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bai, for example, can be burned in a power plant 
iroduce steam for conversion into electric power, 
ihe resulting ashes and waste heat cannot be col-

ed and burned to produce yet more electricity. 'ITie 
lily of the energy in the ashes and heat is not high 
ugh for further such use. 
lumerous studies have indicated that the United 
es has enormous reserves of fossil fuels which can 
vide centuries of .energy for an expanding econ-
I, yet few take into account the thennodynamic 
ilations on mining the fuels left. Most cheap and 
Essiblc fossil fuel deposits have already been ex-
ted, and the energy required to fully exploit the 
may be equal to the energy contained in them. 

at is significaiit, and vital to our future, is the net 
rgy of our fuel resources, not the gross energy. Net 
rgy is what is left after the processing, concentrat-
and transporting of energy to consumers is sub-

,nt [of the kntJted from the gross energy of the resources in the 
vays, "is the und. 
2000, well UI [Consider the drilling of oil wells. America's first oil 

1 was drilled in Pennsylvania in 1859. From 1860 
> resources Iil870, the average depth at which oil was found was 
more to fon) feet. By 1900, the average find was at 1,000 feet. 
of this essei 1927, it was 3,000 feet; today, it is 6,000 feet. 
from the spe Iling deeper and deeper into the earth to find 
md industrialtered oil deposits requires more and more energy. 
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The elephantine Great Easter, 
designe(d for nonstop voyages from 
Englancd to Australia, required more 
coal than the ship cou\6 carry. 
Some experts are beginning to woncjer 
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
tU 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 5100,000 but itow the deeper wells 
each cost more than Sl,(X)0,000 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. 

ration hy Jan .Adkins, 
in- pe jmi^cm i f Curzii Sr^rxz L u t 

MITHSONI 
"pyright I' 

maintain the average American at present comfort levels requires 
600 Ib of nonmetal resources such as sand, gravel, and salt; 
iO Ib of metal substances; and 18,600 Ib of fossil fuel plus a 
e less than one ounce of uranium each year. That amount of energy, 
fly twice what the average European uses in a year. Is the equivalent 
each citizen having 300 slaves working 24 hr per day. 
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AmmonlaAbsorption Cycle 
•e, amrribnia absorption cycle was 
» of the first methods employed 
J the production of refrigeration; 
f. original systems were installed 
•the early ISOO's. A more ad-
meed ammonia absorp t i on 
$̂tem was invented by Ferdinand 
;»ie, Paris, France in 1850. His 
ipal invention consisted of a 
;i5Cl fired generator, a condenser, 
-i evaporator, an absorber, and an 
jiia ammonia pump, a i r of which, 
,Jh many' Improvements, remain 
.' main cornponents of an am-
mla. absorption system. The 
'Iglnal ammonia absorption 
istern was very inefficiehf and it 
i impossible to obtain ammonia 
Old at' above 90% purity. .This 
[life the ''"system difficult', to 
jEfate as excess water -cipllecfed 
f the evaporator raislrig the 
jjpbration jtemperature. Further-
lie, early - reciprocating machines 
lid riot* approach the compres-
iii ratios reqtjired fbr low 
[fterature, applications. Thus, am-
ila abisorption found its place in 
j, refrigeration industry despite 
alsadvaniages. As time went on 
the feciprocating compressor was 
(oved .the ammonia absorption 
p of old passed into obsolescence. 
ie mid-'30.s, improved ammonia ab-
ition systems were installed which 
lid operate on waste steam, waste 
,orby direct firing with natural gas 
her gases. These system employed 
lie column design and spray lypeab-
jrs arid provided amrnonia at 
)% purity for refrigeration duty. This 
pee in technology which provide^ 
ligh purity (commerciar grade) am̂ -
a overcame the major opei-ating 
lems pf the early systems. Thie rndre 
pt Aqua-Ammonia Absorption' 
ims have several new concepts. 
ig these are an ammonia refrigerant 
to gas heat exchariger and greaiter 
ition of the rectification column 
Of which have furtherImprpyed the 
jh efficiencies. New and irriproved 
oJ systems are also available to 
mizia the utilization of valuable heat 
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REFRIGERATE 
WITH WASTE HEAT 

Refrigerating can be provided by using waste heat with the classic water-
ammonia absorption cycle. This cycle was originally employed in the 
1800's and has been refined over the years. It lost 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 fustified 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 A S H R A E 

THE cost of power has increased 
from an.average of O.S'̂  per l<Wh in 

1972 to 1,0' per kWh in 1974, Predic­
tions are the cost will approach 3,0' 
per kWh during Ihe next three to five 
years. Fuel costs have also increased 
al a rate of 2 to 3% each month. The 
availabilily 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 appointed 
"Energy Chiefs" 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 of 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. lormerly Executive Vice Ptesidenl. 
Lewis Relrigeratior). Houston Tx, is Vice President 
ol ftelrigeiaiion Engineering Co.. San Anionic. Tx. 

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

THESYSTEIVI 

Thegenerator (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 to 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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REFRIGERATE 
WITH WASTE HEAT 

The Ammonia condenser (CO-1) 
condenses .the vapors from the rec­
tification column using primary water. 
The condensed anhydrous ammonia ' 
flows to the reflux control receiver 
(C-1) providing an accurate 
temperature reading to the reflux con­
troller. The ammonia flows from the 
reflux control receiver (C-1) into the 
ammonia receiver (R-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 NHS 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 punrips 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-I) flows directly to the 
aqua film absorber (AB-1 and AB-2) 
which is maintained at a slightly lower 
pressure than the evaproator (EV-I),, 
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 ol ab­
sorption must be dissipated. Water is 
cascaded from the outlet of the am-
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monia condenser (CO-1) to the aqua 
film absorbers (AB-1 & AB-2), It is also 
feasible to use primary water on the 
condenser (CO-1) and the aqua f iim 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 aqua flow 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 (AO-1 & AO-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 
multistage pump si normally ,recom­
mended due to its low NPSH 
requirements and excellent efficiency. 

As the strong aqua leaves the 
aqua pump (AO-I & 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--
tif ication 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 ol 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. 

Aqua ammonia absorption capac­
ities have been designed in sizes from 
a minimum of 200 TR (2,400,00 Btuh) 
at -50 dP 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 and 
aqua film absorbers other than series 
flow. Parallel flow can be used to 
reduce Ihe aqua film absorber size and 
the heai input to the system. With the 

H 

parallel flow system a small water' 
temperature rise can be employed and', 
the water used elsewhere in the plant. 

The heat source will govern theS 
generator designs. They may be finned^ 
surface heat exchangers with aqua'j 
pumped through the tubes for vapor ^ 
heating mediums or double pipe for; 
liquid heating mediums. 

ECONOMY 

For economic justification an aqua 
ammonia system must be supplied 
with waste Btu's as the source of heat 
for the generator. From Table 2 th8'.J 
temperature level of the heat source^, 
required for single and two stageil 
systems can be determined. Note that*,j' 
with a heat source of 220 dF -10 dF.*!;' 
refrigeration can be obtained.in a twof 
stage system. The two stage syftem 
can be compared directly with a \ m i 
stage reciprocating refrigeration 
system. Any source of heat can be'' 
utilized including low pressure In 
eluding low pressure steam, hot oil, ^ 
hot process streams, stack gas,*" 
process gas. etc. Gas fired systems-j. 
are practical, however the economics?" 
are usually not good unless the 
products of combustion are process 
components that require cooling, 

MAINTENANCE ^Sj 

Since the number of moving parts Is 
minimal (an aqua pump and possibly a '. 
small reflux pump) total maintenance, 
costs are much less than comparable 
reciprocating or centrifugal conv 
pression systems. Tube cleaning is a 
normal function of all refrigeration-j* 
systems however, it is estimated thal'.''̂  
tube cleaning costs for an absorbtion'>; 
system employing plain tubes and tem-,t 

I 

peratures less than 150 dF will require 
much less cleaning than temperatures 
exceeding 250 dF, Total maintenance 
cost are expected to be 10% of that of 
a comparable reciprocating conv" 
pressor system. Continuous 'tube 
cleaning systems are available-
providing maximum operating ef­
ficiency at all times. 

RELIABILITY 

Aqua ammonia absorbtion systems 
are normally installed with spare aqua 
pumps and spare reflux pumps, (when 
used) offering a comparison to cen­
trifugal and reciprocating systems that 
have a spare compressor-motor train, 
Down-time from failure of mechanical 
iteiTi is "zero" due to 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 approximately, 
1600 sq, ft, ot ground space. The-

ASHRAE JOURNAL December 19781! 

?. 



CO-I % 
AMMONIA CONDENSER 

" BC- I 
REFLUX C O m f t O L RECEIVER AMMONIA RECEIVER 

EV-I 
eVAPORATOn . , :RErRIGEHAHT NEAT EXCHANGER 

. - A B - 1 « A e - 2 
AQUA R L H ABSORBERS 

^i;:,-:^5:. -p.; 

• ^ ^ . ^ y . . -

• - - • • . • ^ j t ^ t , , -

•" i - i^ ' - t 'x^ 

•z^e-

" : PI 

^ -^ '9 'V^ fc -

' - - • ' . - ' . . - • . - ' . • - tp . • I - . ' - , • . r r r 
.NH3VAP0R ' , - • T ' X - ^ - , - ' * • 
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Tablet 

Rectification Column (C-1) Reflux Control 
This control maintains pure ammonia off the tower for recycle to the evaporators, 
A temperature difference recording controller (DTIC) wilh thermal elements located in 
the vapor line from the rectificaion column (C-1) and in the rellux control receiver ((RC-
1), This controller record lemperature difference between these points and controls Ihe 
reflux flow thru a control valve (DTICV) to maintain the preset difference. By controlling 
temperature difference the condenser pressure can fluctuate without -causing ap­
preciable ammonia purity changes. 

Weak Aqua Flow To Aqua Film Absorbers (A8-1 and AB-2) 
Calibrated orifice flanges are installed in the vapor line from the evaporator (EV-1) and 
weak aqua line from the aqua film absorbers (AB-1 and AB-2), DP cells are utilized tran­
smit orifice differentials to a ratio controller (FRC-1), The flow ol 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 Iwo 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 modulating steam or fluid control 
valve (TICV) to control the flow ol heat to the generator. With condensing pressure and 
generator pressure set by cooling water this temperature determines the concentration 
of weak aqua produced. 
On direct fired generators this temperature is controlled by modulating the fuel lo Ihe 
burners. On waste gas boilers application a modulating damper arrangement on the gas 
side lor by-pass is used, with supplemental firing if required controlled by lemperature 
of weak aqua produced in Ihe generator-pneumatically interlocked with the damper con­
trol to prevent over-ride and cycling. 
An optional control 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 tor recording or indicating,the tem­
perature at the followint points. 
Water to condenser (CO-1) 
Water to aqua film absorbers (AB-1 and AB-2) 
Water from aqua film absorbers (A8-1 and AB-2) 
Water between aqua film absorbers (AB-1 and AB-2) 
Weak Aqua from generator (G-1) 
Weak aqua Irom aqua heat exchangers (AHX-1) 
Strong aqua from aqua heat exchangers (AB-I A) 
Strong aqua from aqua heat exchangers (AHX-1) 
Strong aqua from aqua pumps (AO-1 and AO-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 to aqua film absorbers (AB-1 and AB-2) 
Ammonia liquid in'rellux control receiver (RC^1) 
Ammonia liquid from reflux pumps (RP-1 and RP-2) 
Rectification column (C-1) Five Points 

False Load Controller (Optional) 
A pressure controller (PRC) sensing inlet steam or heating medium temperature 
operates a control valve (PRCV) in the ammonia gas line from Ihe 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" Ihe system. 

High Level Alarms (HAL) and Low Level Alarms (LAL) 
High level alarms (HAL) and low level alarms (LAL) and low level 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. 
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Table 2—Utilities—Aqua-Ammonia Absorption System 

Evap. Temp., dF 50 40 30 20 10 -10 -20 -30 -40 -50 
Single Stage 
Steam Pressure, psia 
Steam Sat. Temp., dF, (or Waste Heat exit temperature) 
Generator Heat Required Btu/min/TR 
Steam Rate, Ib/hr/TR 
Water rate thru cond. & Absorber, gpmnTR 8C dF On/105 dFOff 
Two Stage 
Generators Steam Sat. Temp. dF, Exit Temperature 
Steam Pressure psia 
Generator Heat Required Btu/min/TR 
Steam Rate, Ib/hrrfR 
Water Required thru Cond. & Absorber, gprnfTR 87 dF and 
lOSdFOff 

14.1 19.8 24.9 30.9 41.8 
210 225 240 255 270 , 
300 325 347 373 400 
18.9 20.2 21.8 23.6 25.8 
3.6 3.7 3.8 4.0 4.3 

175 180 190 195 205 
6.7 7.5 9.3 10.4 12.3 
550 557 605 637 670 
33.2 34.9 37.0 39.1 41.3 

53.2 
285 
430 
28.1 
4.5 

210 
14.1 
711 
43.9 

67.0 
300 
456 
30.9 
5.0 

220 
17.1 
753 
46.7 

83.2 
315 
.511 
34.1 
5.5 

230-
20.7 
799, 
49.9. 

103.1 
330 
571 
39.1 
6.1 

240 
24.9 
850 
53.6 

134.6 
350 
645 
44.6 
7.1 

250 
29.8 
905 
57.5 

173.3 
370 
754 
53.2 
8.8 

265 
38.1 
970 
62.3 

4.0 4.2 4.3 4.5 4.9 5.3 5.8 6.4 7.2 8.3 10.2 

INote: All data approximated. Detailed selections can vary '± 10% depending upon heat source, wateravallablei'evaporatbrconstructibns'etc.) 
ldetalledaT\alysis Is required tor each systern. Oata courtesy o< Lewis Refrlgeration.Co.;-Houston'TX.'9*',i%:.'vi ^•&'i'£\-:s:S^^'iili&' 

system is extremely quiet in operation, 
I Noise levels are well belovy OSHA 
[standards and generally in the 60 to 65 
Idba area. It is fully automatic and 
[requires only minimal attention. The 
laqua ammonia absorption system can 
[accept liquid slugs from the 
lielrigeration evaporators and not 
[damage the system in any way. 
[Although the system will be out ol 
[balance, it will recover in a few 
[minutes. "Overloads" do not damage 
[an absorption system. The system 
[operates automatically from ap-
jproximately 0%. to 100% load with 
[minimal loss of efficiency. As the load 
jfequirement is reduced there is a 
Icorresponding linear reduction in the 
[consumption of heat. As an additonal 
[advantage, the system can function as 
[a steam condenser or waste gas 
jtooling system while it refrigerates. If 
Ithe requirement for steam condensing 
liemains at 100% of design while the 
lielrigeration load is reduced a "False 
[load" control automatically adjust the 
Isystem to the dual demand. This 
["False Load" control is an additonal 
Iplus feature which rTiay save additonal 
[sieam condensers or waste gas 
lixjolers. 

[DESIGN FLEXIBILITY 

lAqua ammonia absorption systems 
[aie usually custom designed for each 
[specific application. Evaporator tem-
[petatures down to -60 dF are practical. 
[Systems can be designed single stage 
[OI two stage for one evaporator tem-
[perature, an single stage or two stage 
[or multi-stage lor several dillerent 
[evaporator temperatures. Systems 
[can be increased in size and 
levaporator temperatures raised or 
llowered by the additon of heat ex-
Icliange surface. Evaporator tem-
Iperatures a're related to heat input 
Itemperature. Thus raising the tem-
Iperature of the heat source lowers the 
[ivaporator - lemperature. The 
ivaporators (chillers) remain 100% ef-
icient at all times as the refrigeration 

system is oil free. There is no need to 
add oil fouling factors to the 
evaporator design, thus saving 5 to 
10% in the evaporator cost. The 
choice of evaporator 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 lo its high 
latent heat and corresponding lovier 
flow rate.-

APPLICATIONS 

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

• The p r o d u c t i o n of 
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 heat. Waste steam has been 
used as the heat source in many in­
stallations in the chemical and 
petroleum industry providing tem­
peratures from -fSO 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 
refrigeration due to its high tem­
peratures, Refiring could also be ad­
ded for peak loads. Stack gases of 
many kinds could also be used as a 
heat source. 

