oal, for example, can be burned in a power plant
produce steam for conversion into electric power.
the resulting ashes and waste heat cannot be col-
ed and burncd to produce yet more clectricity. The
ity of the energy in the ashes and heat is not high
ugh for further such use.

umerous studics have indicated that the United
es has cnormous reserves of fossil fuels which can
ide centuries of energy for an expanding econ-
¥, yet few take into account the thermodynamic
flations on mining the fuels left. Most cheap and
essible fossil fuel deposits have alrcady been ex-

ted, and the energy required to fully exploit the -

may be equal to the energy containéd in them.
at is significant, and vital to our future, is the net
1gy of our fuel resources, not the gross energy. Net
gy is what is left after the processing, concentrat-

stimated timejand transporting of energy to consumers is sub-
-nt [of the kngted from the gross energy of the resources in the

~ays, “is the pnd.

2000, well udfonsider the drilling of oil wells. America’s first oil

~ resources

was drilled in Pennsylvania in 1859. From 1860
1870, the average depth at which oil was found was

more to ford feet. By 1900, thé average find was at 1,000 feet.
of this esse 1927, it was 3,000 feet; today, it is 6,000 feet.
from the speflling deeper and deeper into the earth to find
tnd industridttered oil deposits requires more and more energy.
i+ alternative .
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American at present comfort levels requires

600 Ib of nonmetal resources such as sand, gravel, and salt;

K0 Ib of metal substances; and 18,600

. le less than one ounce of uranium each year. That amount of energy,

opyright Iay twice what the average European uses in a year, is the equivalent
each ctitizen having 300 slaves working 24 hr per day.

Ib of fossil fuel plus a

L LOWA |

The elephantine Great Easter,
designed for nonstop voyages from
England to Australia, required more
coal than the ship could carry.
Some experts are beginning to wonder
if we aren't in the same boat.

Think of the energy costs involved in building the
trans-Alaska pipeline (See SMITHSONIAN, October
1974). For natural gas, the story is similar.

Dr. Earl Cook, dean of the College of Geosciences
at Texas A & M University, points out that drilling a
natural gas well doubles in cost each 3,600 feet. Un-
tit 1970, he says, all the natural gas found in Texas
was no more than 10,000 feet underground, yet today
the gas reserves arc found at depths averaging 20,000
feet and deeper. Drilling a typical well less than a
decade ago cost $100,000 but now the deeper wells
each cost more than $1,000,000 to drill. As oilmen
move offshore and across the globe in their search for
dwindling deposits of fossil fuels, financial costs in-
crease, as do the basic energy costs of seeking the less
concentrated fuel sources.
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. Ammonia Absorption Cycle
aammonla absorption cycle was
£ of the first methods employed

the production of refrigeration.
k original systems were installed
ed 1800's. A more ad-
ammonia absorption

was ' invented by Ferdinand
Pans France in " 1850. His

! invennon consisted of a
et - fired generator ‘a . ‘condenser,
\devaporator an absorber, .and an
% ammonia pump, ali “of which,
i many improvements, remain
.' main components of an am-

nla. absorption system. The
ammonia absorptlon

,stem was very ‘inefficient and it
4 impossible to obtain ammonia
aJld at' above 90%
the‘ system dumcult« to

: ralslng the

-.femperature. = Furthér-
reciprocatmg machines
approach the compres-

ratlos ‘required . tor .low
ure .applications. Thus, am-
bsorphon found its place in
efrigeration mdustry despite
advantages As time went on
the Teciprocating compressor was
yoved .the ammonia absorption
em of old passed into obsolescence
e mid '30s, improved ammonia ab-
flion sysiems were installed which
id operate on waste steam, waste
, or by direct hnng with naturatl gas
her gases. Thesé system employed
Rle column des:gn and spray type ab-
fers”” and -+ provided ammonia ‘at
5% punty for retrigeration duty. This,
ice in technology which prowded
|gh ‘purity (commermal grade) am:
la overcame the "major operatmg
Bims of the early systems. The more

Aqua Ammonia Absorptlon *
ems ‘have several new concepts. -

fg thesa are an ammonia refrigerant
i} to gas heat exchanger and greater

purity. This.

WITH WASTE HEAT

Refrigerating can be provided by using waste heat with the classic water-
ammonia absorption cycle. This cycle was ariginally employed in the
1800’s and has been refined over the years. It oSt its economic value in the
1930's as the more efficient centrifugal and reciprocating compressor
systems became less expensive. Due to its basic inefficiency, the am-
monia absorption system cannot be justified unless low level waste heat is
available such as low pressure steam or hot process streams. This paper
provides a detailed cycle description including controls, utility require-

ments and potential heat sources.

GEORGE C. BRILEY
Member ASHRAE

HE cost of power has increased

from an.average of 0.8° per kWh in
1972 to 1.0° per kWh in 1974, Predic-
tions are the cost will approach 3.0°
per kWh during the next three to five
years. Fuel costs have alsg increased
at a rate of 2 to 3% each month. The

- availability of fuel has gone from abun-

dant to scarce or not available with
anyone’s guess as to the future sup—
ply.

All energy-intensive industries
have become energy-concious, and
many companies have appoinied
“Energy Chiels™™ or ‘‘energy commit-
tees' charged with the responsibility
of reducing cost and consumption. In-
creasing attention is given to operating
efficiency, maintenance and reliability
costs. The total net consumption of
resources, both human and material
has become one ot the most important
evaluation criteria in equipment selec-
tion, particulary in energy intensive
processes.

If your plant requires refrigeration

you should give consideration to the.

Aqua Ammonia Absorption System,

G. C. Briley. formerly Execulive Vice President,
Lewis Refrigeration, Houston Tx, is Vice President
of Retrigeration Engineering Co., San Antonio, Tx.

. temperature process

particularly where waste heat or a high
stream is
available (Fig. 1).

THE SYSTEM

The generator (G-1) is considered to be
the heart of the system. It receives
strong aqua, (preheated in the aqua
heat exhangers), as primary feed and
also the returns from the rectification
column. These strong aqua and rec-
tification column return are heated by
steam or any other type of heat
available. This causes a part of the am-
monia within the aqua to be vaporized.
This vapor flows to the rectification
column entering below the bottom
plate. The weak aqua is taken from the
low end of the generator and heat ex-
changed with the strong aqua coming
from the strong aqua tank.

Rectification column (C-1) utilizes
bubble trays to rectify the ammonia
(strip it of all of its water vapor).
Enough strong aqua is fed into the col-
umn at one or two predetermined
plates o bring the plates into
equilibrium with the strong aqua with
the balance directed to the generator.
Pure anhydrous ammonia is fed to the
top plate from the reflux control
receiver (RC-1) which receives
condensed liquid ammonia from the
condenser (CO-1). This rectification
normally provides 99.96% ammonia
vapor to the condensor (CO-1).
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The Ammonia condenser (CO-1)
condenses the vapors from the rec-
tification column using primary water.
The condenséd anhydrous ammonia’
flows to the reflux control receiver

(C-1) providing an accurate
‘temperature reading to the reflux con-
troiler. The ammonia flows from the
reflux control receiver (C-1) into the
ammonia réceiver (B-1). The receiver
(R-1) is sized to provide storage for am-
monia volume variations caused by
load changes in the system.

Two reflux pumps (RP-1 and
RP-2), (one a 100% spare) can be
employed to pump liquid NH3 from the
reflux control receiver (RC-1)to the top
plate of the. rectification column (C-1).
If the condenser (CO-1) is high enough
in the structure these pumps can be
eliminated. .Ammonia is expanded in
the chiller (CH-1) to the pressure which
corresponds approximately to that of
the aqua film absorber and vaporizes
as it absorbs heat from the cooled
liquid or process gas.

The ammonia vapor from the
evaporator (EV-1) flows to a refrigerant
heat exchanger (HX-1) where it is used
as an exhange medium with the liquid
ammonia .from the receiver thus
heating the leaving vapor and cooling
the incoming liquid ammonia. The heat
ammonia gas from the refrigerant heat

- exchanger (HX-1) flows directly to the
aqua fitm absorber (AB-1 and AB-2)
which is maintained at a slightly lower
pressure than the evaproator (EV-1).
The ammonia vapor is absorbed into
the weak aqua which has been cooled
in the aqua heat exchanger (AHX-1).
This weak aqua is fed into the spray
area of the top aqua film absorbers
(AB-1) and’in turn flows to the spray
area of the aqua film absorber (AB-2)
during which time it absorbs the
vaporized ammonia from HX-1. The
ammonia vapor is directed into the
side of AB-1 and AB-2. The unique
aqua film absorbers have no static
head penalty and respond rapidly to
load fluctuations. When weak aqua
and anhydrous ammonia gas combine,
heat is generated. This heat of ab-
sorption must be dissipated. Water is
cascaded from the outlet of the am-
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monia condenser (CO-1) to the agua
film absorbers (AB-1 & AB-2). It is also
feasible to use primary water on the
condenser {CO-1) and the aqua film ab-
sorbers (AB-1 & AB-2) to obtain higher
operating efficiencies by reducing the
required aqua film absorbers surface.
This also reduces the input heat
requirement in the generator —(G-1).
The strong aqua from the aqua
film absorber flows to a strong aqua
tank (SA-1) which is sized to ‘provide
for any strong agua fiow variations oc-
curing within the system during load
variations. The strong aqua from the
strong aqua tank (SA-1) is pumped

through the Aqua heat exchangers.

(AHX-1)by an aqua pump.

Two aqua pumps (AQ-1 & AQ-2)
are usually installed (one acting as. a
100% spare). The pump drives can be
electric, air or steam turbine, or gas
engine. These aqua pumps (AQ-1 &
AQ-2) can either be of the horizontal
split casing type or the vertical type.
An, aqua pump is the only moving part
within the system and requires
minimum maintenance. Teh vertical
muiltistage pump si normally .recom-
mended due to its (ow NPSH
requirements and excellent efficiency.

As the strong aqua leaves the
aqua pump (AQ-1 & AQ-2) it is directed
through the aqua heat exchanger
(AHX-1) which may either double pipe
or shell and tube. This heat exhanger
(AHX-1) is critical to the economical
operation of the system as it utilizes a
large amount of heat that might nor-
mally be wasted. The strong aqua from
the aqua heat exchanger (AHX-1) is

divided proportionately to the rec-

tification column (C-1) and the
generator (G-1). The weak aqua from
the generator (G-1) is cooled in the
aqua heat exchanger (AHX-1) to within
20 to 30 degrees of the temperature of
the strong aqua from strong aqua tank
(SA-1).
The aqua ammonia absorption system
can be made completely automatic
with a control system described in
Table 1.

Agua ammonia absorption capac-

‘ities have been designed in sizes from

a minimum of 200 TR (2,400.00 Btuh)
at -50 dF and 300 TR (3,600,000 Btuh)
at +20 dF to amaximum 2500 TR
(30,000,000 Btuh) at -50 dF and 5000
TR (60,000,000 Btuh at + 20 dF. Most
systems would employ shell and tube
condensers and aqua film absorbers
however, evaporative cooled ab-
sorbers have been used. Air cooled
condensers and absorbers could also
be used. Various schemes can be
used for supplying the water re-
quirements of the condensers andg
aqua film absorbers other than series
flow. Parallel flow can be used to
reduce the aqua film absorber size and
the heai input to the system. With the

parallel flow system a small waler
temperature rise can be employed and ZM
the water used elsewhere in the plant. i
The heat source will govern the. g
generator designs. They may be hnned
surface heat exchangers with aquasis
pumped through the tubes for vapor g
heating mediums or double pipe 1or
liquid heating mediums.

ECONOMY

For economic justification an aqua /M
ammonia system must be suppl:ed‘

with waste Btu's as the source of heal 8
for the generator. From Table 2 lhe
temperature level of the heat source; A
required for single and two stage: }*
systems can be determined. Note that? %
with a heat source of 220 dF -10 dF
refrigeration can be obtained.in a two
stage system. The two stage syftem
can be compared directly with a two
stage reciprocating refrigeration
system. Any source of heat can be

utilized including low pressure in-*'¥3
cluding low pressure steam, hot oil, s 8
hot process streams, stack gas, (&
process gas, etc. Gas fired systems. iy
are practical, however the economics?
are usually not good unless the ik
products of combustion are process g f
components that require cooling.

MAINTENANCE

Since the number of moving parts ls\ ;
minimal (an aqua pump and possibly a ',
small reflux pump) total maintenance
costs are much less than comparable %
reciprocating or centrifugal com-
pression systems. Tube cleaning is 8.3}
normal function of all refrigeration 1
systems however, it is estimated thal’ig
tube cleaning costs for an absorbtion’
system employing plain tubes and tem-, 44
peratures less than 150 dF will require”:
much less cleaning than temperatures
exceeding 250 dF. Total mamtenance :
cost are expected to be 10% of that of ,§ i
a comparable reciprocating com- .-
pressor system, Continuous fube ~
cleaning systems are available g
providing maximum operating el‘ E.
ficiency at all times. -

RELIABILITY

Aqua ammonia absorbtion systems 3%
are normally instatled with spare aqua
pumps and spare reflux pumps, (when 3
used) offering a comparison to cen- §
trifugal and reciprocating systems that 4
have a spare compressor-motor train,
Down-time from failure of mechanical
item is *'zero’” due 1o the 100% spare
pumps. Heat exhanger designs are -
either ASME, TEMA B, C, or R as §
required by the system. '

ADVANTAGES

The system is installed outdoors and ¥
requires minimal space. A typical 1500 &
TR system requires approximaiely d
1600 sq. ft. of ground space. The §
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Rectification Column (C-1) Reftux Control

This control maintains pure ammonia off the tower for recycle to the evaporators.

A temperature difference recording controller (DTIC) with thermal elements located in
the vapor line from the rectificaion column (C-1) and in the reflux control receiver ((RC-
1). This controller record temperature difference between these points and controls the
reflux flow thru a control valve (DTICV) o maintain the preset difference. By controlling
temperature difference the condenser pressure can fluctuate without .causing ap-
preciable ammonia purily changes.

Weak Aqua Flow To Agua Film Absorbers (AB-1 and AB-2)

Calibrated orifice flanges are installed in the vapor line from the evaporalor (EV-1) and
weak aqua line from the aqua film absorbers (AB-1 and AB-2). DP celis are utilized tran-
smit orifice differentials to a ratio controiler (FRC—1) The flow of weak aqua is controlled
automatically to maintain a constant pressure in the aqua film absorbers

.

Generator Level Control (G-1)
The generator level is maintained by a level control (LC) located on the generator (G-1)
balances the flow of strong aqua entering to weak aqua leaving.

Pressure Recorders (Condenser (CO-1)) (Absorbers (Ab-1 & AB-2)
A two pen pressure recorder (PR-1) for condenser (CO-1) pressure and aqua film ab-
sorbers, (AB-1 & AB-2) pressure with pressure transmitters.

Generator Temperature Control (G-1)

A temperature recording controller, (TIC) operates a modutating steam or ﬂurd control
valve (TICV) to control the flow of heat to the generator. With condensing pressure and
generator pressure set by cooling water this temperature determines the concentratron
of weak aqua produced.

On direct fired generators this temperature is controlled by modulating the fuel to the
burners. On waste gas boilers application a modulating damper arrangement on the gas
side for by-pass is used, with suppiemental firing if required controlled by temperature
of weak aqua produced in the generator-pneumatically interlocked with the damper con-
trol to prevent over-ride and cycling.

An optionai controt which would reset the generator (G-1) temperature controller to a
lower temperature on large drops in cooling water temperature would permit optimum
economical operation. This type control would increase the automatic features but
generally could be replaced by simply having the operator reset the control for peak ef-
ficiency.

Temperature Indicator
A temperature indicator either manual or automatic for recording or indicating. the tem-
perature at the followint points.

Water 10 condenser {CO-1)

Water to aqua film absorbers (AB-1 and AB-2)
Water from aqua film absorbers (AB-1 and AB-2)
Water between aqua film absorbers (AB-1 and AB-2)
Weak Aqua from generator (G-1)

Weak aqua from aqua heat exchangers (AHX-1)
Strong agqua from aqua heat exchangers (AB-1A)
Strong aqua from aqua heat exchangers (AHX-1)
Strong aqua from aqua pumps (AQ-1 and AQ-2)
Fluid to evaporator (EV-1)

Fluid from evaporator (EV-1)

Ammonia gas from generator (G-1)

Ammonia vapor from rectification column (C-1)
Ammonia vapor 10 aqua film absorbers (AB-1 and AB-2)
Ammonia liquid inreflux controt receiver (RC-1)
Ammonia liquid from reflux pumps (RP-1 and RP-2)
Rectitication column (C-1) Five Points

False Load Contralier (Optional)

A pressure controller (PRC) sensing inlet steam or heating medium temperature
operates a control valve (PRCV) in the ammonia gas line from the rectification column
(C-1) to the evaporator (EV-1). This controller overrides the steam control valve to main-
tain a predetermined steam main pressure by *'False loading '’ the system.

High Level Alarms (HAL) and Low Level Alarms (LAL)
High leve! alarms (HAL) and low level alarms (LAL) and low leve! gauges (LG) are in-
stalled on teh following vessels:
1. Generator (G-1)
2. Ammonia Receiver (R-1)
3. Strong Aqua Tank (SA-1)
4, Evaporator {(EV-1) - )
Indications of high and low level are registered at the control panel.




Table 2—Utilities—Aqua-Ammonia Absorption System

T otg e Y
m‘)r 1".1‘ .
z;a)_..a»a!.w;_.‘«

Evap. Temp., dF

50 40 30 20 10

0 -0 20 30 -40 50

Single Stage
Steam Pressure, psia

Steam Sat. Temp., dF, (or Waste Heat exit temperature)

Generator Heat Required Btu/min/TR

14.119.8 24.9309 418 532 67.0 83.2
210 225 240 255 270 .
300 325 347 373 400

103.1 134.6 173.3
285 300 315 -330 350 370
430 466 .511 571 645 754

SRR Steam Rate, Io/nrTTR 18.920.221.8236258 281 309 34.1 39.1 446 532
: Water rate thru cond. & Absorber, gpm/TR8C dF On/105dF.Off 36 3.7 38 40 43 45 50 55 61 71 88
B Two Stage .
N Generators Steam Sat. Temp. dF, Exit Temperature 175 180 190 195 205 210 220 230" 240 250 265
"Steam Pressure psia 6.7 75 93 104123 141 171 207 249 298 38.1
Generator Heat Required Btu/min/TR 550 557 605 637 670 711 753 799, 850 905 970
Steam Rate, Ib/hr/TR 33.234937.039.141.3 439 46.7 499 536 575 623
Water Required thru Cond & Absorber gpmiTR 87 dF and . .
Ia 105 dF Off 40 42 43 45 49 53 58 64 72 83 102
@'L: v- o T Eo G Ead SEANY Skl _A,rd"r' LA A Sraca e i L AL

B Noise levels are well below OSHA
kstandards and generally in the 60 to 65
@da area. It is fully automatic and
equires only minimal attention. The
aqua ammonia absorption system can

accept |\QU|d slugs from the

the system in any way.
dAlthough the system will be out of
Bbalance, it will recover in a few
minutes. ‘‘Overloads’ do not damage
an absorption system. The system
operates automatically from ap-
proximately 0%, to 100% load with
minimal loss of efficiency. As the load
requirement is reduced there is a
torresponding linear reduction in the
consumption of heat. As an additonai
advantage, the system can function as
o2 steam condenser or waste gas
PRlcooling system while it refrigerates. it
Wihe requirement for steam condensing
emains at 100% of design while the
ielrigeration load is reduced a "'False
load™" control automatically adjust the
system to the dual demand. This
"False Load’ control is an additonal
plus feature which may save additonal
W¥sieam condensers or waste gas
toolers.

QUESIGN FLEXIBILITY

gl ic usually custom designed for each
llspecific application. Evaporator tem-
peratures down to -60 df are practical.
Systems can be designed single stage
o two stage for one evaporator tem-
rerature, an single stage or two stage
or multi-stage for severai ditierent
Mwvaporator  temperatures.  Systems

tan be -increased in size and
wvaporator temperatures raised or
owered by the additon of heat ex-
tiange surface. Evaporator tem-
ratures are related to heat input
emperature. Thus raising the tem-
erature of the heat source lowers the
wvaporator - temperature. The
vaporators (chillers) remain 100% ef-
Rivient at all times as the refrigeration
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Aqua ammonia absorption systems.

ote: All data approxlmated Detalled selections can vary =’ '10% dependlng upon heat source, water avallab_l
etalled analysns Is required tor each system Data courtesy of Lewis Refrigeration,Co.; Houslon TX 2 f
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system is oil free. There is no need to
add oil fouling factors to the
evaporator design,
10% in the evaporator cost. The
choice of evaporaior design has no
limitations.

Ammonia is the most efficient
refrigerant. Being oil free, it is even
more efficient. its first cost is well
below the halocarbons. Ammonia
refrigerant piping is normally smaller
than that required by the more ex-
pensive halocarbons due to ils high
latent heat and corresponding Iower
flow rate.-

APPLICATIONS -

The aqua ammonia absorption system
has applications in three specific
areas: '

] The
refrigeration.

® The recovery of NH3 vapors
from a mixture of water vapor and am-
monia.

® The recovery of NH3 from an
aqua-ammonia process.

It can produce refrigeration from
waste heat for almost any kind of ap-
plication - in the chemical and
petroleum industry. Ammonia ab-
sorption systems have been used to
chill ‘brine for refrigeration and water
for air conditioning while burning nut
hulls as the heat source. Wood chips
or sawdust are also good sources of
wast heal. Waste steam has been
used as the heat source in many in-
stallations in the chemical and
petroleum industry providing tem-
peratures from +50 dF to -50 dF.
Process vapor streams and hot oil
have also been used as heat sources.
Exhaust gases from gas turbines
would be an excellent source of heat
and this heat would normally be
capable of providing low temperature

production of

" refrigeration due to its high tem-

peratures. Refiring could also be ag-
ded for peak loads. Stack gases of
many kinds could also be used as a
heat source.

thus saving 5 to"’

industries have
many processes that require heat ex-
traction at a high temperature level in
one area and heat extraction at a low
lemperature (refrigeration) at another,

The chemical

If the extraction requirements are
within the limits of the absorption data
in Table 2, absorption system could
save many dollars in operating cost by
reducing the energy requirements. An
example, assume that a given process
has a liquid or vapor stream at 350 dF
that must be cooled to 260 dF or lower
and a require ment for refrigeration to
cool a process stream to 0 dF with a
-10 dF evaporation temperature. From
Table 2 note that the heat required in
the generator for a-10 dF evaporation
temperature is 220 dF thus in dicating
a sufficient heating medium exit tem-
perature. The ratio of heat input in the
generator {753 Btu/minute) 1o that ex-
traction in the . evaporation (200
Btu/minute) is 3.7. This could probably
be reduced by 10 to 20% by additonal
refinements in the aqua ammonia ab-
sorption system. :Variations in the
method used to extract the heat from
the condenser (temperatures in the 85
to 110 dF range) and the absorbers
(temperatures in the 85 to 130 dF
range) either by cooling water, air, a
combination of both or a process
stream add even more possibilities for
energy savings.

