





By ALEX ZUCKER

Most of the . . . ideas of science are essentially simple, and may, as a
rule, be expressed in a language comprehensible to everyone.

Albert Einstern

:h this issue the Oak Ridge National Laboratory Review is 20 years old: an occasion to look
ack, to see what has been accomplished, what changes have occurred, and what purpose it has
served then and now.

Most of all the Review mirrors the profound changes that have taken place at the Laboratory and
in science and technology in the last 20 years. Volume 1, Number 1, carried an article by Phil
Hammond on “Desalted Water for Agriculture.” Can you remember those days when everything
seemed possible and we were still on our way to the moon? By contrast, some recent articles deal with
fractals, protein engineering, parallel computers, artificial intelligence, or technology transfer—the
very words had no meaning 20 years ago! We used to read about nuclear power for cheap and
abundant energy; we are more likely to read now about technologies for the conservation of energy.
We used to read about the Breit-Wigner formula; we now read about the quark-gluon plasma. The
AEC was replaced by ERDA, soon turned into DOE. The energy crisis came and went; its impact and
passage are recorded in the pages of the Review. There were special issues on coal, materials, power
systems, technology transfer, and the basic physical sciences, and there was even a special
Bicentennial issue in 1976, which contains a 25-year history of ORNL (1943-1968). In short, the Review
reflects the times, it reflects the state of science, and it really reflects what we at ORNL think and
what we do. That is still the best definition of its purpose.

The early articles in the Review tended to be global and often dealt with the broad context within
which the work at ORNL would be viewed. In Alvin Weinberg’s words, the purpose of the Review was
“to give . . . a better understanding of what ORNL was all about . . . as a coherent, purposeful, and
interacting institution.” In that sense the early issues reflected the spirit of the place, but left out
much of the detail.

Under the guidance of Barbara Lyon and later Carolyn Krause, the Review became more
reportorial, more descriptive—less about the whole and more about its parts. It also became fatter.
The early issues typically ran to 28 pages. Now a normal issue is 52 pages, and special issues have gone
to 250 pages. Still, we continue one tradition: each year the Review publishes the ORNL Director’s
“State of the Laboratory” address, which presents the broad picture of ORNL—its integrated purpose,
its successes, and the issues facing it.

The audience has changed as well. In the beginning, the Laboratory staff was the only readership
considered; now we use the Review to tell the ORNL story to the prospective employee here for an
interview, to the administrators in DOE and other agencies in Washington, to the Congress, to the
scientific establishment, and lately to industry—a diverse audience.

With few exceptions the articles are written by the people who do the work, and their personalities
shine through as does their enthusiasm. No two articles are alike: some are written to be accessible to
a high school graduate; others can be useful to professional colleagues. They all enrich our
understanding of the Laboratory, the topic under study, and the standards and quality that prevail at
ORNL.

And what about the next 20 years? One thing is certain: the Review in the next two decades will
follow the changing scene in science and at the Laboratory. Will work for industry loom large for the
Laboratory? Are high-temperature superconductors going to revolutionize electricity-based
technologies? What technological innovations will be stimulated by the next oil shortage? Will fusion
power be economically competitive with other sources of electricity in the next century? When will
biotechnology come of age? What will be the verdict on artificial intelligence in 20 years? We may well
have the answers to all these questions on the Review's 40th anniversary. We can’t predict the future,
but we are certain that in unpredictable ways ORNL will make some of the future happen.
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lanthanum, barium, and copper
(La-Ba-Cu-0) and of lanthanum,
strontium, and copper (La-Sr-Cu-0)
under 12 kbar of pressure and
observed the onset of
superconductivity at temperatures
up to 52 K. Scientists at AT&T Bell
Labs saw the same effect in similar
materials placed under pressure.
The Chinese group in Beijing then
claimed to have observed the onset
of superconductivity in rare-earth
ceramics at 70 K. Some of these
superconductivity findings were
reported at a U.S. conference in
early December 1986.

In January 1987 a group
collaborating with Chu, led by
Maw-Kuen Wu at the University of
Alabama in Huntsville, substituted
yttrium for lanthanum. They
measured superconductivity in one
yttrium-barium-copper-oxygen
(Y-Ba-Cu-0) compound at a
temperature of 92 K. NSF formally
announced these results on
February 16. The results were first
published in the March 2, 1987,
issue of Physical Review Letters.

After the publication of their
paper, Chu and Wu and groups at
Bell Labs, Argonne, and IBM
independently discovered a single-
phase composition that exhibits
superconductivity at slightly higher
temperatures than the one reported
in the paper. That composition is
YBa;Cug0q_,, where Y stands for
any rare earth and y represents a
number close to 2 (giving O-).

The scientific euphoria over the
rapid progress in superconductivity
research made the headlines toward
the end of the American Physical
Society (APS) meeting March
16-20, 1987, in New York City. The
APS session on superconductivity
started at 7:30 p.m. Wednesday,
March 18, and did not end until 3:15
a.m. on March 19. Some reporters
referred to the “boisterous
enthusiasm” or the “stampede” of
more than 1000 physicists attending
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superconductors could overcome the
first barrier because inexpensive
liquid nitrogen can replace liquid
helium as the coolant. Fabricating
usable forms from superconducting
materials has long been a
challenge. For example, in 1954 it
was discovered that a tin-niobium
alloy has a high transition
temperature of 18 K (high at that
time) and can support a magnetic
field of 250,000 gauss without losing
its superconductivity. However, six
years elapsed before a technique
was developed to form wires of this
normally brittle alloy. Fabricating
wires, films, tapes, and rings from
the new class of superconducting
materials appears to be possible but
not easy.

In addition to the fabrication
problem, high-temperature
superconducting materials are
plagued by another difficulty:
extremely low critical current
density. Current density is a
measure of the material’s ability to
carry an electrical current. By May
1, 1987, the highest current density
achieved in a wire made of the new
material was just under 200
amps/cm?.

Once these hurdles are cleared,
many applications for the high-
temperature superconductors seem
likely. Superconductors are used
commercially in magnetic
separation of ores and in magnetic
resonance imaging, which is a
medical diagnostic tool superior to
computerized tomography or X rays.
Another application could be
magnetically levitated
trains—trains that travel hundreds
of kilometers an hour while
suspended above rails by
electromagnets—now being
operated in the Federal Republic of
Germany, Japan, and the United
Kingdom. Superconducting wires
could also be used to provide
super-efficient, no-loss transmission
lines that carry power hundreds or
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Weatherization Assistance
Program, which provides funds to
states to weatherize low-income-

household dwellings at no charge to

residents; the residential energy
conservation tax credit; and state
loan programs and seed money for
conservation activities.

In the past ten years the
national laboratories of the
Department of Energy have also
helped through research and
development (R&D) to determine
ways to upgrade residential and
commercial buildings to efficiency
levels warranted by fuel prices. At
ORNL researchers have studied
insulations and thermal storage,
developed and tested the Annual
Cycle Energy System for heating
and cooling buildings; established a
Roof Research Center as a national
user facility; examined the
relationship between home
conservation measures and indoor
air quality; monitored government
and utility conservation programs;
and worked with industry to
develop more efficient appliances
such as the heat pump water heater
and advanced absorption heat
pumps. Most of this work has been
done by the Energy Division with
major contributions by the Metals
and Ceramics Division. A number
of other ORNL divisions have been
involved, including the Engineering
Technology, Health and Safety
Research, and Instrumentation and
Controls divisions, and the
Information Resources
Organization. An important
contribution to the planning and
organization of effective research
strategies has come from John
Millhone and the staff of the Office
of Buildings and Community
Systems at DOE Headquarters.

Some recent ORNL
achievements in building energy
conservation R&D have resulted
from work to develop gas-fired heat
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pumps. In the United States today,
natural gas and oil are major fuel
sources for building heating, but
almost all air-conditioning
consumes electricity. Electric heat
pumps are increasingly popular for
heating and cooling buildings.
However, advanced gas-fired heat
pumps are receiving increasing
attention at ORNL and elsewhere.
These devices promise to reduce
consumer energy costs, cut the
consumption of primary energy,
and balance demands for electricity
and natural gas in the summer
when power usage is highest and
the demand for abundant reserves
of gas is lowest. Recent results
from ORNL heat pump R&D and
program management include:

¢ development of advanced
absorption heat pump concepts that
have coefficients of performance
(ratio of energy output to input)
substantially higher than those of
advanced gas-fired cycles being
tested by subcontractors,

¢ design of a gas-fired, free-piston,
Stirling-engine heat pump by
industry under DOE and ORNL
guidance, and

e independent verification of the
good performance for the heat
pump driven by the Braun linear
internal combustion engine, using
natural gas as the fuel.