The chemical 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. 
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) to 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 al>-
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 lo 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 system is also 
capable of recovering ammonia in 
pure anhydrous form from aqua am­
monia streams of any concentration. 
The aqua ammonia systems are the 
most versatile refrigeration systems 
available. With the advent of high elec­
trical power cost and high cost fuel it is 
the solution to many refrigeration 
problems. Its applications are limited 
only by the imagination and ingenuity 
for the process engineer. DID 
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Years before public awareness of the energy crisis. Singer 
Climate Control's research and development people were 
working to save heat ing 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 a rea 
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. 

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 heat ing and cooling simultaneously makes ' 
supplemental heat ing or cooling of the loop unnecessary. 
Because of the water temperature 
range, no insulation is required on 
Ihe piping, resulting in a savings 
in i n s t a l l a t i o n cos t . The con­
ditioners may be placed in ceiling 
p l e n u m s a n d duc t ed to con­
ditioned spaces, allowing greater 
l e a s a b l e squa re footage in the 
building. On demand ior heat in 
any particular a rea (s). the con­
di t ioner abso rbs heat from the 
loop, adds the heat of compression 
and rejects it to the space. On cool­
ing, it absorbs heat from the room 
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 
supp lementa l h e a t - g a s , lossil 
fuel, electric, etc. Solar-assisted 
systems with s torage are also be­
coming i n c r e a s i n g l y p o p u l a r . 
Singer also provides "boilerless 
system" equipment, el iminating 
the need for a boiler altogether. 

An optional system tempera­
ture control center (STCC) is also 
avai lable . This is an all-electric 
unit that combines the function of 
supplemental heat, heat rejection, 
storage and system control in one 
factory assembled package, sav­
ing much of the on-site labor. 

It 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
tv/een floors, reducing total building height. 

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 heat ing zones of the 
building. Other economy factors include; n o . s e a s o n a l 
changeovers, the individual metering of conditioners (a 
popular idea among tenants who do not want to pay their 
neighbor's heating and cooling bills), and less burden 
placed on operat ing personnel. 
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PRIIVIARY ZONE COOLING 
WITH SUB-ZONE RE-HEATING ™M.T, ,0* 

There is a complete range of con­
ditioner models, sizes, and volt­
ages avai lable for every applica­
tion to provide efficient, energy 
saving operation. If you are in­
volved in the building or renova­
tion of schools, hotels and motels, 
apar tments , office and commer­
cial buildings, medical buildings 
of any type, inves t iga te Singer 
Electro-Hydronic Systems. 
M . l l - _ S _ . . .— ^ M 
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"SEE", Singer Energy Evaluation 
is a fully computerized study ofthe 
en t i r e b u i l d i n g s y s t e m which 
utilizes all thermal load equip­
ment and system characterist ics 
to analyze the heating/cooling and 
total energy requirements of any 
building. The economic portion of 
the ana lys i s will al low the de­
signer to "SEE" if the Singer Sys­
tem is best suited to the applica­
tion. Wri te or ca l l your Singer 
Climate Control r ep re sen t a t i ve 
today. 

C L I M A T E C O N T R O L DIVISION 

•Trnctoniark THE SINGER COMPANY. 
PRIMARY ZONE HEATING " ™ 

jWITH SUB-ZONE RE-COOLING Z mm M 

THE SINGER COMPANY CLIMATE CONIHOL D1V!S1QN,'1'3U0 FEDERAL BLVD.. CARTERET, NEW JERSEY 07008 
(Ciictu No.:?/ on Rooflor ^urvicoCaid) 



' Schematic of Timonium school air conditioning system. 
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The performance of water cooled 
lithium bromide absorption units 
for solar energy applications 

Test data such as presented here wi 
assist in capturing the full potential 
ofthe solar age 

By DONALD K. MILLER, 
Chief Engineer. Absorption ;ind ^̂  
Rcciproc;iling Sysiem.s. York Div. . 
of Borg-W;imer Ci-)rp.. York. Pa. '. 

Water cooled absorption units are a 
natural for taking advantage of the 
abundant energy available from the 
sun. Many ofthe currently available 
lithium broniide 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, 
greater cost effectiveness of the 
heat source systems will make the 
widespread use o f water cooled 
lithium bromide units a reality. 

From a modest and bold begin­
ning at the Timonium Elementary 
School in T imon ium, Mary land, 
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 ofthe marketplace. 
Engineers of all disciplines are ac­
tively pursuing the design and ap­
plication of more efl'lcient 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 
healing, 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 opt imize the effective 
utilization o f the available external 
variables. 

Units commercia l ly available 
today are capable of furnishing cool­
ing for buildings using the heat 
source developed from solar energy 
in the form of circulated f luids. 
Waler is the common fluid used as 
the heat source, although other 
fluids can be employed. 

W i lh available data on steam 
coefficients for absorption units, a 
designer must merely make trade­
offs between Ihe coefficients for 
steam and the healing 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 ofthe heat 
driven equipment available loday 
for widespread application. 

Figs. I through 12 show a com­
puter analysis of the predicted ef­
fects on maximum capacity and the 
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Absorption units fdr 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 heal source 
lemperalure (EHST) from 90 lo 250 
F (32.2 lo 121.1 C); the cooling 
tower waler temperature (CTWT) 
from 45 lo 85 F (7.2 lo 29.4 C); the 
lemperalure of chilled waler (CW) 
from 40 to 50 F (4.4 to 10 C): the 
cooling lower waler flow rale from 
64 to 117 percent of nominal (100 
peicent nominal is 3.6 gpm per ton 
or 3.88 liters per minute per KW al 
85 F cooling lower waler tempera­
ture); the chilled waler flow rale 
from 50 to IOO percent of nominal 
(IOO percent nominal is 2.4 gpm per 
Ion or 2.59 liters per minute per KW 
delivered al 44 F); and the lithium 
bromide flow rale to the generator 
from 25 percent to 100 percent ofthe 
standard absorption unit rale. For a 
cooling lower waler lemperalure 
of 75 F (23.9 C), the effects of varyr 
ing the generator/condenser surface 
from 80/80 percent to 122/125 iDer-
ceni. respectively, of that for stan­
dard absorption units are predicted. 

Limits are probed based on re­
strictions because of crystallization 
borders (wilh a standard heal ex­
changer surface); solution carry­
over from the generator lo 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 sleam and other circu­
lated healing fluids with various 
loadings and fluid velocities is also 
probed. 

Finally, future developnient pos­
sibilities for waler cooled lithium 
bromide absorption units are dis­
cussed. 

Effects of variables on parameters 
The essential parameters that one 

would generally use lo qualify the 
polential use of waler cooled ab­
sorption units for solar energy ap­
plications would usually be limited 
to the available equivalenl heat 
source temperature, the cooling 
tower waler lemperalure, and the 
exptjcled COP forgiven capacity 
requirements al various limes of the 
year for a particular location. 
• Circulation rales of chilled waler, 

. cooling lower waler, and heal 
source fluids can generally be var­
ied to suit the application. The 
available cooling lower waler lein-
peiaiuie is generally fixed by the 
wet bulb lemperature; however, the 
building air conditioning coils and 
air handling equipment can be var­
ied lo some extent depending on the 
attainable chilled waler tempera-
lures. 

Therefore, il is useful for the con­
sultant and overall solar energy sys­
tem designer to know the relative 
effects on capacity and COP of a 
waler cooled lithium bromide ab­
sorption unit for various delivered 
chilled waler temperatures, availa­
ble equivalent heat source tempera­
tures, and cooling lower waler tem­
peratures while easily controlled 
variables are selected. It is also use­
ful lo know that there are actions 
that a supplier of the absorption 
equipment can lake to enhance the 
efforts ofthe total system designer 
in achieving his goals. 

Examination of Fig. I 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 waler using IOO per­
cent nominal cooling lower water, 
and chilled waler flow rales, and 75 
F (23.9 C) cooling lower water lem­
peralure. the equivalenl heat source 
lemperalure is predicted lo 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 IOO percent nominal capacity for 
a unit would be lhat produced using 
2.4 gpm per ton (or 2.59 liters, per 
minute per KW) of chilled water de­
livered al 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 sleam or an 
equivalenl supplied lo the generator 
inlet using standard materials and a 
water side fouling factor of 0.0005 
per hr per sq fl per F per Btu 
(0.000088 per sq meter per C per 
wall). 

One sees in Fig. 1 thai a 10 F (5.6 
C) reduction in cooling lower waler 
temperature would permil a reduc­
lion of the equivalenl heal source 
temperaiure lo 191.5 F (88.6 C) or a 

reduction of 31.3 F (17,4 C) in the 
required equivalent heal source 
lemperature. while reducing the 
maximum capacity to 93 percent of 
nominal and increasing the COP lo 
0.745 for a 5.8 percent improve­
ment. Another 10 F cooling.tower 
water temperaiure reduclion is 
shown lo reduce ihe required equiv­
alent heat source lemperature an 
additional 45 F (25 C) while decrea.s-
ing the maximuin capacity to 7(' 
percent of nominal and increasing 
the COP to 0.787 for an addition;;! 
5.6 'percent improvement over the 
COP achievable wilh 65 F (18.3 Cl 
cool.ing lower water. 

The reduction in the perceni 
maximum capacity as the cooline 
lower waler temperaiure is reduced 
is a natural function ofthe increas­
ing velocity and specific volume ol 
refrigerant vapor through the 
elirrjinators separating thegeneraio' 
and condenser as the condensini; 
lemperalure is reduced: the reduc­
tion of available pressure differ­
ences between the generator and 
absorber sections to move strorii' 
lithium bromide solution through 
the heal exchanger and piping: anil 
the reduclion of motive force for tht 
refrigerant condensate from the 
condenser to the evaporator with :! 
reduction in condensing tempeni 
ture. 

By moving vertically upwards ii 
anycolumn of Fig. I, one can see 
that a reduction in the chilled walci 
flow rate lo 50 perceni of nomin;il 
has a negligible effect for a giver 
cooling tower waler How rale. Ai 
increase to 117 perceni of nominal 
cooling lower water flow rale re 
duces the equivalent heat source 
lemperature less than 5 F (2.8 C). A 
decrease to 64 percent of flosv raii 
increases the equivalenl heal sourci 
Icmperaiui'e somewhat less than 1' 
F.(9.4C), 

The blanks in Fig. I represen 
situations where the maximum con 
centralion of solution in thi 
generator for the maximum cap;i 
city listed lo avoid crystallizalioi 
after the strong solution leaves ihi 
heat exchanger may be exceeded. I 
is possible to achieve higher that 
IOO percent nominal tons foragivci 
cooling lower waler temperatuii 
above 75 F (23.9 C) without exceed 
ing the maximum concentralion 



however, for the purposes of this 
arlicle, the maximum capacity was 
capped at IOO percent of nominal. 

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

Fig. 2 shows what happens lo the 
required equivalent heat source 
lemperalure and COP with an in­
crease to 45 F (7.2 C) chilled waler 
off Ihe unit while maintaining IOO 
percent solution flow rale for the 
lithium bromide from the absorber 
to the generator w i lh the same 
changes in variables previously 
mentioned. 

Fig. 3 shows the effect of raising 
the chilled water lemperalure off 
the unit to 50 F(IOC)-wi ih the solu­
tion How rate remaining constant. 
Notice thai for IOO perceni nominal 
chilled water and cool ing tower 
water flow rales, at 85 F (29.4 C) 
cooling tower waler lemperalure. 
and IOO percent nominal capacity, 
the required equivalent heal source 
temperature is reduced 10.1 F (5.6 
C) for a chilled waler temperature 
increase of 5 F (2.8 C). while the 
COP is increased from 0.690 to 
0.713, oran increase of 3.3 perceni. 

The actual equivalenl heal source 
lemperature required, particulariy 
at the lowest cooling tower water 
tcni_peralure o f 45 F. may vary 
somewhat from the computer calcu­
lated values. Additional lesting in 
the future would serve as interesting 
and useful correlations. The values 
indicated for ihe lower cool ing 
tower waler temperatures should, be 
used in a relative sense rather than 
as absolute values. Much depends 
on the degree of refrigerant con-, 
lamination wi lh l i thium bromide 
and ihe trimming of the refrigerant 
and solution charge for a given unit 
and application. There is a continu­
ous internal redistribution of refri­
gerant quanlily toand from the solu­
tion as the load changes and solu­
tion concentrat ions vary in re­
sponse to the load. 

Key: CTW. cooling lower water: CTWT 
COP. coellicieni of perlormance; 

% 
NOM. 
CTW 

FLOW 

CTWT 

45° F (7.2=0 
EHST % 

CAP, C,0,P. 

cooling lower water lemperature: 
CAP, capacity. 

CTWT 

55=F(12.8=C) 
EHST % 

CAP, 

50% ( 
64 

100 
117 

115.5 

107.0 

104.8 

50 

50 

50 

,776 

,792 

,796 

158,1 

146,1 

143,0 

70 

70 

70 

75% ( 
64 

100 
117 

115.6 

107,1 

104,9 

50 

50 

50 

,776 

,792 

,796 

158,3 

146,4 

143,2 

70 

70 

70 

C,O.P. 

:HIL 
.771 

.788 

.793 

:HIL 
.770 

.787 

.792 

CTWT 

65=F (18.3=C) 
EHST % 

CAP, C.O.P. 

EHST, EQuivalent heat source\ . 

CTWT 

75=F (23.9=C) 
EHST % 

CAP. C.O.P. 

\ 
CTWTNX 

85=F (29.4=Ov 
EHST 

' f 

% 
CAP. C.O.P. 

-ED WATER FLOW 
207,4 

190,8 

186,5 

93 

93 

93 

.727 

.747 

.752 

221,9 

217,1 

too 
100 

.705 

.710 

.ED WATER FLOW 

207,8 

191,3 

187,0 

93 

93 

93 

100% CHILLED WAT 
64 

100 
117 

115.7 

107.2 

105,0 

50 

50 

50 

,776 

,792 

,796 

158,4 

145,5 

143,4 

70 

70 

70 

•.770 

.787 

,792 

208,1 

191,5 

187,2 

93 

93 

93 

.726 

.746 

.751 

ERF 
.726 

,745 

,751 

222,5 

217,5 

100 

100 

.704 

.709 

LOW 

222,8 

217,8 

100 

100 

.704 

.709 • 

1 100 percent solution flow rate wilh 40 F (4.4 C) chilled water otf bf waler 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. 
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NOM. 

CTW 
FLOW 

CTWT 

45= F (7.2=0 
EHST 

=F 

% 
CAP, C,0,P. 

CTWT 

55=F(12.8=0 
EHST 

-F 

% 
CAP, 

50% 
64 

100 
117 

107.9 

99,7 

97,5 

50 

50 

50 

.799 

.815 

.819 

149.4 

137,8 

134.7 

70 

70 

70 

75% 
64 

100 
117 

108.1 

99,8 

97,7 

50 

50 

50 

.799 

.815 

.818 

149.7 

138,0 

135,0 

1( 
64 

100 
117 

108,0 

99,9 

97,8 

50 

50 

50 

.798 

.814 

.818 

149,8 

138,1 

135,1 

70 

70 

70 

COP, 

CHIL 
.794 

.812 

,816 

CHIL 
,794 

,811 

,815 

CTWT 

65=F (18.3=0 
EHST 

'F 

% 
CAP, 

LED WAT 

196,6 

180.9 

176,8 

93 

93 

93 

LED WAT 
197,4 

181,3 

177,2 

93 

93 

93 

C,0,P, 

CTWT 

75=F (23.9=0 
EHST 

=F 

% 
CAP, C,0,P, 

CTWT 

85=F (29.4=0 
EHST 

=F 

% 
CAP. C.O.P. 

