and peak
electrical demand.

Predicted vs. actual energy savings

(BECA-V). “The final two figures, 12

and 13, give an indication of the
current state of the art in predicting
building energy performance and energy
savings from retrofits. Both figures
compare predicted values with actual
energy use recorded in the buildings.
At one end of the spectrum, Figure 12
shows the accuracy that can be achieved
with a well-designed computer simula-
tion model, used by people who are fam-
iliar with the model and have access to
fairly detailed, high-quality data
about the physical characteristics,
occupants, and operating practices of
the ba%lding—-as well as local weather
data.”” Generally, predictions can come
within + 10 7 of actual energy use.

In contrast, Figure 13 compares savings
predicted by energy auditors with sav-
ings actually achieved, for a small
subsample of the retrofitted commercial
buildings in our data base (all located
in the same community in Maryland).
Even though average savings for the
buildings, as a group, were close to
predicted levels, predictions for most
of individual buildings were very inac-
curate.

If additional data indicate that this
situation 1is typical of energy audits
in commercial buildings, it would help
to explain why building owners, facing
such uncertainties, are reluctant to
invest in more than a fraction of the
measures recommended to them—-and very
few with paybacks longer than 1-2
years. This also emphasizes the impor-
tance of improving the analytical tools
and building data available to audi-
tors, and the need to obtain and
disseminate better data on actual sav-
ings, 1in order to increase building
owners’ confidence in predicted savings
and their willingness to invest to
achieve them.



Conclusion: Program Issues, Opportuni-

ties, and Data Needs

The previous sections 1illustrated the
value of having better quality data on
how well energy-saving technologies and
practices actually work (and how much
they cost) when they are tried in real
buildings with people in them. In
practice, though, such data have rarely
been collected. Where they'have been
collected, there remain problems of
accuracy, consistency, and public
accessibility. Through our buildings
data base program at LBL, in collabora-
tion with a broad mix of wutilities,
government agencies, industry groups
and building owners, we hope to make a
long—term contribution to this effort.

At this conference we are interested in
comparing with our French counterparts
our experience in compiling and then
disseminating building energy perfor-
mance data. :

Even when we look beyond California, to
buildings elsewhere in the U.S., there
are many gaps in the existing data. It
is dimportant to begin £filling these
gaps, but in the meantime, what can the
data tell us about near-term choices
for energy conservation policy and pro-
grams?

First, we should look at the structure
of these programs to see how better
data sources and feedback mechanisms
can be built into them. For example,
arrangements for financing energy con-
servation projects on the basis of
"shared savings," or under "energy ser-
vices" contracts (discussed elsewhere
at this conference) offer the added
advantage of automatically generating
information on actual energy savings,
compared with retrofit costs.

More generally, any conservation incen-
tive that 1is based on payments for
energy saved, rather than money or
effort spent, has two important bene-

its. The expenditures and other
operating records from such an incen-
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tive program will automatically provide
at least some data on the energy sav-
ings being achieved. ~ At this point,
all that can be said about the $57 M in
public funds spent per year on the Cal-
ifornia conservation tax credits is
that $57 M has been spent. More impor-
tant, a savings—-based incentive is
likely to be more efficient and equit-
able; it avoids bias towards one set of

'~ technologies (such as solar systems

receiving a greater tax credit than
conservation), and also avoids reward-
ing expensive solutions where a cheap
one will do. Administratively, of
course, it may be easier to pay consu-
mers for the money they spend than for
the energy they save, but France seems
to have found solutions to these admin-
istrative problems that policy-makers
in California might consider. So far,
only a few utility-sponsored conserva-
tion programs in California have exper-
imented with a savings-based incentive;
utilities in other states (Texas, the
Southeast U.S.) have gone much further.

Another approach to structuring feed-
back and data collection into conserva-
tion programs is to set aside, by law,
a small fraction of the total funds
(perhaps 0.5 to 2 %) for monitoring,
data-collection, and evaluation. So
far, neither the Federal government nor
California has done this on a con-
sistent basis. Faced with budget pres-
sures, such "overhead" activities are
the first to be cut, even if a reduc-
tion of 1 7 to gather better data might
improve program effectiveness or reduce
program costs by many times this
amount. The few cases where resources
have been set aside for data and
evaluation are worth looking at care-
fully, as examples. This is another
area where we from California would
like to hear about the French experi-
ence.