This sytem is ideally suited to the
recovery of NH3 vapors from NH3-
water vapor streams. The system can
be designed to provide aqua ammonia
or pure anhydrous ammonia. The aqua
ammonia absorption sysiem is also
capable of recovering ammonia in
pure anhydrous form from agua am-
monia streams of any concentration.
The agua ammonia systems are the
maost versatile refrigeration systems
available. With the advent of high elec-
trical power cost and high cost fuelitis
the solution to many refrigeration
problems. its applications are limited
only by the imagination and ingenuity
for the process engineer. 0o
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_available. This is an all-electric

‘factory assembled package, sav-

Years before public awareness of the energy crisis, Singer
Climate Control’'s research and development people were
working to save heating and cooling energy. This 16-year
head start, in the Closed Loop, Water-to-Air Heat Pump
System, is why, today. Singer leads the way in this area
with more experience, more know-how, more Electro-
Hydronic heat pump installations than any one else in the
market. The Electro-Hydronic System is a versatile, year-
round heat pump system which is widely used in multi-
room buildings.

frow it operates

Condenser water is circulated in a closed-loop pipe circuit

throughout the building. The water temperature is main.-
tained between 65° and 90° by adding heat from a supple-

mental heat source or by removing heat with a heat rejector-
system when necessary. A large portion of the time, the

mix of units on heating and cooling simultaneously makes’
supplemental heating or cooling of the loop unnecessary. .
Because of the water temperature
range, no insulation is required on
the piping, resulting in a savings

PEREN
SUPPLY WATER RETURN WATER ? \\ TO WATER COHE
o

economical installation

1t costs much less than you might think to install and
operate the system. Two pipes, which are non-insulated,
provide a big savings over those used in other types of
systems. Minimal-sized ductwork permits less space be-
tween floors, reducing total building height.

economical operation

Economy of operation is directly related to the system’s
inherent energy conservation . .. the fact that rejected heat
from an area being cooled is utilized in heating zones of the
building. Other economy {actors include: no.seasonal
changeovers, the'individual metering of conditioners (a
popular idea among tenants who do not want {o pay their
neighbor's heating and cooling bills), and less burden
placed on operating personnel.

variety of models for complete flexibility

There is a complete range of con-
ditioner models, sizes, and volt-
ages available for every applica-

Rty 321 RYTCREN T E SN

in installation cost. The con-

3

FROM WATER COAE Iee F lma F

ditioners may be placed in ceiling
plenums and ducted to con-
ditioned spaces, allowing greater
leasable square footage in the
building. On demand for heat in
any particular area (s), the con-
ditioner absorbs heat from the
loop, adds the heat of compression
and rejects it to the space. On cool-
ing, it absorbs heat from the room

tion to provide efficient, energy
saving operation. If you are in-
volved in the building or renova-
tion of schools, hotels and motels,
apartments, oifice and commer-
cial buildings, medical buildings
of any type. investigute Singer
Electro-Hydronic Systems.

“see before you spend”
“SEE", Singer Energy Evaluation

©

SUB-ZONE
.4

and rejects it to the loop circuit.
This system feature allows heat
transfer from zones on cooling to
those requiring heat.

The Singer Electro-Hydronic
System can utilize any type of
supplemental heat —gas, lossil
fuel, electric, etc. Solar-assisted
systems with storage are also be-
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isafully computerized study of the
entire building system which
utilizes all thermal load equip-
ment and system characteristics
to analyze the heating/cooling and
total energy requirements of any
building. The economic portion of
the analysis will allow the de-
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coming increasingly popular.

signer to “"SEE" i the Singer Sys-

Singer also provides "boilerless
system” equipment, eliminating
the need for a boiler altogether.
An oplional system tempera-
ture control center (STCC) is also

unit that combines the function of
supplemental heat, heat rejection,
storage and system control in one

tem is best suited to the applica-
tion. Write or call your Singer
Climate Control representative
today.

-
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ing much of the on-site labor.
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'4f ¥ Schematic of Timonium school air conditioning system.
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‘The performance of water cooled |
lithium bromide absorption units
'for solar energy applications it

it '
R : . ]

Test data such as presented here will o ;
assist in capturing the full potential : ¥
of the solar age .

[}

By DONALD K. MILLER, .
Chief Engineer. Absorption and .
Reciprocating Sysiems. York Div. |
of Borg-Warner Corp.. York. Pa. '

Water cooled absorption units are a
natural for taking advantage of the
abundant energy available from the
sun. Many of the currently available
lithium bromide units were in fact
designed for the use of waste heat or
recoverable heat, which in many
cases was available at temperatures
comparable to those that can be
‘achieved with flat plate solar heat
‘collectors. As technology in the de-
sign of solar collectors advances,
greatér cost effectiveness of the
heat source systems will make the
widespread use of -water cooled
lithium bromide units a reality.
From a modest and bold begin-
ning at the Timonium Elementary
School in Timonium, Maryland,
where a 50 ton lithium bromide ab-

sorption unit was installed and is
operating today, the industry is
progressing to even bolder concepts
— limited only by the imagination
and the realities of the marketplace.
Engineers of all disciplines are ac-
tively pursuing the design and ap-
plication of more efticient and cost
effective systems that capture the
full potential of the solar age.

The effects of variables external
to the water cooled lithium bromide
absorption unit, such as the quan-
tities and temperatures of circulated
heating, cooling. and chilled fluids.
must be known to establish the
limits of application.

The effects of internal variables,
such as the solution flow rates and
the generator and condenser sur-
faces. must be known by the de-
signer to optimize the effective
utiization of the available external
variables.

Units commercially available
today-are capable of furnishing cool-
ing for buildings using the heat
source developed from solar energy
in the form of circulated fluids,
Water is the common fluid used as
the heat source, although other
fluids can be employed.

With available data on steam
coefficients for absorption units, a

- designer must merely make .trade-

offs between the coefficients for
steam and the heating fluid used
versus the available temperature
differences existing in the equip-
ment.

This article explores all of these
factors to assist the industry in
maximizing the potential of the heat
driven equipment available today
for widespread application.

Figs. 1 through 12 show a com-
puter analysis of the predicted ef-
fects on maximum capacity and the
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Absorption units for solar energy applications

coefficient of performance (COP)
for a standard water cooled lithium
bromide absorption unit with stan-
dard pass arrangements by varying:
the steam equivalent heat source
temperature (EHST) from 90 1o 250
F (32.2 to 121.1 C); the cooling
tower water temperature (CTWT)
from 45 10 85 F (7.2 10 29.4 C); the
temperature of chilled water (CW)
from 40 to 50 F (4.4 to 10 C); the
cooling tower water flow rate from
64 to 117 percent of nominal (100
percent nominal is 3.6 gpm per ton
or 3.88 liters per minute per KW at
85 F cooling tower water tempera-
ture): the chilled water flow rate
from 50 to 100 percent of nominal
(100 percent nominal is 2.4 gpm per
ton or 2.59 liters per minute per KW
delivered at 44 F); and the lithium
bromide flow rate to the generator
from 25 percentto 100 percent of the
standard absorplion unit rate. Fora
cooling tower water temperature
of 75 F (23.9 C), the effects of vary:
ing the generator/condenser surface
" from 80/80 percent to 122/125 per-

cent, respectively, of that for stan-
dard absorption units are predicted.

Limits are probed based on re-
strictions because of crystallization
borders (with a standard heat ex-
changer surface); solution carry-
over from the generator to the con-
denser at low condensing tempera-
tures through normally used elimi-
nators; and fluid pressure drop
considerations.

Variation of coefficients of heat

- transfer for steam and other circu-
lated heating fluids with various
loadings and fluid velocities is also
probed.

Finally. future development pos-
stbilities for water cooled lithium
bromide absorption units are dis-
cussed.

Effects of variables on parameters
The essential parameters that one
would generally use to qualify the
potential use of water cooled ab-
sorption units for solar energy ap-
plications would usually be limited
to the available equivalent heat
source temperature. the cooling
tower water temperature. and the

expected COP for given capacity-

requirements at-various times of the
year for a particular location,
Circulation rates of chilled water,

. cooling tower water. and heat

source fluids can generally be var-
ied to suit the application. The
available cooling tower water tem-
perature is generally fixed by the
wet bulb temperature: however, the
building air conditioning coils and
air handling equipment can be var-
ied to some extent depending on the
attainable chilled water tempera-
tures. .

Therefore. it is useful for the con-

sultant and overall sotar energy sys-
- tem designer to know the relative
cffects on capacity and COP of a
water cooled lithium bromide ab-
sorption unit for various delivered
chilled water temperatures. availa-
ble equivalent heat source tempera-
tures. and cooling tower water tem-
peratures while easily ‘controlled
variables are selected. Itis also use-
ful to know thal there are actions
that a supplier of the absorption
equipment can take to enhance the
efforts of the total system designer
in achieving his goals.

Examination of Fig. | shows that

for a 100 percent lithium bromide
solution rate — based on full nomi-
nal tons — and 40 F (4.4 C) deli-
vered chilled water using 100 per-
cent nominal cooling tower waler,
and chilled water flow rates. and 75
F (23.9 C) cooling tower water tem-
perature. the equivalent heat source
temperature is predicted 1o be 222.8
F (106 C) when producing 100 per-
cent nominal tons at 0.704 COP.
COP is defined as cooling capacity
produced divided by heat energy
“input measured in consistent units.
A 100 percent nominal capacity for
a unit would be that produced using
2.4 gpm per ton (or 2.59 liters. per
minute per KW) of chilled water de-
livered at 44 F (6.7 C): 3.6 gpm per
ton (or 3.88 liters per minute per
Kw) of 85 F (29.4C) cooling tower
water; and 9 psig (62.06 kilopascal
gauge} dry saturated steam or an
equivalent supplied to the generator
inlet using standard materials and a
water side fouling factor of 0.00035
per hr per sq ft per F per Buu
(0.000088 pcr sq meter per C per
walt).

One sces in Fig. t thata 10 F (3.6
C) reduction in cooling tower water
temperature would permit a reduc-
tion of the equivalent heat source
temperature 10 191.5F (88.6 C) ora

al

reduction of 31.3 F (17.4 C) in the
required equivalent heat source
temperature. while reducing the
maximum capacity to 93 percent ol

‘nominal and increasing the COP ta

0.745 for a 5.8 percent improve-
ment. Another 10 F cooling .tower
water temperature reduction is
shown to reduce the required equiv-
alent heal source temperature an
additional 45 F (23 C) while decreas-
ing the maximum capacity to 7¢
percent of nominal and increasing
the COP to 0.787 for an additional
5.6 percent improvement over the
COP achievable with 65 F (18.3 C)
cooling tower water.

The reduction in the percent
maximum capacity as the cooling
tower water temperature is reduced
is a natural function of the increas-
ing velocity and specific volume ol
refrigerant vapor through the
eliminators separating the generato
and_condenser as the condensing
temperature is reduced:; the reduc-
tion of available pressure differ-
ences between the generator and
absorber sections to move strony
lithium bromide solution through
the heat exchanger and piping: and
the reduction of motive force for the
refrigerant condensate from the
condenser to the evaporator with
reduction in condensing tempetr
ture,

By moving vertically upwards i
any-column of Fig. . one can scc
that a reduction in the chilled wate

. flow rate to 50 percent of nominul

has a negligible effect for a giver
cooling tower water flow rate. Ar
increase to 117 percent of nominal
cooling tower water flow rate re
duces the equivalent heat source
temperature less than S F (2.8 C). A
decrease to 64 percent of flow rau
increases the equivalent heat sourcy
temperatuie somewhat less than 1°
F.(9.4 C). . )

The blanks in Fig. | represen
situations where the maximum con
centration of solution in th.
generator for the maximum capu
city listed to avoid crystallization
after the strong solution leaves the
heat exchanger may be exceeded. |
is possible to achieve higher thuw
100 percent nominal tons for a give
cooling tower water temperatuin
above 75 F (23.9 C) without exceed
ing the maximum concentration



however, for the purposes of this
article, the maximum capacity was
capped at 100 pcrcent of nominal.

An excessive load may cause car-
ryover of some lithium bromide
from the generator to the refrigerant
‘in the condenser. This does not
harm the system other than to in-
hibit optimum evaporator perform-
ance. An internal device constantly
bleeds some refrigerant liquid from
the evaporator section directly to
the absorber in order to maintain the
refrigerant in an essentially pure
state — free of contamination.

-Fig. 2 shows what happens to the
required equivalent heat source
temperature and COP with an in-
crease to 45 F (7.2 C) chilled water
off the unit while maintaining 100
percent solution flow rate for the
lithium bromide from the absorber
to the generator with the same
changes in ‘variables previously
mentioned.

Fig. 3 shows the effect of raising
the chilled water temperature off
the unit to SO F (10 C)-with the solu-
tion flow rate remaining constant.
Notice that for 100 percent nominal
chilled water and cooling tower

water flow rates. at 85 F (29.4 C)

cooling tower waler temperature,
and 100 percent nominal capacity.
the required equivalent heat source
temperature is reduced 10.1 F (5.6
C) for a chilled water temperature
increase of 5 F (2.8 C). while the
COP is increased from 0.690 to
0.713, oran increase of 3.3 percent.

The actual equivalent heat source

temperature required. particularly

at the lowest cooling tower water
temperature of 45 F. may vary
somewhat from the computer calcu-
lated values. Additional testing in
the future would serve as interesting
and useful correlations. The valucs
indicated for the lower cooling
“lower water temperatures should, be
used in a relative sense rather lﬁzm
as absolute values. Much depends

on the degree of refrigerant con-

tamination with lithium bromide
and the trimming of the refrigerant
and solution charge for a given unit
and application. There is a continu-
ous internal redistribution of refii-
gerant quantity to and from the solu-
tion as the load changes and solu-
tion concentrations vary in re-
sponse to the load. ’

COP. coefficient of performance: CAP, capacity.

. Key: CTW, cooling tower water; CTWT, coblihg lower water iemperature; EHST, equivalent heat source

% CTWT CTWT CTWT CTWT CTWTNY
NOM.| 45° F (7.2°C) | 55°F(12.8°C) | 65°F (18.3°C)|75°F (23.9°C){85°F (29.4°C 5
CTW {enst| % EHST| % EHST| % EHST| % | EHST| %
FLOW]| -¢ |cap.jcop.| <F [cap.[cor.] <F [cap.|cop.| <F [car.|cor| <F fcar.|cop.
50% CHILLED WATER FLOW ‘
64 |115.5] 50 |.776{158.1} 70 }|.771]207.4] 93 | .727
100 [ 107.0{ 50 | .792|146.1] 70 | .788]190.8] 93 | .747]221.9] 100 | .705
117 }104.8] 50 | .796]143.0] 70 |.793)186.5] 93 | .7521217.1] 100 .710
75% CHILLED WATER FLOW ‘
- 64 | 115.6} 50 | .776{158.3| 70 |.770[207.8] 93 | .726
100 | 107.1} 50 §.792[146.4] 70 |.787)191.3] 93 | .746{222.5/ 100 | .704
117 | 104.9{ 50 | .796]143.2] 70 | .792|187.0] 93 | .7511217.5/100] .709
' 100% CHILLED WATER FLOW
64 1115.71 50 | .776]158.4] 70 |.770}208.1} 93 |.726
100 1107.2] 50 | .792{145.5{ 70 |.787[191.5| 93 | .745|222.8] 100 | .704
117 | 105.0f 50 | .796143.4] 70 [ .792|187.2] 93| .751] 217.8] 100 | .709

1 100 percent solution flow rate with 40 F (4.4 C) chilled water off of water cooled
lithium bromide absorption unit. Equivalent heat source temperature, maxjmum
capacity, and COP for various cooling tower water temperatures to unit at various
percentages of nominal chilled water and cooling tower water flow rates,

CTWT

% CTWT CTWT CTWT CTWT
NOM. | 45° F (7.2°C)| 55°F(12.8<C) | 65°F (18.3<C)| 75°F (23.9°C){ 85°F (29.4°C)
CTW |enst| % EHST| % EHST| % EHST| % EHST| %
FLOW| < [car) cor] °F |car.fcop| <F |car]cor| ¢ [car./cor) ¢ [car|cor.
o 50% CHILLED WATER FLOW
64 |107.9] 50 .799/149.4 70 | .794/196.6] 93 [ .754]/228.8] 100] .711
100 | 99.7] 50 .815/137.8] 70 | .812{180.9] 93 | .773]|211.1[100] .731}235.2] 100] .692
117 | 97.5] 50| .819]134.7] 70 | .816}176.8] 93 | .7791206.4] 100 .7356]230.4] 100] .692
75% CHILLED WATER FLOW '
64 [108.1} 50 .799[149.7] 70 {.794]197.4] 93 | .752|229.3} 100 | .710
100 | 99.8| 50| .815/138.0{ 70 | .811]181.3] 93| .773}211.50 100 | .729] 235.8] 100] .691
117 | 97.7] 50| .818]135.0] 70 | .815[177.2] 93| .7781206.9] 100 .735 231..0 100] .696
100% CHILLED WATER FLOW :
64 |108.01 50| .7981149.8) 70 | .794|197.6] 93 | .752|229.6] 100 .709
100 | 99.9{ 50 .814[138.1] 70 [.811[181.6] 93| .772[211.8| 100 .729{236.1] 100] .630
117 | 97.8{ 50| .818{135.1} 70 |.8151177.4] 93 | .777]207.2] 100 | .734{ 231.3] 100{ .695
2 100 percent solution flow rate'with 45 F (7.2 C) chilled water off of unit. "
- % CTWT CTWT CTWT CTWT CTWT
NOM. | 45° F (7.2°€)] 55°F(12.8°C)| 65°F (18.3°C)[75°F (23.9°C)| 85°F (29.4°C)
CTW |eust| % EHST! % EHST| % EHST| % EHST| %
FLOW/| <F [car.]cop| <F |cap.|corl| °F [cap.[cor.| +F [cap.|corl < |car.|coPp.
' 50% CHILLED WATER FLOW '
64 1100.8| 50 | .820[141.4] 70 |.817{187.8} 93 |.777|218.7] 100] .735!243.4] 100] .696
100 [ 92.8] 50 |.835[130.1] 70 |.832|172.1] 93 | .796|201.4 100{ .755{225.2] 100] .715
117 | 90.8] 50 | .840]127.1] 70 |.837[168.1] 93 |.801]197.0] 100 .760]220.6] 100] .720
75% CHILLED WATER FLOW
64 |101.7( 50 | .820]141.7| 70 [.816{188.2( 93 | .776(219.2] 100| .734|243.7] 100] .635
100 | 93.0{ 50 | .835]130.3[ .70 [.832{172.6] 93 | .795/201.9] 100] .754]225.7] 100/ .695
117 | 90.9] 50 | .839}127.4f 70 |.836]168.6] 93 |.800{197.5{ 100] .759[221.1} 100} .719
~_100% CHILLED WATER FLOW
64 [101.1] 50 | .820/141.9] 70 |.815[188.5] 93 | .775[219.5] 100{ .733{244.1] 100{ .694
100 1 93.1] 50 |.834{130.5| 70 |.831]172.8] 93 |.795!202.2] 100 .753]|226.0] 100 .713
i1_7 1.91.01 50 1.839]127 51 70 | 835|168 81 91 | 7G91197.81 1901 7SR 4ol 77




Absorption-units for solar energy applications

At loads less than the maximums
listed for given water flow rates and
temperatures. the equivalent heat
source temperatures required will
be reduced. and the COP may be
reduced unless solution flow: rates
are reduced and the refrigerant is
kept free of solution contamination
by appropriate meaps.

The quantity of solution circu-
lated changes the concentrations of
the weak and strong solutions
throughout the unit and hence the
operating efficiency. Generally, the
higher the concentration, the better
the COP is. A decrease in solution

flow rate from the absorber to the-

generator increases the concentra-
tions and thus the COP. However,
this increases the required equiva-
lent heat source temperature. [talso
places some additional limits on
range of variables because of the
increased chance of bordering on
crystallization tendencies.

Fig. 7 shows that for 64 percent

nominal cooling tower water flow at
100 percent nominal chilied water
flow, with 65 F (18.3 C) cooling
tower water, and 50 percent of the
full solution flow rate, the COP in-
creases 4.6 percent compared to
that for the 100 percent solution rate
represented in Fig. 1. Notice the
shaded area on Fig. 7. This is
where theoretically some values
were attainable except that the
strong solution temperature leaving
the heat exchanger for the given
concentration of solution crossed
over the crystallization border limit.
With greatly reduced solution flow
rates. the weak solution leaving the
heat exchanger tends to reach a
superhéated value — in other
words, a value above the boiling
pointof the solution at the generator
pressure level, The generator pres-
sure level is in turn established by
the condensing temperature. At low
cooling tower water temperatures,
the superheated condition of the so-
lution prior to its entering the
generator is most apt to occur,
The optimum percent solution
flow rate for improved COP is gen-
erally somewhat greater than the
percent nominal capaeity at which
the unit must perform. The lowest
required equivalent heat source
temperatures can be achieved with
100 percent of solution flow,

. o il [~ P —
% CTWT CTWT CTWT: CTWT CTWT
NOM.| 45° F (7.2°C)| 55°F(12.8°C) | 65°F (18.3°C){75°F (23.9°C)| 85°F (29.4°C
CTW | enst| % EHST| % EHST| % EHST| % ERST] %
FLOW] ¢ |cap.jcor] °F |cap.}corp] °F [cap.jc.op.] F ]cap.|c.oP| <F ] caP.{c.0l
' 50% CHILLED WATER FLOW '
- 64 {116.0| 50 | .799/159.0] 70 }.794]209.2| 93 |.748]
100 {107.8] 50 | .812|147.4] 70 | .809{193.0] 93 | .765
117 ]105.6] 50 | .815]144.4] 70 | .813[188.9] 93 |.770{219.7{ 100].728
_ 75% CHILLED WATER FLOW
64 1116.1] 50 |.799]159.2{ 70 |.793{209.7{ 93 |.747
100 J107.9§ 50 | .812)147.6] 70 | .808]193.5) 93 ] .764
117 ]105.7f 50 | .815)144.6] 70 | .812|189.3] 93 | .768]220.2] 100 .727
100% CHILLED WATER FLOW
64 [116.2] 50 [ .799]159.4] 70 | .793|209.9} 93-| .747
100 107.9} 50 | 811|147.7] 70 | 808193.7| 93 | .763
117 {105.8{ 50 | .815{144.7{ 70 | .811{189.5{ 93.1.768{220.5] 1001 .727
4 75 percent solution flow rate with 40 F chilled water off of unit,
% CTWT CTWT CTWT CTWT CTWT
NOM.| 45° F (7.2°C)| 55°F(12.8°C)| 65°F (18.3°C)| 75°F (23 9°C)|85°F (29.4<C
CTW | enst]| % EHST| % EHST| % EHST| % EHST| %
FLOW|[ <f [cap{ copr| F |cap.fc.opr] < |cap.|c.0P] °F |cAP.|C.OP.| °F | CAP.| C0.i
50% CHILLED WATER FLOW
64 )108.6] 50| .818]150.5| 70 | .816[199.0] 93-].773{231.3] 100 .73¢1
100 100.6) 50| .830]139.2} 70 | .829]183.3] 93 | .789}213.8] 100 .748
117 | 98.5{ 50| .833)136.3} 70 |..833]179.3] 93 |.794/209.3] 100] .752
. 75% CHILLED WATER FLOW
64 [108.7{ 50| .818[150.8] 70 | .815]199.4] 93°[.772]231.9[ 100{ .730
100 |100.7{ 50| .829{139.5{ 70 | .829]183.8] 93 | .788}214.3 100 .747
117 | 98.6{ 50| .833{136.5{ 70 | .832]179.7] 93 |.793{209.8{ 100 .751
100% CHILLED WATER FLOW:
64 |108.8] 50] .817]150.9] 70 | .815}199.7} 93 |.771]232.1{100] .729
100 [100.8] 50| .829{139.6| 70 | .829]184.0] 93 | .788[214.6]100].746
117 | 98.7] 50| .832{136.6] 70 | .832]179.4] 93 | .792]210.1] 100 | .750
5 75 percent solution flow rate with 45 F chilled water off of unit.
% CTWT CTWT CTWT CTWT CTWT
NOM.| 45° F (7.2°C)| 55°F(12.8°C) | 65°F (18.3°C)|75°F (23.9°C)|85°F (29.4 |
CTW | enst] % enst] % EHST| % ENST| % EHST | %
FLOW{ < |cap.]cor] °F |cap. cor] °F |cap.|c.op.| °F |cap.|cor] F |caP.|ts
50% CHILLED WATER FLOW
64 [101.6} 50 | .835[142.7] 70 | .835[189.9] 93 | .795|221.4|100] .753|245.9]100] .7
100 | 93.8/ 50 | .846[131.6] 70 | .848|174.5] 93 | .811/204.3]100] .770{228.2[100] .7
117 | 91.8] 50 [ .849]128.7] 70 | .851]170.6] 93 | .815/200.0]100] .774[223.7]100{ .7
75% CHILLED WATER FLOW
64 ]101.8] 50 ] .834/142.9] 70 | .835|190.4] 93 | .794]221.9/100] .752} 246.4]100] .7
100 | 94.0{ 50 | .846{131.9¢ 70 | .848{175.0] 93 | .810{204.8] 100 .769/228.7]100] .7
117 | 92.0{ 50 | .849|129.0] 70 | .851[171.0] 93 | .814]200.5{100] .773|224.2] 100} .7
100% CHILLED WATER FLOW . )
64 101.9{ 50 | .834[143.1{ 70 | .834[190.6] 93 | .793[222.2|100{ .751]{246.8]100] .i
100 | 94.1] 50 | .846{132.0] 70 ] .847]175.2] 93 |.809]205.1]100] .768]229.0{100] .i
117 Fovnl sn | awbeoo o] 70 b esily71 3] €3’ R1a) 200 8] 1001 .773) 224 511400




Key: CTW, cocling tower water; GTWT, cooling tower water temperature; EHST, equivalent heat source temperature;
! COP, coefficient of performance: CAP, capacity.