ER FLOW 
,754 

,773 

,779 

228,8 

211,1 

206,4 

100 

100 

100 

,711 

,731 

,736 

235,2 

230,4 

100 

100 

,692 

,692 

ER FLOW 

,752 

,773 

,778 

)0% CHILLED WATER F 

70 

70 

70 

,794 

.811 

.815 

197,6 

181,6 

177,4 

93 

93 

93 

,752 

,772 

,777 

229,3 

211,5 

205.9 

100 

100 

100 

,710 

,729 

,735 

235,8 

231,0 

100 

100 

,691 

,696 

LOW 
229,6 

211,8 

207,2 

100 

100 

100 

,709 

,729 

,734 

236,1 

231,3 

100 

100 

,690 

,695 

2 100 percent solution flow rate with 45 F (7,2 C) chilled water off of unit.' 

• % 

NOM. 
CTW 

FLOW 

CTWT 

45= F (7.2=C) 
EHST 

=F 

% 
CAP. C.O.P. 

CTWT 

55=F(12.8=0 
EHST 

'F 

% 
CAP. 

50% ( 
64 

100 
117 

100,8 

92,8 

90,8 

50 

50 

50 

.820 

.835 

,840 

141,4 

130,1 

127.1 

70 

70 

70 

75% ( 
64 

100 
117 

101,7 

93,0 

90,9 

50 

50 

50 

,820 

.835 

.839 

141.7 

130,3 

127,4 

IC 
64 

100 
117 

101,1 

93,1 

91,0 

50 

50 

50 

.820 

,834 

,839 

141,9 

130,5 

127 5 

70 

70 

70 

C.O.P. 

;HIL 
,817 

,832 

,837 

:HIL 
,816 

,832 

.836 

CTWT 

65=F (18.3=0 
EHST 

'F 

% 

CAP, C,0,P, 

CTWT 

75=F (23.9=0 
EHST 

•-F 

% 
CAP, C,0,P, 

CTWT 

85=F (29,4=0 
EHST 

"F 

% 

CAP. C,0,P, 

LED WATER FLOW 

187,8 

172,1 

168,1 

93 

93 

93 

.777 

.796 

,801 

218,7 

201,4 

197,0 

100 

100 

100 

,735 

,755 

,760 

243,4 

225,2 

220,6 

100 

100 

100 

,696 

,715 

.720 

LED WATER FLOW 

188,2 

172,6 

168,6 

0% CHILLED ] 

70 

70 

70 

.815 

.831 

835 

188,5 

172,8 

158 9 

93 

93 

93 

WAT 
93 

93 

9'! 

,776 

,795 

,800 

ERF 
,775 

,795 

m 

219,2 

201,9 

197,5 

100 

100 

100 

,734 

,754 

,759 

243..7 

225.7 

221.1 

100 

100 

100 

,695 

,695 

,719 

LOW 
219,5 

202,2 

197,8 

100 

100 

too 

,733 244,n 

,753 226,0 

7% '^?^ '1 

100 

100 

100 

,694 

.713 

,717 
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Absorption units for solar energy applications 

At loads less than the maximums 
listed forgiven water flow rates and 
temperatures, the equivalenl heal 
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 means. 

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 rale from the absorber lo the­
generator increases the concentra­
tions and thus the COP. However, 
this increases the required equiva­
lent heat source temperature. It also 
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 lower waler fl6w,.at 
IOO perceni nominal chilled 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 IOO percent solution rale 
represented in Fig. I. Notice the 
shaded area on Fig. 7. This is 
where theoretically some values 
were attainable except lhat the 
strong solution lemperalure leaving 
the heal exchanger for the given 
concentralion of solution crossed 
over the crystallization border limit. 
With greatly reduced solution flow 
rales, the weak solution leaving the 
heal exchanger lends to reach a 
superheated value •— in other 
words, a value above the boiling 
point ofthe solution al the generator 
pressure level. The generator pres­
sure level is in turn established by 
the condensing lemperalure. At low 
cooling tower waler lempeiaiures, 
the superheated condition ofthe so­
lution prior to its entering the 
generator is most apt lo occur. 

The optimum percent solution 
flow rate for iriiproved CC)P is gen­
erally somewhat greater than the 
perceni nominal capacity at which 
the unit must perform. The lowest 
required equivalenl heat source 
temperatures can be achieved with 
IOO percent of solution flow. 

% 
NOM. 
CTW 

FLOW 

CTWT 

45" F (7.2=0 
EHST 

°f 

% 

CAP, C,0,P, 

CTWT 

55=F(12.8=0 
EHST 

'F 

% 
CAP, 

50% 
64 

100 
117 

116.0 

107.8 

105.6 

50 

50 

50 

,799 

,812 

,815 

159,0 

147,4 

144.4 

70 

70 

,'0 

75% 
64 

100 
117 

116,1 

107,9 

105,7 

50 

50 

50 

,799 

,812 

,815 

159.2 

147,6 

144,6 

70 

70 

70 

C,O.P, 

CHIL 
,794 

,809 

,813 

CHIL 

,793 

,808 

,812 

CTWT 

65=F (18.3=0 
EHST 

• f 

% 
CAP, C,0,P, 

CTWT 

75=F (23.9=C) 

EHST % 
CAP. C.O.P. 

CTWT 

85=F (29.4=C 
EHST 

=F 

% 
CAP. C.O,f 

LED WATER FLOW 
209,2 

193,0 

188,9 

93 

93 

93 

,748 

,765 

,770 219.7 100 .728 

LED WATER FLOW 
209,7 

193.5 

189,3 

93 

93 

9 3 ' 

100% CHILLED WAT 
64 

100 
117 

116,2 

107,9 

105,8 

50 

50 

50 

,799 

,811 

,815 

159,4 

147,7 

144,7 

70 

70 

70 

,793 

,808 

,811 

209,9 

193,7 

1,89.5 

93-

93 

93. 

,747 

,764 

,768 

ERF 
,747 

.763 

.768 

220.2 100 .727 

.OW 

220.5 100 ,727 

4 75 percent solution flow rate with 40 F chilled water off of unit. 

% 

NOM. 
CTW 

FLOW 

CTWT 

45= F (7.2=0 
EHST % 

CAP C,O.P, 

CTWT 

55=F(12.8=0 
EHST 

'F 

% 
CAP, 

50% 
64 

100 
117 

108,6 

100,6 

98,5 

50 

50 

50 

.818 

.830 

.833 

150,5 

139,2 

136,3 

70 

70 

70 

75% 
64 

100 
117 

108,7 

100,7 

98,6 

50 

50 

50 

,818 

,829 

,833 

150,8 

139,5 

136,5 

1( 
64 

100 
117 

108,8 

vdo,8 
98,7 

50 

50 

50 

,817 

,829 

,832 

150,9 

139.6 

136,6 

70 

70 

70 

C,O.P. 

CHIL 

.816 

.829 

,.833 

CHIL 

,815 

,829 

,832 

CTWT 

65=F (18.3=0 
EHST 

"F 

% 
CAP, C,0,P, 

CTWT 

75=F (23 9=0 

EHST 

=F 

% 
CAP, COP. 

CTWT 

85=F (29.4=C 

EHST 

'F 

% 
CAP, CO.i 

LED WATER FLOW 

199,0 

183.3 

179.3 

93-

93 

93 

,773 

.789 

.794 

231,3 

213,8 

209,3 

100 

100 

100 

.731 

.748 

.752 

LED WATER FLOW 
199.4 

183.8 

179.7 

93' 

93 

93 

0% CHILLED WAT 

70 

70 

70 

,815 

,829 

,832 

199.7 

184,0 

179,4 

93 

93 

93 

.772 

,788 

,793 

231,9 

214,3 

209,8 

100 

100 

100 

.730 

.747 

,751 

ER FLOW 

,771 

,788 

,792 

232,1 

214,6 

210,1 

100 

100 

100 

,729 

,746 

,750 

5 75 percent solution flow rate with 45 F chilled water otf of unit. 

% 
NOM. 
CTW 

FLOW 

CTWT 
45= F (7.2=0 

EHST 

'F 

% 
CAP, C,0,P, 

CTWT 

55=F(12.8=0 
EHST 

•F 

5 
64 

100 
117 

101.6 

93.8 

91,8 

50 

50 

50 

,835 

,846 

,849 

142,7 

131,6 

128,7 

% 
CAP, 

0% 
70 

70 

70 

COP. 

CHIL 

,835 

,848 

,851 

75% CHIL 

64 
100 
117 

101,8 

94 ,0 

92,0 

50 

50 

50 

,834 

,846 

,849 

142,9 

131,9 

129,0 

IC 
64 

100 
1 1 7 

101,9 

94,1 

1-1-> n 

50 

50 

sn 

,834 

,846 

flt"-' 

143,1 

132,0 

' ? n 1 

70 

70 

70 

,835 

,848 

,851 

CTWT 

65=F (18.3=0 
EHST 

"F 

% 
CAP. C.O.P. 

CTWT 

75=F (23.9=0 
EHST 

°F 

% 
CAP, C,0,P. 

CTWT 
85=F (29.4 

EHST 

'F 

% 
CAP, cc 

LED WATER FLOW 

189,9 

174,5 

170,6 

93 

93 

93 

.795 

.811 

,815 

221,4 

204,3 

200,0 

100 

100 

100 

.753 

.770 

.774 

245.9 

228.2 

223.7 

100 

100 

100 

,7 

7 

7 

LED WATER FLOW 

190.4 

175.0 

171.0 

93 

93 

93 

0% CHILLED WAT 

70 

70 

70 

,834 

,847 

S";! 

190,6 

175,2 

171 1 

93 

93 

93' 

,794 

,810 

,814 

ERF 
,793 

,809 

81-1 

221,9 

204 ,8 

200,5 

100 

100 

100 

.752 

.769 

.773 

246.4 

228 .7 

224.2 

100 

100 

100 

,7 

.1 

.1 

LOW 
222,2 

205,1 

200 8 

100 

100 

100 

.751 

.768 

,773 

246.8 

229,0 

224 5 

100 

100 

lOi? 

.1 

, y 



Key; CTW. cooling tower water; CTWT, cooling tower water temperature; EHST. equivalenl tieal source temperature; 
COP. coellicieni ol performance; CAP, capacity. 

.715 

,715 

.734 ' 

% 

NOM, 
CTW 

FLOW 

CTWT 

45° F (7.2=0 
EHST 

-F -

% 
CAP. C.O.P. 

CTWT 

55=F(12.8=C) 
EHST 

=F 

5 
64 

100 
117 

118.4 

110.4 

108.3 

50 

-50 

50 

.820 

.828 

.831 

163.2 

151.9 

148.9 

% 
CAP, 

0% 
70 

70 

70 

C.O.P. 

CTWT 

65=F (18.3=0 
EHST 

"F 

% 
CAP, C,0,P, 

CTWT 

75=F (23.9=0 
EHST 

=F 

% 
CAP. C.O.P. 

CTWT 

85=F (29.4=C) 
EHST 

"F 

% 
CAP. C.O.P. 

CHILLED WATER FLOW 

,813 

,824 

,827 

75% CHIL 
64 

100 
117 

118.5 

110.5 

108.4 

50 

50 

50 

.820 

.828 

.831 

163.5 

152.1 

149.1 

70 

70 

70 

,813 

,824 

,827 

LED WATER FLOW 

196,9 93 ,777 

100% CHILLED WATER FLOW 
64 

100 
117 

118.6 

110.6 

108.5 

50 

50 

50 

.820 

.828 

.831 

163.6 

152.2 

149.2 

70 

70 

70 

,812 

,824 

,827 

217,4 93 ,759 

7 50 p e r c e n t s o l u t i o n f l o w r a t e w i t h 4 0 F c h i l l e d w a t e r o f f o f u n i t . 

% 
NOM. 
CTW 

FLOW 

CTWT 

45= F (7.2=0) 
EHST 

•̂ F 

% 

CAP. C.O.P. 

CTWT . 

55=F(12.8=0 
EHST 

°F 

% 
CAP, 

50% 
64 

100 
117 

111.1 

103,3 

101,2 

50 

50 

50 

,835 

,843 

,845 

154,9 

143,8 

140,9 

70 

70 

70 

75% 
64 

100 
117 

111,3 

103,4 

101,4 

50 

50 

50 

.835 

.843 

.845 

155,1 

144,0 

141,1 

IC 
64 

100 
117 

111,3 

103,5 

101,4 

50 

50 

50 

.835 

.843 

.845 

155,3 

144,2 

141,2 

70 

70 

70 

C,0,P, 

CHIL 

,833 

,843 

,846 

CHIL 
,832 

:843 

,845 

CTWT 

65=F (18.3=0 
EHST 

'F 

% 

CAP, C,0,P, 

CTWT 

75=F (23.9=0 
EHST 

=F 

% 
CAP. C.O.P. 

CTWT 

85=F (29.4=0 
EHST 

'F 

% 

CAP. C.O.P. 

.ED WATER FLOW 

206,6 

191.0 

187.0 

93 

93 

93 

,783 

,796 

,800 

.ED WATER FLOW 
207.0 

191,4 

187,4 

93 

93 

93 

10% CHILLED WAT 

70 

70 

70 

,832 

,842 

,845 

207,3 

191,7 

187,6 

93 

93 

93 

,781 

,795 

,798 

ER F 

,781 

,795 

,798 

.OW 

8 50 p e r c e n t s o l u t i o n f l o w r a t e w i t h 4 5 F c h i l l e d w a t e r o t f o t u n i t : 

% 
NOM. 
CTW 
FLOW 

CTWT 

45° F (7.2=0 
EHST % 

CAP. C.O.P. 

CTWT 
55=F(12.8=C) 

EHST 

°F , 

% 
CAP. 

50% 
64 

100 
117 

114,3 

95,6 

94.6 

50 

50 

50 

.848 

,856 

,857 

147,2 

136,3 

133,4 

•70 

70 

70 

75% 
64 

100 
117 

104.3 

96.7 

94.7 

50 

50 

50 

,848 

.856 

.857 

147.4 

136.5 

133.7 

1( 
64 

100 
117 

104,5 

96.8 

94.8 

50 

50 

50 

.848 

.855 

.857 

147,6 

136,7 

133,8 

70-

70 

70 

C.O,P, 

CHIL 

,850 

,860 

,862 

CHIL 

,849 

,859 

,861 

CTWT 

65=F (18.3=0 
EHST 

'F 

% 
CAP, C,0,P 

CTWT 
75=F (23.9=C) 
EHST % 

CAP. C.O.P. 

CTWT . 

85=F (29.4=0 
EHST 

'F 

% 
CAP. C.O.P. 

LED WATER FLOW 

197,6 

182,3 

17'8,3 

93 

93 

93 

,802 

,816 

,820 

213,7 

209,3 

100 

100 

.774 

.777 

LED WATER FLOW 

198,1 

182,7 

178,8 

93 

93 

93 

) 0% CHILLED WAT 

70 

70 

70 

,849 

,859 

,861 

198,3 

182,9 

179,0 

93 

93 

93 

,802 

,815 

,819 

ER F 

,801 

.814 

,818 

214,2 

209,8 

100 

100 

.773 

.776 

LOW 

214,5 

210,1 

100 

100 

.773 

.776 

Trade-offs can' be made with the 
COP on choosing the optimum solu­
tion flow rate lo the generator. 

Other Figures show the poten­
tial effects of changing the variable 
for various performance parameters 
at IOO perceni nominal surface for 
the generator and condenser. 

