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Technology for Energy-Efficient Buildings

Progress and Potentials:
. Many Suggestions and Some Opportunities for Collaboration

Arthur H. Rosenfeld
Energy Efficient Buildings Program
Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720 U.S.A.

A French translation of this talk is available from Agence Francaise
Pour la Maitrise de L’Energie, 27 rue Louis-Vicat, 75015 Paris, France.

ABSTRACT: Data and the results of experiments are presented in the form
of figures. Suggestions for French policy and French/American colla-
boration are given in each of the areas listed in the Table of Contents.
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I. Introduction

It’s a great pleasure to be here. When I did experimental particle
physics, until 1974, we always worked with international teams, and my
group at Berkeley always had several European visitors—-—-usually at least
one Frenchman or Frenchwoman.

When I switched from experiments with particles to experiments with
buildings, I thought that my international collaborations might
decrease~~but luckily my family and I both 1love Europe and European
building scientists seem to 1like what we’re doing, so by 1979 we had
established an Orsay/Berkeley collaboration to transplant our computer
program, DOE-2, to Paris. Dr. Louis-Marie Chounet and his group RAMSES
have metrified and Europeanized the program and are currently using it
to design multifamily retrofits and to validate its accuracy on HLM
apartments at Dreux. The metric version of DOE-2 now runs on computers
all over the world. In addition, a microcomputer program (CIRA=-
metrified by Jean Yves Garnier in Paris), also developed at Berkeley, is
spreading quickly.

We currently have visitors from many countries and formally exchange
personnel with France, Belgium, Sweden, and China. These exchanges have
been productive for both sides because investment in efficiency is gen-
erally more attractive than investment in new energy supply. So, you’ll
see from the rest of this talk that I°ve lost all shyness about giving
unrequested advice to non-Americans (and Americans!), and 1’m eager to
launch more collaborative developments and experiments.

IT. International Comparisons

The format of this talk is a commentary;on 19 figures.

Figure 1 is a scatter plot of energy use in 1970 and in 1978 by
industrialized countries. Each country 1is an arrow, with its tail
representing 1970 and its head at 1978. The arrows seem to fall on two
different tracks:

o The main sequence (to steal a concept from astronomy) covers all of
Europe except the U.K. and Switzerland (which has almost no heavy.
industry). At today’s prices, these countries are spending 107 of
their GNP for energy and, like you at this conference, are planning
to reduce that fraction.

o The big energy spenders are a band of three countries where energy
has been almost as cheap as water and was spent accordingly. At
today’s energy prices, we three English-speaking countries would be
spending (wasting) on energy 207 of our GNP if we were still follow-
ing our pattern indicated by the 1970 tail of our arrows. Instead,
we are trying to catch up with you. 1I°ve updated the U.S. arrows to
display that between 1973 and 1982 we’ve reduced our Energy/GNP by
20%.
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I seriously believe that the U.S. can start exporting oil by 1990
and also achieve your main sequence slope of 107 of GNP spent for
energy. But, of course, by then you hope to have dropped much lower.

I wanted to show Fig. 1 first so that when I show great U.S.
improvements in Figs. 2, 1 will already have admitted that much of our
remarkable gains are the result of having started from a very energy-
inefficient baseline.

I1T. Autos and Commercial Buildings

Figure 2a shows progress in auto fuel economy. The U.S. seems to be
lagging behind Europe and Japan by about 10 years. The American rush
towards increased efficiency is driven not only by gasoline prices but
by mandatory standards and mandatory labels. Of these, I particularly
recommend a fuel economy label on every new and used car; the U.S.
currently labels new cars only.

Figure 2b shows progress in office building energy efficiency. Fig-
ure 2b shows that during the period 1950-1973, new commercial buildings
indulged in an energy orgy, markedly more indulgent than that of autos.
This amounts to a lot of energy use because in America commercial build-
ings consume about the same amount of resource energy as do automobiles.
The explanation for the dramatic rise was a vogue for hectares of glass
facade, bright lights everywhere, and oversized HVAC (Heating, Ventilat-
ing, Air Conditioning) systems which were thermodynamic nonsense. As
you can see, current progress is rapid and again the U.S. trails Europe
(in this case, Sweden) by only about 10 years. 1’11 talk about the
Swedish Folksam "Thermodeck'" building at Farsta along with Figs. 10 and
11. It’s enough for now just to say it stores enough heat from lights
and people to get through a Stockholm winter with almost no conventional
heating.

In Jeff Harris’ version of Fig. 2b, he has added X’s representing
successful new U.S. buildings. We’d like to add some French X’s. Who
has measured data?

I have a recommendation for advancing the acceptance of efficient
commercial buildings. For a year or so, let’s give a large cash incen-
tive for demonstrated savings of peak power and fuel. By "large," I
mean at least equal to the avoided capital investment in power plants
(5500 to $1000/kW) or the avoided societal cost of burning oil at
roughly $10-$20/barrel ($500 to $1000/kW[thermal]). This incentive will
cause architects to learn some new and important tricks and also to
start working more closely with engineers.

IV. Residences: Envelopes, Water, Appliances

Figure 3 gives data and time trends on American single-family
houses. There is no room to fit any French data, but they are similar,

We measure electricity in resource or primary energy (so that it
costs about the same as fuel). The left-hand block is energy use in
existing buildings. We see that space heating and appliances use
comparable amounts of energy and dollars.
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On the right, we plot new homes. Their use of space heating 1is
unfortunately not falling as fast as fuel for autos or energy for com—
mercial buildings, presumably because homebuilding is a much more frag-
mented industry, and frankly I don’t understand how the market can work
at all when we have no energy use labels on residences.