ORNL has been developing a
strategy for increasing energy
efficiency in the 86 million single-
family buildings in the United
States. The strategy involves
selecting the most cost-effective
retrofit measures. Early results of
the research indicate that radiant
barriers (sheets of reflective
aluminum foil) installed
horizontally in the attic reduce
electricity consumption for heating
and cooling by 8 to 17%.

ORNL research on commercial
buildings shows the possible value
of substituting efficient gas-
powered air-cooling systems for
conventional electric-powered

compressors for air-conditioning of
buildings. A massive conversion to
gas-fired cooling systems might
reduce electric utilities’ need to
increase generating capacity, lower
building energy costs, and provide a
new market for natural gas.

Another way to improve
building energy efficiency is to
reduce heat losses from buildings
by upgrading roofs. ORNL’s Roof
Research Center was conceived out
of a need to increase the thermal
efficiency, durability, and service
life of low-slope roofs. DOE is
particularly interested in thermal
efficiency, and the roofing industry
is interested in durability and
longevity. Thus, the costs of
operating the Center and
conducting research there will be
shared by DOE and industry.
Recent achievements of ORNL’s
roofing research group have been:
e development of a new method for
field determination of the thermal
resistance of roofs and
¢ validation of a surface-reflectance
model by studies of white and black
membranes on roofing sections
showing the extent to which black
membranes reduce building heating
costs in winter and white
membranes reduce cooling costs in
summer.

The ORNL evaluations and
technology transfer group has
played an important role in
measuring the effectiveness of
government and utility
conservation programs. Experiences
of these programs suggest that
financial incentives (e.g., loans,
direct payments, and rebates) and
proper presentation of information
(e.g., showing residents how to
caulk and providing specific,
relevant, and understandable tips)
are the keys to persuading
homeowners to take conservation
measures.

Many people believe that
conservation measures to reduce
home heat losses are responsible
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rederick A. Creswick has 35 years’
xperience in research and development
R&D) work on a variety of thermal-
echanical systems. He has a B.S.
egree from Wayne State University in
etroit and an M.S. degree in
echanical engineering from Ohio State
niversity. He worked on developing
utomotive gas-turbine engines for
even years at General Motors
esearch Laboratories. During his 18
ears at Battelle Memorial
nstitute—Columbus Laboratories, he was
nvolved in research on gas and
efrigerant compressors, including a
ree-piston engine-compressor for air-
onditioning systems, Stirling engines,
utomotive engine fuel systems, and
xhaust catalyst performance. Since
coming to work at ORNL in 1977,
Creswick has worked in various
capacities on heat pump R&D. He is a
registered professional engineer in Ohio.
Since 1979 he has been alternate U.S.
delegate to the International Energy
Agency Executive Committee on
Advanced Heat Pump Systems.

Robert C. DeVault is technical program

‘unded research and development
R&D) on GFHPs had been
onducted by U.S. equipment
nanufacturers when we began this
srogram in 1978. Even today,

ilmost all R&D on these devices is
nstitutionally supported either by
DRNL through the U.S.

Jepartment of Energy or by the Gas
Research Institute. The reason: R&D
yn GFHPs is technically challenging,
1igh risk, long term, and expensive.
3ecause no demonstrated market
bxists, such R&D simply has not
been an attractive investment for
U.S. industry.
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manager for the Absorption Heat Pump
Program at ORNL. He has a master’s
degree in engineering science from the
University of Tennessee. He came to
ORNL as a full-time consultant to the
Energy Division in 1975 and became an
ORNL employee in 1977 when he joined
the Regional and Urban Studies Section
of ORNL’s Energy Division. In 1980 he
transferred to the heat pump program of
the Efficiency and Renewables
Research Section of the Energy
Division. In 1987 he received an
Inventor Award from Martin Marietta
Energy Systems, Inc., which cited him
for “exceptional innovation and creativity
that led to several inventions in
advanced absorption heat pump
technology with large potential benefits.”

Fang Chen is a group leader in the
Energy Division. He is responsible for
heat pump projects involving Stirling-
engine-driven and novel cycles for the
Building Equipment Research Program.
He has a B.S. degree in mechanical
engineering from National Taiwan
University and a Ph.D. degree in applied
physics from Harvard University. Before

joining the Laboratory staff, he worked
for NUS Corporation in Rockville,
Maryland, where he conducted studies
in thermal environmental engineering.
He also worked for the TRW Energy
Systems Group in McLean, Virginia, in
energy conversion and conservation.

George T. Privon is group leader in the
Efficiency and Renewabies Research
Section of ORNL'’s Energy Division. A
native of Chicago, he has an M.S.
degree in mechanical engineering from
the University of Kentucky. He began
work at ORNL in May 1980 as a
member of the heat pump group of the
Energy Conservation Program. He holds
a number of patents dealing with
refrigerant compressor designs. Before
coming to ORNL he held various
positions of responsibility in research,
design, and product development with
the Carrier Corporation, Sundstrand
Corporation, and Bristol Compressors.

Here, Privon, Creswick, DeVault, and
Chen (from left) examine a plastic model
showing the operation of a free-piston
engine-compressor.
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cranks or rocking connecting rods
are present. The one-cylinder
engine operates in a two-cycle mode
(like some of the more durable lawn
mowers) rather than in the
conventional four-cycle automotive
mode. Thus, the engine has no
valves, valve-train gear, or
distributor. However, like a
conventional IC engine, it has a
spark plug, battery, and generator.
The lubricant to the engine piston
is metered by drops, as in the
rotary automotive engine, to ensure
long piston-ring life and low
exhaust emissions. Thus, no oil
changes are necessary.

The engine assembly consists of
two moving subassemblies, a piston
and rod, and a balancing
counterweight. The balance
mechanism, between the engine and
compressor, results in smooth
vibration-free operation. This
mechanism consists of a gear-
driven rack that moves in an
opposite direction to the pistons but
at the same speed.

A bounce space and piston are
in an adjacent position on the
assembly and assist in operation
and control of the engine. The
bounce space acts as a gas spring
that helps to control the motion of
the piston assembly.

Once started, the engine
operates at a natural resonant
speed determined by the combined
effects of the compressor load and
the bounce-space pressures. The
piston stroke length varies with
load conditions. Thus, by
controlling the bounce space
pressures and fuel quantity, the
stroke can be varied to respond to
load change.

To prevent refrigerant leakage
from the sliding rod that connects
the engine and compressor pistons,
a unique patented hermetic-seal
assembly was developed at
Tectonics. The assembly consists of
metal bellows, a mechanism to
limit bellows travel, and a means of
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controlling the pressure across the
bellows. The seal is designed for

low-cost manufacture and longevity.

As of March 1987, a bellows
subassembly on an accelerated life
test had aceumulated 2.5 billion
cycles. At the nominal engine speed
of 1000 cycles per minute and 4000
hours of system operation per year,
this result is the equivalent of 10
years of operation.

Early tests cf the engine
equipped with a carburetor running
on propane fuel confirmed that the
system could operate over a broad
range of heat pump operating
conditions despite a moderate
mismatch in engine-compressor
size. The tests were conducted using
a calorimeter, a standard device for
compressor refrigerant testing. The
carbureted fuel system, never
viewed as a permanent feature, was
discarded because of its poor
efficiency.

A second engine incorporating a
redesigned compressor section and
a cylinder-injection natural-gas fuel
system produced stable operation
over the complete range of expected
operating temperatures and engine
efficiencies 15 to 25% higher than
those of today’s automotive engines.

Recently, a prototype unit was
installed in a complete 15-ton
packaged system and subjected to
standard performance tests by a
manufacturer of heating,
ventilation, and air-conditioning
equipment. The results verified the
system’s high performance. The
unit produced 180,000 Btu/h (53
kW) of cooling at 95°F (35°C)
ambient temperature at a COP of
1.1 to 1.2 and a heating capability
of 300,000 Btu/h (88 kW) at 47°F
(8°C) ambient temperature and a
COP of 1.9 to 2.0. Note the COP
values are in terms of primary
energy; any comparison to electric
system values must take into
account the inefficiency of the
power generation source and
listribution system.

o packaged
' field

n

utility
ning this
Company
'n Natural
a.

mp (AHP)
al electric
riven heat
igerant is
e usual
or, the
‘ant vapor
solution,
igher

h-

r by

1se the

Jl amount
rgy input
of heat
Irner.
ORNL

it of two
)y Arkla
)y Allied
itter

arch

rere based

rred to in
‘ect.” Both
ssfully
nance
-effect

00 low to
e energy
sate users
nt cost

f such a
hine was
ifactured.
valuated
rogram
on

3 that can
while still
18 of
conducted

OAK RIDGE NATIONAL LABORATORY Review




with the help of experts in this
technology convinced us that
substantially higher AHP
efficiencies could be achieved
through the use of advanced cycles
that featured higher operating
temperatures, greater solution
concentration differences, and
regenerative heat exchanges
internal to the cycle.