With less or more than IOO per­
cent nominal surfaces in the 
generator and condenser, the re­
quired equivalenl heat source tem­
perature and COP wi l l change. 
Table I shows these values for sur­
face changes and the same variables 
explored in Figs. I through 12. 

Absorption units with 20 percent 
less generator and condenser sur­
face than lhat of a standard unit 
would require a 10.4 F (5.8 C) higher 
equivalent heal source lemperature 
and have a slightly smaller COP. 
Those units wi lh 122 perceni of a 
standard generator and 125 perceni 
o f the standard condenser surfaces 
would require a 5.5 F (3 . l C) lower 
equivalent heat source lemperature 
and achieve a negligible increase in 
COP with increased costs. There is 
an optimum trade-off in oveiall sys­
tem cost when examining achieva­
ble equivalent heal source tempera­
tures. 

Trade-otTs 

Internal steam coefficients, in­
cluding the effects of scale factor 
and condensate loading, can vary 
between 1200 and 3200 Btuh per deg 
F per sq ft (or 6814 to 18.172 waits 
per deg Kelvin per square meter). 

On a log-log plot of fluid velocity 
versus typical internal coefficients 
for various heating fluids in one type 
generator lube, the data shown in 
Table 2 plol as straight lines. 

A single pass arrangemenl should 
have the hottest heating fluid tem­
perature entering the hottest end of 
the generator (strong solution leav-. 
ing point). The cooled leaving heat­
ing fluid is then al the opposite end 
where the colder weak solution i^n-
lers the generator, g iv ing the 
maximum log mean temperaiure 
difference for heat transfer.. Vel­
ocities approaching 10 fps (3.048 
meters per second) for a single pass 
result in hoi water quantities ap­
proaching 1.76 gpm per nominal ton 
(1.897 liters per minute per KW).. 
The hoi water range is thus near 20 

B 50 percent solution flow rato with so F rhiiiorf ...-i'nr r.<i ,-,' wi i i 
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Absorption units for solar energy applications 

F (1 l.l 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 hoi 
water temperature for installations. 

Development possibilities 
• In the lower temperature hot 

waler applications where the 
maximum solution concentralion is 
relatively low (below 60 perceni by 
weight of lithium bromide), .the 
usual dilution cycle on shutdown 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, particulariy at loads con­
siderably below the nominal rating 
ofthe unit. The available equivalenl 
heal source lemperalure will influ­
ence the choice of solution flow' 
rale. 

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

Table 1 — Comparison of absorption unit performance 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. 

Percent generator 
surface 

80 
too 
122 

Percent condenser 
surface 

80 
• too 

125 

Cooling tower water temperature 75 F (23.9 C) 

Equivalent fieat source 
temperature 

F 

222.2 
211.8 
206.3 

C . Percent capacity COP 

105.7 100 0.725 
99.9 100 0.729 
96.8 100 0.730 

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

Velocity 
fps m per sec 

3 0.9144 

10 3.048 

Average bulk 
lemperature 

F C 

160 71.1 
200 93.3 
240 115,5 

160 71,1 
200 93,3 
240 115,5 

Pure water 
Btuh per 

sq ft per F 

1,200 
1,380 
1,530 

3,070 
3,600 
4,000 

watts per Kelvin 
per sq meter 

6,814 
7,837' 
8,688 

17,433-
20,443 
22,714. 

Organic fluids 
Btufi per sq 

fl per F 

173 
196 
215 

450 
515 
570 

watts per Kelvin 
per sq meter 

982 
1,113 
1,221 

2,555 
2,925 
3,237 

waler temperatures, and use of re­
duced solution flow rates could be 
considered. 

Improvement in efficiency and 
increasing the size of eliminalbis in 
the generator/condenser aieavvould 
assist in increasing the attainable 

capacities where lower cooling 
tower waler 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 

I 

m 

Solar air conditioning 
and heating schematic. 
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)C) 

COP 

0.725 
0.729 
0.730 

-)er Kelvin : 
q meter ; 

982 
113 
221 

555 
925 
237 

; oo l ing 
e avai l -
apacity 

ent and 
eas for 
ere the 

] 

Kty; C1W, coolfng lower water; CTV/T. cooling tower waler temperature: EHST, equivalent heal source temperaiure: 
COP, coelficieni ol performance; CAP, capacity. 

NOM. 
CTW 

FLOW 

CTWT 
45° F (7.2°C) 
EHST 

•F 

% 
CAP, C,0,P, 

CTWT 

55=F(12.8=C) 
EHST 

'F 

% 
CAP, C,0,P, 

CTWT 
65=F (18.3=C) 
EHST 

'F 
% 

CAP, C,0,P, 

CTWT 
75=F (23.9=0 
EHST 

' f 

% 
CAP, C,O.P, 

CTWT 
85°F (29.4=0 
EHST 

=F 

% 
CAP. C.O.P. 

5 0 % CHILLED WATER FLOW 

6 4 130,9 50 ,826 

100 122,9 

1 1 7 120,8 50 ,834 

50 ,832 

7 5 % CHILLED WATER FLOW 
64 131,1 50 ,826 

100 123,0 

1 1 7 120,9 50 ,834 

50 ,832 

100% CHILLED WATER FLOW 

64 131,1 50 ,826 

100 123,1 

117 121,0 50 ,834 

50 ,832 

10 25 percent solut ion f low rate wi th 40 F chi l led water off of unit. 

% 

NOM. 

CTW 

FLOW 

CTWT 

45° F (7 .2=0 
EHST 

'F 

% 
CAP, CO.P. 

CTWT 

55=F(12.8=0 
EHST 

=F 

5 
64 

100 
117 

123,6 

115.7 

113.6 

50 

50 

50 

.840 

.845 

.846 

% 
CAP. C.O.P. 

0% CHIL 

75% 
64 

100 
117 

123.7 

115.8 

113.7 

50 

50 

50 

.840 

.845 

.846 

IC 
64 

100 
117 

123.8 

115.9 

113,8 

50 

50 

50 

.840 

.845 

.846 

166.4 

CHIL 

CTWT 

65=F (18.3=0 

EHST 

=F 

% 
CAP, 

LED WATI 

.EDI 

C,0,P, 

CTWT 

75=F (23.9=0 
EHST 

=F 

% 
CAP. CO.P. 

CTWT 

85=F (29.4=C) 

EHST 

=F 

% 
CAP. CO.P. 

ER FLOW 

ftj 

WATER FLOW i 

0% CHILLED WATER F 

70 ,827 

LOW 

11 25 percent solut ion- f low rate wi th 45 F chi l led water off o l unit . 

% 

NOM. 
CTW 
FLOW 

CTWT 

45° F (7 .2=0 
EHST % 

CAP, C,0,P 

CTWT 

55=F(12.8=0 
EHST 

'F 

5 
64 

100 
117 

116,6 
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12,25 percent solution flow rate with 50 F chilled water off of unit. 
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1 ' • 

,'Hfiaiinq,'Pipinq/Air Condilionino, .Innuarv 1976 

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

There is always room for optimi­
zation. However, the standard 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 furiher enhance the pos­
s ib i l i ty o f u t i l i z ing this natural 
source of abundant energy. , 

Conclusions ' 
This article includes a compre­

hensive review ofthe variables that 
can influence Ihe proper choice of 
all the solar energy system com­
ponents for the cooling of buildings. 

Optimization of absorption unit 
COPs and the requned lemperalure 
levels ofthe heal source directly af­
fect the choice of systems external 
lo 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 lo 
essentially respond to matching 
seasonal changes in available cool­
ing lower water and equivalenl heal 
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 
building load profile and cooling 
capabilities of absorption lo the 
available solar energy source, once 
guidelines arc available on water 
cooled absorption unit capabilities 
when utilizing healed fluids such as 
waler. 

The state of the ari for solar col-
leclors and systems is advancing. 
The further development and test­
ing of absorption iinils will assist in 
capturing the full potential of the-
solar age within our lifetime. 

7"/(/.y arl icle /.v l>ii.s-fd mi i i talk deUvered hy 
Mr. Mi l ler at the University n f Cali f i i r i i ia. 
Los Angeles, diirinf- a workshnp on the use o f • 
siitar energy f u r cooling buildings. 



GEOTHERMAL ENERGY MAGAZINE • PAGE40 • VO.L. 5 • NO, 4 • APRIL 1977 

Kin e tics Corp. S ta rts 
Mass Prgductfon of Rankme 

Cycle Powef Systems 

Sarasota, Florida, March 1, 1977 — Kinetics; 
Corporatiofi, a Sarasota research arid tie velop­
ment firm, today announced that packaged freon 
Ranklne Cycle power generating units will be 
commercially available .fo.r the. first time on a 
mass production basis. Each unit will produce 
10,000 watts of power when supplied with hot 
wateratT85 = F. 

Wallace .L Minto, president of Kinetics, said' 
the firm is designing and building as large as two 
thousand .kilowatt systems using any heat source-
of 150°F or higher. Industrial waste heat, geo­
thermal sources, solar collectors, or any natural 
heat .source can be employed to supply the ne­
cessary low-grade inlet temperature. Kinetics 
keeps a demonstration unit Operative at al! 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 month. 
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 Kine'tic's deter­
mination that they could be offered for sale at 
cost's low enough to enable buyers to recover 
capital costs within two years due to the present 
value of power. 

Overthe past year, eight pilot units have been 
demonstrated and sold worldwide, 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 of electricity using 
solar-heated water. Both systems are part of a 
United Nations. Environment Programme, (UNEP), 
an effort to develop an integrate.d solar, wind, 
and biogas energy center which can produce 
electricity fbr remote villages. 

A major American automdbite manufacturer 
has also 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 1600 Kilowatt system for use by a 
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major American steel producer, th'is system will 
utilize blast furnace flue gas as its heat source. 
The systems will also be furnished as prinfie 
movers for air and gas tipmpressors, pumps, or 
fpr any other appficattori requiring reliable, con­
tinuous shaft horsep.ower. 

The Kinetics engine sysTem efficiently con-
vei'ts low temperature, lovv level heat energy into 
high intensity mechanical shaft output. This out­
put may be us'ed to drive an electric generator, 
hydraulic pump, air compressor, or any other de­
vice perform mg useful work. The lovv level heat 
energy may be supplied by industrial process 
waste' streams, such as waste steam, cooling 
water, quench oil or flue gases. In many cases, a 
polluting nuisance is abated and converted into 
a valuable energy source. 

According to 1976 figures the total annual 
energy consumption in the United States is ap­
proximately 80 quads, (1 quad = 1 quadrillion 
BTU = 172 million barrels of 611 = 4i.7 million 
tons of coal = 970 trillion cubic feet of natural 
gas) of which about 60 quads are now supplied 
by petroleurh and natural gas; Domestic reserves 
of these are dwindllngand 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 forward in solving the world-wide en­
ergy crisis. By adapting this proven technology 
to the energy crisis in what Minto describes as 
Kinetics' first "commercial landing," he foresees 
an alleviation of energy shortages. Substantial 
economic benefits wilt result from using plenti­
ful present waste heat sources to produce shaft 
power br electrici.ty. Expected increases in in­
dustrial electricity rates also will serve to stimu­
late the demand for waste heat power recovery 
systems in theUhited States and abroad. 

As an inventor, Minto previously developed a 
non-polluting, freon-powered engine under con­
tract withNissari Motor Go. Ltd., for possible use 
in Datsun automobiles, and the"Minto Wheel" . . 
a gravity engine, driven by a sraall temperature 
differential. The Minto Wheel converts very low 
level geothermal, solar or waste h'eat into small 
amounts of shcift horsepower, and* the wheel is 
already being applied in the developing areas 
"of the world. 

Kinetics Corporation 
1121 Lewis Avenue 
Sarasota, Florida 

Phone: (B13) 366-3050 

GEOTHERMAL EFFLUENTS 
. WORKSHOP 

FEBRUARY 15-17,1977 

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

The second conference on effluents by EPA-
EMSL yvas 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 meeting. 

Abstracts from the ni'eettng vvill 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 qr Dr. S, San­
yal, Geonomics, 3165 Adeline Street, Berkeley, 
California. 

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

The gepthermal 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 

This Energy Ftesearch and Development Ad-
rrilnistration (ERDA) has presented, its First Dis­
tinguished Career Award, for Outstanding con­
tributions to 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 8Gth 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 
ih fiDunding the Geothermal Industry in America 
-and his outstanding contributions toward its 
eohtinued success. In 1925, he first visited The 
Geysers in California and sensed its potential. In 
1954 he drilled the first steam well there which 
is still being productively used. In 19.58 he at­
tracted a utility company to utilize the steam. 
Through joint efforts, the first Geothermai Power 
Plant began operations in 1960 in a field which 
now supplies more than half the power require-
nhehts of San Francisco,.," 
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Up unti l 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 efficiency 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 plentiful 
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 first cost penalties of the new appliances. 

THE declining supply of gas and the increasing costs of 
all energy lorms has changed public altitudes over the 

past few years. The need for energy conservation is now 
better understood by an increasing number of cost-
conscious consumers and the gas industry, for its part, is 
aggressively pursuing all avenues of lechnology develop­
ment that offer the potential for realizing significant savings 
in gas energy utilization. Development of an ultra-high ef­
ficient central healing furnace, improved commercial 
cooking equipment, design of domestic appliances to use 

(.. A, Sofkcs is O/recior or fioseaich: J. A. W/cnofc is wijh n f . D Planning: ond 
M. S. Mcn/ui is wim R & D Environmenlal Sysloms—all wilti tne Amorican 
Gas Association. Atlingion, VA. 

gas at elevated pressures, gas-fired fuel cells, heat pumps 
for domestic and commercial establishmenls, 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 residential 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 improvement in this technology woul6 have 
a significant national impact on the consumption of gas and 
could be more than twice as greal as technological ad­
vances in any olher 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 market analyses conducted to date indicate 
a cumulative total available heat pump market of 
10,278,000 units during the period oi 1981 to 1990. Based 
on low, nominal and high percentage market potential, the 
cumulative total of gas-lired heat pumps v/ould be 208,000 
(low), 419,000 (nominal), and 8'/9,000 (high) lor the pro­
jected 10-year period. These data are shown in Table 1. 
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The breakdown of the 1981 gas-fired heat pump 
market 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, 
building/cooling characieristics, and energy cosl data. Gas 
and electrical energy costs Irom known dala 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 constant 1975 dollars. 

To measure the overall energy savings impact of Ihe 
gas heat pump, the energy savings related lo 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 dala shown in Table 4 reflect the range of 
savings expected and correspond to the range projected for 
unit shipment in bolh residential and commercial market 
segments. 