At the year 1979, we see four points:

a) The NAHB survey of current practice. i

b) U.S. Government Building Energy Performance Guidelines - (BEPG)
for a cost-effective home, if one leaves fresh air at the current
average of 0.7 air changes per hour (ach), which is quite unneces-~
sary. '

¢) BEPG for a "cost-effective'" home at 0.4 ach. This 0.4 ach can
be thought of as either reduced ventilation with no heat recupera-
tion or as approximately 0.2 ach of uncontrolled infiltration with
about another half an air change per hour with heat recuperation.
But, despite the official BEPG title, I feel that '"cost-effective"
is computed incorrectly--without allowance for the savings for
downsizing the furnace and air-distribution system.

d) Truly cost-effective superinsulated homes. This corresponds to
the better one-third of the superinsulated homes in our BECA-A com-
pilation.

The NAHB survey points present an overly optimistic view of progress
in new building construction , but if one draws a straight line through
the slowly improving NAHB annual survey points, it reaches the " superin-—
sulated levels by 1994. I don’t believe we’ll get there so soon, but I
do believe that our grandchildren will think of superinsulated U.S.
homes as '"turn-of-the-century" homes-——even ' if the French should make
them standard practice by 1985!

We are making slow but steady progress in reducing the need for
space heat, but we must note that in a superinsulated home, space heat
is only 10-20 units, whereas typical water heat is still 20 and appli-
ances are 50. We’'re not doing much R&D on limiting hot water use or
recuperating its heat, and in Europe you don’t yet even have labels on
all appliances. To me, the data in Fig. 3 call for two recommenda-
tions:

*The NAHB survey is a voluntary, entirely non-random survey in which the
best builders have the most incentive to respond. By way of comparison
to the optimistic extrapolation from these points, we note that in 1983,
superinsulated houses represented only a tiny fraction of U.S. new
building construction, and builders in California and the U.S. are
resisting standards far less stringent.



1. Any home energy rating system (such as I discuss in Section 'VI)
must cover hot water and appliances.

2. The next R&D target must be integrated HVAC and appliances; I’11l
discuss this along with Fig. 18.

V. Superinsulated Homes and Passive Solar Homes-—
Active Solar Space Heat Doesn’t Pay

In Fig. 3, we saw that superinsulated homes can reduce the annual
bill for space heat to $50 in the average U.S. climate (2600°C HDD) or
$100 in Canada. With insulation, the heating season is reduced to a few
winter months when daylight hours are short. This small heat bill, con-
centrated in a few winter months, kills active space heating and even
competes severely with extravagant passive solar use of glass in very
northern latitudes. Of course, it is still an excellent idea to concen-
trate some windows to the south and build greenhouses for the amenity
they provide in the spring and fall,

Figure 4 shows the cost—-effectiveness of various experiments with
low-energy houses. The sloping lines represent the limit of cost-
effectiveness for natural gas and electric resistance heat (at two dif-
ferent real discount rates). Now that the two biggest U.S.
mortgage/lending agencies are giving bigger and better loans for
energy-efficient homes, optimistic Americans should consider the 3% real
interest rate lines. We see that the Saskatoon, Canada, homes are a
great success (and have taken half the Saskatoon new-home market). MHFA
(Minnesota Home Finance Agency) and SERI (Solar Energy Research Insti-
tute) homes are ''getting there" (and will "arrive" as gas is deregu-
lated), but on the other extreme our three active-solar dots are too
expensive.

Like the proverbial pilgrim looking for an honest man, we have fol-
lowed hundreds of leads for five years looking for data on cost-
effective active solar homes. Many of the solar homes have energy data
but no good cost data; others have heating fuel data but include an
unmonitored wood stove. Can anybody help us? Figure 4 came from BECA-A
and is discussed more by Jeff Harris in his talk here.

VI. Home Energy Rating Systems--""HERS" or "LABELS"

In 1977, the Edison Electric Institute initiated the National Energy
Watch (NEW) program, a pioneering home energy rating system. Unfor-
tunately (probably because of lack of confidence in their computer pro-
grams and their auditors), the program provided only "Pass/Fail' cri-
teria, thus failing to motivate the builder to exceed the threshold.
And the program was limited mainly to new homes and usually to space
heating and cooling.

o PG&E’s ECH (Energy Conservation Homes) Program
In 1979, the Pacific Gas and Electric Company (PG&E) decided to

greatly strengthen their Energy Conservation Homes Program to go much
further than the NEW programs. California had just passed "Title 24,"



Energy Performance Standards for new homes, and PG&E decided to offer
its "ECH" label to any homes which beat Title 24 by 10%, with EXTRA
CREDIT for additional measures. Northern California home builders
discovered that this voluntary rating was so popular with home buyers
that 2/3 of the homes built in PG&E territory soon qualified. And,
although only 50 "points'" were necessary to beat T-24 by the 10% thres-
hold, by 1980 the average builder was marketing 75 points (see Fig. 5).
In 1980~81, John Hailey of PG&E was recommending 125 points (25% beyond
T-24~-see Fig. 6), and many builders were going that far. So, the ECH
Program really influenced the quality of new homes. 1In 1982, California
was scheduled to update Title 24 all the way to the economic optimum, so
PG&E decided to drop ECH as unnecessary. It’s a pity that they did not
instead switch it to existing homes!

At the beginning of the program, PG&E lacked confidence about its
ability to predict accurate savings labeled in kWh and "therms" of gas,
so they hedged by defining '"points," each point representing (of all
things) 300 MJ of resource energy (3 "therms" or 30 kWh), each worth at
the time about $1.50/year. The heating and cooling points were calcu-
lated at LBL using DOE-2, and I‘m pleased to say that later monitoring
pretty well confirmed the calculations.

We return to discuss Fig. 6. We included it because we wanted to
show that the majority of the PG&E measures do not affect the envelope
of the house. 0f Hailey’s recommended 125 points, only 50 are
envelope-~related, whereas 75 represent savings from fuel choice and
transient, flexible items: fluorescent lighting, set—-back thermostats,
even low-flow shower heads and indicators for clogged furnace filters.
O0f the "hardware" items (i.e., excluding choice of orientation), the
shell upgrade costs $200 and rated only 35 points ($6/point); the rest
cost $155 and rated 70 points ($2/point), so in this case the
"comprehensive" options save three times as much per dollar invested as
the shell upgrade.