T ) A CTWT ‘CTWT CTWT CTWT CTWT Trade-offs can be made with the

.4°C)} o F (7 90 o o o o o c c c COP on choosing the optimum solu-
- )5. NOM.| 45° F (7.2°C)| 55°F(12.8°C) | 65°F (18.3°C) |75°F (23.9°C)| 85°F (29.4°C) tion flow rate to the generator,

- | CTW { ensT| % EHST | % EHST| % ERST| % EHST % Other Figures show the poten-
LCOPS |FLOW| F |cap.|cop] < [car(cor| ¢ |cap. [cop| -F [cap.[cor] o |cap|cor.| ial effects of changing the variable
50% CHILLED WATER FLOW for various performance parameters

64 (118.4] 50 | 820l163.21 70'| 813 at 100 percent nominal surface for

) - the generator and condenser.

100 {110.4{'50 { 8281151.9] 70 | .824 With less or more than 100 per-

¢ | 117 [108.3] 50 | .831{148.9{ 70| .827 cent nominal surfaces in the .
i - 75% CHILLED WATER FLOW generator and condenser. the re-

g 64 (118.5] 50 | 820046350 70 [ 813 quired equivalent heat source tem-

~ 1700 T110.5| 50 | 828l152.1] 70 | 826 perature and. COP will change.

. : Table | shows these values for sur-
117 1108.4) 50 | .831]149.1) 70| .827{196.9]93 | 777 face changes and the saume variables

100% CHILLED WATER FLOW explored in Figs. | through 12.
64 [118.6] 50 |.820]163.6( 70 | 812[217.4] 93 [ .759 Absorption units with 20 percent
100 [110.6] 50 | .828}152.2] 70 | 824l ‘ less generator and condenser sur-
117 108.5| 50 | 831l 149.2] 70 | 827 ( ] face than that of a standard unit

would require a 10.4 F (5.8 C) higher

7 50 percent solution flow rate with 40 F chilled water off of unit. equivalent heat source temperature

—— and have a slhightly smaller COP.
r 1 % CTWT CTWT . CTWT CTWT CTWT Those units with 122 percent of a
4°Chr (NOM.| 45° F (7.2°C)| 55°F(12.8°C) | 65°F (18.3¢C) |75°F (23.9°C)|85°F (29.4C)| standard generator and 125 percent
- | CTW [eust| % EHST| % EHST| % EHST| % EHST| % Ofthlg Standard csogld;n;elrét):rlfaccs
would require d . . ower

CoPk (FLow] ¢ [carlcopl o |capfcor) < lcarlcor| ¥ [carfcor ¢ [car)cor. equival;?t heat Source(lemperzllure
‘ 50% CHILLED WATER FLOW and achieve a negligible increase in

84 |111.1] 50 | .835[154.9] 70 | .833}006.6] 93 | .783] COP with increased costs. There is

100 [103.3] 50 | .843]143.8] 70 | .843[191.0] 93 | .796 an optimum trade-off in overall sys-
) - - : . : tem cost when examining achieva-

117 ]101.2] 50 | .845]140.9] 70 | .846[187.0] 93 | .800 ble equivalent heat source tempera-
' 75% CHILLED WATER FLOW tures. :

' |64 |111.3] 50 .835]155.1] 70| .832]207.0 93 | .781

100 |103.4] 50 | .843|144.0| 70 | :843)191.4] 93 | .795

117 |101.4] 50 845/141.1| 70| .845]187.4] 93] .798

Trade-olfs

Internal steam coefficients. in-
cluding the effects of scale factor

EEEEEEEE

100% CHILLED WATER FLOW and condensate loading, can vary
64 |111.3) 50 .835/155.3) 70 | .832|207.3] 93 |- .781 between 1200 and 3200 Btuh perdeg
100 |103.5] 50 | .843]144.2] 70 | .842|191.7] 93 | .795 F per sq ft (or 6814 to 18.172 walts
117 |101.9) 50| .845)141.2] 70 | .845{187.6] 93 | .798]. : per deg Kelvin per square meter).

: . - a log-log id v Tiv
" 8 50 percent solution flow rate with 45 F chilled water off ot unit: On i log-log plot of fluid velocity

: versus typical internal coefficients
— for various heating fluids inone type
1 % cTwt CTWT - cTwY cTwt ctwr generator tube, l%w data showny‘?n
$C)f |NOM.) 45° F (7.2°C)| 55°F(12.8°C)| 65°F (18.3°C)} 75°F (23.9°C){85°F (29.4C) Table 2 plot as straight lines.
—t | cTW Tenst] % tHST] % STl % TERST] % EHST] % A single pass ;u‘r;mgemcm_should
corll |FLOW] < [car)cop] ¢ {carcorl ¢ [car.|cor] -+ {carcor| ¢ |capjcap| have the hotiest heating Huid tem-
= : perature entering the hottest end of
— 50% CHILLED WATER FLOW - the generator (strong solution leav-.
716, |__64]114.3) 50| .848147.2] 70 | .850] 197.6] 93 | .802 : ing point). The cooled leaving heat-
iali": 100 | 96.6) 50| .856|136.3] 70 | .860]182.3] 93 | .816{213.7| 100 .774 ing fluid is then at the opposite end
e 3 117 | s4.6) 50 ) .857]133.4] 70 | .862]178.3] 93 | .820}209.3] 100] .77 _:*’*I‘i"e”‘]fze Ez‘::lfl‘:’g?k L?L“l‘liz" fh“é
i ers S 14 "¢ P 4 2
— 75% CHILLED WATER FLOW maximum log mean temperature
715 .| 64 1104.3) 50| .8481147.4] 70| .849|198.1] 93 | .802 difference for heat transfer. Vel-
715§ | 100 | 96.7] 50 | .856]136.5] 70 | .859]182.7] 93 | .815|214.2| 100 .773 ocities approaching 10 fps (3.048
734l | 117 94.7] 50| .857]133.7| 70 | .861]178.8] 93 | .819]209.8] 100| .776 meters per second) for a single pass
_‘% : 100% CHILLED WATER FLOW resulthin ho}iéwater quumil'iesl ap-
' roaching 1. m per nominal ton’
714l |64 [ 104.5] 50 | .848]147.6] 70 | .849] 198.3| 93 | .801 Fl.897 o pff’ il sl Der KW).
723t 1100 | 96.8] 50 | .855|136.7| 70 | .859]182.9] 93 | .814]214.5] 100 .773 The hot water range is thus near 20
J3F | 117 ] 94.8] 50 | .857[133.8] 70 | .861[179.0) 93 | .818]210.1) 100} .776

9 50 percent solution flow iate with §0 F chillnrd wainr rnéf nf ynit
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Absorption units for solar energy applicat:ions

F (11.1 C). and a minimum size unit
can be used for an application while
permitting the designer of a total
solar energy system to take full ad-
vantage of lower overall costs that
result from selecting the lower hot
water temperature for installations.

Development possibilities

“In the lower temperature hot
water applications where the
maximum solution concentration is
relatively low (below 60 percent by
weight of lithium bromide). the
usual dilution cycle onshutdown of
absorption units can be deleted. The
inherent lack of susceptibility of
these systems: to crystallization if
there should be an extended power
failure assures increased reliability.

Some type of fixed or variable so-
" lution flow adjustment to the stan-
dard unit would increase the operat-
ing COP. particularly at loads con-
siderably below the nominal rating
of the unit. The available equivalent
heat source temperature will influ-
ence the choice of solution flow”
rate.

For system loads far below the
nominal rating of the unit. reop-
timization of the heal exchanger.
particularly- for reduced cooling

v

Table 1 — Comparison of absorption unit _perforhance with surface variations.
Based on 45 F (7.2 C) chilled water off of unit: 100 percent solution flow
rates; and 100 percent chilled water and cooling tower water flow rates.

Cooling tower water temperatu.re 75 F (23.9 C)

Equivalent heat source

temperature
c.

Percent ?enerator Percent condenser

surface . surface Percent capacity cop
80 . 80 222.2 105.7 100 0.725
100 100 211.8 98.9 100 :0.729
122 125 206.3 100 0.730

96.8

M Y]

Table 2 — The following data plot as straight lines on a log-log pfot of fiuid - -
velocity versus typical internal coefficients for various heating fluids in '
one type generator tube.

_ Average bulk Pure water Organic fluids .
Velocity temperature Btuh per watls per Kelvin ~ Btuh per sq  watts per Kelvin

fps m per sec C sq f per F per sq meter ft per F per sq meter
3 09144 160 71.1 1,200 6.814, 173 982
200 933 1,380 7,837 196 1,113
240 1155 1,530 8.688 215 1,221
10 3.048 160 711 3.070 17.433- 450 2.555
200 93.3 3.600 20,443 515 2,925
240 115.5 4,000 22,714, 570 3,237

water. temperatures, and use of re-

duced solution flow rates could be

considered.

Improvement in efficiency and
increasing the size of eliminators in
the generator/condenser area would
assist in increasing the attainable

capacities where lower cooling
tower water temperatures are avail-
able and where increased capacity
is necessary.

Optimum charge adjustment and
optimum size of storage areas for
refrigerant and solution where the

<
.
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l&:yz CIW, coollng tower water: CTWT, cooling tower water temperature; EHST, equivalent heat source lemperature;
s f COP, coelficient of performance: CAP, capacity.
1 % CTWT CTWT CTWT CTWT CTWT
s, JINOM.| 45° F {7.2°C)| 55°F(12.8°C)| 65°F (18.3°C)|75°F (23.9°C)| 85°F (29.4°C)
5 CTW [enst] % ENST] % EHST] % EHsT] % ehst <%
______2 FLOW| < |car.|cor] <f [car.lcor] < |cap.[cor] <F |cap.|cop] ¢F | car]c.op.
o ' E ' 50% CHILLED WATER FLOW
JL_ 64 {130.9]50 .826
cop * 100 {122.9]50 | .832
0.725 117 ]120.81 50 | .834
| 75% CHILLED WATER FLOW
~——1 64 {131.1{50] .826
‘; 100 1123.0] 50| .832
A1 117 120,91 50 | .834
‘ 100% CHILLED WATER FLOW
64 [131.1{50] .826
‘1 100 }123.1| 50 | .832
ser Kelvin (| 117 [121.0( 50 | .834
q meter if
@_'_gto 25 percent solution flow rate with 40 F chilled water off of unit.
13 ,
221 4 % CTWT CTWT CTWT CTWT CTWT
555 4|NOM.| 45° F (7.2°C) | 55°F(12.8°C) | 65°F (18.3°C)| 75°F (23.9°C){ 85°F (29.4°C)
8%? CTW [ ens] % EHST] % EHST] % EHST] % EHST] %
FLOW] «r { car.lcop] =¢ [cap]cor) <F [cap.jcor] <f |cap.fcop] °F | cap.]coP.
. 50%. CHILLED WATER FLOW
:oolingfl 64 |1236( 50 | .840
“;p‘q"c:"'y 100 | 115.7] 50 | .845
117 [ 113.6] 50 | .846 B
ent and] ] 75%. CHILLED WATER FLOW
eas forf] §41123.7] 50| .840
cre thet 400 |115.8] 50| .84
M 17 s se ] 846
100% CHILLED WATER FLOW
-1 64 ]123.8] 50 .840 '
t 100 {115.9] 50 | .845(166.4{ 70 | 827
il 117 [113.8] 50 | .846
Fﬁ’n 25 percent solution-tlow rate with 45 F chilled water off of unit.
% CTWT CTWT CTWT CTWT CTWT
NOM.) 45° F {7.2°C); 55°F(12.8°C) {65°F (18.3°C)75°F (23.9°C){85°F (29.4°C)
CTW {enst] % ERST] % EHST] % eHsT] % NSt %
FLOW| <F | capfcor] °F |cap.|c.or.| «F | cap.|c.op.| F | cap.|c.op.] <F | cap.[coP.
50% CHILLED WATER FLOW
164 1116.6] 50 | .851 ‘
-100 |108.8] 50 { .856
L; 117 |106.7] 50 [ .857]155.5]70 | .846
' 75% CHILLED WATER FLOW
{64 1116.7] 50 | .851 :
100 {108.9{ 50 { .856
117 |106.9] 50 | .857]155.7] 70 | .B46
] ' . 100% CHILLED WATER FLOW
64 |116.8] 50 | 851
100 ]109.0) 50 | .856]158.8] 70 | .843
117 1106.9) 50 | .857]155.9} 70 | .845

1976 ;'Healing!Pipininir Conditioning, January 1976

1225 percent solution fiow rate with 50 F chilled water off of unit. -

[T

lower operating solution concentra-
tions would be used could be consi-
dered. . '

There is always room for optimi-
zation. However. the stundard units
available today are an immediate
and effective answer to the use of
solar energy for cooling buildings.
An ongoing joint effort of system
and absorption unit designers with
testing correlations and optimiza-
tions will further enhance the pos-
sibility of utilizing this nawural
source of abundant energy.

Conclusions '

This article includes a compre-
hensive review of the variables that
can influence the proper choice of
all the solar energy system com-
ponents for the cooling of buildings.

Optimization of absorption unit
COPs and the required temperature

- levels of the heat squrce directly af-

fect the choice of systems external
to the unit. Improved COPs influ-
ence the effectiveness of hot water
storage systems and the cyclic de-
mand on solar energy collectors.
The ability of absorption units to
essentially respond to matching
seasonal changes in available cool-
ing tower water and equivalent heat
source temperatures as well as the
attendant load changes makes ab-
sorption units the ideal choice of
equipment for the cooling build-
ings. The consultant can match the
buitding load profile and cooling
capabilities of absorption to the
available solar energy source. once
guidelines arc available on water
cooled absorption unit capabilities
when utilizing heated fluids such as

Cowater.

The state of the art for solar col-
lectors and systems is advancing,.
The further development and test-
ing of absorption units will assist in
capturing the full potential of the:
solar age within our lifetime.

4

'

N
This article is based on a 1alk delivered by
Mr. Miller ar the University of Californiu,
Los Angeles, during a workshop on the use of -
solar energy far cooling buildings.
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~ Kinetics Corp, Starts
Mass Production of Rankine
Cycle Power Systems

Sarasota, Florida, March 1, 1977 — Kinetics:

Corporation, a Sarasdta research and dévelop-
ment firm, today announced that packaged freon
Rankine Cycle power generating units will be
commercially available for the, first time on a
mass production basis. Each unit will produce
10,000 watts of power when supptied with hot
water at 185°F,

Wallace L. Minto, president of Kinetics, said’

the firm is designing and Building as large-as two

'thou,sand kilowatt systems using any heat source

of 150°F or higher. Industrial waste heat, geo-
thermal sources, solar collectors, or any natural
heat .spurce can be employed to supply the ne-

cessary low-grade inlet temperature. Kinetics:

keeps a demonstration unit operative at all times
and the system has been successfully endurance
tested for a period of 20,000 hours.

Prior to the: decision to mass produce these
systems, :at a rate of 100 systems per manth,
Kinetics offered only custom-built designs. The

‘move was made on the basis of the system’'s

demonstrated efficiency and cost effectiveness.

An important consideration was Kingtic's deter-
mination that they could be offered for sale at
costs low enough to enable buyers to recover
capital costs within two years due to the present
value of power.

Over-the past year, eight pilot units have been
demonsirated and sold woridwide, two of which
have been sold recently to the United Nations.

‘These engines are destined for installation in

Africa and Asia and will be shipped to Senegal
and Sri Lanka for production ¢f electricity using
solar-heated water. Both systems are part of a
United Nations. Enviranment Programme, (UNEP),
an effort to develop an integrated solar, wind,
and bicgas energy center which can produce

electricity for remote villages.

A major American automobite manufacturer
has atso purchased two systems from Kinetics
for evaluation and has plans to buy additional
larger systems which will produce electricity and
compressed air to power automobile assembly
tools. Among other applications now being con-
sidered is a 16800 Kilowatt system for use by a

= e e T ]
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major American steel producer. This system wili
utilizé blast furnace flue gas as its heat source.
The systems will also be furnished as primie

movers for air and gds compressoess, pumps, or -

for any other application requiring reliable, con-
tinuous shaft horsepower..

The Kinetics engine system efticiently con-
verts low temperature, low level heat energy into
high intensity mecharnica! shaft output. This cut-

put may be used to drive an electric generator,

hydraulic pump, air compressor, of any other de-
vice performing useful work, The low level heat
enérgy may be supplied by industrial ‘process
waste’ streams, such as waste steam, cooling
water, quench oil or flue gases. In many cases, a
poliuting nuisance is abated and converted into
avaluable energy source.

Accordmg to 1976 figures the total annual
energy consumption in the United States is ap-
proximately B quads, (1 quad = 1 quadrillion
BTU = 172 million barrels of ¢il = 41.7 million
tons of coal = 970 trillion cubic feet of natural
gas) of which about 60 quads are now supplied
by petroleum and natural gas: Domestic reserves
of these are dwindling-and sharp additional price
rises are anticipated within the next twelve months,

Minto considers the. use of power systems
operating on industrial waste heat as a signifi-
cant step forwdrd in solving the world-wide en-
ergy crisis. By adapting this proven technotogy
to the energy crisis in what Minto describes as
Kinetics' first “commercial landing,” he foresees
an afleviation of energy shortages. Substantial
economic benefits wilt result from using plenti-
ful present waste heat sources to produce shaft
power or electricity. Expected increases in in-
dustrial electricity rates also will serve o stimu-
late the demand for waste heat power recovery
systems in the United States and abroad.

As an inventor, Minto previously developed a
non-poliuting, freon -powered engine under con-
tract with Nissan Motor Co. Lid,, ‘for possible use
in Datsun-automobiles, and the**Minto Wheel” .

a gravity engine. driven by a small *temperature‘
differential. The Minto Wheel converts very low
level geothermal, solar or waste Heat into smatl
amounts of shaft horsepower, and the wheel is
already being applied in the developing areas

of the world.

Kingtics Corporation
1121 Lewis Avenue
-Sarasota, Florida

Phone: (813) 366-3050

GEOTHERMAL EFFLUENTS
WORKSHOP

FEBRUARY 15-17, 1977

An audience of 110 government and industry
representatives hedrd the speakers during a
camprehensive seminar on geothermal effluent
problems.

The second conference on efflugnts by EPA-
EMSL was held in the luxurious Marina Hotel in
Las Vegas. It was sponsored by the EPA and Dr.
Tsvi Meidav and his staff from Geonomics inc,,
-aided in an efficiently-organized and informative
3-day meseting.

Abstracts from the nveeting will be printed
from time to time in the GEM, but those who
wish to receive the complete proceedings should
contact either EPA-EMSL (Attn. Dr. Morgan) at
Box 15029, Las Vegas, NV. 89114 or Dr. 5. San-
yal, Geonomics, 3165 Adeline Street, Berkeley,
Galifornia.

A particularly interesting presentation was the
showing &f slides of eruptionf in Nicaragua.

The geothermal community benefits from such
well-planned and interesting seminars. Thanks
should go to the EPA personnel, and to Geono-
mics for their worthy efforts.

ERDA PRESENTS McCABE
DISTINGUISHED CAREER AWARD

The Energy Research and Development Ad-
ministration (ERDA) hias presented. its First Dis-
tinguished Career Award, for Outstanding con-
fributions 10 the founding and continued success
of the Geothermal Industry in America to B.C.
McCabe, President of Magma Power Co., Los
Angeles, California. “Mac' McCabe, who recent-
ly observed his BQth birthday, was among the
first to recognize the energy generating potential
of The Geysers steam field in northern California.

McCabe's citation reads: “For his pioneer work
in founding the Geothermal Industry in America
and his outstanding contributions toward its
continued success. In 1825, he first visited The
Geysersin Calitornia and sensed its potential. In
1854 he drilied the first steam well there which
is still being productively used. in 1858 he at-
tracted a utility company to utilize the steam.
Through joint etforts, the first:Geathermat Power
Plant began operations in 1960 in a field which
now supplies more than half theé power require-
ments of San Francisco . ..”
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L. A.Sarkes
J. A, Nicholls
M. S. Menzer

Up until the late 1960s when natural gas was in abun-
dant supply, the technological goals of the gas industry
were aimed at improvements in safety, reliability,
economy and eificiency of operations. But, whereas
the industry was even then conscious of the need to
use gas wisely (economy and .efficiency of operations
are synonymous with conservation), the consumer had
no real reason to be frugal in his use of this pientiful
and cheap energy form. Nor could he be convinced of
the need to replace old appliances with new, more effi-
cient equipment that used less gas when the incremen-
tal savings thus obtained were small compared to the
higher tirst cost penalties of the new appliances.

i HE declining supply of gas and the increasing costs of
all energy forms has changed pubfic attitudes over the
past few years. The need for energy conservation is now
better understocd by an increasing number of cost-
conscious consumers and the gas industry, for its part, is
aggressively pursuing all avenues of technology develop-
ment that offer the potential for realizing significant savings
in gas energy utilization. Development of an ultra-high ef-
ficient central heating furnace, improved commercial
cooking equipment, design of domestic appliances to use

L. A. Sarkes is Director of Research; J. A. Nicholls 1s with R & D Planning; and
M. S. Menzer is with R & D Environmental Systems—all with the Amcrican
Gas Association, Arlington, VA,
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gas at elevated pressures, gas-fired fuel cells, heat pumps
for domestic and commercial establishments, and solar-
assisted gas heating and cooling systems are but a few
examples of the industry's involvement. The market poten-
tial and development status of three gas-fired heat pump
systems is the subject of this paper.

MARKET ANALYSIS

Heat pump technology offers a potential for realizing signifi-
cant 'savings in energy. During 1975, 46% of the net
marketed natural gas retailed in the U. S. was sold to the in-
dustrial sector, 34% to the residentiai consumer, and 20%
to the commercial and other segments. Two-thirds of
residential gas usage and over half of commercial con-
sumption were used for space conditioning {heating and
cooling) purposes. in total, more than 30% of the natural
gas retailed was sensitive to heating/cooling systems
technology. Any improvernent in this technology would have
a significant national impact on the consumption of gas and
could be more than twice as great as technological ad-
vances in any other market sector.