What else can be learned from the meas-
ured energy conservation data now
available? The wide range of conserva-
tion results identified in the BECA
data base emphasizes the need for more

b



detailed data, in the hope of explain-
ing why savings and costs vary. The
variance in results also argues for
increased efforts in quality assurance
(inspections, warranties, etc.) in the
manufacturing and installation of pro-
ducts and systems. California has
often been ahead of other states in
this area, but without an adequate data
base on actual energy savings, as well
as long-term performance, there is no
way to tell 1if conservation quality
assurance programs to date have been
sufficient-—or perhaps excessive.

Similarly, .the discrepancies between
predicted and measured savings point to
the need for better means of feedback
to energy auditors, building designers,
and engineers on the analytical methods
and data they are using. Utilities and
professional organizations should take
the major responsibility for providing
this feedback to practitioners on the
actual outcome--both  successes and
failures-=-of their energy conservation
recommendations.

The data on measured energy savings
also suggest strongly that most efforts
to date have fallen well short of the
identified technical potential. Retro-
fit investments are limited to very
short-payback and relatively low-cost
items; new buildings seem to perform
more poorly-—especially in their first
one or two years of operation--than
design studies predicted; and there is
a considerable range in efficiencies
among appliance models now on "the
market, even among those that meet the
California standards.

There are many other technical areas
that remain to be explored, with well-
designed experiments or instrumented
demonstration sites. For example, it
would be valuable to have the state and
utilities jointly sponsor a program of
intensive retrofits of a few existing
buildings, to test (alone and in combi-
nation) the more advanced products,
equipment, and control technologies now
being developed or introduced to the
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market. Also, even with impiementation
of the new Title 24 state building
standards, there are a number of com—
plementary strategies that could be
encouraged through building energy
labels, revised utility 'new Thome
awards,"”" or builder financial incentive
programs. Examples include energy-
efficient site design and landscape
treatment, measures to reduce  peak
electricity demand, and builder instal-
lation of high-efficiency appliances
and equipment.

All of these represent new areas of
opportunity for future conservation
policy and research. In pursuing them,
it will be important to monitor--more
closely than in the past-—-the actual
energy savings achieved, cost-
effectivness of each additional dollar,
and side-effects on occupant health,
safety, and comfort. As we move beyond
many of the easier, obvious, and least
expensive conservation measures (the
"cream—-skimming'" that should take place
first), each additional energy-saving
measure will be more costly, more sub-
tle in its effects, and more specific
to a sub-set of the building stock.
This does not mean that additional con-
servation 1s 1impossible; far from it.
It does mean that we must pursue future
energy savings in a less simplistic,
more scientific, and better-documented
fashion.

Notes

1. References for this section include
two California Energy Commission (CEC)
publications, "California Energy
Demand, 1982 - 2000: Forecast for Con-
sideration for Biennial Report IV,"
Vol. 2, 6/82, Report #P105-82-002
(Appen. C and D); and "1983 Electricity
Report," 1/83, Report #P104-83-001,
Appendix B. French data are from two
publications by 1’Agence pour les
Economies d’Energie, '"Les Consommations
et les Economies d’Energie du Secteur



Residentiel et Tertiaire,"” 9/81; and
"Receuil de Donnees sur L’‘Energie,”
11/81.

2. These numbers are extrapolated from
several different sources.

Public sector: C. Danforth of the
Calif. Public Utilities Commission
staff, estimates that for the regulated
investor—-owned utilities, 1983 planned
expenditures for conservation and load
management programs are $430 M. To
this we add $20 M for municipal wutili-
ties, and assume (conservatively) that
2/3, or $300 M, applies to buildings.
State expenditures for the conservation
and solar tax credits were §55 M in

1981, based on a 3/9/83 report from the .