Next, I point out that we are finally beginning to collect very.
reassuring data on . the accuracy of computer programs for residential
energy rating. Figure 7 1is taken from our Validation Compilation
[BECA-Val ‘82]. It shows that several programs are now reliable to
+10%. it even includes one French point using DOE-2 at Dreux. In his
talk here, Jeff Harris presents more such data in his Fig. 12, including
several points from our own microcomputer program CIRA, which 1is also
running in France. Figure 8 shows a label which can be printed out by
CIRA at the end of one of its runs.

At this time--1983 (probably in part because of increasing confi-
dence in computer programs)-—there is greatly increased interest in gra-
duated (quantitative) and comprehensive ratings for both new and exist-
ing homes, all stimulated by the availability of bigger and better loans
for energy-efficient homes.

In her talk here, Maxine Savitz discusses HERS (Home Energy Rating
Systems) and in particular the Mass-Save Experiment. I also have writ-
ten on HERS [Rosenfeld and Wagner ‘82; Rosenfeld and Schuck ‘82] and
will be happy to overwhelm you with reprints and data. But in this



brief talk, I conclude my discussion of ratings with some technical
recommendations for govermment or state officials.

Role of Government in Ratings

Ratings, and rating demonstrations, need the following govermment
support:

1. Definition of Standard Home Occupancy Conditions--e.g., thermostat
schedules, number of occupants, hot water and appliance use.

2. Certification of Computer Programs or Rating Forms. Each computer
program should be tested against real homes and against a standard
reference program, which has been calibrated to agree with a real home.
It should "predict" the measured energy use to within about #10% and get
extra credit if it does better. We at LBL have written and are validat-
ing the two programs on which quantitative ratings have been based
(DOE-2 for the PG&E ECH Program, and CIRA for the Mass-Save HERS). We’d
like to collaborate with any other agency interested in labeling homes.

3. Unlike computer programs, of which probably only 20 or 30 will be
popular at any given time in the U.S., there will be thousands of audi-
tors. So, while computer programs should be centrally certified, audi-
tors should be licemsed by local licensing boards.

4, There must be provisions: for quality control, procedures for com-
plaints, and penalties for incompetent or dishonest auditors. The audit
data forms must be registered and retained so that they can be checked:
if the auditor’s predictions turn out to be inaccurate, and the sponsor-
ing agency must update the ratings as participating homes are retrofit.

Final Recommendation: Ratings are more effective than are stan-
dards. Both France and the U.S. should sponsor many demonstration pro-

grams for both new and existing homes.

VII, Commercial Buildings: Daylighting and Thermal Storage

Daylighting isn’t very important in residences (they are already
daylit), and thermal storage isn’t very important because internal gains
(except for solar) are small. But in offices during working hours much
free heat is generated. With proper thermal storage the office can then
coast overnight and over the weekend.

o Daylighting

Let me make a suggestion for cheap daylighting that will save power
in the winter, and power and undesirable heat in the summer. The reason
you save heat in the summer is that daylight is cooler than artificial
light: daylight provides 100-120 lumens/watt, fluorescent lamps provide
about 70, and a 50-W incandescent lamp provides only 15.

My suggestion is to separate the daylighting part of the window (top
60 cm, extending up the the ceiling) from the view part, as shown in
Fig. 9. The top part should be clear glass and provided with a white or
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silvered venetian blind to bounce light off the white ceiling. The top
of the overhang should be painted white. All this permits optimum day-
lighting under all weather conditions.

The view part of the window should be treated separately, and in
warm climates should use solar-control (reflective) glass. Its venetian
blind should be separately operated, so that it can shade desks on hot
sunny days, without interfering with the daylight coming in above. And,
of course, we are working on new technologies to replace the low-tech
shades.

My advice is, "Try it on a few buildings--and see if you like it."
o Thermal Storage—-The Swedish Thermodeck System

By now, it is generally recognized that thermal storage is cost-
effective in commercial buildings. The question is whether to use the
concrete structure itself, or to use water to store heat in the winter
and coolth 1in the summer. So, let me tell you about a Swedish system
that is proving so cheap and effective that half the new buildings in
Stockholm are using it.

A concrete floor-ceiling slab represents a convenient and large
amount of thermal mass (about 100 watt-hours/mzK). The trouble is that
if it is isolated from the room or office space by acoustical tile on
the ceiling and rugs on the floor, then it is not in good thermal con- -
tact with the occupied space.

Fortunately, manufacturers want to make prestressed, reinforced con-
crete floor-ceiling slabs that are thick (20-30 cm) for the sake of
rigidity, but light for the sake of economy-—-so the slabs are usually
extruded with 1long hollow cores. (Even if the slabs are poured in
place, the same considerations apply, and it is easy to pour the con-
crete around a serpentine duct.) In Sweden, Andersson and Isfalt (1979)
have shown that by blowing room air through these ducts, _using only tiny
amounts of fan power (0.3 W/m“ as compared to ISVW/m2 for lighting),
they can control the flow of heat to and from the slab.

A computer simulation of four typical designs is shown in Fig. 10.
Curve (a) represents a rug and acoustical tile in a well-insulated room,
or any room on a mild day. Lights and people heat up the air rapidly,
and after an hour occupants will open the windows or turn on air condi-
tioning. Thus, they store no heat for the next chilly morning. Curve
(b) shows the ceiling tile and rugs still in place, but air circulated
through the hollow cores, as in the Thermodeck system. Curve (c), which
is indistinguishable from (b), shows the ceiling tile and rug removed,
but no Thermodeck. Curve (d), which may be "overkill," shows no ceiling
tile and rugs, plus Thermodeck.

The Swedes have very well-insulated buildings, so they wuse this
technique routinely to store heat (in the winter) over nights and week-
ends, and to store summer nighttime "coolth" to keep the building com=-
fortable the following afternoon. The first of these buildings, the
Folksam building in Farsta, was represented by the lowest Swedish point
in Fig. 2b.