The seasonal efficiency of a properly sized, properly
installed conventional gas furnace is about 65% and the
COP of electric air conditioners is about 0.6. Using the con-
temporary gas furnace-electric air conditioner system as a
base, it is estimated that seasonal improvements in overall
gas utilization of 2.0 to 2.5 can be achieved by using gas
fuel heat pumps.

Business markel analyses conducted to date indicate
a cumulative 1total available heat pump market of
10,278,000 units during the period of 1981 to 1990. Based
on low, nominal and high percentage market potential, lhe
cumulative total of gas-lired heat pumps would be 208,000
{low), 419,000 (nominal), and 879,000 (high) lor the pro-
jected 10-year period. These dala are shown in Table 1.

ASHRAE JOURNAL March 1977
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The breakdown of the 1981 gas-fired heal pump
markel by size is shown in Table 2. Operating costs in the
study were calculated for 4 building types in 9 regions of the
U.S. to obtain heating/cooling requirements, weather,
buitding/cooling characteristics, and energy cos! data. Gas
and electrical energy costs from known data were used to
estimate the price of energy as a function of regions of the
country. These cost comparisons, shown in Table 3, were
projected for 1980 based upon conslant 1975 dollars.

To measure the overall energy savings impact of the
gas heat pump, the energy savings related to the product
concept was combined with the market unit shipment
figures expected for the product. The projected energy sav-
ings was made up of savings in natural gas and electricity
consumption. The data shown in Table 4 reflect the range of
savings expected and correspond to the range projected for
unit shipment in both residential and commercial market
segments.

The commercial market represents approximately
20% of the total energy savings. This provides a significant

incentive for an accelerated commercial development, in’

that by 1990, 20% of the projected new commercial gas
customers could be satisfied by the savings generated by
units in the field.

While it is recognized that the gas heat pump is not the
total answer to conservation in the use of gas energy, it
does have the potential for reducing the consumption level
of gas for heating and cooling purposes in a reasonable
period of time. To better appreciate the magnitude of these
savings, the data generated to date can be expressed in
some meaningful ways. For example, the average 1975
natural gas consumption per household was 124.8 mcf. In
1990, with -reduced consumption through the use of heat
pumps, 238,000-528,000 additional households could be
satisfied with the gas savings alone, without increasing sup-
ply requirements.

The incentive is clear: The greater the number and the
sooner gas-fired heat pump products can be introduced to
the marketplace, the sooner benefits wiil be realized.
However, there are still developmental and product-line
complexities to be overcome.

HEAT PUMP R&D

Recognizing the energy conservation potential and ad-
vantages of an on-site heat-activated heat pump, the
American Gas Association (AGA) initiated a gas heat pump
research program long before the energy crisis became a
pressing public concern. Within the overall objective of
developing gas-fired heat pumps for the residential and
commercial markets, this program has four specific goals:
* To have gas-fired heat pumps available for the
residential market by 1981.
* To have gas-fired heat pumps available for the com-
mercial market by 1983.
-« To demonstrate gas-fired heat pumps with a reliabili-
ty equivalent to that of a conventional gas-fired air furnace.
* To achieve a first cost on initial gas-fired heat pumps
within 15% of a combination forced air furnace-electric air
conditioner system with a payback period of less than 4 yr.
Currently, the program has matured to the point where
AGA has three concepts in various stages of hardware
development

AGA On Site Heal Acnvaled Heal Pumps
Devc!oprnenl Pro;ccts

TR TR,

Stirling/Rankine Heszaentxall(,ommercnal
Brayton/Rankine  Commercial Only

BfeddbOdld
Breadboard

Orgamc AbaO!()llOﬂ ResndenhallCommucml Pro!olype

RS R ]
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Potenllal Market Industry
Market Penetration Shipments
Year (Thousands) % (Thousands)
lo nom hi

lo nom hi

Total Market Gas Flred Heat/Coollng Systems
Year: 1981 All Reg«ons

2Tons 139.7 - —

2-112 118.8 — —_

3 143.4 33 26.1
3112 323 1.9 14.9
4 33.1 33 28.2
5 26.5 44 34.6
7112 —_ 39 31.2
10 — 3.1 25.0
15 - 1.6 13.1
20 — 6 47
25 — 4 3.2
30 — 2 1.6

Total

Fuel Pnce Pro;ectlon $IMMBtu(1980 1975$)

Residential Commercial
Gas Electric Gas Electric
Region Heating Non- Healing Non-
Heat- Heat-

New England Boston 3.96

Mid-Atlantic-Philadelphia 3.02 18.94 18.57
E.N. Central-Madison 2.1 15.53 15.23
W.N. Central-Bismarck 2.09 15.72 14.85
S. Atlantic-Charleston 2.76 13.26 13.37
E.S. Central-Nashville 1.99 9.66 11.51
W.S. Central-Ft. Worth 1.82 13.45 11.89
Mountain-Denver 1.82 13.82 12.25
Pacific-Seattle 215 11.37 11.32

Conversions:
$IMMBlu x 1= $IMCF

$1MMBtu X 0.341 = ¢/kWh
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Table 4

GHP Potential Energy Savings
Annual Electric Savings

Annual Gas Savings

Total Annual Ener?! Savings

(CF % 109°%) (kWH x 105) {Btu x 10
Year Residential Commercial Residential Commercial Residential Commercial
i R R A AR NP B B ot e e e
1980 0.64- 0.74 0.09-0.10 5.31-' 6.44 12.15- 1405 0.66- 0.76 0.13- 0.15
1981 1.46- 1.80 0.20-0.24 11.81- 14.89 27.64- 33.97 1.51- 185 0.29- 0.36
1982 2.43- 3.19 0.34-0.44 19.26- 23.75 47.21- 61.80 2.50- 3.27 0.50- 0.66
1983 3.62- 3.19 0.51-0.73 28.42- 38.00 71.54- 96.32 3.72- 5.17 0.76- 1.07
1984 515 7.74 0.72-1.10 40.17- 58.77 101.79- 150.00 5.29- 7.94 1.07- 1.63
1985 7.11-11.20 0.89-1.60 55.04- 84.94 140.95- 220.16 7.30-11.52 1.47- 2.37
1986 9.50-15.98 1.33.2.29 72.80-120.51 190.65- 319.47 9.75-16.42 1.88- 3.40
1987 12.43-22.43 1.77-3.24 94.46-168.07 252.12- 454.19 12.76-23.03 2.62- 4.81
1988 16.02-31.02 231454 120.81-231.40 328.43- 637.55 16.44-31.84 3.42- 6.74
1989 20.39-42.70 2.97-6.24 152.84-316.96 422.20- 887.39 20.92-43.81 4.40- 9.29
1990 25.77-57.31 3.80-8.51 191.49-425.30 539.33-1209.92 26.43-58.79 5.63-12.66

The Stirling/Rankine system uses a Free Piston Stirling
Engine and a vapor compression Rankine refrigeration loop.
This project is envisioned for use in residential and light
commercial buildings requiring up to 10-tons capacity. The
hardware for this project is now in the laboratory bread-
board stage with a 3-ton unit. The Brayton/Rankine system
uses a subatmospheric gas turbine with a regeneratoranda
vapor compression Rankine refrigeration cycle. This project
_is envisioned for use in commercial applications requiring in
excess of 10-tons capacity. The hardware for this project is
in the laboratory breadboard stage with a 10-ton unit. The
absorption system is based on a proprietary organic
refrigerant and organic absorber pair developed by Allied
Chemical. This project is envisioned for use in residential
applications and is now in the prototype stage with a 3-ton
unit.

The most promising of these three technologies, for
meeting the industry goals defined earlier, appears to be
the Stirling/Rankine system developed by the gas industry
over the past S yr.

STIRLING/RANKINE

The ideal Stirling cycle, shown in Fig. 1, has received con-
siderable attention over the years because of its potential
for high efficiency. The constant volume-constant
temperature cycle has the same efficiency as the Carnot
cycle, but unlike Carnot, a practical Stirling engine can and
has been built. In cost-effectiveness terms, however, the
Stirling engine lost out to other engine cycles, particularly
the Rankine cycle steam engine, but modern technology
combined with other benefits of the cycle have injected new
interest into the Stirling engine. Recent developments have
tended to focus upon automotive applications because of
the inherent low pollution levels of the external combustion
Stirling engine. These automotive engines have rolary shaft
power oulput and require high pressure differential, low
leakage and dynamic seals. However, the engine does not
necessarily have {o have rolary shaft power output.

The ariginal application for a Stirling engine in the early
19th century was to aperate a piston pump to drain deep
mines. In most refrigeration and heat pump devices, a
single-piston positive displacemen! pump is used to com-
press the vapor. This type of pump needs linear power. For-
tunately, a Fiee Piston Stirling Engine which is a linear
engine that could be matched with a reciprocaling inertia
compiessor in a hermetically sealed assembly has been
developed. Additionally, the engine is self-starling, does not
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require oil lubrication, has no gears, and has low loadings
on the piston rings. Recognizing ail these advantages, AGA
negotiated a position on patent rights and, in 1972, initiated
a project to further develop the engine for gas industry ap-
plications.

As shown in Fig. 2, the Stirling cycle consists of a con-
stant temperatlure expansion, a constant volume
temperature and pressure reduction, a constant
temperature compression, and a constant volume heating.
To accomplish this cycle, two pistons are required. The
displacer piston, usually, called the displacer, moves the
working gas through the heating and cooling steps of the cy-
cle. The power piston, usually calied the pistion, provides
the working gas compression and takes the power out dur-
ing the expansion. Obviously, the phase relationship be-
tween the displacer and piston is important if the cycle is to
work.

in the rotary Stirling engines, the displacer and piston
are placed in separate cylinders and connected with a
rather elaborate set of linkages. In the Free Piston Stirling
Engine, the displacer and piston are placed in a single
cylinder. This engine depends upon the mass differences
between a light displacer and a heavy piston and a gas
spring formed by the pressure variations in the bounce
space or what would typically be called the engine's
crankcase.

PAESSURE
-3
TEMPERATURE

Fommemmme

VOoLuME ENTROPY

T - T
CYCLE EFFICIENCY vy =

Ta

Fig. 1 The Stirling cycle
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Starting at State | (Fig. 2), the working gas is basically
in the hot space and at a pressure higher than the bounce
space. The working gas expands driving the displacer and
piston to the left. As the working gas expands, its pressure
drops below that of bounce space. The higher bounce
space pressure brings the displacer and piston to a stop.

Al State II, the bounce space pressure is higher than
the working space pressure and begins to expand and drive
the displacer and piston to the right. Since the displacer is
light compared to the piston, it accelerates faster and
displaces the working gas from the hot space to the cold
space.

REGENERATOR

PRy HEATER

£t

”

In State Ill, the working gas pressure is much lower
than the bounce space pressure and accelerates the mo-
tion of the piston. The piston now compresses the cold
working gas to State IV. During this compression the work-
ing gas pressure exceeds the bounce space pressure and
slows the piston.

In State IV, the working gas pressure is higher than the
bounce space pressure and is forcing the displacer and
piston to the left. Since the displacer is lighter, it again
moves first and displaces the working gas from the cold
space to the hot space and brings us back to State .

Qin
] I I BOUNCE SPACE
& T PRESSURE
Y R T R W S *_::.-vr;j
A y PRESSURE
II
v
II
' i III
g'_ ) VOLUME
7 77 E III
7 A 13
g DISPLACER
BRI B e L O e B TERAAT ST
DISPLACER
AND i
PISTON |
v POSITION w
HOT PISTON
. SPACE
BOUNCE SPACE
SPACE
I II ITI v I

Fig. 2 Free piston Stirling engine cycle
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Fig. 3 Free piston Stirling engine with inertia compressor ;
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Fig. 4 Three-ton gas-fired free piston Stirling engine with inertia
compressor assembly

In order to take the work out of the engine, a shaft
could be brought through the engine housing and con-
nected to the piston of a reciprocating compressor.
However, this would require a sliding seal that would be ef-
fective with the 1000 psi helium in the bounce space. An
alternative technique is to place an inertia compressor
within the engine’'s crankcase and bring the refrigerant
through the engine casing. This would permii the engine to
be hermetically sealed. Fig. 3 illustrates how this is ac-
complished. The engine’s piston is coupled to the com-

_pressor cylinder housing of the inertia compressor. The
mass of the compressor aids in keeping the proper phase
refationship between the engine piston and displacer. As
the engine piston-compressor cylinder oscillate, the com-
pressor piston tends to osciliate out of phase with the
cylinder providing a pumping action. The compressor
assembly is hermetically sealed in the bounce space of the
engine. The refrigerant is transmitted to the compressor
through a steel tube spring.

This Free Piston Stirling Engine design was invented
by Dr. William Beale, and the development of the 3-ton gas-
fired engine and compressor assembly shown in Fig. 4 was
carried out under AGA funding by Dr. Beale's company,
Sunpower, Inc.

The Free Piston Stirling Engine and inertia compressor
can be used in a heal pump system as shown in Fig. 5. The
refrigerant loop operates in the standard heat pump cycle.
An additiona! heat transfer medium is used to recover the
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engine’'s waste heal for supplemental heat. In the heating
mode, the water-glycol loop will transfer heat to the indoor
¢oil; in the cooling mode, to the outside coil.

BRAYTON/RANKINE

Another gas-fired heat pump concept being considered by
AGA is the Brayton power cycle (gas turbine) driving a vapor
compressor in a Rankine cycle. The objective of the pro-
gram is lo develop a subatmospheric gas-fired Brayton cy-
cle engine driving a centrifugal R-12 compressor via a

" hermetically sealed magnetic coupling. The development is

tailored 10 a 10-ton rooftop type vapor cycle air conditioner
with the engine and compressor replacing the electric
motor and positive displacement compressor.

During heat pump operation, the exhaust heat from the
engine will be utilized in addition to the vapor cycle unit
operating in the heat pump mode, thus providing a heating
COP as high as 1.5 and a cooling COP of 1.10 as an air con-
ditioner. When developed, this concept can provide an all
gas year-round space conditioning unit which can reduce
the gas consumer’s energy expense, reduce seasonal peak
foad demands, and conserve source energy.

The program is now well into the fourth phase of
development. Phase | of the program was cycle optimiza-
tion and development of a combustion heater and heat ex-
changer; Phase Il was development and test of the R-12
compressor and magnetic coupling; and Phase i (which
was completed in 1975) was to conduct a breadboard
system test, demonstrating the feasibility and performance
of the system. The breadboard system, after compensating
for laboratory losses, showed a corrected COP of 1.18, in-
dicative of what a production configuration can achieve.
The breadboard system inciuded the R-12 Freon com-
pressor developéd in Phase Il, a breadboard gas engine
driving the Freon compressor and a Dunham-Bush 15-ton
refrigeration system.

Phase IV of the program includes development of the
prototype rotating group to match with the R-12 Freon com-
pressor. The air side rotating group will be a 90,000-rom
machine incorporating a magnetic coupling to the Freon
compressor, air bearings and designed for 1500F air inlet
temperature. The machine will provide approximately 13 hp
to drive the Rankine cycle system. Testing of the rotating
group in the [aboratory test setup will be accomplished dur-
ing this phase of the program. Other activities included in
this phase of the program are a marketing survey and
analysis for a production system in the size range from 3-
ton to 100-ton in the 1980 time frame. This effort includes a
first iteration cost analysis of the system and comparison to
existing equipment to aid in determination of the potential
market. Cycle optimization and initial design-to-cost system
studies are simuitaneously being conducted.

ORGANIC ABSORPTION

Units operating on the absorption cycle to provide space
cooling and refrigeration have been commercially available
for many years. The most common systems have working
fluids of lithium bromide/water and ammonia/water. These
systems are well known and characterized. In the lithium
bromide/water systems, water is the refrigerant, thus
restricting cycle operation to temperatures above the freez-
ing point of water. This limitation makes the application of

~lithium bromide/water systems as heat pumps, impractical.

However, ammonia/water absorption refrigeration
systems can be converted to operate as heat pumps, just
as mechanical refrigeration systems can be converted.
Studies using ammonia/water working fluids have predicted
the performance {or a gas absorption heat pump at nominal
heating and cooling conditions. These studies show poten-
tial advantages for gas absorption heat pump systems over
conventional systems, particularly for heating.
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Fig.5 Stirling/Rankine heat pump schematic

Three gas absorption heat pump concepts have been
investigated in a study conducted for AGA by General Elec-
tric. An  ammonia/water system, like today’s am-
monia/water absorption chiller, was taken as the baseline
system. The Whirlpool Corp. has designed and built a pro-
totype 3-ton ammonia/water heat pump which
demonstrated the performance indicated by the studies
mentioned above. Because this system requires relatively
little modification of currently marketed hardware, it
represents a potentially near-term gas-fired heat pump and
was therefore selected as the base-line gas absorption heat
pump concept.

Two advanced concepts considered to be represen-
tative of performance improvements achievable by 1980
were evaluated. The first of these is an upgraded am-
monia/water system which operates at boiler temperatures
on the order of 350-400F and employs a novel generator-
absorber heat exchanger to reduce the gas heat input re-
quirements, thereby increasing the cycle COP. Refrigera-
tion COP improvements of 75% over today's am-
monia/water systems appear achievable. The second ad-
vanced system consists of a cycle employing a new absorp-
tion working fluid combination. The advanced fluid is used
in a system having the same basic components as the am-
monia/water system.

ASHRAE JOURNAL March 1977

SUMMARY

Of three gas-fired heat pump concepts being investigated,
the Stirling/Rankine system is, by far, the best performing
system. The COP of the gas absorption system does outper-
form the Stirling/Rankine heat pump at ambient
temperatures below OF, but this is a result of an assumption
that the Stirling/Rankine system is operated at constant
speed. On the cooling mode side, the Stirling/Rankine is the
only gas-fired heat pump system that can compete with an
electrically-driven vapor compression system.

In system capacity relative to the design peint cooling
capacity relative to the design point cooling capacity, the
Stirling Engine efficiency is so high that the engine waste
heat is not as significant in contributing to the overall
heatling capacity as the Brayton/Rankine system. As a con-
sequence, the heating-to-cooling ralio of the Stirl-
ing/Rankine gas-fired heat pump may require considerably
more make-up energy in the cooler ciimates, unless multi-
load operalion proves feasible. . aa

This report was prepared by the Research and Engineering Division
Staff of the American Gas Association trom data provided by the
Goneral Electric Corporation under A.G.A. Contract HC-115-1 and from
the paper "On-Sito Hoat Activated Heat Pumps” by D. D. Colosimo.
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The heat pump industry came up the hard way. It had no government fund-
ing or subsidies. The industry did the work and took the risks, made errors
and corrected them. After 25 years, the industry is scarred, but strong, with
a demonstrated record of responsibility and accomplishment. This paper
was presented before the 39th Annual Meeting of the American Power Con-
ference last April, sponsored by lllinois Institute of Technology.

JOSEPH A. PIETSCH

Member ASHRAE

Chairman, TC 7.6,

Unitary Air Conditioners & Heat Pumps

UIETLY and without fanfare, the

unitary heat pump industry is
celebrating its 25th anniversary this
year. It all started in 1952. For about
the first ten years the industry ex-
perienced exceilent growth. Then, as a
result of some severe equipment
reliability problems, the industry found
itself operating in a survival mode.
Maintaining momentum was made
more difficuit by the continued decline
in electrical energy rates which
brought increasing competition from
electric furnaces. This caused the in-
dustry to operate on a plateau for
about ten years. Then came the early
1970's. The industry had equipment
reliability under control, but still suf-
fered from the poor image established
in its early years. Al that lime we en-
tered the era of the energy
crisis—soaring fuel costs, allocations,
curtailments, and rapidly rising efec-
tric energy costs. In many cases, due
to the lack of a reasonable alternative,
many were forced to try a heat pumnp.
They did—and found them nol only
completely satisfactory, but preferred.
As a result, the heatl pump industry is
now experiencing a sales boom.

J. A, Pietsch is Manager, CAC Enginesring Operi-
tion, Air Conditioning Busmess Div,, General Elec-
tric Co., Tyler, TX.
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PRIORTO 1952

The basic principle of the heat pump
was first proposed by Nicholas Carnot
in 1824. This theory was advanced 30
years later in the early 1850's when
Lord Kelvin proposed that refrigerating
equipment could be used for heating.
The heat pump remained a research-
er's curiosity for several decades.
Many scientists and engineers pur-
sued investigations in an attempt to
develop systems and hardware which
were feasibie for comfort heating.
These investigations continued for 80
years.

In the mid-1930's several
manufacturers became interested in
the possibility of developing cost-
effective products based on the heat
pump principle. Customized systems
were designed using the heat pump
principle for comfort heating and
demonstration installations were
made. There were a limited number of
these demonstration projects as they
were all privately financed.

These projects confirmed the ap-
plicability the heat pump principle for
comfort heating which had been pre-
dicted by Kelvin. They aiso provided
performance data which enabled more
accurate prediction of operating effi-
ciencies. This activity was inlerrupted
by World War Il which diverted the
technical skills ol industry to more
urgent matters. Interest resurned after
the war and there were many more
demonstration projects installed in the

late 1940's. It became evident at that
time that if there was to be broad
acceptance of heat pumps for comfort
heating, products based on the unitary
concept would have to be developed.
By unitary, is meant a refrigeration
system which is factory-engineered
and factory-built, then shipped to the
field in one or two assemblies. So, in
the late 1940's and into the early
1950's development work continued
on unitary heat pumps for residential
and small commercial installations.
Products of this type were offered for
sale in quantity for the first time in
1952.

1952 TO 1963

In the first full year of production of
unitary heat pumps, approximately
1000 units were shipped by the in-
dustry. The early growth was
slow—2000 units in 1954, 10,000 units
by 1957—but by 1963 shipments has
increased to 76,000 units per year
(Fig. 1).

It was found in the early days that
two essential conditions had to exist to
generate consumer interest in a heat
pump: A need for cooling as well as
heating to justify the equipment cost,
and relatively -low electrical rates so
that operating costs would be com-
petitive with fossil fuel furnaces. For
these reasons most of the early sales
were in the southeastern states in
areas where electric utilities en-
couraged usage through favorable
energy rates for electric heating. Even
though most of the inslailations were
in the South, a significant number
were also instalied in northern
climates—and equipmen! problems
beganto surface.
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Early heat pumps used unitary
cooling equipment hardware. Revers-
ing valves and appropriate control
hardware were added to cooling equip-
ment. When operating at mild winter
temperatures, the siress of these com-
ponents is about the same as found
when operating in the cooling mode.
As outdoor winter temperatures drop,
the stresses increase on these
refrigerating componenis and the ear-
ly heat pumps which lacked sufficient
durability under these conditions had a
high mortality. So, along with the
growth through this period, the product
was also achieving a poor reliability
reputation. Something had to be done.

-
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1964 TO 1971

The experiences of the 1950's and the
early 1960's almost destroyed the heal
pump industty. A product with such
great promise had ils reputation tar-
nished by low product retiability and
high service costs. Many manufac-
turers dropped heat purmnps from their
produc! lines. Some curtailed sales by
region and would only make installa-
tions in the more southern climates.
Also, during this period the federal
government which had purchased
many heal pumps in the early days for
military housing, imposed a ban on the
further installation of heat pumps due
1o the poor reliability records.

Then a new threat to the industry
emerged. During the 1960's, electric
rates continued to decline (Fig. 2) and
the most formidable competitors 1o
heat pumps were electric furpaces
rather than fossil fuel furnaces. Many
potential heat pumps purchasers were
switching to electric furnaces. The low
first cost and higher reliability of the
electric furnace were extremely at-
tractive, and even though energy
usage was higher, the lower energy
cost per kWh kept current monthly
utility bills in the competitive range.
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The continuing declining energy rales
suggested even lower monthly ulility
costs in the future. For an eight-year
period, industry shipments remained
essenlially flat. But the industry
perservered.