State Franchise Tax Board. Additional
government expenditures include an
estimated $50 M through programs such
as the State Conservation Plan grant,
Solar/Conservation Bank, Low-Income
Weatherization' Program, Institutional
Buildings grants and loans, and '"oil
overcharge" funds. '

Private sector. Je. Wilson of the
Energy Commission staff estimates,
based on 1981 tax credit data, that
total private expenditures for which
tax credits were claimed amounted to
$195 M for households and $14 M for
businesses (of which $§53 M and $4 M,
respectively, were paid by the state).
According to Wilson, a survey from the
Residential Conservation Service sug-
gests that household conservation
expenditures for which claims were not
submitted may add another $500-600 M to
this. This seems high; to be conserva-
tive we will add only $200 M for
residential investments made without
tax credits claimed. Other private
spending on conservation is estimated
as $50 M/year for efficient appliances
(2 M units sold/year, @ $25 additional
cost); $60 M for new residential build-
ings (120 K homes/year, @ $500); $110 M
for new commercial buildings (55 M
ftz/year added, @ $2/ft2); and $130 M
for improving existing commercial
buildings (assuming that, beyond tax-
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credit-eligible measures, each year
customers representing 10% of the
sector’s usage, or $430 M, invest in
1-2 year payback measures that save an
average of 20% of energy use).

3. Extrapolated from the 1980 total, in

California Energy Commission, "Califor-

nia Energy Demand, 1982 - 2000, Volume
I: Technical Report," 6/82, p. 118.

4, California Energy Commission,
Securing California’E_ Energy Future,

1983 Biennial Report, Draft, 11/82.
Figures 2-14 and 2-16 show estimated
site energy use by fuel type for
residential and commercial buildings in
1981, totaling 1135 TBtu (1197 PJ, site
energy). Average 1981 electricity and
gas prices to residential and commer-
cial customers are shown, by utility
area, in the Energy Commission’s '1983
Electricity Report," Appendix B. The
calculated Statewide weighted average
prices are shown in Table 1, supra. We
assume that the 147 of commercial
building energy supplied by oil is
priced at about the same level as gas.
Multiplying unit energy prices by
annual usage yields the estimated $9.2
billion/year energy expenditures for
1981, ’

5. California Energy Commission, '"1983
Electricity Report,” 1/83, Report
#P104-83-001, pp. 2-15 to =17, and
Appendix D.

6. Utility billing records for
residential customers served by the
"Residential Conservation Services"
(RCS) program will soon be evaluated
under an Energy Commission contract,
but there has been no comparable study
of actual energy savings from other
home retrofit projects, including those
undertaken with wutility loans, tax
credits, or through the Low-Income
Weatherization Program. Utility com-—
pany reports of energy saved from com-
mercial audit programs are based mainly
on auditors’ estimates, rather than
changes in billed energy use., Data on
institutional buildings retrofitted



with federal grants or state loans are
only now beginning to be collected by
the Energy Commission.

7. Chapter 1, "Buildings," co-authored
by A.H. Rosenfeld and Lawrence Berkeley
Laboratory staff, in Solar Energy
Research Institute (SERIL), A New Pros-—

perity: Building a Sustainable Energy
Future, Brick House Publishing, 1981.

8. J. Wright, et al, "Saving Energy
Through Greater Efficiency: The Poten-
tial for Conservation in California’s
Residential Sector," 1/81, LBL Report
#10738. Also to appear in book form,
published by the University of Califor-
nia Press.

9. L.B. King, et al, Moving California
Toward a Renewable Energy Future: An
Alternative Scenario for the Next Fif-—
teen Years,'" Natural Resources Defense
Council (NRDC), 1980.

10. These reports, all prepared by the
consulting firm of A.D. Little, are:
Southern California Edison Co., "SCE
Estimates of Electricity Conservation
Potential, 1982-2000" (6/82) and "“SCE
Projections of Conservation Goals,
1983-1987" (12/82); Southern California
Gas Co., "Estimate of Conservation
Potential for the Southern California
Gas Co. Service Area, 1981-2000"
(7/81); and Pacific Gas and Electric
Co., "PG&E Estimates of Energy Conser-
vation Potential, 1980-2000" (6/80) and
"PG&E Assessment of Achieving Energy
Conservation Potential, 1980-2000"
(9/80). Reports for the San Diego Gas
and Electric Co. have not yet been
released.