The commercial market represents approximately 
20% of the lolal energy savings. This provides a significant 
incentive for an accelerated commercial development, in' 
thai 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 lo conservation in the use of gas energy, it 
does have the potential for reducing the consumption level 
of gas for healing and cooling purposes in a reasonable 
period of lime. To belter appreciate the magnitude of these 
savings, the data generated lo dale 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 lo 
the marketplace, the sooner benefits will be realized. 
However, there are still developmental and product-line 
complexities lo 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. Wiihin 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 heal 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 lo 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 lo the point wfiere 
AGA has three concepts in various stages of hardware 
development; 

AGA On-Site Heal Activated Heal Pumps 
Development Projects 

m!^t^^,.^yjvy,j•Vjt;:vy;!^:.^j;;p'<-,-.••<,':-^yi--r 'Js/;.̂ -;'•'.-

ES^Z 
Cycle Applicaiion Status 
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Slirling/Rankine RGSidenlial/Commercial Breadtjoard 
Braylon/Rankine Commercial Only Breadboard 
Organic Absorption Resideniial/Commcrcial Protoiypo 

Potential 
Market 

Year (Thousands) 

Table 1 
-̂  ; "v.^ 

Market 
Penetration 

/ o 

lo nom hi 

7Sr?7^ 

Industry 
Shipments 

(Thousands) 
lo nom hi 

i^ iL;aa,-a^i i^. ! t>-T.;-4--r 
•.'•,i»|:':>&^^'"4''!.5^-'Sf.*" 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Cum. 
Total 

938 
986 
956 
985 
1041 
1053 
1063 
1073 
1085 
1098 

1.2N 

1.3 
1.5 
1.6 
1.8 
2.0 
2.2 
2.5 
2.8 
3.1 

1.4 
1.7 
2.1 
2.5 
3.0 
3.8 
4.6 
5.6 
6.8, 
8.2 

1.6 
2.2 
3.0 
3.9 
5.3 
6.8 
9.2 

12.3 
16.3 
21.9 

11 
13 
14 
16 
19 
21 
23 
27 
30 
34 

13 
17 
20 
25 
31 
40 
49 

15 
22 
29 
38 
55. 
72 
98 

60 132 
74 177 
90 241 

10,278 208 419 879 

Table 2 

Total Market Gas-Fired Heat/Cooling Systems 
Year;798r,'All Regions 

^P^S?5f^S?^K;^g?j^';??:r^s^n!5u^5W'7^a';_7;-;^ 

Units (X 10'3) 
-.*̂ -̂,--;-:-',<-r'<c,>,-̂  ; 
-.^^ii.J^^^'^s^-i^ 

Residential Unit Size Commercial 

i&im^iy^^ 
Hevi Replace Total 

r̂ ipv?-- ?'.-"-.•.','«> ;s f i 

New Replace Total 

2 Tons 
2-1/2 
3 
3-1/2 
4 
5 
7-1/2 
10 
15 
20 
25 
30 

Total 

139,7 
118,8 
143,4 
32.3 
33.1 
26.5 

85.3 
69.9 
62.6 
15.0 
13.4 
10.5 

225.0 
118.7 
211.0 
47.3 
46.4 
37.0 

22.8 
13.0 
24.9 
30.2 
27.5 
21.9 
11.5 
4.1 
2.8 
1.4 

3.3 
1.9 
3.3 
4.4 
3.9 
3.1 
1.6 
.6 
.4 
.2 

26.1 
14.9 
28.2 
34.6 
31.2 
25.0 
13.1 
4.7 
3.2 
1.6 

498.8 257.2 756.0 160,0 22,7 182.7 

Table 3 

Fuel Price Projection—$/IVIMBtu (1980,1975$) 
Residential Connmercial 
Gas Electric Gas Electric 

Region Heating Non- Heating Non-
Heat- Heat­
ing ing 

^i'H^?i';;i*-s'i*m'S'4ia'5;;??';;' . ^J-*',^V^,-^ i-^i'W'T^'^ 
- :^J i^ .ka: 

New England-Boston 
Mid-Atlantic-Philadelphia 
E,N. Central-Madison 
W.N. Central-Bismarck 
S.Atlantic-Charleston 
E.S. Central-Nashville 
W.S. CentralFt. Worth 
Mountain-Denver 
Pacific-Seattle 
Conversions: 

$/MMBtu X 1 = $/MCF 

3.96 
3.02 
2.11 
2.09 
2.76 
1.99 
1.82 
1.82 
2.15 

18,18 
18,94 
15,53 
15,72 
13,26 
9,66 
13,45 
13.82 
11.37 

3.89 
2,82 
1,95 
1.70 
2.40 
1.73 
1.33 
1.53 
1.95 

$/MMBtu X 0,341 = 

17.08 
18.57 
15.23 
14.85 
13.37 
11,51 
11,89 
12,25 
11,32 

l/kWh 
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Table 4 

Year 

GHP Polential Energy Savings 
Annual Gas Savings Annual Electric Savings 

(CF X 109 )̂ (kWH X 10 )̂ 
Residential Commercial Residential Connmercial 

Total Annual Energy Savings 
(Btu X 10'2) 

Residential Commercial 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

0,64 
1.46-
2.43-
3.62 
5.15 
7.11 
9.50 

12.43 
16,02 
20,39 
25.77 

0.74 
1.80 
3.19 
3.19 
7.74 

11.20 
•15.98 
22.43 
31.02 
42.70 
57.31 

0.09-0.10 
0.20-0.24 
0.34-0.44 
0.51-0.73 
0.72-1.10 
0.99-1.60 
1.33-2.29 
1.77-3.24 
2.31-4.54 
2.97-6.24 
3.80-8.51 

5.31 
11.81-
19.26-
28.42-
40.17 
55.04-
72.80 
94.46-

120.81-
152.84 
191.49-

• 6.44 
14.89 
23.75 
38.00 
58.77 
84.94 

120.51 
168.07 
231.40 
316.96 
425.30 

12.15-
27.64-
47,21-
71.54-

101.79-
140.95-
190.65-
252.12-
328.43-
422.20 
539.33-

14.05 
33.97 
61,80 
96,32 

150.00 
220.16 
319.47 
454.19 
637,55 
887,39 

1209,92 

0,66-
1.51-
2.50-
3.72 
5.29-
7.30-
9.75 

12.76 
16.44-
20,92 
26.43-

0.76 
1.85 
3.27 
5.17 
7.94 

11.52 
16.42 
23.03 
31.84 
43.81 
58.79 

0.13-
0.29-
0.50-
0.76-
1.07-

0.15 
0.36 
0.66 
1.07 
1.63 

1.47- 2.37 
1.98- 3.40 
2.62- 4.81 
3.42- 6.74 
4.40- 9.29 
5.63-12.66 

The Slirling/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-lons 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 regenerator and a 
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-lon unit. The 
absorption system is based on a proprietary organic 
refrigerant and organic absorber pair developed by Allied 
Chemical. This projecl is envisioned for use in residential 
applications and is now in the prototype stage v îth a 3-lon 
unit. 

The most promising of these three technologies, for 
meeting the industry goals defined earlier, appears to be 
the Slirling/Rankine system developed by the gas industry 
over the past 5 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-conslanl 
temperature cycle has the same efficiency as the Carnol 
cycle, bui unlike Carnol, a practical Stirling engine can and 
has been buill. In cost-effectiveness terms, however, the 
Stirling engine lost oul to other engine cycles, particularly 
the Rankine cycle steam engine, but modern lechnology 
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 rotary shafl 
power output and require high pressure differential, low 
leakage and dynamic seals. However, the engine does not 
necessarily have to have rotary shaft power output. 

The original application for a Stirling engine in the early 
19lh century was lo operate a piston pump lo drain deep 
mines. In most refrigeration and heat pump devices, a 
single-piston positive displacement pump is used lo 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 reciprocating inertia 
compressor in a hermetically sealed assembly has been 
developed. Additionally, the engine is sell-starling, does not 

30 

require oil lubrication, has no gears, and has low loadings 
on the piston rings. Recognizing all these advantages, AGA 
negotiated a position on patent rights and, in 1972, initialed 
a projecl lo further develop the engine for gas industry ap­
plications. 

As shown in Fig, 2, Ihe Stirling cycle consists of a con­
stant temperature expansion, a constant volume 
temperaiure and pressure reduclion, a constant 
temperature compression, and a constant volijme healing. 
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 called the piston, 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 sel 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. 

I i 

\ 
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Fig. 1 The Stirling cycle 
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Slarling at Stale I (Fig. 2), the working gas is basically 
in the hot space and al a pressure higher than the bounce 
space. The v^orking gas expands driving the displacer and 
piston lo 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 lo a slop. 

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

REGENER/iTOR 

In Stale III, 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 Stale IV, the working gas pressure is higher than the 
bounce space pressure and is forcing the displacer and 
piston lo the left. Since the displacer is lighter, it again 
moves first and displaces the working gas from the cold 
space to the hoi space and brings us back to Slale I. 
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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 Ttiree-ton gas-lired free piston Stirling engine with inertia 
compressor assembly 

In order lo 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 lhat 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 permit the engine lo 
be hermetically sealed. Fig, 3 illustrates how this is ac­
complished. The engine's piston is coupled lo the com­
pressor cylinder housing of the inertia compressor. The 
mass of the compressor aids in keeping the proper phase 
relationship between the engine piston and displacer. As 
the engine piston-compressor cylinder oscillate, the com­
pressor piston tends to oscillate oul of phase wilh the 
cylinder providing a pumping aclion. The compressor 
assembly is hermetically sealed in the bounce space of the 
engine. The refrigerant is transmitted lo the compressor 
through a steel tube spring. 

This Free Piston Stirling Engine design was invented 
by Dr. William Beale, and the development of Ihe 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 heat pump system as shown in Fig. 5. The 
refrigerant loop operates in the slandaid heal pump cycle. 
An additional heat transfer medium is used to recover the 

engine's waste heat for supplemental heal. In the healing 
mode, the waler-glycol loop will transfer heat to the indoor 
coil; in the cooling mode, to the outside coil. 

BRAYTOr^J/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 lo a 10-ton rooftop type vapor cycle air conditioner 
wilh the engine and compressor replacing the electric 
motor and positive displacement compressor. 

During heat pump operation, the exhaust heal from the 
engine will be utilized in addition lo the vapor cycle unit 
operating in the heal pump mode, thus providing a healing 
COP as high as 1,5 and a cooling COP of 1.1 Oas 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 
load demands, and conserve source energy. 

The program is now well into the fourth phase of 
development. Phase I of the program was cycle optimiza­
tion and development of a combustion healer and heat ex­
changer; Phase II was development and test of the R-12 
compressor and magnetic coupling; and Phase III (which 
was completed in 1975) was lo conduct a breadboard 
system lest, 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 included the R-12 Freon com­
pressor developed in Phase II, a breadboard gas engine 
driving the Freon compressor and a Dunham-Bush 15-lon 
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-rpm 
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 
lo drive the Rankine cycle system. Testing of the rotating 
group in the laboratory test setup will be accomplished dur­
ing this phase of the program. Olher activities included in 
this phase of the program are a marketing survey and 
analysis for a production system in the size range from 3-
lon lo 100-ton in the 1980 time frame. This effort includes a 
first iteration cosl analysis of the system and comparison lo 
existing equipment to aid in determinalion of the potential 
market. Cycle optimization and initial design-lo-cost system 
studies are simultaneously 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 ol 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 lo temperatures above the freez­
ing point of waler. 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 heal pumps, just 
as mechanical refrigeration systems can be converted. 
Studies using ammonia/water working fluids have predicted 
the performance lor a gas absorption heal pump al nominal 
heating and cooling conditions. These studies show polen­
tial advantages for gas ab,sorption heal pump systems over 
conventional systems, pariiculaily for heating. 
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Fig. 5 Stirling/Rankine heat pump schematic 

Three gas absorption heat pump concepts have been 
investigated in a sludy 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 buill a pro­
totype 3-lon ammonia/water heal pump which 
demonstrated the performance indicated by the studies 
menlioned above. Because lhis system requires relatively 
lillle 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 heal 
pump concept. 

Two advanced concepts considered lo be represen­
tative of performance improvements achievable by 1980 
were evaluated. The first of these is an upgraded am-
monia/waler system which operates at boiler temperatures 
on Ihe 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 Ihe am­
monia/water system. 

SUMMARY 

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

In system capacity relative to the design point cooling 
capacity relative lo the design point cooling capacity, the 
Stirling Engine efficiency is so high lhat the engine waste 
heal is nol as significant in contributing to the overall 
heating capacity as the Brayton/Rankine system. As a con­
sequence, the heating-to-cooling ratio of the Slirl­
ing/Rankine gas-fired heat pump may require considerably 
more make-up energy in the cooler climates, unless multi-
load operation proves feasible. . D D 

Tfils report was proparod by the Research and Engineering Division 
Stall ol the Amorlcnn Gas Association from <lala provided by Ihe 
General Electric Corporation under A.G.A. Contract HC-115-1 and from 
the paper "On-Site Moat Activated Heal Pumps" by D. D. Colosimo. 
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The heaf pump industry came up the hard way. It had no government fund­
ing or subsidies. The industry did the worl< 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 Illinois Institute of Technology. 

JOSEPH A. PIETSCH 
MemberASHRAE 
Chairman, TC 7.6, 
Unitary Air Conditioners & Heat Pumps 

UIETLY and without fanfare, the 
unitary heal pump industry is 

celebrating its 25th anniversary this 
year. It all started in 1952. For about 
the first ten years the industry ex­
perienced excellent 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 difficuU 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. At that time we en­
tered the era of the energy 
crisis—soaring fuel costs, allocations, 
curtailments, and rapidly rising elec­
tric energy costs. In many cases, due 
lo the lack of a reasonable alternative, 
many were forced to try a heat purnp. 
They did—and found them not only 
completely satisfactory, but preferred. 
As a result, the heat pump industry is 
now experiencing a sales iDoom. 

J. A. Piolsch is Manager, CAC Engineering Opera-
lion, Air Condilioning Business Div., General Elec­
tric Co., Tyler. TX. 
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PRIOR TO 1952 
The basic principle of the heat pump 
was first proposed by Nicholas Carnol 
in 1824. This theory was advanced 30 
years later in the early I850'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 investigaiions in an attempt to 
develop systems and hardware which 
were feasible 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 healing 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 also provided 
performance data which enabled more 
accurate prediction of operating effi­
ciencies. This activity was interrupted 
by World War II which diverted the 
technical skills ol industry to more 
urgent mailers. Interest resumed after 
the war and there were many more 
demonstration projects installed in Ihe 

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 I940's and into the early 
1950's development work continued 
on unitary heal 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.l). 

It was found in the early days thai 
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 vî ith fossil fuel furnaces. For 
these reasons most of the early sales 
were in the southeastern stales in 
areas where electric utilities en­
couraged usage through favorable 
energy rales for electric heating. Even 
though most of the installations were 
in the South, a significant number 
were also installed in northern 
climates—and equipment problems 
began to surface. 
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Early heat pumps used unitary 
cooling equipment hardv/are. Revers­
ing valves and appropriate control 
hardware were added to cooling equip­
ment. When operating at mild winter 
temperatures, Ihe stress of these coin-
ponents is about Ihe same as found 
when operating in the cooling mode. 
As outdoor vWnter temperatures drop, 
the stresses increase on these 
refrigerating components and the ear­
ly heat pumps which lacked sufficient 
durability under these conditions had a 
high mortality. So, along wilh the 
growth through this period, the product 
was also achieving a poor reliability 
reputation. Something had to be done. 

air.. 

1964 TO 1971 
The experiences ol the 1950's and the 
early 1960's almost destroyed Ihe heat 
pump industry. A product wilh such 
great promise had its reputation tar­
nished by low product reliability and 
high service costs. Many manufac­
turers dropped heat pumps from their 
product lines. Some curtailed sales by 
region and would only make installa­
tions in the more soulhern climates. 
Also, during this period the federal 
government which had purchased 
many heat pumps in the early days for 
military housing, imposed a ban on the 
further installation of heal pumps due 
to the poor reliability records. 

Then a new threat lo the industry 
emerged. During the 1960's, electric 
rales continued to decline (Fig. 2) and 
Ihe most formidable competitors to 
heal pumps were electric furnaces 
rather than fossil fuel furnaces. Many 
potential heal pumps purchasers were 
switching to electric furnaces. The low 
first cosl 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 rates 
suggested even lower monthly utility 
costs in the future. For an eight-year 
period, industry shipments remained 
essentially flat. But the industry 
perservered. 

During this period, improved 
designs were developed. These 
designs used refined components 
which were designed to withstand 
more severe heat pump stresses. Dur­
ing this period, recognizing their 
responsibility to their customers, many 
electrical utilities set up programs lo 
assure good heat pump installations. 
These programs consisted of major 
training efforts for installers, certifica­
tion of qualified installers, and the col­
lection and dissemination of service 
and reliability information. This in­
formation was fed back to manufac­
turers lo 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 Refrigeration In­
stitute, initialed in 1964 a program 
which certified the'basic performance 
characieristics and the cooling and 
healing capacity of the product. 