During this period, improved
designs were developed. These
designs used refined components
which were designed 1o withstand
more severe heal pump stresses. Dur-
ing this period, recognizing their
responsibility 1o their customers, many
electrical utilities set up programs to
assure good heat pump installations.
These programs consisted of major
training efforts for installers, certifica-
tion of qualified installers, and the col-
lection and disseminalion of service
and reliability information. This in-
formation was fed back to manufac-
turers to help them determine areas of
design weakness.

Also, to add integrity to manufac-
turer's performance claims, the in-
dustry trade association, the Air-
Conditioning and Reirigeration In-
stitute, initiated in 1964 a program
which certified the basic performance
characteristics and the cooling and
healing capacity of the product.

The industry had done its
homework—it had corrected its
faults—it was ready—but the con-
sumers were not.

1972 T0 1977

Inthe early 1970's, it began to be wide-
ly recognized that the energy
resources of our planet were finite. We
also entered an era of energy short-
ages, either due lo lack of availability
of fossil fuels or due to the limited
capacity of electric generating plants
and the related distribution system.
This energy situation which has been
referred to as the “‘energy crisis,"” also
brought about a reversal in the
downward trend of electric energy
rates and they started to rise sharply.
In many areas of the country, cur-
tailments were placed on the use of
some fossil fuels for heating and the
only alterpatives were oil furnaces,
electric furnaces and heat pumps.

The price of fuel oil also advanc-
ed rapidly during this period and with
the rising costs of electric energy for
many customers the only reasonable
alternalive was the heat pump. Also,
as we entéred this period, the readjust-
ment of the 1960's had been effective.
The reliability of improved designs had
been established, and while questions
about the reputation earned in the
1950's still remained, the evidence in-
dicated that the heat pump indusiry
was ready. The combination of these
evenis had led to a period of explosive

growth and the industry moved from a

level of 82,000 unils shippedin 1971 to
over 300,000 unils shipped in 1976.
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NATIONAL AVERAGE RESIDENTIAL
. COST_OF ELECTRICITY

In a short five year, shipments
have increased by a factor of 4. The in- SOURCE: EEI
dusltry which stumbled through its ear-
ly years—the industry which cor-
reclted its early errors—the industry
which had persevered had come of
age.

In the first 25 years of the heat
pump industry, there have been over
1,800,000 unitary heat pumps installed
(Fig. 3). Some of these have been in-
stalled as replacements, so it we con-
sider an average life of 15 years, there
are approximately 1,600,000 unitary
heat pumps in use today. These pro-
ducts are not experimental, they are
proven devices which were selected
by consumers in a highly competitive
heating industry.

EARLY RAPID
THE FUTURE GROWTH READJUSTMENT —»<-GROWTH -
What does the future hold for the heat PERIOD PERIOD PERIOD

pump industry? For the near term, all
projections show great growth. The
desired energy scenario for this coun-
try indicates a decline in the use of
scarce fuels such as natural gas and
oil for comfort heating. Since the heat
pump is the most cost effective elec-
tric healing system available, it ap-
pears to be the most reasonable alter-
native. Some of the energy usage
aspects of various electric input

heating systems are shown in Fig. 4. O bttt a ot W D T SOV N

An electric furnace is 100% efficient % % % % e & ?EA:S 8 0 T2 T4 T8

so the energy delivered is equal to the Fig. 2

energy consumed. A heat pump has an -

efficiency of about 200, so that for '

every 100 units of energy delivered it CUMULATIVE UNITARY HEAT PUMP INSTALLATIONS
consumes only 50. The energy saved 1952 -1977

by using a heat pump instead of an 2,000,000

electric furnace is 50 units. In a life- /
cycle cosling exercise, this savings in SOURCE: ARI g
energy usage is uséd to offset the 1,800,000 |-

higher first cost of the heat pump.

As we progress into the future,
heat pumps will become more effi-
cient, moving toward the 300% level.
Note that the savings with a 300%
heat pump over a 200% heat pump is
only 17 units. To maintain cost-
effectiveness, the incremental first
costs to achieve the higher efficiency
must not be excessive. Note that as
we move lo increments of higher effi-
ciency, the energy saved becomes
less for each inciement.

T

1,600,000

1,400,000

T

P U USRS

T

1,200,000

e N

1,000,000

800,000

Solar heating systems have
seasonal efficiencies which range in
the 400 to 600% area. The energy
consumed in these systems includes
the electric power requiréd for pumps, 400,000
fans and blowers and may include
back-up heating for extended cloudy

T

600,000

UNITARY HEAT PUMP INSTALLATIONS

T

periods. Even though these efficien- 200,000 -

cies are high, note that the pay-back

funds available from decreased - o I
energy usage is relatively small. Solar ' 54 i 76

heating will find wide usage only if its
incremental first cost over a heat
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" effective line. It

pump is reduced signiticantly from to-
day's levels. This is demonstrated in
Fig. 5 which shows the relative first
cost positions of electric furnaces,
heal pumps and solar systems. Note
that for heat pumps coslts increase
with improved efficiency. Solar
systems also have varying costs
depending on efficiency levels. As effi-
ciency improves, the relative
operating costs decline. For a certain
set of conditions; that is, energy costs,
interest rates, and pay-back period, a
cost-effectiveness boundary can be
drawn. This line is proportional to a
mirror image of the first derivative of
the relative operating cost line. For
simplicity, we have shown only one
such boundary. The boundary would
shift as energy costs, inlerest rates
and pay-back periods are varied. A
first cost above this boundary is con-
sidered not to be cost effective. A first
cost below the boundary is considered
to be cost effective. Note that heat
pumps are cost effective at most
levels of elficiency; however, the
higher efficiency heat pumps, due to
higher first costs, may cross the cost-
effective boundary and be unattractive
in the marketplace. The crossover
point could shift out in time as heat
pump designs improve in terms of
cost-performance relationships, as
energy costs rise, or as acceptable
pay-back periods lengthen. Today
solar systems are well above the cost
is questionable
whether they will ever be cost effec-
tive. Does that mean that we will be
limited to the efficiencies that can be
achieved by heat pumps alone? Not
necessarily. The best solution for the
fulure may be a hybrid system which
integrates the cost eflectiveness of
the heat pump with improved per-
formance ievels of solar systems.*

CONCLUSION

Lord Kelvin expressed the concept for
a heat pump in the early 1850's. It was
80 years Dbefore this principle was
feduced to practice for use in
customized installations and another
20 years before unitary products
became commercially available. The
unitary heat pumps industry took 25

years to achieve maturity. It had a -

troubled adolescence; it went through
a period of readjustment; and is now
established on a firm, sound base. All
indications are that in the next 25
years the heat pump will become the
dominant comfort heating product.
The unitary heat pump has such
outstanding credentials, we doubt if
there will be any contenders for this
position. ano

*EDITOR'S NOTE: See article by Richard A.
Biehlin this Issuo.
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Suppose there was a hybrid heat pump system that could supply all of a
building’s heating demands, at any temperature whatsoever, without the
use of additional heat: No electric resistance, no oil, no gas, no coal. The
Annual Cycle Energy System (ACES) does this and much, much more.

RICHARD A. BIEHL
Member, ASHRAE

SK someone outside our pro-

fession to identify the best system
to supply a building's heating and
cooling requirements while consuming
the least amount of energy. The an-
swer you will probably receive is, "The
heat pump.” To those of us who exist
in the world of COP’s, the heat pump is
realized to be more efficient than most
conventional systems. In spite of its
significant advantages, however, there
is still one major facet of the heat
pump's operation that gives us pause
for concern. For exampie, an air-
source heat pump with an outdoor
evaporator heats very well down to
ambient lemperatures of about 4C.

. Below this temperature, frosting on the

coil or merely depressed evaporator
temperatures make the use of sup-
plementary heat necessary. Even
water-source heat pumps often
require supplementary heat to main-
tain the source temperature. The ad-
dition of this heal causes COP’s to fall
off—tarnishing the image of an other-
wise eflicient system. Until the Annual
Cycle Energy System (ACES) came
along, that s,

THE CONCEPT .

Very simply, ACES operates as an air-
source heat pump down to the 4C tem-
perature. Below that, the system
becomes a sor! of water-source heat
pump which uses the latent heat of
fusion given up by water in its change
of phase toice (3.35 x 10% J/kg.

R. A, Biehl, P.E, is a ppoect engineer with Robert
G. Werden Associates Ing., Jenkintown, PA—con-
sultamts 1o the  Veterans  Adounistration,
Washington, DC, los ihe [ nergy Bank,

20

Astute readers will remark that
for a heat pump cycle to produce this
phase change, depressed evaporator
temperatures with their correspon-
dingly lower efficiencies are still re-
quired. Do not forget, however, that,
as the name implies, this is an annual
system. The ice that is produced while
supplying the winter heating re-
‘quirements of a building is stored. This
ice is melted during the summer
months to satisfy the cooling re-
quirements in the building. Feasibility
studies, adapting ACES to a variety of
structures, have shown that the
system will provide anywhere from 35
to 70% of the buitding’s annual cool-
ing requirement from the stored ice.
The actual amount depends upon the
occupancy and geographical location
of the building. This is done at the ex-
pense of running only a small cir-
culator to move water over the ice. In
fact, the Energy Research and
Development Administration (ERDA) at
Oak Ridge, TN, did a computerized
simulation of a system now under con-
struction at the Veterans Administra-
tion Center in Wilmington, DE. It
predicied that, with no attempt to con-
trol the ice “'inventory,” the ice would
last until mid-July. Expressed different-
ly, this is six weeks of cooling at a COP
of 26! It certainly doesn’t take a full-
blown life cycle analysis to see that six
weeks cooling is a fair trade against
reduced heating efficiencies below 4C.

Greater understanding of the full
polential of the Annual Cycle Energy
System can be achieved from studying
an aclual design. One of the better ex-

~amples is the only commercial scale
application of ACES at this time. Il is
the previousiy mentioned system now
under construction in Wilmington. The

systern is housed in a separate
12.19m X 15.24m building which the
Veteran's Administration has ap-
propriately nicknamed the "Energy
Bank." It supplies the annual heating
and cooling requirements for a new 60
bed Nursing Home Care Unit which is
also under construction at the same
site. Keep in mind, that although the
system has numerous methods or
“modes’’ of operation, there are three
overriding objectives that ACES seeks
to attain:

¢ Energy conservation;
* Load management;
* Use of renewable resources.

There are seven (7) basic medes
of operation by the Energy Bank. Four
of these modes are used to produce
heat for one use or another. The re-
maining three are used o produce
cooling. The first modes to. be in-
vestligated are the four heating modes.
Two of these healing modes supply
heat to the Nursing Home by way of a
dual temperature water system. They
are identified as Mode A and Mode B.

In Mode A heat is removed from
outdoor air and imparted to the duat
temperature water. To accomplish
this, the system performs as a typical
air source heat pump. Air passing over
the coil of the outdoor unit (acting as
an evaporalor) imparts its heatl to
refrigerant within the coil causing it to
vaporize. This refrigerant is then com-
pressed to a hot gas and transferred to
the double-bundie condenser. Here,
the hot gas condenses on the tubes
giving up its heat to the dual
temperature water. The refrigerant
drops to the receiver on ils way back
to the outdoor unit 1o complete the cy-
cle.

A micro-processor within the
Energy Bank will periodically ac-
cumulate data from a multitude of sen-
sing locations and execule COP
calculations. This is to delermine i
some other mode ol operation could
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be employed which would result in the
use of less energy. If, for instance, the
building is still calling for heat, and if
low evaporator (outdoor) temperatures
cause the system COP to drop, the
system will revert to Mode B. In Mode
B, heat is removed from the ice tank
and imparted to the dual temperature
water. The ice tank functions as a heat
source for the evaporator. A solution
of 30% methanol and water is cir-
culated inside coils of the ice tank. The
brine then circulates to the shell of the
brine cooler giving up its heat content
to vaporize refrigerant within the tubes
of the cooler. This refrigerant is then
compressed, and the hot gas trans-
ferred to the double-bundle condenser.
Heat from the gas is given up to the
dual temperature water as it con-
denses. The liquid refrigerant returns
to the brine cooler completing the cy-
cle.

sutsoge gasr
e s

En
=
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Mode B is also employed when
the outdoor temperature is right at the
4C lemperature range. At this

‘temperature, moisture in the air will

usually form frost on the outdoor unit
coil, virtually preventing heat transfer.
When this occurs the micro-processor
will automatically switch the system
from Mode A to Mocde B for half an
hour. During this time, the outdoor unit
fan is energized at high speed for the
purpose of defrosting the coil. This
gives rise 10 a new method of opera-
tion which, while it is not totally distinct

from Mode B, is identified as Mode B2. -

Mode B2, therefore, is identical to
Mode B except that the outdoor unit
fanis alsorun.

The third heating mode is iden-
tified as Mode H. This mode is used for
“inventory"’ control within the ice tank
only. The ice within the tank is not per-
mitted to exceed 75% of the volume of

MODIIED ACES COricteT

MODE AH

™ [T
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Fig. 1 Mode A—Heating the building using oulside air as a heat source
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Fig. 2 Mode B—Heating the building using the ice tank &s a heat source
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the tank. To keep from exceeding this
level, solar heat is used to melt the ice
when it is available. Specifically, solar
radiation is transferred, to the

methano! brine through a low-cost |

solar collector/nocturnal radiator. This
heated brine is then circulated through
the coils in the tank, melting the ice.
Naturally, the micro-processor will be
equipped with seasonal operation
parameters to prevent melting too
much ice at the beginning of the cool-
ing season.

HYBRIDS

At times, the micro-processor may
deem it advantageous to use the col-
lector/radiator at the the same time
that another heating mode is being
employed. These modes are hybrids of
the four basic heating modes and are
identified as: Mode AH, Mode BH, and
Mode B2H. In Mode AH, the dual
temperature water heats the building,
and both the outdoor unit and the col-
lectoriradiatlor are used as heat
sources. Mode BH heats the building
using both the ice tank and the collec-
tor/radiator as heat sources. Model
B2H is, of course, identical to Mode
BH with the exception that the outdoor
unit fan is energized in an effort to
defrost the coil.

The fourth and last basic heating
mode is identitied as Mode | which pro-
vides heat both to the building and to
the tank through the heat pump cycle
using the outdoor unit as a heat
source. This mode would be used dur-
ing periods of severely cold weather
when the ice tank tends to approach
its maximum capacity. If a break in the
weather occurs, and the temperatures
moderate above the 4C level, the
Energy Bank is run to produce heat at
its maximum capacity. The Nursing
Home will not need all the heat output
1o satisfy its demands in this period of
temperature weather. The excess
heating capacity is used to melt ice in
the tank by rejecting it through the
summer bundle of the double-bundle
condenser. Mode | uses the moderate
outdoor temperatures to produce heat
at a relatively high COFP for use on
another day when temperatures are
lower. Additionally, it provides an alter-
nate method vke inventory control
for long sieges when solar heat is
unavailable.

COOLING

The remaining three of the seven basic
modes of operation are cooling
modes. These are designated as Mode
E, Mode F, and Mode G. Mode E is the
first cooling mode to be considered.
This method of operation
demonstrates the true value of an an-
nual cycle, for it is here thal the Nurs-
ing Home's cooling demands are tolal-
ly satisfied at the expense of a lew
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Fig. 3 Mode H—Healing the tank using solar heat
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Fig. 4 Mode I—Heating the ice tank and the building using outside air as a heat source
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Fig. 5 Mode E—Coofing the building while rejecting heat to the tank

walts input to a circulator. All the ice
which was created as a by-product of
heating in the winter has water cir-
culated over it. This 1.7C water is then
mixed with the 12.8C return water {0
provide 7.2C to the dual lemperature
system of the building for cooling. This
mode can be used o great advantage
even alter the ice inventory is
depleted. In the latter part of the sum-
mer, the cooling for the Nursing Home
will be done during the ‘'off-peak"”
hours and stored in the tank as ice un-
til the next day. At that time, the micro-
processor will opt for Mode E and only
a circulator will run. This mode is
especially beneficial on thal sweltkg
August 21st at 3 p.m. because the time
will eventuaily come when the power
companies are no longer able 1o
satisfy the high refrigeration loads of
such a day. The normal demands of
commerce and induslry will be too
great, and excess capacity for comfort
cooling will not be available. The
residents of the Nursing Home needn't
be concerned. They can have their
comfort cooling without adding to the
power company's burden.

The second of the cooling modes
is Mode F. In Mode F, the dual
temperature water is cooled and the
heat rejected through the outdoor unit.
This is a conventional refrigeration cy-
cle. The collector/radiator may also be
used in conjunction with this mode,
just as it was used with the heating
modes. A hybrid mode, which is iden-
tified as Mode FH, results. in Mode
FH, the collector radiator serves as a
nocturnal radiator. The Energy Bank
uses this mode on a clear night when
on-line cooling is still required in the
Nursing Home. |f the temperature in
the collector/radiator is lower than the
temperature of the refrigerant leaving
the outdoor unit, a small circulator is
energized and brine is circulated from
the collector/radiator through the sum-
mer bundle of the douuble-bundle con-
denser. The cooler brine causes the
double-bundle condenser to become
an area of lower pressure than the out-
door unit. Refrigerant will tend to
migrate toward this shell to condense,
substantially reducing the load on the
outdoor unit.

The third and last of the basic
cooling modes is the one that provides
the ice for use at later periods in Mode
E. in Mode G, the ice tank is cooled
and heat is rejected through the out-
door unit. Heal of fusion is removed
from the ice tank by freezing water to
ice on the coils of the tank. This heat is
carried by the methanol brine to the
brine cooler. Here the vaporizes the
refrigerant in the tubes of the brine
cooler. The refrigerant then goes to
the compressor where it is compress-
ed to a hot gas and sent o the outdoor
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unit, which, functioning as an
evaporative condenser, condenses the
hot gas causing it to give up its heat.
The liquid refrigerant returns to the
brine cooler completing the cycle. As
with Mode F, the collector/radiator
may be used with Mode G. Once again,
sensors in the collector/radiator and
the refrigerant leaving the outdoor unit
are used in comparing the two
temperatures. If the temperature of
the stagnant brine is lower, a cir-
culator is energized to circulate the
cool brine through the summer bundle
of the double-bundle condenser. The
two condensers—the outdoor unit,
and the double-bundle condenser—
then operate in parallel.

. Although the Energy Bank has
seven basic modes, this is only
because the Nursing Home has a two-
pipe fan coil system. If the distribution
system were a four pipe rather than a
dual temperature system, there woulid
be another method of operation
possible. Chilled water would be
distributed to core of the building to
remove the sensible heat of lights and
equipment there. This heat would be
used in a water chiller to vaporize
refrigerant. The refrigerant would then
be.compressed to a hot gas and sent
to the double-bundle condenser where
it would give up its heat to the hot
water system. The heat is returned to
the perimeter of the building by way of
the hot water. This mode has often
been employed in the past as an
energy conserving measure and is
commonly referred to as ‘‘boot-

strapping.”
ADDITIONAL FEATURES

An additional operational feature has
been incorporated into an ACES
Demonstration House located on the
campus of the University of Ten-
nessee. The house is a cooperative
venture of the Energy Research and
Development Administration repre-
sented by the Oak Ridge National
‘Laboratory, the University of Ten-
nessee, and the Tennessee Valley
Authority. The system in operation
there is equipped with a de-super
heater. The heat removed by the de-
super heater is used for the domestic
hot water. There is another difference
between the VA's Energy Bank and
ERDA's Demonstration house: The
house does not have an outdoor unit.
s system relies entirely upon the col-
lector/radiator and the ice tank for a
heat source or for any heat rejection,
depending on the season. The Energy
Bank because of its size would require
a huge tank to hold all the ice produc-
ed in the winter. Since the tank is the
single most costly item of the system,
some of the ice storage was sacrificed
in the interests of the lower first cost.
Consequently, every effort was made
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Fig. 7 Mode G—Cooling the ice tank while rejecting heat to the outside air
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- 1o have as an efficient an outdoor unit

as possible,  An  evaporalive-
condens erfeuaporalor was selected
over a dry-type unit’ 16 lower the sum-
mer condenging lempératurés. Also
the' unit was equipped with a two:
speed, twowinding tan so that mator
horsepower can be conserved when
lgss air is rcqunred

The solar Gollector/nocturnal
radialors of both the Demonstraticn
house. and the Energy. Bank are very
similar. The Energy Bank s consists of
96 aluminum- ‘“fins;" each is 6:83m
long. They dre arranged in two rows of
48 ‘fins ‘eath. The' mdst optimum
design for this project is a 5.08 x
103m thick by C.20m wide aluminum
extrusion having-a 1.52 x 10?m 1.D.
tube located on its central axisg. The fin
selecied for the house has, the same

Jshape but different dimensions. This

fin is 508 > 10*m thick by 762 x

102m wide aluminum extrusion with a.

1:27 :x 102m ©.D. tube on its.central
.axis. The fin on the house has essen-
tially the same heat transfer properties

as the one on the Energy Bank but

must be supported more‘cften.

The ice tank for the Energy Bank

is constructed of reinforced concrete.
ft is -15.24m long by 12.19m widé& by
3.35m deep and serves as a sort of
basémerittor the Energy Bank. The in-
side of the tank has been ¢cléaned and

given a coating of walerprooting.”

There are 70 coils within the tank—35
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in each half of the tank. They are
separaled by a distance of 0.33m
center-o-center. The .coils are
fabricated of 1:1/4 inch; Schedule 46,
black steel pipe They are eight pipes
high with hairpin bends on 0.33m
centers, There are, effectivély, two
nests of pipes, each eight pipes high
by 35pipeswide by B.71m léng.

The ice lank for the: demonstra-
tion house is fabricated from
formed blocks of expanded
polystyrene held together with'expand-

ed metal fies. Walerproofmg is .ac-

complished by & vifiyl lirier lrke lhe
ones used in backyard swimming
pools. It is 5.33m wide by 5:87m long
by about 3.05m deep. ERDA elected 10

use the same finlike.extrusion for théir

ice-coils that they used for their soigr
collector/nodturnal radiator. The fins
are also arranged on 0.33m cénters
with 18 para\\e\ circuits,

Both projects are equipped wnh
micro-processors. Their responisibility
is to control the sysiem 'so that not on-
ly the immedidte heatmg and coolmg
bul also thal the storage- of heating
and coocling in the ice tank is-at. its op-
timum potential. The overall
philosophy of the ice storage principle
is o entér the.cooling season with the
maximum storage of ice and use it all

betore the onset of the heating

season. The processors have been

equipped with seasonal parameters.