Figure 11 shows the measured temperatures in the Farsta Folksam
building during a winter week and two weekends—-one cloudy, one sunny.
Note that without conventional heat, the building pumps its temperature
up during the week and coasts over the weekend.

In France, or in America where it is warmer, the technique 1is .also
attractive for storing outside night coolth during the summer. 1In
Berkeley we have added approximate Thermodeck algorithms to several pro-
grams and used them in the computer design of such a building in
Sacramento. We find that it saves 107 in peak power and permits a
Sacramento building to get through the summer without a conventional
chiller, using only a two-stage evaporative cooler.

I urge all participants in this colloquium to experiment with the
successful Swedish technique.

VIII. Multifamily Retrofit—-—Microcomputer Control of Hot Water
"Reset" Temperature

Figure 12 shows our compilation of residential retrofits. Please
find and look at only one point: Page Apartments (0A2.l1), which saved in
each apartment 50 MBtu/year (worth $400/year of oil) for a one-time-only
installed cost of §200. The figure 1is taken from BECA~B, and Page
Apartments are described therein.

The basic idea is simple and can be generalized to most multifamily
retrofits and all new apartments. The Page Apartments are part of Tren-
ton, New Jersey, public housing. Page has a hot water (radiator) heat-
ing system, with the water controlled ("reset") by an external hydraulic
thermostatic controller--~which, as usual in older public housing, worked
poorly or not at all.

The retrofit contractor, Bumblebee EMS, decided that it was silly to
fix the outdoor temperature sensor/controller. Its job, after all, was
only to control the indoor temperatures, and to do this without
knowledge of the effects of sun and wind. In these days of cheap micro-
computers, why not just sense the temperature of all the apartments and
use bell-wire (in fact, existing bell-wire) to convey this information
to a microcomputer, The first thing this experiment showed, of course,
was that the apartments were very hot (typically 28°C) and needed

"balancing. During a few months of careful balancing, the apartments
were slowly brought down to a daytime temperature of 24°C, which was
comfortable for the many elderly residents, and down to 22°C at night.
And fuel use came down from 900 gallons/apartment to 460, with a few
other improvements in energy management, all of which were made easier
by the Apple computer. The payback for the retrofit was half a year.

If the job of a data center is to advertise the best successes and
warn about the failures (and we have already warned about active solar
heat), then surely this success deserves advertisement and further
implementation. A further thought {is that if microcomputer control
makes sense for retrofit, it makes even better sense in new
construction.



Every new apartment automatically has one or two phone 1lines
installed. We say, during construction, add another one for computer
control. (Soon progress in telephone technology will allow computer
control over the same line that handles the regular phone service--but
the spare line costs next to nothing, and it will turn out to be useful
for something). Even if the individual apartments have the latest in
controls and meters~~thermostatic radiator valves and calorie-meters——
the microcomputer can scan for very cold apartments (open or broken win-
dows?) and very hot ones (poor balancing?). I1f the apartments do not
have the latest technology, the microcomputer is, of course, even more
effective.

If there are no calorie-meters and the occupants are on the honor
system to save heat bills, then the computer could still help by mailing
to the tenants a monthly distribution of apartment temperatures, with
each tenant able to know only the temperature of his own apartment but
able to see where he sits in the community.

Portable Thermostats

We’ve been talking about better temperature control for apartments.
We conclude this section with a suggestion for better control of
single-family homes, which usually rely on a fixed thermostat.

These days, as energy prices rise and family sizes shrink, more peo-
ple (particularly the poor and the elderly) are heating only part of
their homes, and the warm rooms may not be well coupled to the thermos-
tat.

In Philadelphia, the Reverend Frank Kinsell, whose Institute for
Human Development is helping poor or elderly homeowners to develop warm
rooms, has himself developed a $50 portable electronic thermostat, which
turns the furnace off and on by a ripple voltage over the house electric
distribution lines. Just turn down the main thermostat and plug the
portable unit into the wall plug in the room you want to control. It
will communicate with a control unit mounted near the furnace.

I personally believe that all new homes should be designed to permit
warm—area zoning at times during the life of the home. In addition to
portable thermostats, this suggests insulation in the floors and perhaps
in the walls, and the possibility of closing doors at the top or bottom
of stairs.,

IX, High-Technology Research

So far, I have discussed entire buildings. Next I should address
the 1issue of applied research on such questions as plasmas for electric
lights, new materials and films for windows, diffusive combustion for
less polluting kerosene heaters, etc.
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We at LBL spend most of our effort on high-technology research and
claim that it has paid off magnificently by advancing by several years
the arrival on the market of energy-efficient products.

Figure 13 shows how our work on high-frequency power supply for
electric lamps has accelerated (by about 5 years) annual savings of
$15B, which corresponds to 200TWh/year. This is equivalent to the total
electric sales of all U.S. civilian nuclear plants and to 80% of all
French electricity. It was accomplished by an investment of a few mil-
lion dollars! I frankly doubt if there are any more $15B dragons left
out in the forest to slay, but I can suggest lots of lesser dragons
worth §1-5B per year. We should discuss whether any of these targets
deserve cooperative research,

X. Ventilation and Indoor Air Quality

In France last year, you lowered your residential outside air
requirements from 0.7 ach (air changes per hour) to 0.5. This decrease
of 0.2 ach, extrapolated to all houses in France, corresponds to an
annual savings of about $§1B for space heating. This is indeed a com-
mendable savings, but I have no idea whether it is too little, too much,
or just right, and I am not aware of any surveys of indoor air quality
that support it.

In the U.S., we are concerned with radon and combustion products in
residences and with formaldehyde and other organics in all buildings.
Figure 14 shows the concentration of radon gas (which can cause lung
cancer) based on a survey of 98 U.S. homes. We see that the average
concentration is about one unit (called a pCi/liter), which corresponds
in risk of lung cancer to each occupant smoking about one cigarette each
winter day when the windows are closed. That docesn’t particularly worry
me, but we also see three houses that correspond to a pack of cigarettes
each day for each occupant or several person-packs per day. That does
bother me, and in the U.S. we are trying to initiate a national survey
to find all the pockets of radon.