Accordingly, ORNL issued a
request for proposals in 1982 for
the development of one or more
advanced machines. Three
organizations were awarded
subcontracts: Carrier Corporation, a
division of United Technologies
Corp.; the Trane Company, a
division of American Standard, Inc.;
and Phillips Engineering Company.

The current work in the
advanced absorption cycles program
is divided into three phases: (1) the
analytical evaluation of advanced
cycles and selection of a preferred
advanced cycle for further
development (Phase I); (2) the
development and testing of
laboratory breadboard prototypes
of the selected advanced cycles
(Phase II); and (3) the development
and testing of packaged proof-of-
concept prototypes after successful
completion of Phase II (Phase III).

The goal of the Phase I selection
of a preferred advanced cycle was
not necessarily to pick the highest-
efficiency cycle, but to select cycles
with a combination of features,
such as high efficiency, low
manufacturing cost, and high
inherent reliability. Combining
desirable features appeared to offer
the most likely path to a
manufactured product by the 1990s.

In Phase I analysis work,
Phillips Engineering examined a
variety of cycles. They evaluated
each cycle’s potential efficiency,
heat-exchanger surface
requirements, and ability to operate
over a broad range of temperatures.
Phillips selected the generator-
absorber heat-exchange (GAX)
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cycle for residential uses because it
has the best combination of high
potential efficiency and low
manufacturing cost. In the GAX
cycle, the amount of external heat
input required is reduced by an
internal regenerative exchange of
heat from the absorber to the vapor
generator. Both ammonia-water
and ammonia-lithium
bromide-water were selected as
candidate absorption fluid systems
for this cycle.

The Trane Company and Carrier
Corporation each evaluated
advanced cycles for commercial
applications. The Trane Company,
which conducted a Phase I analysis
similar to that of Phillips
Engineering, also selected a GAX
cycle but added other features and
an additional internal heat
exchange for higher efficiency.
Economic analysis of the improved
GAX cycle indicated that it will
offer a payback of less than three
years in commercial buildings and
help gas and electric utilities
balance their loads.

Carrier’s study of advanced
cycles resulted in selection of a
dual-loop cycle based on the use of
methylamine-lithium
bromide-water in the lower
(temperature) loop and lithium
bromide-water in the upper loop.
DOE has been granted six patents
based on Carrier’s Phase I work.

Each of these advanced cycles
selected by Trane, Carrier, and
Phillips offers potential for a rated
heating COP in the range of 1.8 to
2.0 and cooling COP in the range of
0.8 to 1.2, significantly exceeding
the original program goals.

In 1985, as part of Phase II,
Phillips Engineering demonstrated
their GAX-cycle laboratory
breadboard (see Fig. 2) and
achieved COPs of over 1.8 in
heating at 47°F (8.3°C) and 0.8 in
cooling at 95°F (35°C). An
independent cost analysis of the
Phillips Engineering prototype

concept has projected a customer-
installed cost equal to existing
midline gas furnace-electric air-
conditioner combinations or to
electric heat pumps.

Trane expects to demonstrate
proof of principle with a laboratory
breadboard prototype model of a
commercial-size unit in 1987.
Carrier is scheduled to build and
test two separate laboratory
breadboard prototypes. The first
prototype, a single-stage
commercial-size AHP that can
operate at below-freezing
temperatures, is scheduled for
operation in 1987. The second
prototype using the dual-loop
concept is scheduled for testing in
1988.

To support the system-
development efforts in the ORNL
AHP program, research is being
performed on a variety of subjects
ineluding fluid properties, advanced
instrumentation, heat and mass
transfer, computer simulation
models, and solution pump
development.

In one supporting research
project, ORNL’s Analytical
Chemistry Division developed a
unique fiber-optic instrument to
measure the concentration of
absorption-fluid solutions such as
ammonia-water. In 1986 DOE filed
a patent on the device, which was
developed by Horacio Perez-Blanco
of the Energy Division and Leon
Klatt, Debra Bostick, and J. E.
Strain of the Analytical Chemistry
Division. The fiber-optic instrument
monitors the dynamic concentration
of the refrigerant in the absorption
fluid solution during operation of
the heat pump by continuous
measurement of the refractive
index of the solution. The refractive
index, which changes as fluid
concentrations change, is
determined by measuring light loss
from an unclad segment of fiber-
optic cable immersed in the fluid
(see Fig. 3). Information obtained
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Fig. 3. This diagram shows the principle of operation of a fiber-optic instrument for
measuring fluid concentration in an absorption heat pump. The OENL instrument uses
changes in light transmission to measure changes in fluid concentration. The index of
refraction of the fluid influences the angle and therefore the amount of light leaking
from the unclad section of the fiber.

combustor; a coolant is used for
the “cold” heat exchanger. The
engine has no valves and requires
an ignition system only for
starting.

Several types of Stirling engines
exist, but the most common ones
are kinematic and free-piston types
(see Fig. 4). A kinematic Stirling
engine uses a mechanical linkage to
establish the motion of the
displacer and power piston,
maintaining a fixed phase angle
between the two. The displacer and
power piston in a free-piston
engine, on the other hand, are not
connected by a mechanical linkage.
The motion of the displacer and
power piston results from their
masses and the pressure variations
of the working gas. The output
power is in the form of linear
motion, which can be used directly
to drive a vapor compressor. The
engine and the compressor can be
hermetically sealed to form a single
Stirling-engine heat pump unit.

Although a Stirling engine heat
pump (SEHP) might take many
forms, the basic concept offers
some important potential
advantages in addition to high
thermal efficiency. Perhaps most
important is its exceptionally quiet
and vibration-free operation. The
continuous burning combustor can
be designed to emit very clean
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exhaust. Ideally, no oil changes or
tune-ups are required.

The free-piston configuration
has these advantages over the
kinematic type: fewer moving parts
and bearing surfaces to wear out
and the opportunity to hermetically
seal both the engine and
refrigerant sections of the device.
The liability of the free-piston type
is the requirement for close
attention to “tuning” in the design
of the system.

ORNL'’s involvement with the
SEHP began early in our program
when we assumed responsibility for
a subcontract with the General
Electric (GE) Company, which was
already in progress with joint
sponsorship by the Gas Research
Institute. The GE configuration
involved an inertial coupling
between the engine and refrigerant
compressor. Two generations of
prototypes were developed; both ran
convincingly but fell short of
efficiency and capacity goals. After
the second configuration, we
concluded that it was uncertain
whether the complicated dynamics
of the inertia-coupled system could
be dealt with in the time given. So
we switched to an alternative
configuration.

In cooperation with the Gas
Research Institute, DOE and ORNL
sponsored a free-piston, Stirling

engine heat pump (FPSEHP)
program at Mechanical Technology,
Inc. (MTI), beginning in 1980. The
system consists of an FPSE coupled
to a resonant piston refrigerant
compressor through a hydraulic
transmission. Located above the
engine diaphragm, the FPSE
assembly consists of a recuperated
natural gas combustor, a
monolithic-finned heater head, a
motor-driven displacer, and heat-
exchanger components. The
hydraulic transmission and
compressor are located below the
engine diaphragm.

The motor-driven displacer
enables the displacer stroke to be
controlled electrically, providing a
convenient means for start-up and
the primary control to match the
engine output to the heat pump
load. Separation between the engine
working fluid and refrigerant (R-
22) is achieved by using the flexible
metal diaphragm between the
FPSE and hydraulic transmission.
Engine power is transferred to the
compressor through the volumetric
displacements of the diaphragms
and corresponding displacement of
the oil in the hydraulic
transmission. The motion of the
diaphragm is produced by the
pressure wave developed in the
engine.

The FPSEHP module has gone
through two hardware design
iterations and is in the proof-of-
concept stage. It has met the
proof-of-concept performance
targets; for a module having a










anywhere. For this reason most
researchers, including those at
ORNL, have concentrated on the
closed-loop GCHP.

Several GCHP systems tested in
Knoxville by ORNL and the
University of Tennessee have
achieved higher efficiencies than a
high-efficiency AAHP. Efficiency is
measured in terms of seasonal
performance factors (SPFs). The
GCHPs had heating SPFs ranging
from 2.6 to 2.9 compared with 2.0
for the AAHP. Cooling SPFs for
the GCHPs were 1.5 to 2.6,
compared with 2.4 for the AAHP.
GCHP systems tested in New York
by Niagara Mohawk Power
Company (NMPC) achieved heating
and cooling SPFs of 2.5 to 3.1.