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

1972 TO 1977 
In the early 1970's, it began to be wide­
ly recognized lhat the energy 
resources of our planet were finite. We 
also entered an era of energy short­
ages, either due to 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 lo rise sharply. 
In many areas of the country, cur­
tailments were placed on the use of 
some fossil fuels for heating and the 
only allernatives 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 
alternative was the heat pump. Also, 
as we entered this period, the readjust­
ment of Ihe 1960's had been effective. 
The reliability of improved designs had 
been established, and while questions 
about the reputation earned in Ihe 
1950's still remained, the evidence in­
dicated that the heat pump industry 
was ready. The combination of these 
events had led to a period of explosive 
growth and the industry moved Irom a 
level ol 82,000 units shipped in 1971 to 
over 300,000 units shipped in 1976, 
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In a short five year, shipments 
have increased by a factor of 4, The in­
dustry which stumbled through its ear­
ly years—Ihe industry which cor­
rected its early errors—the industry 
Vî hich 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 if we con­
sider an average life of 15 years, there 
are approximately 1,600,000 unitary 
heal pumps in use today. These pro­
ducts are nol experimental, they are 
proven devices which were selected 
by consumers in a highly competitive 
heating industry, 

THE FUTURE 
What does the future hold for the heal 
pump industry? For the near term, all 
projections show greal 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 cosl effective elec­
tric healing system available, il ap­
pears lo be the most reasonable alter­
native. Some of the energy usage 
aspects of various electric input 
heating systems are shown in Fig. 4. 
An electric furnace is 100% efficient 
so the energy delivered is equal lo the 
energy consumed. A heat pump has an 
efficiency of about 200, so lhat for 
every 100 units of energy delivered il 
consumes only 50. The energy saved 
by using a heat pump instead of an 
electric furnace is 50 units. In a life-
cycle costing exercise, this savings in 
energy usage is used to offset the 
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 wilh a 300% 
heal pump over a 200% heat pump is 
only 17 units. To maintain cost-
effectiveness, the incremental first 
costs lo achieve the higher efficiency 
must not be excessive. Note lhat as 
we move lo increments of higher effi­
ciency, the energy saved becomes 
less lor each inciemenl. 

Solar heating systems have 
seasonal efficiencies which range in 
the 400 to 600% area. The energy 
consumed in these systems includes 
the electric power required for pumps, 
fans and blowers and may include 
back-up heating for extended cloudy 
periods. Even though these efficien­
cies are high, note that the pay-back 
funds available from decreased 
energy usage is relatively small. Solar 
heating will find wide usage only if its 
incremental first cosl over a heat 
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pump is reduced signilicanlly 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 costs increase 
wilh 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; thai is, energy cosls, 
interest rates, and pay-back period, a 
cost-effectiveness boundary can be 
drawn. This line is proportional lo 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, interesl rales 
and pay-back periods are varied. A 
first cosl above this boundary is con­
sidered not to be cosl effective. A first 
cosl below the boundary is considered 
to be cost effective. Note thai heat 
pumps are cosl effective at most 
levels of efficiency; however, the 
higher efficiency heal pumps, due to 
higher first costs, may cross the cost-
effective boundary and be unattractive 
in the marketplace. The crossover 
point could shift oul in lime as heat 
pump designs improve in terms of 
cost-performance relationships, as 
energy cosls rise, or as acceptable 
pay-back periods lengthen. Today 
solar systems are well above the cosl 
effective line. II is questionable 
whether they will ever be cosl effec­
tive. Does that mean lhat we will be 
limited lo the efficiencies that can be 
achieved by heal pumps alone? Not 
necessarily. The best solution for the 
future may be a hybrid system which 
integrates the cosl effectiveness of 
the heat pump with improved per­
formance levels of solar systems,* 

CONCLUSION 
Lord Kelvin expressed the concept for 
a heal pump in the early 1850's, It was 
80 years before this principle was 
reduced lo practice for use in 
customized installations and another 
20 years before unitary products 
became commercially available. The 
unitary heal pumps industry look 25 
years to achieve maturity, ll 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 heal 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. D D 

•EDITORS NOTE: See article by Richard A. 
Biohl in this Issue. 
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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 healing 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 OOP's, the heat pump is 
realized lo be more efficient than most 
conventional systems, in spite of its 
significant advantages, however, there 
is slill one major facet of the heat 
pump's operation that gives us pause 
for concern. For example, an air-
source heal pump with an outdoor 
evaporator heats very well down to 
ambient temperatures of aboul 4C. 

. Below this temperature, frosting on Ihe 
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 heat causes OOP's to fall 
off—tarnishing the image of an other­
wise efficient system. Until the Annual 
Cycle Energy System (ACES) came 
along, lhat is, 

THE CONCEPT, 
Very simply, ACES operates as an air-
source heal pump down to the 40 tem­
perature. Below that, the system 
becomes a sort of water-source heal 
pump which uses the latent heat of 
fusion given up by water in its change 
of phase to ice (3.35 X 10^ J/kg. 

R. A. Blalil. P.B. is a pioiocl Qiiginoet witti Robert 
G, Wcidcn A.";socia(i.->,s Inc.. JdnkniKiwn, PA—con. 
sultanis JO inn Vi.'(of,in.s Actniinislialion, 
Wasliingion, DC. lor inc l-.ntinjy Dank. 

Astute readers will remark lhat 
for a heat pump cycle lo produce this 
phase change, depressed evaporator 
temperatures wilh their correspon­
dingly lower efficiencies are slill 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-
'quiremenls of a building is stored. This 
ice is melted during the summer 
months lo 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 building's annual cool­
ing requirement from Ihe stored ice. 
The actual amount depends upon the 
occupancy and geographical location 
of the building. This is done al the ex­
pense of running only a small cir­
culator lo move water over the ice. In 
tact, the Energy Research and 
Development Administration (ERDA) at 
Oak Ridge, TN, did a computerized 
simulation of a system now under con­
struclion al the Veterans Administra­
tion Center in Wilmington, DE. It 
predicted 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 al 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 healing efficiencies below 4C. 

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

-amples is the only commercial scale 
application ol ACES at this lime, ll is 
the previously menlioncid system now 
under construction in Wilmington. The 

system 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 lhat ACES seeks 
loattain; 

• Energy conservation; 
• Load management; 
• Use of renewable resources. 

There are seven (7) basic modes 
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 to produce 
cooling. The first modes to- be in­
vestigated are the four healing modes. 
Two of these heating modes supply 
heat to the Nursing Home by way of a 
dual lemperalure water system. They 
are identified as Mode A and Mode 8, 

In Mode A heal is removed from 
outdoor air and imparled lo the dual 
lemperature 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 evaporator) imparls its heat lo 
refrigerant within the coil causing it to 
vaporize. This refrigerant is then com­
pressed fo a hot gas and transferred to 
Ihe double-bundle condenser. Here, 
the hot gas condenses on the lubes 
giving up its heat to the dual 
temperature water. The refrigerant 
drops to the receiver on its way back 
to the outdoor unit to complete the cy­
cle, 

A micro-processor wiihin the 
Energy Bank will periodically ac­
cumulate data from a multitude of sen­
sing locations and execute COP 
calculations. This is lo determine il 
some other mode ol operation could 
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be employed v/hich 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 lo Mode B, In Mode 
B, heal is removed from the ice tank 
and imparted to the dual temperature 
waler. The ice tank functions as a heal 
source for the evaporator, A solution 
of 30% methanol and water is cir­
culated inside coils of the ice tank. The 
brine then circulates lo the shell of the 
brine cooler giving up its heat content 
to vaporize refrigerant within the lubes 
of the cooler. This refrigerant is then 
compressed, and the hot gas trans­
ferred to the double-bundle condenser. 
Heal from the gas is given up to the 
dual lemperature water as il con­
denses. The liquid refrigerant returns 
to the brine cooler completing the cy­
cle. 

Mode B is also employed v/hen 
the outdoor temperaiure is right at the 
40 temperature 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 lo Mode B for half an 
hour. During this lime, the outdoor unit 
fan is energized at high speed for the 
purpose of defrosting the coil. This 
gives rise to a new method of opera­
tion which, while it is nol totally distinct 
from Mode B, is identified as Mode B2. 
Mode B2, therefore, is identical to 
Mode B except thai the outdoor unit 
fan is also run. 

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 lank is nol per­
mitted to exceed 75% of the volume of 

wODiMlD ACES CCN-: [^r 

Fig. 1 Mode A—Healing the building using outside air as a heat source 

Fig. 2 Mode B—Healing the building using tlie ice iatU< us a heat source 
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the tank. To keep from exceeding this 
level, solar heat is used lo melt the ice 
when it is available. Specifically, solar 
radiation is transferred, to the 
methanol brine through a low-cost 
solar collector/nocturnal radiator. This 
heated bhne is then circulated through 
the coils in the lank, melting the ice. 
Naturally, the micro-processor will be 
equipped wilh seasonal operation 
parameters to prevent melting loo 
much ice at the beginning of the cool­
ing season. 

HYBRIDS 

At limes, the micro-processor may 
deem il advantageous to use the col­
lector/radiator al 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 
temperaiure waler heals the building, 
and both the outdoor unit and the col­
lector/radiator are used as heat 
sources. Mode BH heats the building 
using bolh the ice tank and the collec­
tor/radiator as heal 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 identified as Mode I which pro­
vides heat both to the building and to 
the tank through the heal pump cycle 
using the outdoor unit as a heal 
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 40 level, the 
Energy Bank is run to produce heal al 
its maximum capacity. The Nursing 
Home will not need all the heat output 
lo satisfy its demands in this period of 
temperaiure weather. The excess 
healing capacity is used to melt ice in 
the tank by rejecting it through the 
summer bundle of the double-bundle 
condenser. Mode I uses the moderate 
outdoor temperatures lo produce heal 
al a relatively high COP for use on 
another day when temperatures are 
lower. Additionally, il provides an alter­
nate method vke inventory control 
for long sieges when solar heal 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 lo be considered. 
This me thod of o p e r a t i o n 
demonstrates the true value ol an an­
nual cycle, for it is here that the Nurs­
ing Home's cooling demands arc total­
ly satisfied at the expense of a lew 
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Fig. 3 Mode H—Heating the tank using solar heat 

L £ ^ I —• I) 

!c 

^ ^ 1 

wi^ 
Fig. 4 Mode I—Heating the ice tank and the building using outside air as a heat source 

Fig. 5 Mode E—Coo//np l/io buildirig white rejecting heat to the lank 

walls input to a circulator. All the ice 
which was created as a by-product of 
heating in the winter has water cir­
culated over il. This 1,7C water is then 
mixed with the 12,8C return water to 
provide 7,2C to the dual lemperature 
system of the building for cooling. This 
mode can be used to great advantage 
even after 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 lank as ice un­
til the next day. Al that time, the micro­
processor will opt for Mode E and only 
a circulator will run. This mode is 
especially beneficial on that sweltkg 
August 21st at 3 p.m. because the time 
will eventually come when the power 
companies are no longer able to 
satisfy the high refrigeration loads of 
such a day. The normal demands of 
commerce and industry 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 Ihe 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. If 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 a rea of lower pressure than the out­
door unit. Refrigerant will lend to 
migrate toward lhis 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, Ihe ice tank is cooled 
and heal is rejected through ihe out­
door unit. Heat of fusion is removed 
from the ice tank by freezing water to 
ice on the coils of Ihe tank. This heat is 
carried by the methanol brine to Ihe 
brine cooler. Here the vaporizes the 
refrigerant in the lubes of the brine 
cooler. The refrigerant then goes to 
the compressor where it is compress­
ed lo a hot gas and sent lo the outdoor 
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unit, which, functioning as an 
evaporative condenser, condenses Ihe 
hot gas causing it to give up its heat. 
The liquid relrigerant returns lo the 
brine cooler completing the cycle. As 
with Mode F, Ihe collector/radiator 
may be used with Mode G, Once again, 
sensors in t,he collector/radiator and 
the refrigerant leaving the outdoor unit 
are used in comparing the two 
temperatures. If the temperaiure of 
the stagnant brine is lower, a cir­
culator is energized lo 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, 

, Allhough 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 temperaiure system, there would 
be another method of operation 
possible. Chilled water would be 
distributed lo core of the building to 
remove the sensible heal of lights and 
equipment there. This heal would be 
used in a water chiller to vaporize 
refrigerant. The refrigerant would then 
be .compressed to a hot gas and sent 
lo the double-bundle condenser where 
il would give up its heat lo the hoi 
water system. The heat is returned to 
the perimeter of the building by way of 
the hot waler. 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 wilh a de-super 
healer. The heat removed by the de-
super healer is used for the domestic 
hot waler. There is another difference 
between the VA's Energy Bank and 
ERDA's Demonstration house: The 
house does not have an outdoor unit. 
Its 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 ol its size would require 
a huge tank to hold all the ice produc­
ed in Ihe winter. Since the tank is the 
single most costly item ol Ihe system, 
some of the ice storage was sacrihced 
in the interests of the lower first cost. 
Consequently, every effort was made 
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Fig. 6 Mode F—Cooling the building while rejecting heat to the outside air 
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Fig. 7 Mode G—Cooling the ice tank while rejeciing heat to the outside air 
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. lo have as an efficient an outdoor unit 
as possible. An evaporalive-
condenser/eVaporalor was selected 
over a dry-type unit' td lower the sum­
mer condensing tempera lures. Alsb 
the unit was equipped with a iwo,-
speed, two-winding fan so lhat motor 
horsepower can be conserved when 
less'air is required. 

The solar' eoHec 1(3r/hoeturnal 
radiators of both the Demonstration 
house-and the Energy,Bank are very 
similar. The Energy Bank's consists of 
96 aluminum "fins;" each is 6.'63m 
long. They are arranged ih two rows of 
48 fins each. The tridst optimum 
design for this project is a 5,08 x 
10"^m thick by 6.20rr\ wide .aluminum 
extrusion havihg-a 1,52 x VO'̂ m l,D. 
tube located on its central axis. The fin 
selected for the house haŝ . the sarn,e 
shape but different dimensiiDns.- This 
tin is 5,_d8 ,x IQ^^m thick by-7 62 X 
10'^m vjide aluminum extrusion with a-
1:27 X TO^̂ m 0,D. tube on its central 
.axis. The fin on the house has esseh­
tially the sarrie heat transfer properties 
as the. one' on the Ener;gy Bank but 
must be supported more'often. 

The ice tank fbr:the Energy Bank 
is constrLiGtea of reinforced concrete. 
It is 15,24m long by 12,T9m wide by 
3,35m deep and serv.es as a sort of 
basertierit'for the Energy Bank: The in­
side of Ihe tank'has been cleaned and 
given a coating of w.aterproofing,' 
There are 70 boils wiihin ihe tank—35 
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in each half, of the tank. They are 
separated by a distance of 0.33m 
c.enler-,ro-cehter. The coils are 
fabricated of 1-174 inch; Schi3dulfe 40; 
black steel pipe. They are eight pipes 
high with hairpin bends on 0.33m 
cpnters. There are, effective iy, two 
hesfs of pipeS; each eight pipes' high 
by 35 pipes'wide bV 6,71 m long. 

The ice tank for the derhonstraT 
tion house is fabrieale.d from 
formed blocks of expahdecJ 
polystyrene held together with'expahd-
•ed' metal lies. Waterprppfing is ^ac-
complished by a vinyl liner like Ihe 
ones used in backyard swimming 
pools, ft is 5,33m wid.e by .5::87m long 
by about 3.0Sm deep, ERDA elected to 
use Ihe sarne finlike,extru"sidn for their" 
ice coi is that they used for. their solar 
eollector/hocturnsl radiator. The fins 
are; alsp arranged dh 0.33m centers 
with 16 parallel circuits. 