Figure 15 gives the results of Fig. 14 converted to a rough estimate
of 1lung cancers/year--2,700 in the worst few percent of our homes. How
much comparable data do you have or plan to get for France?

Figure 16 shows another problem—-emissions from a kerosene heater.
At 1.9 ach in our small experimental chamber, the NO, concentration
rises to 20 times the EPA guidelines for outside air and to 5 times the
California 1l-hour guideline of 0.25 ppm. If I planned to spend many
intimate evenings with such a heater, I would want at least three air
changes per hour.

How can we get this information across to consumers? First, we note
that there are two sorts of kerosene heaters: convective, which usually
burn with a white flame, and radiative, usually with a cooler blue flame
which generates about four times less NOZ‘ The concentrations in Fig.
16 are for a white-flame heater.
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My recommendation is to require an efficiency 1label on kerosene
heaters. Of course, if you don’t ventilate the room, the efficiency is
100%, but if you introduce enough outside air to dilute the NO2 to 0.25
ppm, then on a cold Paris night the efficiency falls by about 30%. It
seems only fair to make that information available to all purchasers.

To hark back to Section VIII, where I discussed warm rooms and port-
able thermostats, I should point out that the kerosene is simply a make-
shift, somewhat unsatisfactory way to achieve a warm room. The U.S.
Department of Energy, and probably the AFME, has the responsibility to
show people how to achieve zone heating more efficiently and satisfac-
torily by turning off radiators in unused rooms (or in America, by clos-
ing warm air registers) and, of course, by fixing the furnace so that it
will perform efficiently at reduced loads.

XI. Two Proposals for International Collaboration:
The Next Generation of DOE-2/Cal-Eco/CIRA;
Simulation of Integrated HVAC/Water/Appliances

Two areas where international program collaborations have worked out
particularly well for me are data bases and computer programs. In par-
ticular, I want to mention two computer programs whose time has come but
which would be 1less of a drain on both of our research programs if we
collaborated and perhaps brought in a third country.

o Building Energy Analysis

It is surely time to start the next generation of building energy
analysis programs, such as DOE-2, Cal-Eco, and CIRA. DOE~-2 was designed
in 1975, and its successor could not be in use before 1986. Meanwhile,
computer hardware and software have changed unrecognizably, building
shells and HVAC systems have changed, and algorithms have been improved.

The success of programs like CIRA shows that it is time to write a
new international standard Building Description Language that can be run
on a microprocessor to input any program, either simple programs to run
in the same micro or the ultimate standard reference program to run
remotely. By 1985 we should be able to standardize Building Descrip-
tion, just as FORTRAN standardized Formula Translation 25 years ago.

o Integrated HVAC/Appliances/Water (HVACAW)

In Section IV and Fig. 3, I pointed out that we now know how to
build superinsulated homes which use less energy for space heat than for
hot water and appliances--specifically in the ratios of 10:20:50. I
concluded that the next R&D target should be combined as "HVACAW."

At Berkeley, Professor Brent Stearns and I have been toying with
HVACAW for about a year and find it very frustrating to work without a
decent computer program. It’s a bit like turning children loose in a
toy store and telling them they can have only one present for Christmas.
Almost everything looks attractive, but what is best? And, like toys,
some configurations of appliances are best in summer, some in winter,
and some in between.

-12-



What we need is a general network program that can easily simulate
many different hookups of devices. The program must be driven by dif-
ferent typical weather-days: from hot to cold, from humid to dry, and
by different appliance-use schedules.

It must be able to call on modules that simulate everything from a
heat pump to hourly flow of grey water, to the clothes dryer that might
occasionally be the load for the heat pump. Each of these modules must
have data on first cost and lifetime. Finally, the control language
should be compatible for the research simulation phase and for the real
controllers that will run real hardware--this greatly simplifies design
and validation of later experiments and commercial devices.

I think it would be stimulating and productive to put together an
international collaboration to write such a program, and I believe we
could cost-share with the appliance and building industry.

* % % % %

In Fig. 19, I summarize my many suggestions. Thank you for your
attention.
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Energy use per capita (tonnes of Qil equivalent)
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Fig. 1. 1970 and 1978 resource energy use by some industrialized
nations. The conversion from national currency to dollars was done
only once (for 1978). Along each national arrow, we used national
deflators; this avoids jitter from fluctuations in exchange rates.
Source: UN Statistical Handbooks.
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Fig. 2a. Forty-year trend .in fuel consumption of new U.S. auto fleet and some foreign com-

fuel~heated office buildings. Electricity for
resource energy units of 11,500 Btu (12 !UJ) burned
Source: A New Prosperity--SFRI Solar/Conservat
(1951).
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Annual Fuel Consumption ( MBLu/1000 sq. fi.)

ENERGY USE IN NEU AND EXISTING GAS HEATED SFD

1979 U.S. Aversge Stock GAS SPACE HEATING
Ces Heated Single Family Hoee New Single Family Howes
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(e,

] 8 -2
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o
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i
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1 - HOUSES in

] BEPG(9.7 ach) BECA-A

(DOE-2)
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BEPG(0.4 ach)

1 (DOE-2) ()
1 Superinsulated ®
.  (osaswred)
space water appli 0 73 76 79 0
heat heat ances :
) .
Conergy) Year Built