Because of the high cost of a
ground-coil heat exchanger, the
GCHP is more expensive than the
AAHP. Thus, even though GCHP
heating is more efficient than the
AAHP, it takes several years for
the energy savings from the GCHP
to compensate for its extra cost.
The economic potential of
alternative systems can be
determined by computing the
simple payback for a system in
comparison with its less expensive
alternative. The simple payback in
years is calculated by dividing the
additional cost of the more efficient
system (compared to the base
system) by the annual energy
savings.

For current Knoxville electricity
prices, the simple payback for the
GCHP system is 15 years compared
with the AAHP. However, for the
NMPC service area in New York,
the simple payback is only about 4.5
years compared with AAHPs and
only about 5.5 years compared with
oil furnace/central air-conditioner
systems.

From these results it is evident
that GCHPs have much better
economic potential in northern
climates where heating consumes
most of the energy. Even so, the
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major obstacle to widespread
penetration of GCHPs in these
areas is the high cost of the
ground-eail heat exchanoer

Reaucing the cost ot the ground-coil
heat exchanger has been the goal of
ORNL research. Activities in DOE-
sponsored GCHP research here
have been the development of more
realistic design models of the
ground-coil heat exchanger and
optimization of the GCHP system
design.

Advanced design models for
both vertical and horizontal closed-
loop, ground-coil heat exchangers
have been developed at ORNL.
These models are based on an
energy balance between the ground
coil and surrounding soil, in
contrast to the empirical line-
source-theory-based models now
used by most designers. The models
can account for soil freezing,
ground temperature variation with
depth, thermal interference from
an adjacent coil, circulating fluid
properties, coil properties, and
cyclic operation, all of which are
difficult to handle with the
traditional models (and are
generally ignored). Field data from
ORNL tests, Brookhaven National
Laboratory (BNL), and NMPC have
been used to validate the models.
Using the ORNL models, monitored
field data, and line-source theory
models, W. S. Fleming and
Associates, under sponsorship by
NMPC and New York State, has
developed ground-coil design
guidelines for installers in the
state. These guidelines yield coil
lengths 50% shorter than those
recommended by using line-source
theory alone. The new guidelines
are currently in use and have
considerably reduced the cost of
ground-coil heat exchangers.

The GCHP system design
optimization project was a
cooperative venture among ORNL,
BNL, Climate Master, Inc. (a heat

pump manufacturer), and NMPC.
Reduction of both life-cycle cost
and first cost of a GCHP system
for northern climates was the
project objective. For this project,
the life-cycle cost was defined as
the system first cost (or purchase
and installation cost) plus the
current value of seven years of
energy costs.

Conventionally, GCHP systems
have been designed around water-
source heat pump (WSHP)
packages that were not ideally
suited for the low fluid operating
temperatures typically encountered
with closed-loop GCHPs. Results of
the analytical phase of the
optimization project showed that by
increasing the efficiency of the
WSHP by 20 to 30% (at a 15% cost
premium) the ground coil length
could be further reduced by 30 to
50%.

Because these
finaings were encouraging, Climate
Master agreed to build two
prototype high-efficiency WSHPs
based on the optimized design
concept. NMPC field tested the
prototypes near Syracuse, New
York. Results of the field test
showed that the advanced systems
achieved the same heating SPF's
(2.7) as previously monitored
standard design systems, even
though the ground coils of the
advanced systems are 30% shorter
than those of the standard ones.
The reduced ground-coil length is
projected to offset the increased
WSHP cost enough to reduce the
overall cost of the GCHP system by
10%. A cost decrease this large can
reduce the GCHP simple payback to
only 3.5 years compared with an
AAHP for installations in New
York State. Similarly, GCHP
simple paybacks could be reduced
from 5.5 years to about 4.5 years
compared with oil furnace/central
air-conditioner systems.— Van D.
Baxter and Viung C. Mei, Energy
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different Japanese representative
each time. Although he speaks very
little English, he provided the
continuity that enabled us to
become acquainted with the
Japanese participants. We now view
our new contacts as open and
cooperative, and some of the
individuals have become our

frianda«

Our
participation 1n the 1KA annexes
has produced a high return of
useful information. For example,
we knew the Swedish had made
some major advances in the
development and commercialization
of ground-coupled heat pumps.
Through an annex on this topic, we
learned that although their
technology was applicable in
Sweden, it did not provide a way to
improve the cost effectiveness of
these systems in the United States.
We also knew that the Europeans
had developed a considerable
technology base on nonazeotropic
refrigerant mixtures. Participating
in an annex on this subject helped
us come “up to speed” quickly in
this area. We learned that
substantial additional research will
still be necessary to obtain the
potential benefits of this
technology. Perhaps the most
beneficial information exchange
came from the Technical University
of Munich, where we learned about
some analytical methods that have
been useful to U.S. researchers in
developing concepts for advanced
absorption heat pump cycles (see
lead article).

International cooperation also
allows us to learn about the R&D
activities of our colleagues
throughout the world. Such
information helps us to avoid
duplicating the research in progress
at other laboratories or developing
already obsolete concepts. As a
result of some information we
acquired abroad, we elected not to
get into some research areas that
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we believed were being adequately
addressed elsewhere. Moreover,
through our observations we have
come to believe that our work is
indead in tha mainatraam

Through
international cooperation, we have
learned that no geographical area
has a monopoly on heat pump
technology. The expertise is well
diffused throughout the industrial
nations. In the past decade, the
technology has advanced
substantially in these countries, but
no country is far ahead of the
others.

From our interactions with
various governments in the
participating countries, we saw
wide variation in R&D funding. In
European countries, the private
sector defines the projects,
government and industry share the
costs about equally, and
governmental oversight is minimal.
The Japanese select a few major
areas for R&D and form large
cooperative research groups from
government and industry. In the
United States, the traditional
reluctance of industry to get
involved with the government and
the fear of antitrust regulations
have thus far inhibited strong
industry-government cooperation.
Consequently, the U.S. government
has formulated the R&D programs

and industry has maintained the
role of frantractny,

ORNL and DOE are
still participating in the IEA
Advanced Heat Pump Systems
program, and we expect substantial
future benefits. For example, we
decided a decade ago to pursue the
development of free-piston Stirling
engines for heat pumps instead of
the competing technology of
kinematic Stirling engines. This
alternative route was taken by the
Japanese and the Swedish. To help
us determine whether our decision
was justified, we are cooperating
with Japan and Sweden to make a

joint assessment of both
technologies.

As evidence of our commitment
to international cooperation, we
worked for the past two years as
lead organizers of the 1987 IEA

eat Pump Conference, which was
held in April in Orlando, Florida.
About 300 participants heard talks
by internationally known experts.
The event was sponsored by DOE,
the Electric Power Research
Institute, the Gas Research
Institute, and five foreign
organizations.

A possible development in the
near future is the emergence of an
international market for small and
mid-size unitary heat pumps—the
market for large commercial units
is already international. So far,
geographic differences in
residential heating and small
commercial unit heating and
cooling practices have inhibited
international marketing of unitary
systems. The Japanese mainly use
room units; the Europeans, central
hydronic systems (which transfer
heat by circulating fluid in a closed
system of pipes); and the
Americans, forced-air systems. If
this international market does
develop, advances in heat pump
technology and the application of
this technology will have increased
significance. International
cooperation may come to be viewed
somewhat differently, but it will be
no less important.—F'red A.
Creswick, Group Leader, Building
Equipment Research Program,
Energy Division.
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for homes having concrete
basement slabs and high indoor
radon levels, a vent pipe through
the slab and an exhaust fan can
lower radon concentrations by
depressurizing the space beneath
the slab, thus preventing the
radon-rich soil gas from flowing
into the basement.

Of the millions of residential
buildings in the United States, less
than 5% have insulated
foundations. Less than 30% of new
homes under construction have
foundation insulation. A recently
completed study done for ORNL by
a Martin Marietta Energy Systems,
Inc., subcontractor assessed energy
savings of foundation insulation.
The University of Minnesota
Underground Space Center
concluded that an estimated 0.5
quads of primary energy could be
saved per year by moderate levels
of foundation insulation.