Based on data'regarding tfie ice inven-
tory and this seasonal strategy, the
micro-processor will override the COP
calcufations if another mode-provesg:to
bé the most expedient aver the. long
run, The processors alsd serve to ac-
guire: data, from ‘varipus Sensing
devices throughout. the, system. In-
formation regardmg heanng autput,
outdoor air {emperature, solar insola-
tion, brine temperatures ice ‘tank
temperature, petcent of ice in tank,
refngeram ternperature and power
consumption of the compressors,

pumps and ouldodr umit is recorded

and totalized at each chanaeof mode.
This information will evemoajly b,e_,\
compiled and used in writing
guidelines for future ACES designers,

Hg 10 View framinside ice mnh o! Ereiqy 3 r‘anA
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The Energy Bank is now under
construction in Wilmingion. Most of
the equipment is ready for installation
and ihe system should te completély

-shaken-down' and prepared 10 go on

line. by January 1, 1978. At thatl 'time,
the Epergy Bank wm begin supplying
the healing and cocling needs of the
Nursing Home while usmg an
estimated 40% of the energy consum-

:ed by aconventional system. The an-
nual COP is expected 16 Be in the.

fange.of 4.5 to 6.0. In spite of this im-
pressive perfdrmance, the estimated
payback period for the Energy Bank is
in the vicinity of 11 years-(alfowing for
¢ost ‘of fnoney and escalating fuel
costs.} The reasoh for this sorhewhat
lengthy payback is the high first cost of
the equipment selected for -the
system. Our primary concern was that
the syslem perform ag intehded,

theraby providing useful data for “fing

tuning™ future. désigns. Time tested
components were, therefore, selected
over othérs less cestly but of uncertain
refiability. Ultimately, great savings
should result from advandes in the
design of the ice tank which was thé

‘single most costly itern of the project,
Also the collectoriradiatér, while less

ekpensive than most other solar cok

lectors, can bé expected to drop in

cost as the scalé of production in-
cfeases. With the unusually high
energy savirgs realizéd by ACES, a
technological development of any con-
sequenceat all shoyid putthe payback
in the commercially acceptable six to
eightyearrange,

The Demopstration house gt the
University of Tennessee has been in
operation for nearly a year. The
valugble: information, obiained in this
shoft time, has given the scientists
and consultants of Oak Ridge a course
1o follow in their systam adjustment.
Pumps: with high etficiencies are being

investigated. Thi:same i§ true with the-

fan-geil unit which distributes condi-
tiohed air throughout the house.
Varipus methods of 'stofing and using
the ice are also being explored. The
automatit: controls which were initially
a major expense are being, replaced
with  inexpensive, readily available
valves; and a &§olid-stalé replacement
for the processor is well onits way fo
becoming a reality.

This past winteér brought us
another energy crisis in the form of a

- gas shértage. Temperatures in homes

were drastically reduced and laborers
were kepl from their job%! for 'want &f
natural gas. In these times of energy

'shortage, the day i§ ‘almiost upon us:

when comiert cooling will be viewed

as a luxury we cannol afford, The An-

nual Cycle Energy System, which
heats efficiently while simultangously

providing {he means for cooling, offers:

a solution 10 this inevitable dilemma,

i m[w
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,AUST‘RA LIA

For the more populous three Eastern
States’ of Australia, géneral-&énsensus is
that.apglication of heat pumps isat pre-
sent confined to, room air canditioning
units'and to.small packaged units,

After some large heat pumps

systems were tried bstween 1958 and
1965, they afe now avoided in large or
comphcaied -systems begause of their
history of unreliability, .and in spite of
their undoubted potential for energy.sav-
ing,

To be more. specific on the probable‘

causes of unreliability the folléwing éan

‘bementidned:

= Excessive pressure loss through
retngerant changeover valves.

= Insufficient: pressure 0ss to ac-
tuate self-acting refrigerant changeover
valyes.

# Distertion and conseguent jamm-
ing of refriggrant changeover valves
through the relative expansion of the
multiple pipe connectiong. ‘

» Refrigerant leakage through
stems of auxiliary powered ¢hangeover
vatves

= Refrigerant leakage through non--
return valves

o Compressor ovérheating due to
excessive suction super-heat from lgak-
ing changeover valves,

@ Return of liguid slugs to cem-
pressor after mode changeover..

-» Refrigerant: liquid holdup: due to
improper- drainage of condensed
refrigerant in‘one mode 6f operatian.

e Oilaccumulation in the evaporator
in one mode of eperation.

= The unbalance between plant
capacity and requirements in both winter

.and sumimer” makes, the plant moie.
vuinerable to an unstable or unreliable

control system.
GERMAN FEDERAL REPUBLIC

Principle- and theory of the heat pump

are- well-known tg retrigeratton and air

conditioning _experts in the Federat
Republic of Germany Refngeratlon “and
air canditioning engineers are familiar
wilh all essential prabiems of computa-
tion, projection and instalation ef heat
pump equipment. Quéstions retat:ng to
policies of power distribution—as far as
heat pumps and their effects on the gn:
vironmen! are. ‘condefned—are hkew;se
wWell-known. Today, a -number of large_
public news média and many politicians
regard the heat pump as an lmportant
heat source with a great future. It must
be said, howéver, that the importance of
the beal pump and its poeential applica-
tionsare now {réquently overastimated.
Today. single pump units—com-
bined into 'systéms by joint waler con-
nectlons-—-“re widely dsed. A large num-
ber of buildings have been equtpped
with suéh installations -and it is @sli-

mated that approximately 5,000 heat

pumpsdre in reqular use,
A main obslacle for a wider use of

34

thie héat pump is the fate of electric’it'y‘
and the general power supply »ltuahon
1t is obvigus that tHe power supply ‘com-
panies aré, not interested in a promation
of the heat pump becausae the capacity
of théir fowér lines is limited. A% a
resiilt, extremaly high kWih- rates and ex:
ceedingly high-conaedting fegs per kwih
are demanded, In many cases, second-
ary catculattons have shown that the use
of heat pumps is far. fforh economical.
The situation is likely te remain un-
changed unigss “the htgh connectmg
feas are dropped.and the rates of electric
current, now much higher thad the
energy costfor gas-and ot mstallatrons,
are.considerably reduced,

GREAT BRITAIN

Thé history of heat pumps-in the U.K. has
not been very successful due to the

‘availability 6f ‘cheap energy and the in-

ability of engineers to obtain the instan-

‘taneous retationship of the heating and

coaling demands of air conditioning
loads. The heat pump has been Suc-
cessfully uséd in a number of chemical
instaliations in the-evaporating and con-
densmg of liguids as weli as for fiuid
concentration plants.

With the advent of higher energy
costsand {he capabiiity of analyzing the
energy ‘systems’ of a building in depth
with computer modellmg techniqués,
energy costs are now begmnmg to. be
predidted in the design.stagée. of a pFo-
ject. Thésé techniques have led to
anaiyzmg various energy systems and,
where appropriaté, the comparison of a
convectional air -conditioning and boiler
plant to part heat recovery and heat
pump Systems.can be easify made. In
many cases, this analysis shows. the
owning and‘eperatirig ¢ost of heat pump
systems to be below that of conven-
tional oil fired and vaper compression
plant..

It is felt that the future. building
energy Systems. will rely mérg on elec:
trical ‘power with the greater use of
nuclear stations, Since {he alectiically
powered heat pump is a means to abtain
heat energy at comparative costs to
heavy - fuel'oil instaliations.more installa-
tions must theréfore be.built. A further

advantage of the heat" pump is that
localized pollution: aspeéts of oil fired

heating plants can be remaved from city
centars.

SAPAN

Heat pump applications in Japan ge
back 101924 when a technical pdper
relating to their use first appesred. The
first experimental operation of a: heat
pump, was ¢onductéd in 1830: In' 1937 a
large building was equipped with a heat
pumpsair-con*djticming system, using tur
Bo retrigeritlors and drawing well water,
Becausd of its-performance and existing
gconemic conditions afier the War, use
of this sysiem increased. However, rapid
progress of he Japanese eéconomy in

the 1950's caused the, exhaustion of well
water: Soon a taw restricting use of well

water as a heal source was enacted in .

1962.

Heat pump air-conditioning sys-
tems. usmg airasta source were already
if use in 1957, The glowth of this system
however remained siow, and its applica-

tion rather limited. Further progress

brought air pollution to urban areas, for-

.cing enactment of the 1968 Air Pollution

Contral Law, réstricting hedvy oil com-
bustion and calling for mandatory use of
a system that neigher polluted nor
wasted energy. Thus, the air source heat
pump sysiem and the waste heat
recovery heat pump, systems have raptd
ly increased in number in the past few

.years,

Packaged air conditioners. using air
source heat pumps were first marketed
in 1960, By 1974, 17% of all packagéed air
conditioners were based onthis'sytem.

SWEDEN

The use of heal pumps now is rather
common in Sweden and this market is
growing rapidly. Most, mainly in depart
ment stores. and cupermarkets, are air-
to-air 'systems wath summer cootlng Cy-
c¢le and winter heatmg cycle, The'largest
units have 'a capacity of &bout 12,600
cfmand. 300 000 Btu,

- Also operatlng are about twénty
plants with air-to-water systems. During
heatlng cycle, the butddorair is the héat
sourée at night and weekends, and ex-
haust-air from the building durmg WOrk:
ing hours:

Heated or summertime cooled
water-is distributedto the'inlet aircoils.
Thie largest.plant, in an office-building in
Stockhdlm, has two units with screw
compressors ant @ caoling capacity of
2;300,000 Btuh each. The heating capack
ty is the same with ekxhaust air as heat
sourde. This plant was completed in Jufy
1974 and the_first one of this kind in
1971. Most have fun very successfully
with minor maintenance requ1rements

In March 1975, installation of an air-
to-water Reat pump was completed fora
multl family house of:84 apartments, The
heated water from thi condensers of the:
twelve separale reffigerant systems,
each with-a. 9.hp hgrmetic cempressar is
distributed to radiators in the apart.

ments. There is also in each system a,

heat exchanger for cooling hot
remgeram gds from the compressor
with water for domestig use. Thus it is
possiblé to heal doméstic waterup to as
much as 160F wintertime with the heat
pump. The total healing capacity -from
the-heat pump-is 630,000 Btuh by 25F
outdoor air, heat source, temperafGre. It
is-instatled gn the roof ot tha bunld]ng as
an outdoor unit.

interest in heat pumps in ohe-family
houses i great though the number of in-
stallations.is rather small, perhaps: some
ong: hundred and mostly for test use:
Hithefto air-to-airsystems are most com-
maon. Airsto-water heat pumps with con-
sidarably higher GOP than normal heal
pumps and also with domestic hot'water
heating dre now ready for production in
Sweden. DA

ASHRAE JOURNAL July 1977

T IATE NS T TR ST S e, i S sy w om0 e B SRR B i VT et © 7 et lim S e Ay R 1

e



P Y )

R B Y Ny P O R Y T P )

Y e RS ae e -2
T TRRICR JTE P gs (PR By, 3 P Shr R NI S VRE MY 4 L SR )

in the city of Klamath Falls, Oregon, the use of hot
geothermal waters to heat homes and industry is not
a new thing. Several hundred homes, schools and
industries in the region tap geothermal hot waters of
140 to 235 degrees Fahrenheit to heat their facilities.
Only persons living in "an area called the “Hot
Springs” have been fortunate enough to tap the
resource thus far, while other residents look on
wishfully.

Now, however, comes word of the potential use of
relatively COOL waters to accomplish both heating
and air conditioning. Current installations could
mean good news to the millions of Americans who
live in areas where underground water sources yield
water of relatively cold or mild temperatures (50 to 80
degrees Fahrenheit). Recently, the Barnhisel-Ganong
Realty in Klamath Falls installed two heat pump
systems which tap into the Klamath Falls under-
ground reservoir, whose temperatures average
approximately 68 degrees Fahrenheit.

The heat pumps extract BTU's from the water and
transport that heat throughout the office facility, for
both heating and air conditioning. Once BTU’s have

been removed from the water, reduced to about 43

degrees, it is then dumped into the city drain. Water
returned to the main reservoir in a chilled condition
could reduce reservoir temperature. However, only
about eight gallons per minute are emptied into
drains at the occasional times when the pump motor
is running.

The principle of a heat pump involves the use of
heat as a free natural resource. Heat exists in abun-
dance in air, in water and in the soil. A heat pump
does not create heat, but rather transfers it from one
medium to another. It may help the reader to consider
that heat is not limited 1o high temperatures such as
150 or even 90 degrees Fahrenheit.

All substances contain heat until they reach
absolute zero. Heat can be removed from 35 degree
air or water and even minus 35 degree air. Heat pumps
may serve a dual purpose transferring heat into our
homes in winter and out of our homes in the summer.
During the seasons when weather tends to vary much,
a heat pump will warm a home or office on cool
mornings and then automatically reverse itself to cool
indoor air as the temperature rises in the afternoon.
This briefly is an explanation of what happens in the
Barnhisel-Ganong facility.
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COLD WATER POTENTIAL Fop
HEAT SOURCE EXPLOREp

BY BILL CLARK
OREGON INSTITUTE OF TECHNOLOGY

A heat pump works like a refrigerator with a .
driven compressor that pumps a refrigerant ¢
gas) through two separated coils of metal tubing
of the coils is inside the box around the ice -
trays, the second coil is outside the box. Whe-
compressor runs, making refrigerant flow, the
inside the box becomes cold and begins absg:
heat. The heat (brought in by food or seepin,
through the door and walls) is absorbed by the i::
refrigerator coil outside the refrigerator.

The second coil, as it heats, gives off heat t¢
surrounding air. Similarly, a heat pump colv
nature’s free outside heat and releases it inlo,
home or building and in the process pumps twice
much or even more heat than the energy it use:
operate its own motor. In the Barnhisel-Gar
building, you will recall heat is extracted from -
cool waters fed through a condensing unit and 3
then blows across the heat exchange unit for
heated air out into the room.

Is the cold water unit at Barnhisel-Ganong el'-
tive? Is it economical? Yes. Frank Ganong of -
reaity says their heat pumps serve a seven thous.
square foot area with two five-ton units, which v~
more than adequate and about half the size of av
air requirements. The 65 degree Fahrenheit v.
permits the heat pump to put out 120 degree air I*
into a two story building. The realty oftice eler
bills average from $128 to $190 per month dul
coldest periods.

After deducting power consumption for 91 4-I:
160 watt ftuorescent lights, office equipment, !
water heaters, etc., it is estimated the heat and
conditioning cost is approximately $65 a mor
(Many local homeowners would gladly exchange V!
utility bills for the realty office two story build
fare). Bear in mind that the heat pump provides I
heating and air conditioning. Initial cost of the ins:
lation was approximately $7000, not including ¥
drilling. : '

Installation of the heat pump unit at Barnhis
Ganong was done by Ray Green, manager of B&
Heating and Air Conditioning in Klamath Falls. Gt
says even normal drinking water temperatures of 4¢
50 degree Fahrenheit range can be used with the i
pump principle, but efficiency is quite low. '
recommends temperatures ranging from 60 10 °
degrees Fahrenheit as ideal. Temperatures abové’
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gegree Fahrenheit are not too efficient where air
conditioning is also desired.

Green says commercial systems incorporate a
water-cooled air conditioner and add a reversing valve
10 make a heat pump. Air conditioning manufacturers
gon't build many water supplied heat pumps because
ihere is not sufficient demand, according to Green.
He says the public needs to be educated to the
potential use of this type of heat pump. The commer-
oially produced heat pump does not have much
efliciency, according to Green, to produce the most
oenelit from the waters availablé. It is for this reason
ihat Green builds his own units which he says are
approximately one-third more efficient.

The reason for lack of efficiency on commercial
units, Green says, is because the condenser in use
1as been designed for an air conditioner. Green
surrently converts existing chillers as condensors. He
dso is considering a tie-in with some commercial
nanufacturer to mass produce units of the type
lesired. Additionally, a “closed system” for commer-
1l use is still in the design stages. (A “closed
ystem” permits recirculating the water, thereby
sing and wasting less water.)

In addition to the Barnhisel-Ganong use of low
:mperature waters, a second well has been drilled for
motel unit two blocks away. The motel plans to use
2 water-cooled heat pumps for individual heater/air
onditioner units costing in the vicinity of $650 each.
VYell drilling, ducting and installation costs not
icluded). At least two other homeowners in the

lamath Falls region also use warm waters of 53 to 80 -.

:gree Fahrenheit temperature range for heating and

r conditioning, with others in the negotiating
ages,
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An area of new tract homes in the Moyina Heights
area have access to warm waters. If a “closed system”
could be designed to get rid of excess water, Moyina
residents might also use warm waters for heating and
air conditioning. it is acknowledged that initial instal-
lation of this type of unit witl cost about 15 to 25 per
cent more than the traditional air to air unit, however,
the cost of the operation is reduced on a monthly
basis by at least one half, according to Green.

What does the heat pump principle mean to the
average person residing in Kiamath Falis? First of all,
it means many who have felt they were not lucky
enough to reside in the “Hot Springs” area may take
heart. For millions of other Americans, a rosy future
may also be in store for home heating. Each month,
new geothermal discoveries throughout the United
States reveal water sources of sufficient temperatures
to make use of the heat pump principle. Vast areas of
the West, including California, Oregon, Idaho,
Nevada, Arizona, New Mexico and Wyoming lie above
relatively warm geothermal water reservoirs. Some
geothermal experts predict that for every geothermal
well, which produces steam for power generation,
there will be five times as many warm water reservoirs
discovered.

Who knows how many of these warm or ‘“cold”
geothermal water sources await the well-driiler’s bit
to tap their energy for heating AND air conditioning?
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UMITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
‘ WASHINGTON, D.C. 20545

September 20, 1937

Dr. Phillip M. Wright -
University of Utah Research Institute
Farth Science Laboratory ‘
Research Park

580 Arapearn Drive

Salt Lake City, Utah 84108

Dear Phil:

Enclosed for your information is a copy of the Regulatlons pursuant

to Section 432(d) of the Energy Policy and Conservation Act (P.L. 94-385).
During your visit last month, I mentioned that heat pumps were considered
"renewable résource measures' and that ground-water heat pumps to replace
non-renewable resources in existing dwellings were applicable for govermment
Loan Guaranties under the Act. The list of renewable resource measures

that qualify under the provisions of the A¢t are noted in the enclosed
regulations,

You might also be interested in several recent articles on ground water
energy that were published in the April 1977 issiie of the Journal of

the National Well Association. For your information copies of the articlés
are also enclosed. '

Sorry I missed you on a recent trip to Salt Lake City, but I expect to
return there September 28-30; if you are available I would like to visit
and learn of your programs on geothermal resourcé assessment in Utah,

‘Mdrton B. Barnes
Hydrothermal Mission Team Leader
Division of Geothermal Energy

2 Enclosures:

1., Reprint from Federal
Register dtd Jul 25, 1977.

2, Ground Water Energy Article.
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Reprint from the Federal Register Title 10—Energy
CHAPTER 1I—FEDERAL ENERGY

ADMINISTRATION

of Monday, July 25, 1977 PART 450—ENERGY MEASURES AND
ENERGY AUDITS

Energy Measures List

aGENCY: Federal Energy Administra-
on.

ACTION: Final rule.

SUMMARY: The Federal Energy Ad-
ministration, by final mile, establishes
a list of energy conservation measures
and renewable-resource energy measures
it has developed after consultation with
the Secretary of Housing and Urban De-
velopment. This document provides a
subpart to, and thereby combines the list
of energy measures with, the energy
audit rulemaking. Depletion of the Na-
tion’s domestic resources of fossil fuels
has focused attention on the need to
identify energy conservation and renew-
able-resource energy measures which
can be implemented in existing residen-
tial or commercial buildings and indus-
trial plants.

DATE: Effective date: July 15, 1977.

FOR FURTHER INFORMATION CON-
TACT: :

Allen Jaisle, Office of Program Devel-
opment, Office of Conservation, Federal
Energy Administration, Washington,
D.C. 20461 (202-566-7858).

John Pulice, Office of Synfuels, Solar
and Geothermal Energy, Office of En-
ergy Resource Development, Federal
Energy Administration, Washington,
D.C. 20461 (202-566-6192) .

SUPPLEMENTARY INFORMATION:
1. Introduction. 2. Section 450.3 Defini-
tions. 3. Section 450.31 Energy Conserva-
tion Measures, and Section 450.32 Re-
ouirements and Limitations For Energy
Conservation Measures. 4. Section 450.33
Renewable-Resource Energy Measures,
and Section 450.34 Requirements for Re-
newable-Resource Energy Measures.

1. INTRODUCTION

On June 10, 1977. the Federal Energy
Administration (FEA) published a no-
tice of proposed rulemaking, 42 FR 29908
et seq., to amend Part 450, Chapter II of
Title 10. Code of Federal Regulations
(CFR), to establish a list of energy con-
servation and renewable-resource energy
messures (energy measures) developed
by FEA, after consultation with the De-
partment of Housing and Urban Devel-
ocment (HUD), under Section 432 (d),
42 U.B.C. 6325 (e)(1), of the Energy
Conservation and Production Act (Act) ;
Pub. L. 94-385, 90 Stat. 1125 et seq. Sec-

tion 432 amends Part C of Title III of the

.
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Fnergy Policy and Conservation Act
(EPCA), 42 U.8.C. 6321-6326.

FEA published proposed procedures
for energy audits on April 15, 1977, at
42 FR 20012, and published a final rule
for energy audits on June 28, 1977, at

42 FR 33158. This rulemaking for energy .

measures amends the energy audit rule-
making by adding a new Subpart D to
combine energy audits and energy meas-
ures in one consolidated part and by
providing additional necessary deﬂm-
tions.

FEA solicited comments for. its consid-
eration from interested persons on the
proposed energy measures list if sub-
mitted by June 30, 1977, and FEA held
8 public hearing in Washington, D.C. on
June 29, 1977,

In response to the notice of proposed
- rulemaking, six persons presented oral
testimony and 19 written comments were
received by FEA. This final rule contains
revisions to the proposed rule which re-
flect FEA's consideration of the com-
ments as well as other information avail-
able.to FEA.

Some comments mistook an energy
measure for a regulatory requirement ap-
plicable to construction, alteration or
retrofit of a building or industrial plant.
No one is required to use or install any
energy measures in a residential or com-
mercial building or an industrial plant.
Anyone may use an energy measure, with
or without regard to the requirements
prescribed in this rulemaking.

The energy measures list does not es-
tablish performance or prescriptive

- standards but instead, as explained in the ’

* proposed rulemaking, has only three
ldentlna.ble uses.

".Firet, the energy measures list will be
used by States participating in the pro-
gram for suoplemental State energy con-
servation plans. To be eligible for flnan-
clal assistance, section 432 of the Act
(42 U.8.C. 8328),.provides that a supple-.

mental plan shall include prozedures for -

carrying .out a.continuing public educa-
tion effort to increase significantly public
+ awareness of energy and cost savings
. which are likely to ‘result from imple-

‘mentation of eneray measures. Moreover,
each supplemental plan must also con-
tain procedures to -encourage energy.
sudits. An energy audit'is a process which
1dentifies energy and cost savings likely
to be reglized through the purchase and
installation of energy measures such as
those identified by the proposed’ list.
Final guidelines for supplemental plans
were published by FEA on May 24, 19717,
at 42 FR 26413, and Congress has appro-._
priated $12 million dollars for this pro-
gram,

Secondly, an energy measure on the list
is eligible, on a national or regional basis,
for financial assistance pursuant to sec-
tlon 509 of the Housing and Urban De-
velopment Act of 1970 or thirdly, for
.obligation guarantees under section 451
of the Act. No funds have been appro-
priated to provide financial assistance
for implementation of either program.
Therefore, for all practical purposes, this
list is to be used at the present time
only in connection with the program

for supplemental State energy conserva- -

FEDERAL
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tion plans. Whether Congress may at
some future time appropriate funds for
the other two programs or enact a new
Federal program to provide financial as-
sistance for or otherwise provide for the
use of an energy measure included in
this list is purely speculative and beyond
the scope of this rulemaking.

Some comments questioned whether
and, if so, how FEA coordinated the
rulemaking process for the energy meas-
ures list and energy audits. Both rule-
makings have been consolidated in- Part
450 because they are interdependent.
Both the lst of energy measures and
the energy audit procedures identify a
modification as an energy measure so
that both must employ identical defini-
tions, administrative findings and inter-
pretations. -

The energy measures list and energy
audits use the qualifying conditions for
an energy measure prescribed in § 450.4
as the basic criteria for assessing & mod-
ification and are predicated on the fuel
price projections contained in Appendix
A to Part 450. FEA has made certain
that the consolidation of the list of en-
ergy measures with energy audit_proce-
dures is Internally consistent.