Fig- 3. Energy Use in New and Existing Gas Heated Single Family Houses

The bar graph shows average space heat and appliance energy use for the 1979 stock of gas
heated single family homes. Space heat and hot water use were calculated from NIECS utility
billing data (Meyers, 1982). Appliance use i{s based on unit consumption and appliance satura-
tions used in the ORNL model and includes electric appliances, such as refrigerators and light-
ing (air-conditioners are excluded), with electricity counted in resource energy units, using 1
kWh = 11,500 Btu. The points labelled "NAHB" are DOE-2 computer simulations of space heating in
homes built by builders surveyed by the National Association of Home Builders in 1973, 1976, and
1979. The simulations were normalized to the Washington D.C. climate, which has approximately
the same number of degree~days as average new building stock. Because of the non-random nature
of the NAHB survey, results cannot be extrapolated to all new homes. Furthermore, the assump-
tions used in the simulation may not acurately represent actual occupant lifestyle or building
characteristics, hovever, they serve here as an example of energy use in new homes now on the
market. "BEPG" represents proposed federal energy guidelines for practice that more closely
approaches minimum life-cycle costs, using the same assumptions about thermostat settings, fur-
nace efficiency, and free heat as the NAHB points. "Superinsulated" is the average of the 15
best~performing superinsulated houses of 30 for which detailed data were available in Ribot et.
al., 1982, 1It represents measured energy use, normalized to average degree-days for new build-
ings, using assumptions comparable to the NAHB and BEPG point.

Source: Rosenfeld/Wagner (1983)--Labels.
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. Added cost of conservation (198! dollars /t2)
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drswa from the origin represent the boundary of conservation cost-effactivenese against recent U.S. svere
age residential energy prices for electricity (7.2¢/kWh) and gas (56¢/therm). Since conservation is typ-
ically & "one time” investment, the future atreas of energy savings for 30 yesrs are converted to s sin=
gle present value, sssuming 6% or IX resl interest rate. The home {a cost effective 1f ite point lies
sbove the reference line in question. Source: BECA-A (1985).
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( MBTU/YEAR )

TOTAL GAS USE
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Average ECH home (75 points) )
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—
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0 i \ |
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YEAR OF CONSTRUCTION

Figure 5. Total use of gas in new gas-heated homes supplied by Pacific Gas and Electric Company in
Northern California. Open circles are average billed use of gas for homes built in the year indicated.
The solid dot is the calculated gas use of the average home qualifying in 1980 as an Energy Conservation
Home; 60% of all new homes qualified. The " + " is the sample Energy Conservation Home marked up on

the score sheet at the end of this report (125 points, i.e. 375 therms, for $175). The " x " 1is the
estimated use for a home built today in Fresno's climate that minimizes its lifetime costs. Presley
Homes currently advertises that 1ts homes are as good as least cost. The thick horizontal line is the
economic optimum energy use, on the assumption that gas and gas conservation costs remain constant in
real dollars. This figure is in the same format as Figures 3 and 4, except that the points are actual
metered gas use, instead of being estimates based on building planms.
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Points Incrementa

Potate Incrementa Allowed  Seore  coct ($)
) Allowed Score cost (§)
(1) Major Appliances: 1 I 3 e - Insulsted extesior doors (pes door)
Gas Range 1 Rt =~ 2" wood, solid core | I
Ovea with light sad wiadow 10 ~ 15" with solid polystyrens core and thermal break ] ————
Microwsve oven = 1%” with solid urethane foam core and thenmal break 3 ——
Dishwasher with switch controllable drying cycle .: _ " | [ 2 5 Attic veatilation (® cooling benefit only)
Gas drya outlet ) - Eave vents with coatinuous ridge vent 4 ——
@ Heating/Coot ]_6 ED ~ Eave vents with gabie vents S,
Set-back o programmable thermostat 16 (5) Chimney (fireplacs): 3
(not for use with heat pump) s . 8 20 Positive damper, without gas outlet y < -
Clogged filte: indicatos ' 10 — O Fireplace - Glass doons s —_—
Als ontiton ‘: 7“":“::"::5 I tin EER excoeding siate requirement = With beat exchanger ¢ -
conditioning - - ! e M -C al spece ——
Points will only be swarded in areas where air condilioning is required as defined - ":;‘n;:.::“?:;:m“” d,‘:::‘j,‘““ s
in PGandE Schedule D-1. : : (dampered or used w/glass doors) 2 —
Soler Assisied Space Heating System: One point ".‘“‘“‘“" model 10
will be awarded for esch 2 square feet of properly Aif tight wood burning stove 20
loceted (orieniation and tils) collector ——— ) Lighting; 2 .
(3) Water Heating: s 5 Al tncand and fi - . " 2 -
Insulation Manket Fluorescent Application: . 5
Soler Asststed Water Heaiing System. One point ~ Exterior - Porch/Patio 3 —_—D)z
will be awarded for each square foot of properly : 15 z ﬂ'::;ry.:::- % R — p
? d 14l lUector - —
loceted foriensation and iili) collecto ' ' 2 N 2  Bethroams () ) ~7_ 20
Iasulated hot water pipiag ﬂ;ﬂ '3-" feat from water hesting uni s ., ~ Bathrooms (full oniy) s I
Insulsted hot water piping throughou -~ Recreation or family soom 3 —
asulated ho wilh flow i devices rated ot A _____t] ]_D Z Shop or garage Y ) —
M GPM or lens (7) Putstve Solar Design Features:
{4) Weathenization: )

\ Caulking (per 1,000 3q. ft. of floor ares) (Assume a 1,500 sq ft house) - ; Heating Beneft: ]5 N
—_ ~ Exterior sole plate only . House 10 lot orientation {minor axte within 25 *of true south) 15 —_— e -
O - ::i'd “:'9""‘:;“(2‘0:""‘" . N J/plumbing p ; 35 zm South fecing glass in excess of 25% of tosel glasing area (per 35q. f1.) (Whare

! sole plate, top plate, plug outlets) n A flasing exceeds 22% of floor eres of room being passivaly hesied, room must be