Both projects are equipped with 
micrp-processbrs. Their responsibility 
is to control the^system'so that not on­
ly the imfnediate heatihg and cooling 
demands ot the building are satisfied 
but also thai the storage of heating 
and cooling in the ice lank is -,at its op­
timum polehlial. The overall 
philosophy of ihe ice storage pri help ie 
is tb enter the.copling spason with the 
maximum sldrage of ice and use it ail 
before the onset of the heating, 
season, the processors have been' 
-equipped with seasonal paramete.rs. 
Based on dala: regarding the ice inven­
tory and this seasonal strategy, the 
micrp-processor will override the COP 
calculations if another mode-proves-to 
be the most expedient oyer the. long 
run. The processors also serve to ac­
quire; dala. from various sensing 
devices throughout, the, system. In­
formation regarding healing output, 
outdoor air temperature, sblar insola­
tion, brine temperatyres, ice tank 
temperature, percent of iee in tank, 
refrigerant temperature and povî er 
consurhption of the compressors, 
pumps a.nd cutdbor unit is recorded 
and lolalized at each change:of mode. 
This inf of mation will everilyajly be, 
(jompiled and used in writing 
guidelines for future ACES designers. 

Fig. W Viewlrpni inside ies tank ol Enaigy Bank 
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The Energy Bank is now under 
cdnstruGtion in Wilmington, Most of 
the equiphiehl ig ready for inslallatipn 
and ihe system should be completely 

- "shaken-down" and prepared to go on 
line, by January 1, 1978, At lhat time, 
the Energy Bank will begin sup'plying 
the heating and cooling heeds pt the 
Nursing Hom'e. while using an 
estimated 40% of the; energy eonsum-
;ey by'a'cbnv'entional system. The an­
nual COP is expected to be in the 
range of 4,5 to 5,0. In spite of this ihi-
pressive perfPrmahce, the estimated 
payback period for the Energy Bank is 
in the vicjnity pf 11 years (airowihg-for 
cost 'of rhpney and escalating fuel 
costs.) The reason for this somewhat 
lengthypayback isjhe high first cost of 
the equipment selected for the 
system. Our primary concern was that 
the system perforrn as intended, 
thereby providing usefu I,data for "fine 
tuning'" future designs. Time tested 
Gomppnents were, therefore, .selected 
over blh'e'rs less GPstiy but of uncertain 
rejiability. Ultimately, great savings 
shpuld result from advances in the 
design of; the ice tank> which was the 
•:sin,gle most costi>; item of the-project. 
Also, the cpNector/radiator, while less 
expensive than mPst ether solar cpl-
leClors, can be'expected tp drpp in 
cpst as; the scale df productipn in­
creases. With the unusually high 
energy savings realized by ACES, a 
teGhnplpgJeal development of ariy con-
sequenceaLali shouldpulthe;payback 
ih the commercially acceptable six to 
eight year range. 

The Dempnst rai ion house .at the 
University pf Tennessee has been in 
pperation for nearly a year. The 
vaiualDle intprmatipn, obtained ih this 
short time, has given the scientists 
and C.onsu|tants of Gak Ridge a course 
to fcllpw in Iheir system adjustment. 
Pumps with high efficleneies are being 
investigated. The sarne is true with the-, 
fan-coil unit which dislributes cdndi-
lib"n§d air throughiout the house. 
Varipus methods pf'stbfing and using 
the ice are also being explored: The 
automatic'controls which were initially 
a major expense are being, replaced 
wiWri inexpensive, readily available 
valves; and a solid-stale replacement 
for the prpcesspr is well on its way to 
becpminga reality. 

This past wintisr broijght us 
another energy crisis in the form of a 

•gais shortage. Temperatures in homes 
wpre drastically reduced and labprers 
were kept from their jobs:'for want d\ 
natural gas. Ih these times of energy 
'Shortage, the day is almost upon us: 
when Gomfert cppling will be viewed 
"as a luxury we cannpl afford, The An­
nual Cycle Energy System, which 
heals efficiently while ;sirnultahepusly 
providing the means fpr cooling, pffers-
a splutipn to this inevitable dilemma, 

ba 
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AUSTRALIA 

For ttie more populous three Eastern 
States of Australia, gfeneral-e'ohs'ensus is 
that.application of heat pumps i's-at pre­
sent confined lo, room air conditioning 
units'and.to.small paGkaged units. 

After some large heat fjump.s 
systems were tried between 1950 and 
1965, they are noV/ avoided in large or 
complicated sysjlems because of their 
histoid of unreliability, .-and in spite-of 
their undoubted potential forenergy.sav-
ing. 

To be more specific on the probable 
causes of unreliability the fplldwing 6an 
•bementiPned: 

• Excessive pressure loss through 
refrigerant changeover valves, 

»insufficient pressure loss to ac­
tuate self-acting refrigerant changeover 
valves, 

• Distortion and consequent jamm­
ing Of refrig.erant changeover valves 
through the relative expansion of the 
multlple.pipe connections. 

» Refrige'rant leakage through 
stems of auxiiiary powere.'d changeover 
yaWea, 

• Refrigerant leakage through non­
return valves 

"Compressor overheating due to 
excessive suction super-heat from leak­
ing changeover valves. 

•̂  Return of liquid slugs to cpnri-
pressOr af term ode Chan ge'over 

• Refrigerant' liquid holdup due to 
improper drainage of cond.ensed 
refrigerant tn'pne mode of operation. 

" Oil-accumulation inthe evaporalpr 
in one mode of pperation. 

»The unbalance between plant 
eapacity and requirements in both winter 
.and summer rhakes, ttie plant more-
vulnerable to an unstable or unreliable 
control systerri. 

GERMAN FEDERAL REPUBLIC 

Principle and theory of- the heat pump 
are well-known to refrigeration and air 
conditibning experts in the .Federal 
Republic of Germany. Refrig.eralion'ajid 
air conditioning engineers are familiar 
with all ess'ential problems of computa­
tion, projection and, installation of heat 
purrip equipment. Questions relating to 
policies of powerdislribulion—as faras 
heat pumps and Iheir effects on the en-
yirpnment a're cb ne'e fned—are likewise 
well-known, today, a-number of large 
public news media aind many politicians 
re'gard the h'eat pump as an irTiporlant 
heat source with a greal future., It must 
be said, hovvever, that the importance of 
the heal punip and its poeenttal applica-
t Ipns'ar.e no w f req u en tly overesl iftiated. 

Today, single pump- units—com­
bined into systems by joint water con-
nectiorisr-are widely used. A large num­
ber of buildings have- been equipped 
with such installations and it is esti­
mated that approximately 5,000 heat 
pumps are in regulai' use. 

A main obstacle (or a wider use of 

the; heat purhp is the rate df electricity, 
and the general power supply situation. 
It is ot)yious that the ppyi/er supply com-, 
panies are, riot interested in a promotion' 
of the heat pump because the capacity 
of their power lines, is limited. As a 
result, extremely high kw/h-rates and:ex-
ceedingly high-connectirigT&e's par kW//h 
are demanded. In many cases, second­
ary calculations have shown that the use 
of heat pumps is far from ecortomical. 
The situation is likely to remain un­
changed unless 'the high ctinnectlhg 
fees are dropped and the rates of electric 
current, now much higher than the 
energy cost for gas and:oil installations, 
are considerably reduced. 

GREAT BRITAIN 

The history of heat pumpsln the U.K. has 
not been very success/ul due to the 
availability of cheap energy and the in­
ability of engineers to obtain the tnstan-
taneo!us relationship of-the" heating ^nd 
cbdiing demands of- air cond ition ing 
loads. The heat pump has been 'suc­
cessfully use'd in a number of chemical 
installations in the evaporating and con­
densing of liquids as well 'as for fluid 
concentration plants. 

With the .advent pf higher energy 
costs;and the capability of analyzing the 
energy systems; ol a building in depth 
with cohiputer modelling techhiques, 
energy costs are npvy beginning tO: be 
predicted in the design stage of a'pro­
ject. These techniques have led to 
analyzing various energy systems and, 
where appropriate, the, comparison df a 
convectional air-conditioning and .boiler 
plant to part heat recovery, and heat 
pump systems.can be easily made. In 
many cases, this,, analysis shpw,s the 
owning ahd'pperatirig cost of heat pump 
systems to be beldw that of conven-
tiqnal oil fired and vapor corn press ioh 
plant,, 

It is felt lhat the future, building 
energy s'ystems will rely more-on elec­
trical power with the greater use of 
nuclear s-tations. Since the;, electricaliy 
ppwered heat pump is a means to obtain 
hea"t energy at comparative costs to 
heavy fuetqi l installatiPns.more ihstalla-
tiq'ns must therefore Pe, built, A further 
advantage of the heat pump is that 
localized pollution aspects of oil fired 
heating plants can be removed from city 
centers. 

J A P A N 

Heat pump applications in Japan go 
back 10 192,4 when a techni'dal paper 
relating to their use first appeared. The 
first experimental operation of a; heat 
pump: was" conducted in i930; In' 1937 a 
large building was equipped with a heat 
pump^air-cori'ditioning system usihg tur­
bo'relrigerators arid drawing well water, 
Becaus(^pf its perfoimance and existing 
economic conditions after the War, use 
of this system increased. However, rapid 
progress of the Japanese economy in 

the 1950's caused ihe.exhaustion of well 
water: Soph a taw restricting use of well 
water as a heat source was enacted In 
1962, 

Heat purihp air-conditioning sys­
tems using air'as"'a source were already 
in use ifi 1957; The grbviftln of this syst.em 
however remained slow,, and its applica­
iion rather limited, Furtfier progress 
brought air pollution to urban areas, for­
cing enactment o f the 1968.Air Poflutlon 
GontrOl Law, restricting heavy oil com­
bustion and calling for mandatory use of 
a system that neigher polluted, nor 
wasted:ehergy. Thus, the air source heat 
pump sysiefn and the waste heat 
re.c,o,very heat pump.systems have rapid­
ly increased in number in the past few 

.years. 
Packaged air conditioners using air 

source heat pumps were first marketed 
in 19.60. By 1974,17% of all packaged air 
conditioners were based on this sytem. 

SWEDEN 

The use of heat pumps now is rather 
common in Sweden and this market is-
growing rapidly. Most, mainly in dep'art-
iri'ent stores and s'^jperm'arkels, are air-
io-alrsystems with summer cooling cy­
cle and winter heat ing qycle. The'largest 
units have 'a capacity of about 12,000 
cfm and 300,000 Btu, 

Also opSrating are about twenty 
plants with air-to-water systems. During 
heat ing,cycle, the outdPorair Is the heat 
source at night and weekends, and ex-
haustvalr from the buildmg during work­
ing hours: 

Heated or summertime cooled 
water is distributed.'tp the:inletarr';c'oils. 
The tafgestplant, In an offtce-buiiding in 
Stockhplm, has two units with screvy 
compressors and a cooling cap'acit'y of 
2i300,b00 Btuh each. The heating capaci­
ty is the,same with exhaust air as heat 
source. This plant was completed in July 
1974 and the first one of this kind in 
19,71, Most have run very successfully 
wi th minor maintenance re,qulrements. 

In lyiarch 1975, instailatidn of an air-
to-water Heat'pump was completed for a 
nriu Ifi-family house of €4 apart ments. The 
heated water from the'condensers of the-
twelve separate refrigerant systems, 
each with a.9,hp hermetic compressor, is 
distributed to radiators in the apart­
ments. There is also in each system a 
heat exchanger for cool ing hot 
refrigerant gas from the compressor 
with water fbr domestic use. Thus it is 
possible to heat dprhestic vvaterup to as 
mLtcii as •160F wintertime with the heat 
pump. The total heating capacity from 
the heat pump is 630,000 Btuh by i25F 
outdoor air, heat source, temperaiure: It 
Is installed on the roof of the building as 
an outdoor unit, ' 

interest in heat pumps in.One-family 
hdus;es is great though the'number of In­
stallations is rather small, perhaps some 
one hundred, and mostly for' test use, 
HHIierCo air-to-air systems are most com­
mon, Air-to-wafer heat pumps with con­
siderably higher GQP than normal heat 
pumps and also with domestic-hot-water 
heating are how ready tor production in 
Sweden. D p 
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COLD WATER POIENTSAL FOR 

BY BILL CLARK 
OREGON INSTITUTE OF TECHNOLOGY 

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 fhe 
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 
Really 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 lo 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 
airorwaterandeven minus 35 degree air. Heat pumps 
may serve a dual purpose transferring heat into our 
homes in winter and oul 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 aulomalically reverse itself lo cool 
Indoor air as the lemperature rises in the afternoon. 
This briefly is an explanation of what happens in the 
Barnhisel-Ganong facility. 

A heat pump works like a refrigerator with a ir-
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. V\/he-
compressor runs, making refrigerant flow, ths 
inside the box becomes cold and begins abso:: 
heat. The heat (brought in by food or seepio^ 
through the door and walls) is absorbed by the i;:: 
refrigerator coil outside the refrigerator. 

The second coil , as it heats, gives off heat tc 
surrounding air. Similarly, a heal pump cor' 
nature's free outside heat and releases it into -, 
home or building and in the process pumps twicr 
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 a 
then blows across the heat exchange unit fore 
heated air out into the room. 

Is the cold water unit at Barnhisel-Ganong ell' 
tive? Is it economical? Yes. Frank Ganong ol ' 
realty says their heat pumps serve a seven ihous;. 
square foot area with two five-ton units, which v.' 
more than adequate and about half the size ol an 
air requirements. The 65 degree Fahrenheit v... 
permits Ihe heat pump lo put out 120 degree air i-
into a two story building. The realty office elec 
bills average from $128 to $190 per month dui 
coldest periods. 

After deducting power consumption for 91 4-I'..'-
160 watt ffuorescent lights, office equipment, ; 
water heaters, etc., it is estimated the heat and 
conditioning cost is approximately $65 a mon' 
(Many local homeowners would gladly exchange I' 
utility bills for the realty office two story buiki 
fare). Bear in mind that the heat pump provides l>< 
heating and air condilioning. Initial cost of the ins'-
lation was approximately $7000, not including ^' 
dril l ing. 

Installation of the heat pump unit at Barnhis' 
Ganong was done by Ray Green, manager of Oa: 
Heating and Air Conditioning in Klamath Falls. G"" 
says even normal drinking waler temperatures of "!•' 
50 degree Fahrenheit range can be used with the '"' 
pump principle, but efficiency is quite low. 
recommends temperatures ranging from 60 to " 
degrees Fahrenheit as ideal. Temperatures abovo" 
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sccjree 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 
to make a heat pump. Air conditioning manufacturers 
tioh't build many waler supplied heat pumps because 
there is not sufficient demand, according to Green, 
rto says the public needs to be educated to the 
oolential useof this type of heat pump. The commer­
cially produced heat pump does not have much 
flliciency, according fo Green, to produce the most 
nonefit from the waters available. II is for this reason 
iliat Green builds his own units which he says are 
'approximately one-third more efficient. 

The reason for lack of efficiency on commercial 
jnils. Green says, is because the condenser in use 
las been designed for an air conditioner. Green 
;urrently converts existing chillers as condensers. He 
'iso is considering a tie-in with some commercial 
"anufacturer to mass produce units of the type 
lesired. Additionally, a "closed system" for commer-
lal use is stil l 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 

-inperature 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 
anditioner units costing in the vicinity of $650 each. 
'>'ell drilling, ducting and installation costs not 
'eluded). At least two other homeowners in the 
lamath Falls region also use warm walers of 53 to 80 
-gree Fahrenheit temperature range for heating and 
^ conditioning, with others in the negotiating 
ages. 

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 will 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 al least one half, according to Green. 

What does the heat pump principle mean to the 
average person residing in Klamath Falls? 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" 
geolhermal water sources await the well-driller's bit 
to tap their energy for heating AND air conditioning? 

&»»:<,-
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPIVIEftIT ADIVHWISTRATIOW 
WASH! MG TON, D.C. 20545 

September 20 , ig'-?/? 