To help the Laboratory and the
Department of Energy plan, review,
and transfer foundation research
results, ORNL has formed a joint
private-public sector panel. This
panel helps ensure the relevance of
the research activities
and helps transfer results to the
building associations and
foundation-material manufacturers
who need answers. Panel members
represent a diversity of public and
private organizations in both the
United States and Canada:
insulation manufacturers such as
Dow Chemical and Owens-Corning
Fiberglas; foundation construction
material and system suppliers such
as Forest Products Industry; the
National Association of Home
Builders; architect-engineer firms;
construction contractors;
universities such as the University
of Minnesota, University of Alaska,
and University of Alberta; other
national laboratories such as the
National Bureau of Standards,
Lawrence Berkeley Laboratory, and
the National Research Council of
Canada; and a number of federal
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agencies such as DOE, the
Environmental Protection Agency,
the Department of Housing and
Urban Development, and the
Denartment of Nefenge.

The first task
the pane: suggestea to ORNL’s
foundation program, which is
sponsored by DOE’s Buildings and
Community Systems, is to raise the
awareness of the importance of
foundation construction features
that provide thermal insulation. As
a result of our studies, we
recommended R-values specified for
all climates in the United States for
basement walls, crawl space walls,
slab-on-grade edge, and floors
above unconditioned spaces. When
we submitted this foundation
insulation recommendation to the
national residential energy
standards committee of the
American Society of Heating,
Refrigerating, and Air-Conditioning
Engineers (ASHRAE 90.2), we
noted that this insulation is as cost
effective as recommended above-
grade insulations (see figure, which
is an example of the form of the
foundation insulation
recommendations).

Energy standards of the past
either ignored the need for
foundation insulation to completely
seal the thermal envelope or were
based on overly simplified
agsr—-**~ng of the three-

dim al heat flow around
building foundations. ORNL staff
members have prepared technical
papers and general-interest articles
to counter these misconceptions and
to guide designers and builders in
selecting cost-effective insulation
thicknesses and combinations. The
advantages of alternative insulation
strategies are discussed and, in
jome cases, quantified in terms of
mergy savings.

A tool being developed for
DRNL by the University of
dinnesota Underground Space
Center and Ken Labs of
Indercurrent Design is a

comprehensive Building Foundation
Design Handbook. This book
discusses not only thermal design
aspects but also integration of
structural features, waterproofing,
radon mitigation measures, termite
control, and subdrainage with
foundations. The 400-page
document covers about 200
foundation construction details and
should be a useful reference for

prnmnnn:cvn S W S U IO, HP. ) . D

Bévause ui uesign consiaerations
such as structural integrity,
measures to reduce indoor radon
levels, waterproofing, and
subdrainage, we recommend that
foundation insulation be placed
outside masonry and concrete walls.
Yet most of the few builders who
insulate foundations install the
insulation inside. Properly
insulating outside is more difficult,
yet the benefits to the overall
building—reduced heat losses, lower
influx of radon, and resistance to
moisture—seem to outweigh the
added cost. However, builders are
unlikely to alter past practices
unless convinced that the rewards
for the added effort of change will
be fewer callbacks and more
building contracts.

Meanwhile, experimental
measurements are needed to
¢._...lement the information
available from foundation thermal
performance simulation models and
the design handbook. ORNL plans
to use the foundation of the Roof
Thermal Research Apparatus at the
Roof Research Center to measure
:he thermal performance of slab-
xdge insulation. The information
vill be used to check the accuracy
f results calculated by ORNL’s
oundation thermal performance
nodel. For the long term, we plan
0 have a dedicated facility
quipped to test the energy
fficiency of basements, crawl spaces,
ind slabs-on-grade having various
legrees of foundation insulation.
~Jeff Christian, Energy Division.
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deposition for fabricating
artificially structured materials;
John B. Bates, for research on the
physical and chemical properties of
solid electrolytes; James Bentley,
for sustained outstanding
contributions to the development of
instruments and techniques of
analytical electron microscopy and
their application to materials
science and engineering; Joel A.
Carter, for exemplary technical
leadership and many significant
achievements that have placed
ORNL among the nation’s leaders
in analytical mass spectrometry;
Stan A. David, for outstanding
leadership in the ORNL Welding
Science Program, leading to his
selection as coordinator of the
national Basic Energy Sciences
Welding Science Programs;
Thomas H. Dunigan, Jr., for
development of a suite of computer
simulators to aid in the
development and analysis of
parallel programs for hypercube
multiprocessors; Robert H.
Gardner, for outstanding research
in the development of advanced
statistical methods of error
analysis that have led to improved
predictions of responses of biota to
their environment; Joseph N.
Herndon, W. R. Hamel, C. T.
Kring, H. L. Martin, J. C. Rowe,
D. P. Kuban, and M. J. Feldman,
for outstanding technical
accomplishment by a
multidivisional team of engineers in
the development of the world’s first
Advanced Integrated Maintenance
System; James R. Keiser, for
design, development, and
construction of a unique system for
the fundamental study of the
response of materials to the
combined effects of corrosion and
erosion at elevated temperatures;

NUMBER THREE 1987

Eugene J. Kelly, for consistently
outstanding contributions to
electrochemistry of corrosion,
magnetoelectrochemistry, and
electrocatalysis by near-surface
alloys; Daniel P. Kuban, for
outstanding, innovative
engineering contributions to the
development of the Man-Equivalent
TeleRobot concept that has been
adopted as NASA’s referenced
system; Robert J. Luxmoore, for
outstanding research contributions
in the areas of plant physiology and
s80il physics; Steven R. McNeany,
for excellence in the development of
infrared optics in support of the
national SDI program; Robert V.
O’Neill, for outstanding
contributions to the field of
ecology—in particular,
mathematical analysis of ecological
systems; Steven H. Overbury, for
significant developments in angle-
resolved, low-energy ion scattering
as a technique for determining the
structure of clean and adsorbate-
covered metal surfaces; Gayle S.
Painter, for contributions to the
understanding of the effects of
impurities on the strength and
fracture of alloys on a quantum
theoretical basis; Walter K.
Sartory, for development of an
innovative simplified design chart
adopted by the ASME Code for
guarding against excessive inelastic
deformations in high-temperature
nuclear reactor components;

G. Elliott Whitesides, for
outstanding contributions and
recognition as a preeminent
authority in the technology of
nuclear criticality analysis;
Richard F. Wood, for pioneering
contributions establishing ORNL as
an international leader in laser
processing of materials and for
exemplary leadership in developing

a new technology resulting in solar
cells of record high efficiencies; and
Lee A. Zevenbergen, for
exemplary success in the
development and preparation of
large-area, ultrathin, neutralizer
foils for use in SDI particle-beam
systems.

Seventeen ORNL employees
received the Inventor Award, which
recognizes innovative employee
contributions to the activities of
Energy Systems. The winners were
F. Wallace Baity, Jr., Daniel J.
Hoffman, and Thomas L. Owens,
for invention of the resonant
double-loop antenna for fusion
applications; Paul F. Becher, for
application of scientific principles
to the development of toughened
ceramic composites; Philip L.
Butler and John D. Allen, Jr., for
design and implementation of a
unique parallel computer
architecture combined with an
inherently parallel operating
system that executes artificial-
intelligence codes several orders of
magnitude faster than competitive
machines; Thomas A. Callcott and
Edward T. Arakawa, for design,
construction, and testing of a new
type of soft X-ray emission
spectrometer that is the most
efficient instrument of its type in
the world; Loucas G.
Christophorou, for continued
innovative development of gaseous
media for advanced technologies
that led to 13 patents and,
particularly, for the patents on
repetitive pulsed-power switches;
Robert C. DeVault, for exceptional
innovation and creativity that led
to several inventions in advanced
absorption heat pump technology
with large potential benefits;

Gary L. Glish, for




conceptualization and development
of an advanced atmospheric-
pressure ion source for mass
spectrometry; David O. Hobson,
for making four patent disclosures
during the past year for advanced
material processing methods and
equipment that offer economic and
quality advantages over existing
techniques; Leon N. Klatt, James
E. Strain, and Deborah A.
Bostick, for the successful
development of a method for
measuring refrigerant/absorbent
concentration in heat absorption
machines; and Prem C. Srivastava
and Furn F. Knapp, Jr., for
development of an innovative new
approach for the brain-specific
delivery of diagnostic
radiopharmaceuticals.