‘ ' m " of area) protected from excessive heat gain) 2 —
w“’:‘:n:: 8; }.; "-A 3 ——— Evergreen trees providing protection from prevailing winter winds on north,
* Cooling benefit 1 —— mortheast or morihwest exposure (per tree, 15 gl minimum i newly planted} ! —
Walls R-19 (per 1,000 aq. ft. of wall area) 2 - Cooling Benefit:
lluqu benefil 4 Decid, trees providing thade on west, sast, or south
® Cooling benefit . facades (per iree, 13 gal. minimum {f newiy planted) 2 ——
Perimeter insulation for sleb oa-grnde f‘loon with DO::‘::)W' 1 Roof overhang or operadl ] ings on south exp Jor sach 2 inches
(per inch of i A . 8 state standar ding 12 inch Novisontsl overhang (maximum 32" overhang) b e
Coaventional Roors (per 1,000 square feet) (8) Active Solar Dasign Features (for future adaptation):
R-19 instead of R-}) 2 adep
T 10 Incrensed slope on south-facing roof (minimum snobstructed
roof surface 8 f1. x 8 fs. with required structure to support future
:ouhk tdl‘l(vﬂ 25 5. 1. window ares) Y solar pancls) (per cach S*over 23+ slope, 40° meximum) 2 e
eating benefit
® Cooling beaefil ! Rough plumbing for future solar kot weter refrofls (must include -
e instating sh blinds, soller shades, integral louvered 2°2 2° mini; space and stubbed ! valves for future
creens m":l.‘;:; glazing insulation features (pes 25 oq. fi. window area) 2 Aot water storage tank) 3 —
Hesting benefit 1 — ()] Oher : ——
® Cooling benefit
Reflective glans or film oa sast or west facing glazing (per 25 sq. f8.) «
* Cooling venefit * Can account for extra costs due to site constraints 15 $375
93 $355 or poor planning votaLroNts - T7%
Subtots? —_— .

*Poiats swarded oaly in areas where A/C required ~ see (2).

Fig. 6. Rating Sheet for PGGE's ECH New Home Rating, filled out for 125 points for
an incremental cost of $375. The 125 points correspond to 37.5 MBtu/year of resource
energy, worth about $225/year. Electricity savings are indicated by e.
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Predicted vs. Metered Site Energy Use, Averaged over

Monitoring Period (1l day to 1 year). Source: BECA-Val (1983).
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'HOME ENERGY RATING
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Q-1 % - NEw SuPERINSULATED House
9 NS
8 T 766 TH1s House, wiTH $2900 RetroFIT
7 + 5883 NEw House, BuiLt to 1983 Stanparns
6 + 31085'\. ‘ ‘f\’sw House, BUILT To 1981 STANDARDS
$1130 JH1s House, wiTH $290 ReTrROFIT

5 + 31283 <25 YOU ARE HERE 332
4 + $1320 ESTIMATED LOCAL AVERAGE
3 +
2 4
[
QO —t—32064 UNINSULATED
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E% Fig. 8. Sample Home Energy Label and Comparison to "One-to-ten" Scale

Annual total energy bill (gas plus electricity) for lQ 3f; Q#)(Aﬂzh
[ , in 1983 §. The floor area of the' house

1
is 15¢cc+r’ . The dollar predictions assume that the house is operated under
Standard Residential Operating Conditions, either "as is” (marked "You Are Here")
or at various degrees of improvement over the uninsulated, single-glazed version
at the bottom. For comparison, the energy bill of new homes of the same area
/8500t built to various standards, are indicated. Note that even a super-
insulated house with efficient appliances costs # 432 /year, mainly for water
hcat and the appliances. The Massuchetts ratine scale, shown for comparison,
is based on similar calculations, but includes space heatina only.

Sources: Rosenfeld and Vaoner,"Technical Issues for Ruildina Enerav Ratinns"

LBL-14914, and Enercyworks/Alliance to Save Fnerqv Massachusetts
flone Eneray Ratina Rrochure.
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Figo 9. Separation of daylighting window above an overhang from view window below. On
South windows there should be an overhang painted white on top to act as a light shelf.
Source: Rosenfeld and Selkowitz (1977).
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Source: Anderssoa et al. (1979),
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Fig. 11. Measured temperatures in a NE-facing office of the Farsta Folksam building

during a winter week. T(out) varied between -2 and -10°C. Source: Andersson et al.,
1979.



_VZ-

T Y T T 7% T ¥ 7 7
£ /

80} ¢ , -

- L5 l‘\ / -3
P n=65
a3 uget Poyer & b/ &
- v @ () ~
@ 8ol ‘e 'S 1%9%
2 ) @ﬁ}’ C§S\ -
T’; 0 VA (; 0\/ L o et
o 0 am 0 Py qi} e . W
£ o / (§P e
; sol (] / [ ] o \ ] 105.,5
s ey / ‘\-1 [
< §50}.0an ) . NG: . z
o e a s 7 o i
c re 'S CSAMES Avg . 2
™) o [ ] )?0 o oo 1 0 s
® a0} cEc / ° ot 14935
- estimate / rs @9 .3
3 T 25
O 30 0 (S - »
“ . w
e gﬂ o} ° Heated by: g
-g 20 *fo s/ 0 ° o Gas 4052
c o) o o ¢ Mixed fuel
- “ s Oil
q W [y ®p00r ! L. 7
L & Electricity
0 1 1 1 A 1 1 1 A | i 1
O 400 800 1200 160020002400 3200 4000
Contractor cost {1981 §)
XBL 822-156

Fig. 12.Annual resource energy saving ve. contractor cost for 65 residenttal vetrofit

projects. Annual savings, in resource energy, after retrofit are plotted against the con-
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effectiveness fcr typical residential energy prices. Since conservation investments are
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EEB RESEARCH 1S REMARKABLY COST-EFFECTIVE.

SOCIETAL PAY-BACK TIMES

OF DAYS OR WEEKS, YET THE MARKET 3S ADVANCED BY YEARS.