11. =~ Securing California’s Energy

13. Securing California’s  Energy

Future, op cit, p. 7-4.

1l4. Summary Table prepared by C. Dan-
forth, staff, Energy Conservation
Branch, California Public Utilities

Commission.

15. L. Wall, et al, "Building Energy
Compilation and Analysis (BECA) Part B:
Existing North Americamn Residential
Buildings," to be published in Energy
and Buildings; Lawrence Berkeley
Laboratory Report LBL-13385, 1982.

16. H. Ross and S. Whalen, "Building
Energy Use Compilation and Analysis
(BECA) Part C: Conservation Progress in
Retrofitted Commercial Buildings," to
be published in Energy and Buildings;
Lawrence Berkeley Laboratory Report
LBL-14827, July 1982 (rev.).

17. California Energy Commission,

"Energy Efficiency in California’s Com-—

mercial, Industrial, and Agricultural

Sectors: Progress and Prospects,”

Report #P103-82-001, Nov. 4, 1981. The"
20 7 savings goal was established by

legislation directing the Commission to

prepare this report.

18. J. Ribot, et al, 'Monitored Low-
Energy Houses in North America and
Europe: A Compilation and Economic -
Analysis," forthcoming in 1983 in What
Works: Documenting Energy Conservation

Future, op cit, Chapter 9.

12. Commissariat General du Plan, "Une
Perspective  de la Consommation
d’Energie a Long Terme," 6/80, pp. 9-
15.
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in Buildings, Selected Proceedings of
‘the 1982 ACEEE Summer Study on Energy-
Efficient Buildings, Santa Cruz, Cali-
rornia; Lawrence Berkeley Laboratory

* Report LBL-14788, 1982.

19, L. Wall and A.H. Rosenfeld, "The
Assessment of Progress in Energy-
Efficient Buildings,” Submitted to the
Proceedings of th Second International
Congress on Building Energy Management,
Ames, Iowa, May 3-June 3, 1983;
Lawrence Berkeley Laboratory Report
LBL-15412 (rev).



20. The formula is maximum kWh/year =
460 + 65 x V, where V is the combined
volume, in fté, of refrigerator and
freezer space.

21, Association of Home  Appliance
Manufacturers (AHAM), '"1982 Directory
of Certified Refrigerators and
Freezers," Ed. 2, 6/82. This value is
estimated by taking the average of
implied kWh usage in the high-
electricity-cost and low-electricity-
cost cases.

22. Securing California’s  Energy

Future, op cit, p. 7-14, “citing an
article by D. Goldstein of the Natural
Resources Defense Council.

23. Based on an assumption of 530,000
units sold per year in California, or
10 Z of the annual U.S. refrigerator
sales reported by AHAM, op cit.

24, AHAM, "1982 Directory of Certified
Room Air Conditioners,”" Ed. 2, 10/82.
The Energy-Efficiency Ratio, or EER, is
the ratio of Btu removed to kWh input,
or 3.413 x co-efficient of performance.

25. B. Wagner and A.H. Rosenfeld, "A
Summary Report of Building Energy Com-
pilation and Analysis (BECA) Part V:
‘Validation of Energy Analysis Computer
Programs," presented at the 1982 Summer
Study on Energy-Efficient Buildings,
Santa Cruz, California; Lawrence Berke-
ley Laboratory Report LBL-14838, 1982.