Ten ORNL employees received an
Operational Performance Award,
which recognizes outstanding,
exemplary performance in
management, business, personnel,
manufacturing, and other similar
functions. The winners were
William D. Burch, for outstanding
performance in managing the U.S.
DOE nuclear fuel reprocessing
development program and for
developing a long-term
international collaboration to
continue U.S. expertise toward
future needs; W. Charles
Kuykendall, for innovative
leadership of ORNL’s Safeguards
and Security activities that led to
successful passing of DOE’s
Inspection and Evaluation; O. B.
Morgan, Jr., for outstanding
leadership of a team effort that has
made Energy Systems one of the
world’s leading fusion
organizations; Sharon J. Ramos,
for organizing and leading a
Performance Improvement Process
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Team that significantly reduced the
probability of incorrect exclusion
recommendations on property
surveys at Grand Junction,
Colorado; Bonnie S. Reesor, for
consistently and successfully
coordinating arrangements for
major international and domestic
technical conferences, workshops,
and management meetings that
were recognized as outstanding by
ORNL and external contacts;
Anthony C. Schaffhauser, for
outstanding performance in the
development and management of
Materials Technology programs in
support of energy conservation;
William H. Sides, Jr., for
dedicated and outstanding
leadership of the Energy Systems
Acoustic Instrumentation Research
and Development Program with the
David Taylor Naval Ship R&D
Center; C. S. Sims, for materially
expanding the research and
technology transfer applications of
the Health Physics Research
Reactor and for establishing
international leadership in neutron
dosimetry; E. Jonathan
Soderstrom, for the extraordinary
achievement in 1986 of instigating
the contractual adoption of five
Oak Ridge technologies by six
industrial firms; and Donald B.
Trauger, for his leadership as
chairman of the Reactor Review
and Audit Committee along with
his insistence on verifiable and
understandable data that led to the
discovery of embrittlement in the
pressure vessel of the High Flux
Isotope Reactor and to detailed
operational and management
reviews of other ORNL reactors
before problems could become
serious.

Forty-five ORNL employees

received Publication Awards, which
recognize superior employee
performance in the authorship of a
paper, technical article, or book
that represents a significant
advance in the author’s professional
field. The winners were A. C.
Buchanan III, T. D. J. Dunstan,
E. C. Douglas, and

M. L. Poutsma for “Enhancement
of Free-Radical Chain
Rearrangement, Cyclization, and
Hydrogenolysis During Thermolysis
of Surface-Immobilized Bibenzyl:
Implications for Coal Chemistry”;
B. A. Carreras, L. Garcia and

V. E. Lynch, for “Toroidal Field
Effects on the Stability of a
Heliotron Configuration”; D. R.
Cole and H. Ohmoto, for “Kinetics
of Isotopic Exchange at Elevated
Temperatures and Pressures”; D. L.
DeAngelis, W. M. Post, and C. C.
Travis, for Positive Feedback in
Natural Systems; K. Farrell, R. W.
Chickering, and L. K. Mansur, for
“The Role of Helium in the
Development of Damage Structure
and Swelling in Neutron-Irradiated
Aluminum”; M. T. Heath and G. A.
Geist, for “Matrix Factorization on
a Hypercube Multiprocessor”; F. C.
Hartman, C. D. Stringer,

S. Milanez, and E. H. Lee, for
“The Active Site of Rubisco”; E.
Hirst, J. Clinton, H. Geller, and
W. Kroner, for Energy Efficiency
in Buildings: Progress & Promise;
S. E. Lindberg, G. M. Lovett,

D. D. Richter, and

D. W. Johnson, for “Atmospheric
Deposition and Canopy Interactions
of Major Ions in a Forest”; S. H.
Liu, for “Fractals and Their
Applications in Condensed Matter
Physics”; J. F. Lyon, B. A.
Carreras, J. H. Harris,

T. C. Jernigan, J. A. Rome, and
J. Sheffield (and K. K. Chipley, M.
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William R. Mixon is manager of ORNL’s
Building Energy Retrofit Research
Program in the Energy Division and
assistant for X-10 site work under the
division’s Efficiency and Renewables
Research Section. From 1978 through
1981 he was head of the Energy
Division’s Conservation and Use
Analysis Section and from 1973 to
1978 he managed ORNL’s Modular
Integrated Utilities System Program
sponsored by the U.S. Department of
Housing and Urban Development. From
1968 to 1973 he conducted
experiments in desalination by
hyperfiltration using dynamically formed
membranes. After he came to ORNL in
1957 he spent 11 years doing in-pile
irradiation testing of advanced fuel
elements and materials for nuclear
reactors and conducting thermal and
hydraulic studies of the Homogeneous
Reactor Experiment core and
replacement core. He holds an M.S.

private investment in retrofit.
First, retrofit proponents (e.g.,
states, utilities, shared-savings
firms, and contractors) could share
in the risks and savings of the
investment to win significant
participation of owners or
occupants. Second, risk could be
removed by providing the private
sector with research results and
predictive tools to help in the
selection and installation of
appropriate retrofits.

The Office of Buildings and
Community Systems of the U.S.
Department of Energy has selected
the research approach as the long-
term program goal. DOE is
focusing on these technical
objectives:

e provide reliable data on retrofit
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degree in engineering science from the
University of Tennessee.

Michael Karnitz is leader of the
Community Systems/Cogeneration
Group in ORNL's Energy Division. Since
joining the ORNL staff in 1976, he has
developed and supervised a number of
projects in cogeneration, district heating,
and residential energy conservation. He
holds a Ph.D. degree in mechanical
engineering from Michigan State
University. Before coming to ORNL, he
worked as senior staff engineer at
Consumers Power Company in Jackson,
Michigan, and as vice-president of
Stoner Associates, Inc., in Carlisle,
Pennsylvania.

Michael MacDonald has worked at
ORNL since 1984 in building energy
conservation research. His interests
include field surveys of industrial and
commercial energy systems to
determine ways to save energy,

performance and the means of
collecting such data,
e maintain the national capability
for analyzing and updating retrofit
performance data,
e measure and analyze the influence
of human and other factors on the
effectiveness of retrofits and
postretrofit operations and
maintenance, and
* make the results of retrofit
research widely available to the
building industry through
technology transfer activities.
Through these positive
measures, the Building Energy
Retrofit Research Program within
DOE’s Building Services Division
hopes to overcome the technical,
financial, and behavioral barriers
to the use of building energy

modeling of building energy use,
development of analysis methods for
understanding building energy use,
practical aspects of selling energy
services, and energy policy issues.
Before coming to ORNL, he worked in
Oak Ridge at TRW, Inc., and Lockheed,
providing consulting services to ORNL’s
energy conservation programs. Before
that he served as a field representative
for energy management studies with the
Office of Power of the Tennessee Valley
Authority and as a designer of building
heating, cooling, and piping systems at
the 3M Company in St. Paul, Minnesota.
MacDonald has a B.S. degree in
mechanical engineering from the
University of Tennessee.

Here, from left to right, MacDonald,
Karnitz, and Mixon examine an
instrument used to collect data from
sensors for calculation of house energy
performance.
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Fig. la. Numbers of single-family buildings, by census region, in 1982, Because of the
large fraction of buildings in the South, ORNL suggested that research on improving
building energy efficiency should focus more on cooling, not heating. Fig. 2a. Percentage
of single-family buildings vs all buildings by year in which the house was built. The bar
graph indicates that many houses were built in an era when energy was cheap. The
energy efficiency of these buildings could be improved considerably by retrofit measures.

the opportunity and obligation to
help reduce the utility bills of the
86 million S-F households in this
country. ORNL has developed a
strategy for increasing energy
efficiency in homes and has
obtained useful results.

To use limited funds most
efficiently, members of ORNL’s
Energy Division drew up a research
plan entitled Single-Family
Building Retrofit Research Multi-
Year Plan (ORNL/CON-207). This
plan grew out of a careful review of
studies describing the kinds of
residential buildings in the United
States and energy-use behaviors of
their occupants. Findings from this
review provided guidance for the
S-F retrofit research program.
Some important findings are:
¢ About three-fourths of the 86
million U.S. households live in S-F
units (S-F detached homes, S-F

attached homes, and mobile homes).

More than one-third of these S-F
households are in the South (see

-Fig. 1). Most early S-F retrofit
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programs concentrated on building
modifications that would reduce
heat loss. Cooling retrofits (e.g.,
air-conditioning systems and
insulation to keep the heat out)
were ignored. Because a large and
growing number of the population
lives in the South, the S-F retrofit
research program should have a
more balanced approach, seeking
out retrofits that are economical
for each geographic region of our
country.

¢ Consumers are using less energy
in their homes, but utility bills
continue to climb. Energy
conservation may be a mixed
blessing for utility companies that
have large fixed costs in generating
plants or in long-term “take-or-
pay” natural gas contracts that
could result in the accumulation of
excess gas reserves. If increasing
utility prices continue to reduce the
S-F householders’ savings from
conservation retrofits, other
householders may hesitate to
improve building efficiency. Such

1840-49

—

1980-82

1950-59 1860-69 1970-79

YEAR HOUSE BUILT

institutional barriers should be a
subject of investigation by the S-F
retrofit research program.