Numerous comments concerned en-
ergy price projections contained in Ap-
pendix A of Part 450 which FEA em-
ployed to evaluate cost recovery for a
modification. These prices were criticized
as being too low, being average “rolled-
in” prices, and being representative of
past policles; Similar questions were
raised regarding the proposed energy
audit rulemaking which published these
prices, and these comments were consid-
ered by FEA prior to issuance of the final
rule for energy audits which only slightly
changed the proposed price projections.
Reconsideration of these-prices by FEA

would be untimely and unnecessary since .

the final energy audit rule was only pub-
lished on June 29, 19717.

At that time, FEA stated:

FEA intends to revise its projections when
appropriate and may hold public hearings
‘where 'significant changes are made to these
projections. FEA wlill endeavor to provide
up-to-date projections but not with such
frequency as to cause undue burdens, un-
certainty, and confusion for energy auditors.
42 FR 331569.

One comment urged FEA to be less
rigorous in its application of cost re-
covery criteria In-assessing energy meas-
ures because of the degree of imprecision
and because so many significant factors
are excluded from consideration. The
comment also pointed out that the ap-
proach of the energy measures list is
much more detailed than the lists of
energy saving investments in the Na-
tional Energy Act as proposed by the
Administration.

FEA has fully considered the restric-
tions on precision necessary to develop
a broadly inclusive energy mieasures list.
For this reason, FEA has not included
modifications unless FEA obtained in-
formation and data which FEA deter-
mined provided a reasonable level of pre-
cision and reliability. The explicitness of
the cost recovery provisions of the Act
leaves little room for establishing a less
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restrictive evaluation which could pro-

‘vide a more inclusive list with fewer

requirements and lmitations. FEA is
aware of the different approach proposed
in the National Energy Act. However,
this rulemaking is confined to the au-
thorities established by the Act and can-
not at this time reflect or otherwise an-
ticipate future changes in legislation
which may be enacted by Congress.

One comment suggested a 30-day ex-
tension of the comment period. FEA
does not believe this was necessary be-
cause no similar request was received
from any other person, and the comment
presented a full and carefully considered
discussion of the commenter's concern.
Accordingly, FEA has decided to adhere
to the original comment period because
an adequate discussion of the issues has
been made possible by this comment
period.

Some comments urged that FEA
undertake an active program to-educate
consumers and businessmen about en-
ergy measures, to encourage.their use
and to identify effective conditions for
installation of an energy measure. While
these comments do not directly address
this rulemaking, FEA appreciates these
comments on educational and informa-
tional efforts to complement rulemaking

"in this area. FEA is undertaking such

an effort in.conjunction with the States
under the program for supplemental
State energy conservation plans.

2. SECTION 450.3 DEFINITIONS

One comment suggested that the
energy medsures-list be broadened to
include modifications other than ‘“hard-
ware”. Presumably this means ‘design or
operational adjustments should be con-
sidered meodifications eligible for inclu-
sion in the energy measures list. Because
of the definitions contained in the Act
for “energy. conservation measure" and
“renewable resource-energy measure,”
an energy measure 'may only include a
modification to a building or industrial
plant (the latter term including an in-
dustrial process) which has been pur-
chased and installed. For _this reason,
FEA has interpreted the Act to require
thet a “modification” cannot include a
design or operational change which can-
not be purchased and tnstalled,

One comment drew attention to the
proper definition for the abbreviation
of ASTM as the American Soclety for
Testing and Materials. The definition
has been so changed.

A few comments indicated that “heat-
ing degree days” and ‘“cooling degree
days” should use a different base tem-
permature than 65° F. The data is pro-
vided by the National Oceanic and
Atmospheric Administration, Depart-
ment of Commerce. FEA has retained
this definition because it represents the
best currentlv available standardized
collection of climatic information which
can be readily adapted to the needs of
FEA's conservation program.

Some comments indicated that the
“R-Value” definition should include
specification of the mean temperature at
which the R-Value.is measured because
thermal conductivity varies with tem-
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perature. The definition in §4503 is
modified so that the R-Value is to' be
measured at the mean temperature of
the insulation under design conditions.
FEA, however, decided it would be un-
necessarily complex to specify the mean
temperatures for different types of uses.

FEA has also provided definitions for
“ANSI Standard” and “IEEE Standard”
to clarify the source of referenced com-
mercial standards.

3. SecTiON 450.31 ENERGY CONSERVATION
MEASURES AND SECTION 450.32 REQUIRE~
MENTS AND LIMITATIONS FOR ENERGY
CONSERVATION MEASURES

Proposed §450.31 identifiled and
described energy conservation measures
included in the-energy measures list.
Proposed § 450.32 stated the require-
ments and limitations for each energy
conservation measure identifled in pro-
posed § 450.31. Comments on both these
sections’ are combined for clarity and
presented below. Comments .proposing
the addition of an energy conservation
measure the .proposed list are ad-
dressed either in the discussion of
closely related energy conservation
measures or separately.

‘A. CEILING INSULATION

Some comments suggested that ceil-
ing insulation not be limited to installa-
tion between the heated top level Hving
area and the unheated attic space but
also include installation of insulation on
the surface of the celling. FEA agrees
;mdl has changed the definition accord-

ngly. .

One comment -suggested the R-Value
level be broadened to include up to R-38
for residential ceiling insulation in all
climate zones when the residence is both
heated and air conditioned. FEA does
not believe the evidence of energy saving
in the cooling season.is sufficiently clear
‘to justifv this increase m the thickness
of insulation.

B, WALL INSULATION

The use of insulation on the buflding
interfor’ surface of a wall with an ex-
terior éxvosure was recommended by

- some comments. Upon review, FEA
agrees and has changed the provision in
& 450.31(b) to include this installation of
interfor insulation. FEA has also revised
the requirement so that only a wall with
an exterior exvosure is to receive wall
insulation. FEA has found that insula-
tion' of partition walls is generally not
worth the cost and the regulation is not
formulated to take into account excep-
tional conditions.

Bome comments sugrested that § 450.- .

32(b) restricting installation of wall in-
sulation to a 4 inch wall cavity was too
restrictive. FEA -agrees and has deleted
reference to a maximum thickness for
the wall cavity. For the climate zones
specified. it is unlikely that variations in
wall cavity size will result in applica-
tions with insufficlent cost recovery.
Further it seems unlikely that too much:
interior insulation would be applied
since there is a ‘natural inclination to
maximize interior space.
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One comment suggested insulated
aluminum siding as an energy conserva-
tion measure. If this rmodification were
eligible, it could be included within the
definition of wall insulation. The insu-
lating value of such siding is typically

-quite low in relation to its cost. FEA

does not belleve that a reasonable judg-
ment can be made that insulated alumi-
num-siding will have sufficient cost re-
covery from energy savings so that this
modification meets neither the primary
purpose nor the cost recovery criteria.

C. FLOOR INSULATION

No comments were received and no
changes have been made.

D. PIPE INSULATION

Some comments pointed ‘out that.a
level of R-19 may be toco broad where
there are space limitations or where
pire sizes are very large. FEA, however,
only specified R-9 in proposed § 450.-
32(d) as a maximum which may not be
exceeded. A lower R-Value could be in-
stalled. Upon further consideration how-
ever, FEA concludes that pipe insulation
has such a high cost recovery in nearly
all applications that no R-Value limita-~
tions are considered necessary for this
energy measure. Moreover, FEA is re-
luctant to be overly restrictive concern-
ing pipe insulation because cost recov-
ery is expected in any reasonable
application. Any excessive use of pipe
insulation application would most likely
occur in commercial and industrial in-
stallations where purchasers have both
the knowledge and incentive to avoid
such a misallocation of resources. Ac-
cordingly, § 450.32(d) does not contain
an R-Value restriction.

.Some comments suggested that FEA
Conservation Paper No. 46, entitled
“Economic Thickness of Industrial In-
sulation,” should be used to establish
mandatory requirements for pipe and
other insulation applications. FEA has
not followed this suggestion because the
degree of control is not warranted for
the reasons discussed but FEA recom-
mends its use as a source of information
on sound business practic;e.

E. CAULKING AND WEATHERSTRIPPING,

No comments were received and no
changes have been made.

'F. ROOF INSULATION

Some comments suggested proposed
§ 450.31 include insulation installed on
the surface of a roof facing a building
interior. FEA agrees and has changed
the definition to include this installation.

" G. CLOCK THERMOSTAT
One comment suggested that an addi-
tional energy conservation measure be
included for a very advanced form of

time and temperature controller. FEA be-
lieves that the definition in proposed

§ 450.31(g) is sufficiently broad to include
this device.

H. HOT WATER HEATER INSULATION

Some comments indicated that R-19
may be too large a thickness for hot
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water heater- insulation because of space
limitations. Proposed § 450.32(h) set
R~19 as a maximum which may not be
exceeded.Where space ‘limitations pre-
clude use of the maximum amount of
insulation, FEA finds it unnecessary and
redundant to provide that a lower level
of insulation may be used. FEA has re-
tained the proposed maximum require-
ment.
I. DUCT INSULATION

Comments on space limitations similar
to those noted above have been made
concerning duct insulation. FEA has re-
tained the proposed maximum R-Value
for reasons similar to those discussed
above.

J. STORM WINDOWS

After review of its cost recovery calcu-
lations, FEA has discovered an error re-
sulting from the exclusion of the savings
multiplier. The corrected calculation
justifies extension of his energy conser-
vation measure to heating zone 2, and
§ 450.32(j) has been so changed.

One comment suggested inclusion of
thermalized and thermal break alumi-
num windows. Another comment sug-
gested various additional types of re-
placement windows. One comment sug-
gested that a modification of double
glazed to triple glazed windows be con-
sidered an energy conservation measure
for areas which have not less than 8000
heating degree days.

The suggested modifications are essen-
tially intended to achieve energy savings
by preventing infiltration and tempera-
ture transmission through penetration
similar to those savings achieved by
storm windows combined with caulking
and weatherstripping. In FEA's judg-
ment, the suggested modifications have
insufficient cost recovery for inclusion
in the list of energy conservation meas-
ures. Essentially the modifications pro-
vide similar energy savings to storm win-
dows combined with weatherstripping
but are substantially more expensive be-
cause of the increased cost of purchase
and installation of replacement windows.
Accordingly, FEA has not changed the
storm window definition or otherwise in«
cluded the suggested modxﬁcations on the
1ist.

K. LIGHTING

One comment suggested that proposed
§ 450.31(k) be expanded to include a
change from mercury vapor to high

"pressure sodium lighting systems. The

comment further suggested that pro-
posed § 450.32(k) delete the word “in-
candescent” so that a doubling of useful
light output is required regardless of the
lighting system used. FEA believes the
suggested changes will usefully broaden
this energy conservation measure while
achieving cost recovery; therefore, the
suggested changes have been made
One comment suggested specifications
regulating the amount of {llumination
allowable for different uses. FEA has not
adopted this recommendation because it
is extrinsic to the energy and cost savings
likely to be derived from the purchase

and installation of an energy measure.
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Regulation of how much.energy may be-
consumed for 8 particular use is beyond
the scope of this rulemaking and-the pro-
visions of the Act.

L. MIXING VALVE

No comments were received and no
changes have been made.

M. FLOW RESTRICTOR

No comments were received and ‘no
changes have been made.

N. RESIDENTIAL OIL BURNER

One comment objected to the require-
ment in proposed §450.32(n) that resi-
dential oil burners be eligible only in
heating systems which cannot be ad-
justed to achieve a minimum efliciency
level specified for each heating 2zone.

_FEA has retained this requirement be-
cause resilential users should get the,
immediate energy conservation benefits
and cost ‘savings of furnace adjustment,
the cost-of which s low relative to in-
stallation of a replacement oll burner.
Moreover, it is likely that cost recovery
for a residential oil burner will not be
attained 'where indicated efficiency levels
-can be achieved by furnace adjustment.
As for :ifs tmpact ‘on businessmen, FEA
finds retention. of this requirement will
not be burdensome or overly complex for
oil dealers and others who install this
-equipment because ‘these businessmen
are presumed knowledgeable concerning

" furnace adjustment and their operations
.are generally restricted .to one heating
gone,

FEA's judgment that 82 percent efi-
clency is a reasanable expectation from
new burners was confirmed by eom-

. .ments. However, FEA recognizes .tha
this performance is predicated.on pmper
matching of the new burner with other
compenents.of the heating system.

Q. ntmvmuﬁ.m

One comment suaxested that this en-.
ergy conservation measure be Hmited to
changes .from master to Individusl
metering without . changing energy
sources. FEA belleves ‘this requirement
wasself evident In the proposed language
of §4S032(0) and has therefom not
made any nhtmge

P. BURNERS AND CONTROLS FOR COMMERCIAL
SUILDINGS AND INDUSTRIAL PLANTS

One comment noted that the re-
ouirements for 'this energv conservation
measure are verv stringent. The pro-
posed requirements are retained .in ‘the
final rule because cost recovery is only
lkely where there is a large gain in ef-
ficlency. Other comments concurred with
the requirements of this energy conser-
vation measure. Again, FEA recognizes
that expected performance is predicated
on properly matched heating system
components.

Q. LIGHTING CONTROLS

No comments were received, and no
changes have been made.

R. HVAC CONTROL SYSTEM

One comment suggrested that auto-
mated comvouter. microprocessor and
logic controller devices be included in
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this energy conservation measure. FEA
agrees and has added § 450.32(r) (8) to
include these modifications. .

" *8. HICH EFFICIENCY ELECTRIC MOTOHS

One comment noted ‘that the specifi-
.cations in the proposed rule were based

- on totally enclosed fan cooled motors bnt

that other categories of motors can
achieve similar efficiencies at even lower
costs. Upon further -consideration, FEA
concludes that the energy measure
should be both broadened and stmplified.
Therefore, FEA has changed the require-
ment so that -§ 450.32(s) requires only
that the efficiency improvement be as
specified and that 'the service duty be
substantially continuous, which means
5,000 hours minimum annual use.
Broadening of this energy conservation
measure to Include motor controls as
well as motors to achieve high efficiency
electric motor operation was suggested
by another comment. Motor controls cap-
able of achieving the stated efficiency in-
crease are judged by FEA to be likely to
cost less than a high efficiency motor it-
self. Accordingly,
such controls.
One comment noted a discrepancy be-
tween the technical support document
and the proposed rulemaking. The tech-
nical support document stated that the
attributed life was 10 years, and pro-
Dposed § 450.32(s) was calculated upon the
basis of .an attributed 'life of 7.5 years.
FEA finds the attributed life to be 10
~years as stated in the technical support
document. and the revised subpara-
graph Is consistent with this conclusion.

~T. VENTILATION

Bome comments sugzested that venti-
lation devices other than the whole house
ventilation fan be included in the lst
of energy conservation measures. Test
results submitted have been reviewed,
-and FEA remains unconvinced that other
ventilation " devices can be included at
this time., After joint iudustry-govern-
ment tests which have been planned are
conducted, FEA may obtain more reli-
.able information which could serve as a
basis to reconsider inclusion of other ven-
tilation devices.

U.,ADDITIONS TO THE LIST

Several comments suggested the addi-
tion of modifications to the list which
were not ‘previously proposed by FEA.
FEA is reluctant to add such modifica-
tions to the list without first providing
an opportunity for public ‘review and
comment. FEA helieves that some of the
modifications recommended appear un-
likely to meet the criteria for an energy
measure. An example is a resviratory
personnel protection system, which ap-
pears to be .primarilv for occupational
‘health and safetvy purposes.

FEA will modify the list when a modi-
fication can ‘be properly assessed and
when & revision of the energy measures
list is appropriate.

4. SECTION 450.33 RENEWABLE- R.Esouncz
ENERGY MEASURES AND SeCTION 450.34
REQUIREMENTS FOR RENEWABLE-RE-
BOURCE ENERGY MEASURES
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§ 450.32(s) includes "

- Proposed § 450.34" has. been revised
‘because: many - ‘comments apparently
misunderstood ‘the requirement for a
verification audit. FEA has determined
that, with two exceptions, the likeli-
heod -of cost reeovery cammot be ascer-
tained, at this thne, without a veri-

‘fication sudit. Therefore §450.34(a)

Tequires use of an energy audit except
for the two applications- set forth in
§450.34 (b) and (c) respectively, each
of which requires the use of a simple
formula for establishing cost recovery.
However, & person may choose to use a
verification audit in lieu of the formulas.
A person may select .this option, for in-
stance, to obtain more precise informa-
tion about -energy and cost savings or
where information regquired for the
formmila cannot be obtaimed.

. Three comments expressed concern
that FEA was favoring electricity over
more efficient fuel systems by mention-
ing only measures which -use or gen-
erate electricity. FEA has selected
energy measures which it believes most
-effectively meet the requirements of the
Act. Bome of these may require the use
of electrictty; others, such ms a wood-
fired ‘boiler ‘or an urban waste pyrolysis
sysfem, may not. The purpose of desig-
nating renewable-resource energy meas-
ures is to encourage the use of nonde-
pletable resources.

The Act requires an increase in effi-
clency for an energy conservation meas-
ure but not for a renewable-resource
energy measure. The ‘reason for the
distinction is- that increased efficiency
need ‘not ‘be ‘demonstrated for a renew-
able-resource energy measure so long as
the use of ‘a renewable-resource results
in ‘the decressedl ‘use -of - a ‘depletable
energy source. Accordingly, although the
list 15 not intented 'to favor the use of
-electrigity, the  renewdble-resource
energy ‘measures are intended to dimin-
1sh ‘the ‘use ‘of ¢il ‘end gas which are
deplétable sources of ‘energy by substi-
tution of nondepletable sources.
Furthermore, FEA ‘has deéveloped the
list of renewable-resource energy meas-
-ares. go. that
in the ‘consumptién of a depletdble
energv sourceé resulting from a change

ot energy systems required by the {n- '

stallation of a modtfication.
‘A. BOLAR WATRR HEATER
‘No commerits were received and no
changes have been made.
B. AIR SOURCE HEAT PUMP
Four comments recommended the
exclusion of heat pumps because such
equipment does not utflize a renewable-

resource. FEA has determined that an
afr source heat pump extracts-a portion

of the heat contained in the ambient.air -

‘which has been heated by the sun out-
side of a bullding.and transfers it into
the building, thereby using solar energy
as a resource to heat the building. The
electric energy necessary to run the heat
pump is not assumed to be derived from
& renewable resource, so only & part of
the .fuel requirements of a bullding are
changed to a renewable energy source
by installing a heat pump. However. the
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Aet - specifically .defines a renewable-
resource energy  messure sto include a
change “in whole .or part’ from s de-
pletable to a non-tepletable source of
.energy, and FEA has determined that a
heat-pump satisfies this requirement.

Three.comments recommended that an
air-source heat pump be removed from
the list because its use tends to encourage
,purchase by the consumer of a reverse-
cyele heat pump which also provides air
conditioning. ‘They argued that the
resulting use of air conditioning could
cause an increase in the consumption of
a depletable energy source in excess of
the system it replaced. FEA recognized
this in the proposed rulemaking and,
for this reason, requires an-energy audit
for the installation of a reverse-cycle
heat pump except when the installation
replaces both electric resistence heat-
ing and air conditioning. Where electric
air conditioning already is in operation,
FEA concluded that it is highly lkely
there would be a net saving in energy
costs attributable to the ‘heating cycle
performance of the heat pump.

.Bix -comments recommended that the
‘heat pump be excluded from the lst
‘beceuse a heat pump uses electricity and
stated that electricity is a very ineffi-
clént energy system by comparison with
heeting .systems which use oil or gas.

.FEA does not deny that oll and gas
home heating systems may, in many
cases, ‘be .more -efficlent in their use of’
.depletable resources than a heat pump
system. It is for precisely this reason
‘that FEA structured the list so that the
procedure specified in § 450.34(c) . only
be used when. a heat pump .is to be in-
stdlled In place of an electric resistance
hedting svstem. Several comments in-
dicated that a heat pump will signifi-
cantly reduce fue]l.consumption when in-
-stalled to replace an .electric resistance
‘heating system, and FEA has also
reacheil this conclusion. The jnstallation
of a heat pump requires an energy audit
‘to ensure that there is a change to a
nondevletable squrce of energy pursuant
to § 450.34(a) except where—(1) a heat
pump with only heating capability re-
places electric resistance space heating;
or (2) .a reverse cycle heat pump replaces
electric .resistance space heating .and
air-conditioning.

One comment indicated that insuffi-
cient information is available to a con-
sumer considering the purchase of a heat
pump to enable him or her to carry out
the calculation provided in proposed
‘§ 450.34(a) . FEA, however, believes that
in ‘most Instances a consumer can obtain
the needed information. Where this is
impracticable, a verification audit is
reqguired. '

One comment reflected a concern that
prices for electricity used to develop the
values in the Table of Climatic Factors
for heat pumps in proposed § 450.34(c)
do not accurately reflect electric heat-
ing costs the homeowner will actually
pay. The homeowner uses his or her
actual previous year’s heating' cost to
compensate for variations between
actual heating costs and regional electric
prices. The purpose of the Table is to
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determine the estimated.cost:savings at- -

tributable to the instaliation-af a heat

pump taking into consideration.regional.

use projections. The result, however, is
adjusted for the homeowner by the use
of his or her actnal heating costs.

Three gomments questioned FEA's
decision not to use a heat pump coeffi-
cient of performance (COP) in fits
formulation of the Table of Climatic
Factors. FEA used & heat pump seasonal
performance factor (SPF). The use of
8PF includes the heat pump COP and
additional factors. SBPF takes into ac-
count heat pump. capacity and degree
hours at various temperature ranges
and includes consideration of the sup-
plementa] resistance heat required at low
temperatures. SPF, but not COP, allows
for a evaluation of the performance of
‘heat pump in changing temperatures
-and FEA considers it to be a better over-
all indicator of annual performance.

. FEA used data provided by manufac-
turers in its analysis of a heat pump.
One comment mentioned a heat pump
study conducted by the National Bu-
reau of Standards which reported dis-
crevancies between the data found by
testing and data published by one manu-
facturer. FEA does not conclude that
this study provides a reasonable basis
for an inference that data supplied by
a manufacturer is likely to be inaccu-
rate.

. FEA believes that its calculations are
based upon the performance of a repre-
-sentative: heat rumo and that it has
used accurate 'data. However, additional
research is being conducted in both the
government and the private sector, and
FEA welcomes the submission of new
information. FEA will review its Table
of Climatic Factors in the light of new
information and data as may be appro-
priate.

Two comments recommended the ex-
clusion of a heat pump because it is an
“appliance”. FEA finds that an air-
source heat pump is an integral part of
the central heating system of a struc-

. ture, and thus s not an apoliance. For

purposes of Part 450, the definition of
“appli=nce” in § 450.3 makes this clear.
A modification may constitute a “con-
sumer product” under Part B of Title V
of the Energy Policy and Conservation
Act, 42 U.8.C. 6201. However, this does
not necessarily indicate that such a con-
sumer product is an “appliance” as that
term is used by FEA for an energy meas-
ure under the Act. Part B does not use
or define the term “appliance”.

One comment addressed the reliability
and repalr cost of heat pumps, suggest-
ing ‘'that heat oump failure rates and
associated repair costs were excessive,
and requested that heat pumps be elimi-
nated from the list for that reason. FEA
has determined that maintenance and
repair costs which can reasonably be
anticivated are likely to be more than
reoaid by the energy savings resulting
from replacing an electric resistance
heating system with a heat pump. Two
comments expressed concern over FEA's
determination of a 15 year heat pump
life. FEA held discussions with the Na-
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-tional Bureau of Standards and several

major heat pump manufacturers to col-
lect information to determine a valid
system . life for residential heat pumps.
On the basis .of these discussions, FEA
has chosen & system life.of 15 years as
the most valld assumption for and has
thus retained the 15 year life figure in
§460.34(c).