PART 1: Successes FrRoM PAST Work, 1975 - 1982,

1. H1GH-FREQUENCY BALLASTS FOR FLUORESCENT LAMPS,

2, ENERGY~EFFICIENT SCREW-IN BULBS TO REPLACE INCANDESCENTS,

Base Case

‘82 Use (BxWn)
*82 VALUE AT 7¢/kMu

OpTion

Savings at 100% PeNETRATION
VALUE

MARKET ApvANCEMENT (YEARS)

Cost ofF CoNSERVED KWH

FLUORESCENT

220
$15B

H-F BALLAST

402
$6B

5Y

2¢

INCANDESCENT

—— e

180
$12B

Compact
FLUORESCENT

75%
$9B

5Y

2¢ (a)

(n) CCE ror NORELCO ASSUMES TARGET PRICE OF $15 (10 MATCH

WESTINGHOUSE COMPACT FLUORESCENT), NOT INITIAL $25,

Fie. 13. SAVINGS IN ELECTRICITY FOR LIGHTING.
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50
loo_ T T l‘lllll T UM B B RS | T T T ¥V roy l I '
E .“Energy-Efﬁdem' h 40 <«————— 42 Houses
a San Francisco 4 _
[ ® Maryland ] <——41 Houses
3o s
| d 3.
w 30 -
' &
- 'O e o]
:3 o L) ’ |.g." 12 ] :g
(& s ° — ] 20 —
a * ot w s ] ] ‘
L — 4 3 - s
c " * .Uy 3| 4
s . Y | 10 <——12 Houses B
-— a A [ ] = | ] _
E . Fe ~ - i, ]
c 4 4 =21 I | I:—-—3 Houses
o | % 5
o S A % F Jw
6 F sma )l mea 19 3 01 5 10 . - 30
S s A T Rn222 Concentration (pCi/f)
NN 4 It o ) Each (pCi/f) &1 cigarette/day
N 3F A . A " h 5000 I I '
N A 2’
2 F a4 1 [7,)
c } e
(*] a 8
© . A Q
O A AR — % - © 4000 — —
g oit 3 8¢ .
C . 7 o <3500 Cancers/Year
- s | 553000 |- -
I 7 E <«—2700 <2700
R - o 2 Cancers Cancers
S 2000 : -
OO' ] 1 13 3899l 1 ¢t taranl 1 3t 831 EU)
00l ol ! 0 =3
c ™~ .
Air change rate (hr™') § 1000 ]
; 4 D—r630 Cancers
XBL 818-UIS @«
1 1
Figure M. Radon 222 concentrations versus air infiltration rates in 01 5 10 30
98 homes. Source: Nero et al., LBL 13415, EEB-Vent 81-38, 222 . .
submitted to Health Physics September 1981. ] Rn Concentration (pCI/j)
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Fig. 17.
AREAS FOR INTERNATIONAL COLLABORATION

We ALREADY HAVE AN LBL/ORSAY COLLABORATION TO METRIFY, ADAPT, AND
vaLIDATE DOE.2 = Car-Eco.

LBL ALREADY EXCHANGES PERSONNEL WITH FRANCE, SWEDEN, BELGIUM, AND
THE PeopLes’ RepuBLIC OF CHINA,

I. EASIER AND MORE ACCURATE BUILDING ENERGY SIMULATION (DOE.n)

PERSONAL INPUT SIMPLE OutPuT
CoMPUTER 1A - BAT]ONAL —_—

NT'L, ROGRAMS

TANDARD

LANGUAGE
REMOTE NTERNAT IONAL
CoMPUTER EFERENC

ROGRAM %DOE.N)

Fig. 18,

INTEGRATED HVAC/APPLIANCES/WATER (HVACAK)

EXAMPLE: WATER FOR SPACE HEAT AND DOMESTIC USE SHOULD BE HEATED

BY WASTE HEAT FROM THE EXHAUST AIR OR AIR CONDITIONER, REFRIGERATOR,

6REY WATER, AND POSSIBLY SOLAR COLLECTORS.

VE SHOULD DEFINE A SINGLE INTERNATIONAL LANGUAGE AND COMPUTER
PROGRAM WHICH CAN:

® FIRST SIMULATE CONFIGURATIONS OF DEVICES AND STORAGE
@ LATER CONTROL THE REAL HARDWARE

Puase I:
DesicN

Prase 11:
Lap Testine

Purase 111:

REAL WORLD

ENVIRONMENT
WEATHER

APPLIANCE
SCHEDULES

BulLbinG
PARAMETERS

UriLity
RATES &
TIME OF USE

SIMULATED

SlﬂULATED

ReaL

MICROPROCESSOR! DEVICES
CoMPUTER OR Heat Pump
5, CONTROLLER ExnausT Fan
MemoRY Heat EXCHANGER
REFRIGERATOR
A1r ConDITIONER]
Fans & Pumps
STORAGE
_ DRYER
ComMPUTER SIMULATED
MI1CROPROCESSOR Rear
MiCROPROCESSOR ReaL



F16. 19,  SUMMARY OF SUGGESTIONS

LABELS: NEW AND EXISTING HOMES, COMPREHENSIVE, CALIBRATED.

COMMERCIAL BUILDINGS: TrY SwepisH “THERMODECK” STORAGE.
SEPARATE WINDOWS FOR DAYLIGHTING AND FOR VIEW.

MULTIFAMILY RETROFIT: MI1CROCOMPUTER CONTROL.

NEW RESIDENCES: INTERNAL ZONING--INTERNAL INSULATION AND

PORTABLE THERMOSTATS,

HIGH-TECH RESEARCH AND DEMONSTRATION:
MATERIALS FOR WINDOWS, LAMPS, REFRIGERANTS,.:..»

WINDOWS, LAMPS, HEAT RECUPERATORS, ...

VENTILATION AND INDOOR AIR QUALITY:
SurRveys AND DATA. EXHAUST AIR HEAT PuMPs vs. S-E-X,

KEROSENE HEATERS.

PROGRAMMING COLLABORATION:
NeExT GENERATION oF DOE-2 or CaL/ECO.

NETWORK PROGRAM TO SIMULATE INTEGRATED APPLIANCES.

BUILDINGS ENERGY DATA CENTERS:
MONITORING, CRITICAL REVIEW, DATA BASES.
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This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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