¢ Consumers are using a variety of
fuel types in their homes, and some
regional patterns are apparent.
Electricity is important in all
regions, but its use is particularly
heavy in the South and West.
Natural gas is also widely used, but
the North Central region relies on
it extensively. Fuel oil is used only
to a large extent in the Northeast.
Because of this regional variety in
fuel types, the retrofit research
program must broaden its scope to
include electric retrofits (heat
pumps and air conditioners) as well
as liquid fuel retrofits.

e Almost three-fourths of S-F
householders own their homes, but
about two of every five have
household incomes less than $15,000
per year, and one of four is 60 years
old or more. There are incentives
for homeowners to improve their
homes, but low-income and elderly
persons have limited investment
capital. The retrofit research
program must greatly improve the
accuracy of predicting savings from
retrofits on individual homes so
that reliable advice may be given to
homeowners having limited
financial resources.
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As with S-F units, commercial
buildings have been accumulating
in the South. This region, along
with the north central region,
contains two-thirds of all
commercial floor space. Retrofits
for both warm and cold climates
had to be examined.

Commercial building occupants
and owners have reduced their
energy use per square meter of
floor area, but their energy bills
have doubled. From 1970-1985, the
average use of site energy per
square meter decreased by 16%,
but, during the same period, the
cost of energy per square meter
increased by 96% in constant 1985
dollars.

Motivating building owners to
improve the efficiency of energy use
in their buildings is clearly a
challenge. About one-third of U.S.
commercial buildings are not
occupied by the owners. The
tenants of these buildings have
little incentive or authority to
upgrade their buildings. In
addition, building owners often are
skeptical about projected energy
and cost savings. Also, potential
energy cost savings often have low
priority in relationship to other
factors, such as (1) potential
problems with comfort or
attractiveness of the building that
may occur during the installation of
the retrofits, (2) the low cost of
energy relative to overall costs, and
(3) the uncertainty over how much
money will actually be saved.
Commercial building retrofit
planning faces some knotty
problems, but progress is being
made.

We have been conducting field
monitoring experiments involving
some small commercial buildings to
document the savings that may be
achieved from various common
energy-conservation retrofits. One
such field monitoring project is
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being conducted at a small bank
building in Knoxville. Results will
be used to understand how
monitoring procedures can be
simplified and to show how much
energy can be saved through
building operational changes such
as nighttime lowering of
thermostat settings for heating and
raising of settings for cooling.

Howard McLain and Michael
MacDonald have analyzed, in detail,
the energy consumption of a
prototypical large office building. A
model (DOE-2.1B) was used to
simulate the heat flow
characteristics of a new ten-story
office building having 100- by 200-ft
dimensions for each floor. The
DOE-2.1B program describes the
flow of heat in the building and the
loads on the space-conditioning
equipment on an hourly basis. As
expected, the summary of annual
energy use, by fuel type, reveals
heavy dependence on electricity,
primarily for lighting and air-
cooling.

The electricity use pattern
shows that the peak demand
corresponds with the 8:00
a.m.-t0-4:00 p.m. occupancy period.
This demand pattern can cause
concern because of the peak power
load placed on the electric utility
and the potential costs to building
occupants (e.g., those leasing space)
in the form of demand charges.

These results have suggested an
approach that could favorably
affect both the electric and natural
gas industries—conventional
electric-powered compressors for
air-conditioning replaced or
supplemented with efficient gas-
powered air-cooling systems. A
large-scale switch to gas systems
might reduce the electric utility
companies’ need to increase
generating capacity, lower building
energy costs, and provide a new
market for natural gas.

To standardize procedures used
in conducting field monitoring

experiments, the Commercial
Building Energy Retrofit Research
Group at ORNL has worked with
groups from other national
laboratories to develop a proposed
monitoring protocol. This proposed
protocol will be reviewed by user
groups and then presented to
national standards groups such as
ASHRAE and the American
Society for Testing and Materials.

Once the field monitoring and
modeling experiments produce
potentially useful results, efforts
will be made to encourage adoption
of the new findings by commercial
building operators, owners, and all
others involved in making decisions
to invest in retrofits. The
Commercial Building Retrofit
Research Plan includes strategies
to encourage building owners to try
new technologies, but work in this
area is just beginning.

Over the past seven years,
public funds have been spent at
ORNL to support building energy
retrofit research for S-F and
commercial buildings. ORNL staff
have worked with user
groups to develop and test sound
research strategies and to support
efforts to better understand the
amount of savings that should be
expected. Recent results have
identified potential benefits from
building retrofits, such as the use
of horizontal radiant barriers for
S-F houses and efficient gas-
powered air-cooling systems for
commercial buildings. Future
efforts will be directed at
determining potential benefits from
other retrofits and, in general,
helping with national efforts to
improve the energv efficiency of
existing buildings.
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tandard superinsulated house

3 comparable to a “reference”
house, except that the “super”
house has $5000 worth of features
to minimize heat losses in the
winter and heat gain in the
summer and to maintain good
indoor air quality. It has walls
containing 10.5 in. of fiberglass,
16.5 in. of ceiling insulation, 9 in. of
floor insulation, triple-glazed
windows (80% surface facing
south), and window overhangs. A
well-sealed air-vapor barrier
inhibits infiltration and an air-to-
air heat exchanger controls
ventilation.

The lack of drafts and
temperature fluctuations in the
super house makes for increased
comfort. The reference house is the
same size, is located on the same
area, uses the same fuel type, and
has only an average amount of
insulation.

By how much will the super
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house reduce energy consumption,
reflected in heating and cooling
bills, and how soon will this energy
savings compensate for the
investment made in energy
conservation features?

Floyd J. Zehr, physics professor
at Westminster College, provides
answers to these questions in a
report (ORNL/CON-148) prepared
by ORNL entitled The Performance
and Economics of Superinsulated
Houses. The subcontracted research
was sponsored by Oak Ridge
Associated Universities and DOE’s
Office of Buildings and Community
Systems.

“The standard superinsulated
house uses about one-third the
energy for space heating as does
the reference house,” writes Zehr.
The answer to the second question,
however, is not as easy because it
varies with climate and source of
energy.

According to Zehr, the economic

A superinsulated house.

ienefits are greatest for
uperinsulated houses in cold
limates where space and water
1eating consumes the most energy.
(hus, payback is generally more
'apid in the more northern U.S.
‘egions. The report indicates that,
it best, the savings from using less
mergy in a standard superinsulated
1ouse for 25 years can be more
;han three times the amount
nvested in building energy
sonservation features.

Depending on location and fuel
thoice, the payback period can
-ange from 6 to 25 years. For
slectric systems, according to Zehr,
‘he paybacks take from 6 or 7 years
N very northern cities to very long
seriods in the South. “If natural
zas is available under the price and
:ost conditions used in this study,”
1e states, “superinsulation appears
to be economical only in areas with
large heating loads.”—Carolyn
Krause.












concern is that homeowners having
poorly weatherized houses will
believe they cannot have elevated
radon levels, giving them a false
sense of security.

It is useful to look at the range
of values encountered for indoor
radon levels and for air exchange
rates. The typical indoor radon
level for many residences in the
United States is 1-2 pCi/L, and a
typical air exchange rate is about
0.5 h™L. The ranges of values for
these parameters are considerably
different. Radon levels of up to 20
pCi/L are frequently found. Less
frequently found are homes having
levels between 20 and 200 pCi/L;
only a few houses having levels up
to 1000 pCi/L have been identified.
The likely range of air exchange
rates is 0.2 to 2 h™L. The large
variability in indoor radon levels
(about three orders of magnitude)
clearly cannot be explained by
variations in average air exchange
rates (about one order of
magnitude).

Understanding the factors
affecting high radon levels in
homes will permit evaluation of the
impact of specific energy
conservation measures. The key
factors that must be considered are
location and concentration of the
original source of the radon
(uranium), transport into the
houses (convection vs diffusion),
distribution within houses (mixing),
and removal (indoor-to-outdoor air
exchange). In almost all homes
having very high radon levels, the
source of the radon is the soil
surrounding the substructure of the
home. In a few areas, a significant
amount of the radon may enter
with well water and be dispersed
during showers or other uses of
water. Building materials
containing radium (radium is one of
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the intermediate decay products of
uranium leading to radon) can be a
source of radon in homes; however,
the levels generally associated with
release from building materials are
low when compared with “problem”
levels of radon entering from the
soil. Most elevated radon levels in
homes are linked to naturally
occurring uranium in soils,
although some are associated with
“technologically” enhanced
radioactivity such as that from
uranium mill tailings used as fill
material (see “Sizing Up
Contaminated Properties: A Saga of
ORNL’s Western Pioneers,” by
Craig Little and Barry Berven,
ORNL Review, Vol. 19, No. 4, 1986).
Interestingly, some areas where
homes have exceptionally high
radon levels have uranium
concentrations high enough to be
considered suitable for mining.