One comment expressed concern that
FEA does not provide a method for cal-
culating annual electric space heating
costs in proposed § 450.34(c) (3) (ii). FEA
does not believe that one method should
be prescribed by regulation. Several
methods can be used, each of which pro-
vides satisfactory results. A method ac-
ceptable to FEA for determining the an-
nual space heating costs is to choose a
month when neither heating nor air-
conditioning was used. The electricity
cost for this month is the appliance base
load. Subtracting this amount from each
month’s electric bill when heating was
required will give the heating cost for
each month. The previous year's total
heating cost is the sum of the monthly

‘heating costs.

C. WATER SQURCE HEAT PUMP

One comment reflected concern that
FEA did not establish requirements for
the installation of a water-source heat
pump. This results from a misunder-
standing. A verification audit is required
for this energy measure in accordance
with § 450.34(a), regardless of the system
it is replacing. The energy audit will in-
dicate whether the installation of a
water-source heat pump will result in a
decrease or an increase in the use of de-
pletable energy resources.

D. ADDITIONAL COMMENTS

One comment reflected concern over
the inclusion of a water-powered gener-
ator proposed in § 450.33(q). The renew-
able-resource used by a water-powered
generator is the potential and kineti®
energy in moving water, and FEA be-
lieves that the energy audit requirement
will assure that its use will not result in
an increased use of depletable resources.

Another comment reflected a concern
that the use of a skylight may not neces-
sarily result in a reduction in energy con-
sumption. FEA finds that the require-
ment that this measure undergo an en-
ergy audit ensures that any such instal-
lation will meet the requirements of the
law, and a.skylight is listed as an en-
ergy measure in § 450.33(g).

One comment recommended a word-
ing change with regard to proposed
8§ 450.33 (k) and (n) to allow the In-
clusion of the word “system” to describe
these measures. The final rule has been
changed by referring to a “system” with
regard to an energy measure to make
clear that all components necessary for
the proper operation of an energy meas-
ure are included as part of the measure,
and proposed § 450.33 (), (¢), (f), (D),
(), (&), (), (o), and (q) have been
revised accordingly.

One comment recommended the in-
clusion of “hydraulic ram pumps” on the
list. An hydraulic ram pump is a device
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which uses the energy in moving water
to provide pressurized running water
for a building. FEA finds that it has in-
sufficient information to determine
whether such a modification is an en-
ergy measure. However, FEA welcomes
the submission of additional informa-
tion concerning this technology.

One comment urged the addition of
ocean thermal energy conversion to the
list of measures. While ocean thermal
gradients constitute a potentially re-
newable source of energy, FEA has de-~
termined that the technology does not
currently meet the,standards for selec-
tion of energy measures. .

E. SECTION 450.38 CLIMATE ZONES

A comment suggested that Puerto Rico
and the American Virgin Islands be in-
cluded in cooling zone 1. FEA agrees and
has changed the climate zones to include
these jurisdictions in cooling zone 1 and
heating zone0.

-The proposed regulation was reviewed
in accordance with Executive Order
11821 and OMB Circular A-107 issued
November 7, 1876, by Executive Order
11949 and has been determined not to
be a major proposal requiring an evalu-
ation of its inflationary impact.

(Part B of Title IV ‘of the.Energy
Conservation and Production Act, Pub.
L. 94-385, 90 Btat. 1125 et seq.; also is-
sued under Part C of Title III of the
Energy Policy’ and Conservation Act,
Pub. L. b4-163, 89 Stat. 871 et seq., 42
-' U.B.C. 0321 et seq.; Federal Energy Ad-
. ministration Aéct of 1874, Pub. L. 93-275,

as amended, .16 U.B.C. 761 et seq.; Ex-
ecutive Order 11790, 39' FR 23186)..

-

In consideration of. the foregoing Part

.450, Bubchapter D, Chapter II of Title.
10 Code of Federal Regulations 1s

- amended: a8 set.- fort.h below, efféctive
unmedlately ;

Ismdmwgningwn.nc July 15,

1977. . B
PN Enxc J. Fyer,
. Actma General Counsel,
- Federal Energy Administration.

1. In 10 CFR ‘Part 450, the title of the
part is revised to read as set forth a.bove

3. sectlon45011srevlsedtoreadas
follows:

§ 450.1 Pnrpoae and scope.

This part designates energy measures
and the types of, and- requirements for,
energrnudits ‘88" requlred by the Federal
Energy Administration, pursuant to secs
tion’ 4?2(d) of the Energy Conservation
and Production Act, Pub. L. 94-385, 80
8tat. 11256 et seq., which adds- section
38_5(e) (1) and (2), 42 U.8.C. 6325(e)
(1)"and (2), to the Energy Policy and
Conservation Act, 42 U.8.C. 6201 et seq.
This part also contains the projections
of future -energy .prices which shall be
used in calculating the changes in en-
ergy costs which will result from in-
stallation of a particular modification in
& building or industrial plant, and in-
cludes the criterla for determining
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whether the installation of a pairticular
modification meets certain requirements
of the Act for designation as an ehergy
measure.

3. 10 CFR 450.3 is amended to add, in
appropriate alphabetical sequence, defi-

- nitions of ASTM Standard, ANSI Stand-

ard, climatic zone, compressor hours,
cooling degree days, cooling zone, Federal

-Region, heating degree days, heating .

zone, HVAC, IEEE BStandard, and R-
Value.

§ 450.3 Definitions.

L » . - ® L

“ANSI Standard” means a standard

prescribed by the American National
Standards Institute. )

- * . [ ] .
T “ASTM Standard” means a standard
prescribed by the American Society for
Testing and Materials.

[ ] . . . .

“Climsatic zone” means a geographical
area of the United States deslgnated by ,
FEA.

“Compressor hours” means the average
number of hours which an air condition-
ing compressor must operate to provide
the cooling needed for space conditioning
for a cooling zone.

“Cooling degree days” means the an-
nual arithmetic sum of the negative dif-
ferences of the average dally outside
temperature, in degrees Fahrenheit, sub-
tracted from 65 degrees Fahrenheit.

“Cooling zone” means a climatic zone
based on cooling degree days or compres-
sor hours.

~ & L] - [ ] [ ]

“Pederal Region” means one of the 10
standard regions as described in OMB
Circular A-105, Standard Federal Re-
glons.

‘“Heating degree days” means the an-
nual arithmetic sum of the positive dif-
ferences of the average daily outside
temperature, In degrees Fahrenheit, sub-
tracted from 65 degrees Fahrenheit.

“Heating zone” means a climatic zone
based on heating degree days.

“HVAC” means heating, venttlatlng
and air conditioning.

[ ] * L] N L ] *

MIEEE Standard” means a standard
prescribed by the Institute of Electrical
and Electronic Engineers.

[ ] . [ ] L] [ ]

“R-Value” means a measurement of
the ability of insulation to resist the flow
of heat, expressed in English units at the
mean temperature of the insulation un-
der design conditions.

4. Part 450 is amended by establishing
Subpart D as follows:

se Subpart D—Energy Measures
C.

450.30
460.31
450.32

Purpose and scope.

Energy conservation measures,

Requirements and limitations for en-
ergy conservation measures.

Renewable-resource energy measures.

Requirements for renewable-resource
energy measures.

Climate zones.

460.33
460.34

460.35

AUTHORITY: Part B of Title IV of the En-
ergy Conservation and. Production Act, Pub.
L. 94-385, 80 Stat. 11256 et seq.; .also issued
under Part C, Title III, of the Energy Policy
and Conservation Act, Pub. L. 94-163, 89 Stat. ,
871 et seq. (42 U.B.C. 6321 et geq.); Fedemli
Energy Administration Act of 1974, as
amended, Pub. L. 93-2256 (156 US.C. 761 et
seq.): E.O. 11790, 39 FR 23185.

§450.30 Purpose and scope.

This part establishes a list of .energy-
conservation and renewable-résource
energy measures developed by FEA after
consultation with the Secretary of Hous-
ing and Urban Development Depletion
of the Nation's domestic resources of
fossil fuels has created a need to identify
energy measures which can be carried
out in residential and commercial build-
ings and industrial plants. )

§ 450.31 Energy conservation measures.

Subject to the requirements and limi-
tations set forth in §450.32, an energy
conservation measure chall be—

(a) Ceiling insulation in a residential
» or commercial building, which is & ma-
tertal which is installed on the surface
of the ceiling facing the butlding interior
or between the heated top level living
area and the unheated attic space and
vlrll;lch resists heat flow through the ceil-

(b) Wall insulation in a residential or
commercial building or industrial plant,
which is a material which is installed on
the surface facing the buillding interior,
or in the cavity, of an exterior wall and
which functions to reslst heat flow
through the wall;

(¢) Floor insulation In & residential
or commercial bullding, which is 8 ma-
terfal which resists’ heat flow through
the floor between’ the first'level heated
svace and the- tmheated space beneath
it, including a basement or crawl space;

(d) Insulation for hot bare pives ina
residential or commerctal building or in-
dustrial plant, which is a matertal which
resists heat flow tmm the pipes'to the
surrounding space
(e)-(1) Caulks and sealants in a resi-
denttal or commercial building or indus-
trial plant, which are nonrigid materials
_placed-in joints of - buﬂdtngs o prevent
the passage of heat, air ahd molsture;

(2) Weatherstripping in a residential
or commercial building or industrial
plant. which consists of narrow strips of
flextble material placed over or in mov--
able joints of windows and doors to re-
duce the passage of air and moisture;

AD Roof insulation in a commercial

'J

" building or industrial plant, which is in-

sulation placed on the surface of the
roof facing the building interior or be-
tween a roof deck and its water repellent
roof surface;

(g) Clock thermostat ina resldential
building, which ‘is a temperature control
device for interior spaces incorporating
more than one temperature control point
and a clock for switching from one con- -
trol point to another; .

(h) Exterior insulation for a hot water
heater in a residential or commercial
building or industrial plant, which is a
material placed around the tank which
resists the heat fiow from the hot water
heater to its surrounding space;
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(1) Insulation for forced air ducts in
& residential or commercial building or
industrial plant, which is a material
which resists heat flow from the duct
to its surrounding space;

(}) Storm window in a residential or
commercial building, which is an extra
window, normally installed to the ex-
terior, but which may be installed to the
interior, of the primary or ordinary
window, to increase resistance to heat
flow and to decrease air infiltration;

(k) Efficient lighting fixture or lamp
in a residential or commercial bullding
which—

(1) Replaces an incandescent fixture
or lamp with a type of lighting system
including fluorescent, mercury vapor,
metal halide, and high pressure sodium
or ellipsoidal reflector lamps; or

(2) Replaces.a mercury vapor fixture
or lamp with a high pressure sodium
lighting system.

Mixing valve for a hot water
supply line in a residential or commer-
cial building or industrial plant, which
is a type of valve mounted in the hot
water supply line, close to the water
heater, which mixes cold water with
hot, reducing the temperature of the
watte: in the hot water distribution
m;

‘(m). Flow restrlctor for hot water
Hnes in a residential or commercial
building or industrial plant. which is &

‘ device that limits the rate of flow of hot

water from shower heads and faucets;

(n) Burner for ofl fired heating
-equipment {n a residential bullding,
‘which 15 a dewice which atomizes the
fuél oll, mixes it with alr and ignites
the fuel-air mixture, and .is an integral
part of an ofl “Ared furnace or boller,
{including the combustion -chamber;

(o) Individual meters to replace a
master.meter for gas, electricity and hot
water in a eommercial -buflding, which
are meters that measure the consump-
tion of gas. electricitv or centrally dis-
tributed hot water for individual users,
-Instead of the total consumption which
s measured by a master meter;

(P (1) New ofl 'burner in a commer-

-cdal ‘buildine -or industrial plant, which:

‘18 & device that meters, atomizes. ignites
and mixes the oll with air for the com-
bustion process of .a boiler; or

-(2) New:bailer controls in a commer-
clal building .or .industrial plant, which
are devices that sense the need for re-
ducing or increasing the firing rate snd
change the combustion air and oil ﬂow
rate accordingly;

(@) Controls for lighting in a raiden-
tial or commercial building or industrial
plant. which sre manual or automatic
cut off switches for Jighting systems that
allow cut off of all Jighting or a portion
of the lighting systems when lighting 1s
not required;

(r) Automatic HVAC control system in
A& commercial bullding or industrial
plant, which is a device which adjusts

the supply of heating or cooling to meet.

space conditioning requirements;
() High efficiency electric motor or
motor controls in a commercial building
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or industrial plant, which replace an ex-
i1sting motor or motor controls, resulting
in not less than a svecified increase in
efficlency at a specified level of use, as
determined by FEA; and

(t) Whole house ventilation fan in a
residential building, which is & fan which
removes air from the inside of a resi-
dential building to the outside.

§ 450.32 Requirements and limitations
for energy conservation measures.

(a) Ceiling insulation shall be that
amount which is required to raise the
total celling insulation in a heating zone
as measured by an R-~Value, to levels
not greater than—

Heating zone: R-Value
O et 26
S U 28
U 26
8 i em———————- 30

4 . eecmmemme—e—e—e—————— 33
- J L 38

(b) Wall insulation shall be eligible
in heating zones 2, 3, 4, and 5.

(¢) Floor insulation shall be that
smount ‘which is required to raise the
total floor insulation in & heating zone,
as measured by an R-Value, to levels
not greater than—

Heating zone: R-Value
______________________________ 0

1 v - - 8 - 0

B e mccccrecccmn—cc e ecc——=a 13

B P 19

B e emeccmccccmc—ma———— 22

6 -.- -- meecm—m————— 23

(d) Insulation for hot bare pipes shall
be eligible in all climate zones.

(e) Caulks, sealants, and weatherstrip-
ping shall be eligible in all climate zones.

(1) Roof insulation shall be no greater
than that-imount which is required to
ralse the total insulation to the level of

R-<Vdlue 20 {n heating zone 5. In all oth-
er heating zones, this amount of roof in-
sulation is eligible where the structure is
air conditioned by an absorption chiller.

(g) Clock thermostats shall automati-
cally change a temperature setting to
match heating and cooling demands,
and complete not less than one cycle of
adjustment in a 24 hour period, in all
climate zones.

(h) Exterior insulation for hot water
heaters shall be no greater than that
-amount which is required to raise the
total exterior insulation to the level of
R-Value .19, in all climate zones.

(1) Insulation for forced air ducts shall
be no greater than that amount which
is required to raise the total insulation
to the level of R-Value 19, in all climate
gones.

- () Storm windows shall be eligible

in heating zones 2, 3, 4, and 5, provided
that existing windows are single glazed.

(k) Efficient lighting fixtures and
1amps shall produce more than twice the
useful light per watt of the lighting sys-
tem they replace, in all climate zones.

(1) Mixing valves for an hot water
supply line shall be capable ¢f manual
adjustment of water temperature, with-
out water shut off or disconnection, in
all climate zones.

37801

(m) Flow restrictors for hot water
lines shall be eligible for all shower heads
and faucets in all climate zones.

(n) Residential burners for oil fired
heating equipment shall—

(1) Cost less than $340 installed;

(2) Be certified by the manufacturer
to be capable of ylelding an efficiency
rating of 82 percent or higher in & new
furnace as measured by a standard
steady state efficlency test measuring
CO; and stack temperature; and

(3) Replace inefficlent burners, which
shall be burners that cannot be adjusted
using the procedures and tests prescribed
in E.P.A. publication 600/2-75-069A, en-
titled Guidelines for Residential Oil Bur-
ner Adjustments, Oct., 1975, to perform
at an efficiency not less than—

Efficlency
after adjustment
- 057
65
.69
T3
4
76

(o) Individual meters to replace mas-
ter meters for gas, electricity and hot
water shall be permitted in all climate
zones.

(p) New commercial or industrial oil
burners and controls shall—

(1) Replace oil burners that cannot
maintain 10 percent CO; at ¥ firing rate,
11 percent CO. at 1% firlng rate and 14
percent CO, at full- firing rate, while -
producing less than number two smoke
spot number for No. 2 oil or less than
number. three smoke spot number for
No. 6 oil, using the test prescribed in
ASTM Standard D2156-65(70) ; and

(2) Be certified by the manufacturer
to maintain 11 percent CO, at % firing
rate, 125 percent CO, at 1. firing
rate, and 14.5 percent CO: at full firing
rate, while producing less than number
two smoke spot number for No. 2 oil or
less than number three smoke spot num-
ber for No. 6 oll using the test prescribed.

(a) Controls for lighting shall be in-
stalled on & circuit having a wattage of
more- than 1,500 watts for automatic
controls and 400 watts for manual

‘branch circuit switches, in all climate

zZones. ]
(r) HVAC controls, in all climate
zones, shall be—
. (1) Automatic, turn down, time actu-
ated thermostats;
(2) Steam controls, 'valves, thermo-
stats, timers, or external temperature

-gensors to limit space temperatures;

(3) Economizer controls and systems
to utilize outside air in Heu.of condi-
tioned air when outside. air tempera-
tures will assist;

(4) Controls to reduce air distribution
volume to meet demand;

(5) Controls to reduce heating or air
conditioning svstems output to mini-
mum levels during unoccupied periods;
or

(6) Automated computer, microproc-
essor and logic controller associated with
HVAC control.

(s) High efficiency motors or motor
controls shall have substantially con-
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tinuous annual use, 5,000 hours mini-
mum, and shall increase. efficfency of

operation not less than—
N . Eficiency increase
Motor horsepower: percentage points?
4B e - 6.4
B mcamee- 3.9
| A : S —— 3.9
10 cemee - 8.4
18 3.0
20 leeee 2.4
25 2.8

1 EMclencies shall be determined by
standard 112A meothod B, under ANSI
standard 0.50.2. Percentage points efiiclency
increase 1s the arithmetic sum of the efi-
clency of the new motor operation less the
efficlency of the existing motor opexjatlon.

(t) Whole. house ventilation fans
shall have the capacity to provide one
complete exchange of air in less than
two minutes, provided that the resi-
dential bulldings are air conditioned and
located in cooling zones 1, 3, or 3.

§ 450.33 Renewable-resource energy
measures. .

Subject to the requirements set forth
in § 450.34, a renewable-resource energy
measure shall be a— .

(a) Solar water heater, which is a
system which captures energy radiated
by the sun, and uses it to heat water;

(b) Air source heat pump, which is 8
system which is part of the central heat~
ing system and which has the capability
of extracting heat from a body of air and
transferring
liquid or to another body of alr for space
conditiening purpases; ‘

(¢) Water source heat.pump, which
15 a system which is part of the-central
heating system and which has the
the capability of extracting heat from
s body of water and transferring this
heat to another body of liquid or to a
body of air:for space conditioning pur-

poses;
(d) Solar space heating or cooling
. system, which {8 a system which cap-
_tures energy radiated by the sun, and
uses it for space conditioning purposes;
(e) Bolar process heating system,
which is a system which captures energy
radiated by the suh for use in industrial
or agricultural processes;
* () Solar powered pump, which i5 a-

system which captures energy radiated -

by the sun, and" uses this energy to
power a pump;

(g) Skylght, which i3 a device which
is installed to replace small portions of
a roof for thé purpose of. supplying a
portion of the lighting requirements of
a building; .- K

(h) Solar electric dispersed photo-
voltalc system, which is a system which
involves the use of small arrays of cells.
which convert solar radiation into elec-
tric power for on-site use;

-
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(1) Wind powered generator, which is
8 system which captures and stores the
energy transmitted by the wind and
transforms this energy into electric
power;
(j) Wind powered water pump, which
is a system which- captures the energy
.transmitted by the wind and uses this
‘energy to extract water from a
reservolr;
(k) Urban waste-fired boiler, which
is a system which is partially or entire-
g egueled by refuse or a refuse derived

(1) Urban weaste pyrolysis system,
which {5 a system which uses urban
wastes as a fuel and processes the wastes
into a liquid or gaseous fuel;

(m) Agricultural waste-fired boliler,
which is a system which is partially
or completely fueled by agricultural
residues; )

(n) Wood-fired stove, which is a stove
fueled by wood and which is installed
primarily for space conditioning pur-
poses;

(0) Wood-fired boiler, which is a sys-
tem which is partially or completely
fueled by wood or wood residues;

(p) Qeothermal space heating or
cooling system, which is a system that
uses heat extracted from the earth for

either electrical generation or space.

_conditioning purpoees; and .

(qQ) Water powered generator, which
is a system which captures and stores
the energy contained in moving water
and transforms this . energy into
electricity. .

§ 450.34
resource energy measures.

(a) Except as provided in paragraphs
(d) or (¢) of this section, a renewable-
resouyce energy measure listed in § 450.33
must be evaluated by a verification audit
in accordance with the procedures in
Subpart C of this. part to determine
whether cost savings in a specific appli-
cation are sufficient to recover the costs
of purchase and installation’within the
attributed life of the energy measure.

(b) A solar water heater shall not be |

required to be evaluated by a verification
audit if it is a system which—

(1) Is installed in a residential build-
ing; and . . ' a

(2) Replaces an electric resistance wa-
ter heater; and .

(3) Is purchased, installed, and main-
taihed at a total cost which shall not
exceed the -maximum allowable cost
which shall be computed by— .

(1) Selecting the correct system lfe
factor in the Federal Reglon in which
the system will be installed for the attrib-
uted life of the solar heater specified by
the manufacturer in the following
table— .

Requirements for renewable-

Table of system life factors

Years
10 15 20 28
280 340 830 40,
270 330 370 890
. 20 350 890 420
800 - 370 410 4“0
200 380 400 430
830 410 460 490
280 - 380 400 430
280 850 390 410
300 370 420 445
320 400 460 4%

(1) Multiplying the system life factor
by the current year's electricity rate for
water heating in effect for the user of
the system to be installed expressed in
cents per kilowatt hour; and

(iif) Multiplying the product by the
percent of the total hot water demand
the system will supply.

(c) An air source heat pump shall
not be required to be evaluated by a
Le_nﬁcation audit if it is a system which

(1) Installed in a residential building;

and

- (2) () A heat pump with only heat-
ing capability which replaces electric re-
sistance space heating; or. :

~(il) A heat pump with both heating
and cooling capabllity which replaces
electric resistance space heating and air
conditioning; and . ’

(3) Purchased, installed, and main-
tained at a total cost which shall not
exceed the maximum allowable cost
which shall be computed by—

(1) Selecting the correct climate zone
factor for the Federal Region and heat-
ing zone in which. the system will be tn-
stalled using the following table—

Table of climatio factors

Heating gones
Federal region
. , 0 1 2 8 4 5
- — 39 28 -
- 39 a8 27 —
48- 483 — — -—
.- 42 41 29 a7
54 48 47 3¢ -_
— 43 43 30 —
. = = 40 28 26,
49 44 43 31 -
< = 47 48 83 -

NoTE.—Dashes in table correspond to points where a
heating zone and s Federal region do not ocoincide.

i) Muiltiplying this factor by the
previous year's heating cost for the user
of the system to be installed.

§ 450.35 Climate zones.

(a). FEA shall determine whether to
restrict an energy. ineasure to a climate
zone.

(b) FEA shall designate "climate.

zones, consisting of heating Zones a8
shown in Appendix B or cooling zones
as shown in Appendix C. .
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Notes;

HEATING Z0NES FOR ENERGY MEASURES

Appendix B

Alaska is included in Heating Zone 5.
Hawaii, Puerto Rico and the Virgin Islands
are included in Heating Zone 0.
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Appendix C

'COOLING ZONES FOR ENERGY MEASURES

Marng.  seue,

Notes:

1. Alaska is included in Cooling Zone 5.
2. 'Hawaii, Puerto Rico and the Virgin Islands

are included in Cnolina Zone 1.
[FR Doc.77-21084 Plled 7-23-77,;8:46 am|)
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