-14=-



Table 1

Average Energy Prices for Residential and Commercial Buildings

Original Units Resource Energy6
) ($1/GJ)
California, 1981
Residential Sector
o Electricity 5.71 ¢/kWh $5.28
o Gas $3.23/MBtu $3.06
Commercial Sector
o Electricity 6.15 ¢/kWh $5.69
o Gas (+ 0il) $3.60/MBtu $3.41
France, 19802
Residential Sector
o Electricity 40.1 c/kWh $4.95
o Gas 10.46 c/kWhgas $3.87
o Fuel 0113 " 14.58 F/102 2 $5.39
Commercial Sector
o Electricity4 30.7 c/kWh $3.79
o Gas 6.5 c/kWhgas §$2.41
o Fuel 0117 8.06 - 14.19 c/thermie  $2.57 = 4.52

NOTES

1 Statewide weighted average prices by sector calculated from 1981 esti-
mates for each utility area, in CEC, "1983 Electricity Report," 1/83,
Appendix B.

2 From Agence pour les Economies d ‘Energie, "Recueil de Donnees sur L’
Energie," 11/81. Assumed exchange rate 1is 7.5 F/$; prices do not
include tax.

3 As of 2/81, excluding 22.7% tax

4 Weighted average of high + medium voltage (50%) at 21.4 c/kWh and low
voltage (50%) at 40.1 c/kWh.

3 Range shown is for disti%late (14.12 c/thermie) and residual oil (8.06
c/thermie. 1 thermie = 10° cal = 107" tonne equivalent petrole [tep]).

6 Electricity is converted to resource energy at 1 kWh = 10, 239 Btu =

10.8 MJ, which 1is the factor wused in calculations for California’s
building standards,
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Table 2

Estimated Natural Gas Savings from Six
Residential Conservation Retrofit Measures

Annual Savings Per Household

Location | Therms/yr. GJ/year Percent
PG&E (Fresno) ' 3

o Energy Commission (1981)4 368 Th. 39 GJ 247

o Energy Commission (1983) 389 41 -—

o Utility® 351 37 -—
SoCal Gas (Los Angeles)

o Energy Commission (1981)3 -— -— —

0 Energy Commission (1983)4 284 30 -—

o Utility 217 23 -—-
SDG&E (San Diego)

o Energy Commission (1981)3 276 29 30

o Energy Commission (1983)4 247 26 -

o Utility’ 156 16 -
Statewide Average

o Energy Commission (1983)6 340 36 30
NOTES

1 Measures include attic, duct, and water heater tank insulation; weath-
erstripping; caulking; and low-flow showeEheads installed in single-
family, gas—~heated homes averaging 159-161 m.

2 Percentage of pre-retrofit space heating and water heating energy.

3 .. Walker, Commissioner, "Mandatory Retrofit," Testimony before the
Assembly Committee on Energy, Low Angeles, Dec. 10, 1981.

4 J. Alnsworth, "RCS Follow-up Survey Analysis,"FCEC staff draft report,
3/83.

3 c. Danforth, "Report on the Quantitative Measurement of -the Pacific
Gas and Electric Company’s Conservation Programs, Test Year 1982," Tes-
timony on general rate case Application No. 60153, 6/81 (rev.). Table
5-2 summarizes each utility’s estimated savings.

6 Securing California’s Energy Future, 1983 Biennial Report (11/82
draft), p. 7-9.
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average thermal {ntensity per degree-day for our 37 homes fs 50 kJ/m -°C-day). or half of
the current building practice (labeled "NAHB') and about one-third of the space heating

energy used in existing homes (labeled "NIECS").
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Shaded bars represent typical water

heating loads--comparable to space-heating in the low-energy homes shown, The labeled
California points are design budgets far space heating energy under the latest Title 24
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Fig. 11. Measured site energy intensities for a subsample of 10 new, energy-efficient
office buildings in the BECA data basé. For comparison, the plot also shows trends in new
U.S. and Swedish offices, and (shaded bars at right) the old and proposed new Title 24
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Source: Wall and Bosenfeld
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Fig. 12. Energy consumption as predicted by 3 computer models, vs. actual Actual Savings (X)

measured consumption, for individual residences and groups of residences
with good quality building data, but no sub-metering or site-measured data. Fig. 13. Energy savings predicted by an energy auditor ve. actual energy savings achieved
(percent) for 18 well-documented commercial building retrofit projects, showing no signi-
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