Although uranium is present in
most soils, it may not pose a health
threat. Radon produced by decay of
uranium must find its way into the
house to create a problem. In fact,
most radon produced either decays
while in the soil (radon has a
3.8-day half-life) or diffuses into
the atmosphere, where it is diluted
to such low concentrations that it
poses minimal risk to health. The
problem arises when the radon
entering a house builds up, creating
high levels of radon progeny, which
ultimately damage the lung and
induce cancer.

At first it was thought that
high indoor levels of radon resulted
from diffusion of the gas through
floors and basement walls.
However, it was found that the rate
at which radon diffuses through
such material cannot generally
account for high radon levels.
Scientists now have a much better
appreciation of the process by
which radon enters homes. Most of
the radon in homes accompanies
soil gas, which is drawn into homes
through sumps, wall and floor

penetrations, cracks, and other
openings. The driving force for this
convective flow is a slight pressure
difference (a few pascals) between
the soil gas and the interior of the
house. This pressure difference is
associated with the “stack” effect,
which leads to exchange of indoor
and outdoor air. The stack effect is
caused largely by temperature
differences and wind speed.
Another important environmental
factor, soil permeability, affects the
distance over which radon moving
by soil gas flow is “pulled” into a
house.

Once radon has entered a house
it must be transported into the
living area to become a major
health problem. In some homes
having unfinished (i.e., minimally
occupied) basements, the basements
are isolated enough from the
upstairs living space that a much
lower concentration of radon is
measured in the living space than
in the basement. Charles Dudney of
HASRD’s Measurement
Applications Group and co-workers
have found that the radon content
in the upstairs level of many homes
is frequently 50% lower than that
in the basement. In other cases,
especially when doors are open
between house levels or when the
low-pressure side of leaky heating,
ventilation, and air conditioning
(HVAQ) duct work intersects with
an area of high radon concen-
tration, radon levels upstairs may
be similar to those downstairs.

A final important factor
affecting radon concentration in a
house is the rate of removal from
the air. Decay of the radon is a
removal mechanism, but it is not a
benign process because the radon
daughters (lead-210, bismuth-214,
and polonium-218) resulting from
the decay are the real health
culprits. Furthermore, removal by
decay is slow compared with
removal by diluting radon-bearing
air with outside air infiltrating the
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house. This rate of dilution

of indoor radon levels by outside
air is the primary factor that is
affected by tightening a house
through caulking cracks, installing
weatherstripping on doors and
windows, sealing between floors,
and other energy conservation
measures.

Although greater success in
tightening houses can be achieved
in new construction, retrofit
weatherization generally will
reduce the air exchange rate by less
than 20%, unless the house was
originally quite leaky. All other
factors remaining constant, a 20%
reduction in air exchange rate will
lead to a 20% increase in radon
concentration. Daily and seasonal
variations in radon levels can be
quite dramatic (as much as a factor
of 10), making it difficult to
reliably measure less than a 20%
variation as a result of
weatherization.

Can weatherization lower,
rather than elevate, indoor radon
levels? Yes, in some cases. Suppose
that an HVAC system in a home
has had leaky duct work or an
improperly balanced air flow,
pulling radon from a high radon
area into the negative pressure side
of the HVAC system and
distributing the gas throughout the
living area. If the homeowner
chooses to weatherize and, as a
result, the HVAC system is
properly sealed or balanced,
weatherization could reduce levels
of radon (and perhaps other
pollutants as well) in addition to
saving energy.

In a recent study, Dudney and
co-workers found that the mean
level of radon in homes having
crawl spaces and duct work in the
crawl space was higher than the
mean level of radon in homes
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Fig. 1. In a recent study of indoor air quality in Kingston and Harriman homes, radon
levels were found to be higher in Rouses having heating, ventilation, and air-
conditioning duct work in the crawl space (n = 15 winter, n = 17 summer) than in
houses having crawl space but no duct work there (n = 19 winter, n = 20 summer).
[Standard error of mean is 0.67 pCi/L for mean winter radon level in houses having duct
work in the crawl space and about 0.25 pCi/L for other mean levels.]

having crawl spaces but no duct
work. The ORNL data were
obtained from a recently completed
study of indoor air quality in 300
homes in Harriman and Kingston,
Tennessee (see Fig. 1).

Another energy savings
approach that is likely to reduce
indoor radon levels is the external
air supply installed for combustion
appliances such as wood stoves,
furnaces, and fireplaces. If these
appliances were operated without
this makeup air, the additional
negative pressure created would
probably increase radon levels.

Removal of “thermal bypasses,”
or paths for air to flow unimpeded
from a lower floor to an upper floor
or attic, is a final example of the
potentially positive effects of
weatherization. Thermal bypasses
include openings within walls and
around chimneys, plumbing
fixtures, or other items extending

vertically through a house. These
easy paths for vertical air flow can
enhance the stack effect, which
pulls air from the lower area of the
house and releases it near the
upper portion. Proper sealing of
these areas (not always easy to do)
not only will reduce energy losses
from rooms but also may lower
radon levels, especially if the
pressure difference between soil gas
and the basement is reduced.
Sealing between an unfinished
basement and living level of the
house could also reduce mixing of
radon in the basement with the
upstairs air.

Thus, home weatherization does
not necessarily cause higher indoor
radon levels, as is commonly
believed. The relative importance of
various factors must still be
evaluated in greater detail in
carefully studied homes before we
can determine conclusively the
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SMART HOUSE CABLING:

CABLE ASSEMBLIES
FOR DISTRIBUTION
TO CLOSED-LOOP <
DUPLEX CONVENIENCE
RECEPTACLES:

CABLE ASSEMBLY
FOR CLOSED-LOOP
LIGHTING FIXTURE:

2 X NO. 14 PLUS GROUND —
600 VOLT INSULATION

5 X NO. 26 SIGNAL CABLE

SINGLE 59/U COAXIAL CABLE

\ 2 X NO 14 PLUS GROUND

POWER CONDUCTORS

The hybrid power-signal cable concept proposed for the Smart House has been approved
in the revised National Electrical Code. This cabling uses a “zip-lock” design for
tailoring the cable configuration to a specific purpose.

expected to use the Smart House
concept. Instead of conventional
electrical wiring, the design of
these houses will integrate
microelectronics and power
semiconductors. A typical Smart
House wiring diagram would show
use of 150 microcontrollers, each
the size of a cigarette package,
which manage power and signalling
in the home. As a result, the house
appliances can electronically
communicate with each other and
can be programmed to turn on or
off at preset times or in response to
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information picked up by
sensors—presence of an occupant,
light or smoke, or changes in
temperature and humidity. These
appliances include air-conditioning
units, hot-water heaters, television
sets, stereos, coffee makers,
microwave ovens, garden sprinklers,
electric lights, burglar alarms,
telephone recording machines, and
telephones programmed to call the
police or fire department. Among
theea ara caa_firad appliances.

In addition to
managing household energy use

(data on which can be displayed on
TV at will), the Smart House will
be safer than houses of today. The
possibility of fires and shock
hazard, including electrocution, will
be virtually eliminated because of
the Smart House’s closed-loop
energy distribution in which branch
circuits are not energized except
when operating an appliance. Thus,
when a child inserts a finger or toy
into an outlet, no electrical shock
will occur because the circuit is
energized only if the inserted object
indicates electronically that it is an
appliance.

The Smart House concept also
includes automated data links
between appliances and
maintenance providers. Thus,
maintenance workers can
automatically monitor appliance
performance and, when they see
indications of declining
performance, they can arrange a
service call with the homeowner
before the appliance breaks down.

The Smart House Project
involves 40 leading U.S.
manufacturers of electrical,
electronic, and gas-fired home
products. These companies are .
contributing product R&D in
exchange for license rights to
market Smart House-approved
appliances and components.
Overseeing the project is an
advisory council composed of
representatives from
* Independent R&D institutes—the
Electric Power Research Institute,
Gas Research Institute, and Bell
Communication Research,
¢ Industry trade
organizations—American Gas
Association, Edison Electric
Institute, and Copper Development
Association, and
¢ U.S. government
agencies—Department of
Commerce, National Bureau of
Standarda and Nffice on Aging.

ORNL has been
involved in the Smart House
