Dr. Phillip M. Wright 
University of 'Dtah Research Institute-
Earth Science Laboratory 
Research Park 
580 Arapean Drive 
Salt Lake City, Utah 84108 

Dear Phil: 

Enclosed for your information Is a copy of the Reguiations 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 resource nffiasures" and that ground-water heat pumps to replace 
non-renewable resources in existing dwellltigs were applicable for government 
Loan Guaranties under the Act. The list of renewable resource measures 
that qualify under the provisions of the Act are noted in the enclosed 
regulations. 

You might also be interested in several recent a,rticles 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 articles 
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 1 would like to visit 
and leam of your programs on geothermal resource assessment In Utah, 

Re^frds, 

ftton 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. 



RULES AND REGULATIONS 37795 

Reprint from the Federal Register 

of Monday, July 25, 197 7 

Title 10—Energy 
CHAPTER II—FEDERAL ENERGY 

ADMINISTRATION 

PART 450—ENERGY MEASURES AND 
ENERGY AUDITS 

Energy Measures List 

AGENCY: Federal Energy Administra­
tion. 
ACTION: Final rule. 
SUMMABY: The Federal Energy Ad-
m,lnistratlon, by final nile, 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. 
POB FUBTHER INFORMATION CON­
TACT: 

Allen Jalsle, Offlce of Program Devel­
opment, Office of conservation. Federal 
Energy Administration, Washington, 
D.c. 20461 (202-566-7856). 
John PuUce, Offlce of Synfuels, Solar 
and Geothermal Energy, Offlce of En­
ergy Besource Development, Federal 
Energy Administration, 'Washington, 
D.c. 20461 (202-566-6192). 

BUPPLEMENTABY INFORMATION: 
1. Introduction. 2. Section 450.3 Defini­
tions. 3. SecUon 450.3A Energy Conserva­
tion Measures, and Section 450.32 Re-
oulrements 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. INTBODTJCTION 

On June 10, 1977. the Federal Energy 
Administration (FEA) published a no­
tice of proposed rulemaking, 42 FR 29906 
et seq.. to amend Part 450, Chapter II of 
Title 10, Code of Federal Regulations 
(C^FR), to establish a list of energy con­
servation and renewable-resource energy 
measures (energy measures) developed 
by FEA, after consultation with the De­
partment of Housing and Urban Devel-
ocment (HUD), under Section 432 (d), 
42 U.S.C. 6325 (e)(1), of the Energy 
Conservation and Production Act (Act); 
Pub. L. 94-385, 90 Stet. 1125 et seq. Sec­
tion 432 amends Par t C of Title m of the 
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Energy Policy and Conservation Act 
(EPCA), 42 U.S.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 29, 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 defini­
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 
a public hearing in Washington, D.C. on 
June 29,1977. 

In response to the notice of proposed 
rulemaking, six persons presented oral 
t^timony 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 infonnation avall-
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 
Identifiable uses. 
' .First, the energy measures list will be 

used by States participating In the pro­
gram for supplemental State energy con-' 
servation plans. To be eligible for finan-
cial assistance, section 432 of the Act 
(42 U.SX;. 6326)..provides that a supple­
mental plan shijllnclude pror^ures 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 enerey measures. Moreover, 
each supplemental plan must also con­
tain procedures to encourage energy, 
audits. An energy audit is a process which 
Identifies energy and cost savings likely 
to be re'ftlized through the purchase and 
installation of energy measures such as 
those Identified by Uie proposed' list. 
Final guidelines for supplemental plans 
were published by FEA on May 24,1977, 
at 42 FR 26413, and Congriess 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
tion 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

tion plans. Whether Congress may at 
some futiu-e time appropriate funds for 
the other two programs or enact a new 
Federal program to pro.-lde 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 coi^ments 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 list of energy measures and 
the energy audit procediu'es 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 a 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 tiie list of en­
ergy measures with energy audit.proce-
diires is internally consistent. 

Numerous comments concerned en­
ergy price projections contained in Ap­
pendix A of Part 450 which FEA em-
4)loyed to evaluate cost recovery for a 
modification. These prlcra were criticized 
as being too low, being average "roUed-
In" prices, and being representative of 
past policies.̂  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 tmtimely and unnecessary since . 
the final energy audit rule was only pub­
lished on June 29,1977. 

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 wUl 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 33iee. 

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 
ener^ 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 measures 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 explicltness of 
the cost recovery provisions of the Act 
leaves little room for establishing a less 

restrictive evaluation which could pro­
vide a more Inclusive list with fewer 
requirements and limitations. 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 refiect or otherwise an- ] / 
tlcipate 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 
imdertake an active program to educate 
consumers and businessmen about en­
ergy measures, to raicourage. 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 DEFiinriONS 
One comment suggested that the 

energy measures - list be broadened to 
Include modifications ether than "hard­
ware". Presumably this means design or 
operational adjustments should be con­
sidered modlfloations eligible for inclu-̂  
sion In the energy measures list. Because 
of the definitions .coiittdned tn the Act 
for "energy, conservation measure" and 
"renewable resource-energy measure," 
an energy measure may only Include a 
modification td a building or Industrial 
plant (the latter term Including an in­
dustrial process) which has been piu--
chased and installed. For .this, reason, 
FEA has Interpreted tbe Act to require 
that a "modfflcatioa" cannot include a 
design or ot>eratlonal change which can­
not be purchased and Installed. 

One comment drew attention to tbe 
proper definition for tbe abbreviati(Hi 
ot ASTM as ttie American Sbciety for 
Testing and Materials. The definition 
has been so changed. 

A few comments indicated that "heat­
ing degree days" and "cooling degt^ 
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 ttie 
best currentiv 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 § 450.3 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 RsQinRs-
MENTS AND LIMITATIONS FOR ENERGY 
CONSERVATION MEASURES 

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

A. CEILING INSOLATION 

Some comments suggested that cell­
ing InstUaUon not be limited to installa­
tion between the heated top level living 
area and the iinheated attic space but 
also Include. Installation of insulation on 
the surface of the celling. FEA agrees 
and has changed the definition accord­
ingly. 

One comment suggested the R-Value 
level be broadened to include up to R-38 
for residential celling insulation'tn 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 .lustlfv this Increase in the thickness 
bf insulation. 

B. WALL INSULATION 

.Tlie use of insulation on the building 
Inierloi' surface of a wall with an ex­
terior exDosure was recommended by 
some comments. Upon review, FEA 
agrees and has changed tbe provision in 
t 450.31 (b) to include this InstaUation of 
interior Insulation. FEA has also revised 
the requli:ement so that only a wall with 
en exterior exoosure Is to receive wall 
insulation.' FEA has found that Insula­
tion of partition walls Is igenerally not 
worth the cost and the regulation is not 
formulated to take into accoimt excep­
tional conditions. 

Some comments suggested 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. Por the climate zones 
specified. It is unlikely that variations in 
wall cavity size will result in applica­
tions with insufficient cost recovery. 
Further it seems unlikely that too much 
Interior insulation would be applied 
since there Is a natural inclination to 
maximize interior space. 

RULES AND REGULATIONS 

One comment suggested insulated 
aluminum siding as an energy conserva­
tion measure. If this modification were 
eligible, it could be included within the 
deflmitlon of wall insulation. The insu­
lating value of such siding is typically 
quite low in relation to its cost. FEA 
does not believe 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 
modlfi(:atlon meets neither the primary 
purpose nor the cost recovery criteria. 

C. FLOOR INSULATION 

No comments were received and no 
changes have been made. 

D. P I P E INSULATION 

Some comments pointed out that a 
level of R-19 may be too broad where 
there are space limitations or where 
pipe 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 
aU 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 
oc(rur in commercial and industrial in­
stallations where purchasers have both 
the knowledge and incentive to avoid 
such a mlsallocation of resources. Ac­
cordingly, § 450.32(d) does not contain 
an R-Value restriction. 

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

E. CAULKING AND WEATHERSTRIPPINC. 

No comments were received and no 
changes have been made. 

F. ROOF INSULATION 

Some comments suggested proposed 
I 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 coniment suggested that an addi­
tional energy conservation measure be 
included for a very advanced form of 
time and temperatiu'e controller. FEA be­
lieves that the definition in proposed 
§ 450,31 (g) is sufficiently broad to include 
this device. 

H. HOT ^ATER 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. PEA 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-
talnied 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 
thermallzed 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 weatherstrlpplng. 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 weatherstrlpplng 
but are substantially more expensive be­
cause of the increased cost of piu:chase 
and installation of replacement windows. 
Accordingly, PEA has not changed the 
storm window definition or otherwise in­
cluded the suggested modifications on the 
list. 

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 Illumination 
allowable for different uses. PEA has no't 
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 Tx 
consumed for a particular tise Is beyond 
the scope of this rulemalting aadibe pro­
visions of the Act. 

L. laznro V̂SLVZ 

No comments were received and no 
changes bave been made. 

a t . FLOW BESTHICT08 

No comments were received and no 
changes bave been made. 

R. RESIDENTIAL OIL BURNER 

One commoit objected to the require­
ment in proposed {450.32(n) tbat resi­
dential oil burners be eligible only in 
heating systems which cannot be ad­
justed to achieve a minimum efficiency 
level specified for each heating zone. 
FEA has retained this requirement be­
cause residential users should get -the. 
immediate energy conservation t>eneflt8 
and cost savings of furnace adjustment, 
ttie cost of which is low relative to in-
stallatiOD of a replacement oil burner. 
Moreover. It Is likely that cost recovery 
for a Tesldenttal oH burner will not be 
attained'wbere indicatal efficiency levels 
can be achieved by furnace adjustment. 
As for KB Impact on businessmen, tEA 
finds .retention, of this requirement will 
not be bnrdensome or overly complex for 
oil dealers and others who install this 
equipment because these businessmen 
are piesamed knowledgeable concerning 
furnace adJustinent and their operations 
are seneraily restricted to one heating 
ame. 

EEA'B Judgment that 82 percent effl-
.dency is A reasonable expectaticn from 
•OBW burners was confirmed by eom-
.ments. However, t^A recognizes that 
tbiB perfonaanee Is predicated, on proper 
matching of the Jiew burner with other 
ccanpooentsiof the Jieatins system. 

•O. 'XJHUiVIDUA W K R R S 

One xomment suggested tha,t this en-. 
£rgy .omservatlon measure be Umited to 
chHTBtfei from master to Jndivlducil 
metering wltboot . (Aiangtng energy 
sources. FEA lieQeves this .requirement 
vf&asQI evident bl ttis proposed language 
of 5 450:32 (o) and has therefore not 
made any change. 
p . BURNERS AND CONTROLS FOR COMMERCIAL 

liUILOINOS AND INOUSTRIAL PLANTS 

One comment noted that the re-
ouirements tor this energv conservation 
measure are verv stringent. The pro­
posed requirements are retained In the 
flnni rule because cost recovery is only 
likely where there is a large, gain to ef­
ficiency. Other comments concurred with 
the requirements of this energy conser­
vation measure. Again, FEA recosnizes 
that expected performance is predicated 
on properly matehed heating system 
components. 

Q. LIGHTING CONTROLS 

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

R. HVAC CONTROL SYSTEM 

One comment suggested that auto­
mated comouter. microprocessor and 
logic controller devices be included in 

this energy conservation measure. JPBA 
agrees and has added « 450.32{r) (6) to 
Include these.modlflcstimiB., 

S. HICB a n O E N C Y KLBCTBIC UOXOBS 

One comment noted lhat the spedfl-
.cations In the proposed rule were based 
on tota.lly enclosed fan cooled motors bnt 
that other categories of motors can 
achieve similar efficiencies at even lower 
costs. Upon further consideration, PEA 
concludes that the energy measure 
should be both broadened and simplified. 
Therefore, FEA has changed the require­
ment so t tot § 450.32 (s) requires only 
that the efficiency improvemoit 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 contnils 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, § 450,32 (s) Indludes ' 
such controls. 

One comment noted a discrepancy be­
tween the technical support document 
and the proposed rulemaking. The tech­
nical supnort document stated that the 
attributed life was 10 years, and pro­
posed § 45p.32(s) was calculated upoh the 
basis of an attributed life of 7.5 years. 
FEA finds the attributed life to be 10 

-yeaxB as stated in tiie technical support 
document, and the revised subpara­
graph is consistent with this conclusion. 

~T. VENTILATION 

Bome comments suggested that venti­
lation devices other than the whole house 
veiitllation fan be included ih the list 
df energy conservation measures. Test 
results submitted have been reviewed, 
and FEA remalnsunconvinced that other 
ventilation' devices can be included at 
.this time. Alter Joint industry-govern­
ment tests which have been planned are 
conducted, PEA 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 Uie list without first providing 
an opportunity for public review and 
comment. FEA believes that some of the 
modifications recommended appear un­
likely to meet the criteria for an energy 
measure. An example is a resolratory 
.personnel protection system, which ap­
pears to be .primarily for occupational 
health and safety purposes. 

F^:A will modify the list when a modi­
fication can be properly assessed and 
when a revision of the energy measures 
list is appropriate. 
4. l^cnoN 450.33 RENEWABLE-RESOURCE 

ENERGY MEASURES AND SECTION 450.34 
REQUIREMENTS FOR RENEWABLE-RE-
BO'URCB ENERGY MEASURES 

- PngxiBed ! 450.34 bas- been revised 
'faeesne' many "comments apparently 
misiQ^eratood tbe iwiuirement for a 
Tertflcation, audit. FEA has determined 
tbat, with two exceptions, the likeli- ' 
beod at cost recovery cannot be ascer-
talnea. at -ttils time, without a veri- . 
flmtion audit. Tber^ore § 450.34(a) 
Tequlres use of an energy audit except'' 
for ttie two applications' set forth in 
S^0:34 (b) and (c) respectivdy, each 
of which requires tbe use of a simple 
formula for establishing cost recovery. 
However, a 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 precisê ^ Informa­
tion about, energy and cost savings or 
where information required for the 
formula cannotbe obtained. 

Three comments expressed concern 
tiiat FEA was favoring electricity over 
more efficient fuel systens by mention­
ing only measures which ^use or gen­
erate electricity. FEA has selected 
energy mrasures which it believes most 
effectively meet the requirements of the 
Act. Bome of these may require the use 
of electricity; others, such as a wood-
fired boiler or an wrban waste pyrolysis 
system, may not. Tbe 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
ciency for an energy conservation meas­
ure but npt 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 Tesults 
in the decreasea use of a depletable 
energy source. Accordingly, although the 
list is niJt intended to favor the use of 
electricity, -ttie renewcCble-resource 
energy'msoures are intended to dimin­
ish the -use of Oil °and gas which are 
deidetable sources of energy by substi­
tution of nondepletable sourceis. 
Furthermore. SIEA has developed the 
list of renewable-resource energy meas­
ures, sa that -ti^m wUi be a net decrease 
in tbe cummiipttfln of a depletable 
energv somw resiUting from a change 
oT energy systems required by the in­
stallation of a modification. 

A. SOIAB WATSa HEATER 

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

B. AIR SOURCE ELXAT PUMP' 

Pour comments recommended the 
exclusion of heat pumps because such 
equipment does not utilize a renewable-
rnource. FEA has determined tbat an 
air source beat pump extracts a portion 
of the heat contained tn the ambient air 
which has been beatied by tbe sun out­
side of a building and transfers it Jntb 
the building, thereby using solar energy 
as a resource to heat the building. The 
electric energy necessary to run ttie beat 
pump is not assumed to be derived from 
a renewable resource, so only a part of 
the .fuel requirements of a building are 
changed to a renewaWe energy source 
By installing a heat pump. However, the 
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Aet' specifically defbies a renswsble-
resource energy measure -to Include a 
change "in whole or part" from a de­
pletable to a lum-depletable source of 
energy, and FEA has determined that a 
beat pump satisfies this requirement. 

Ttareecomments recommended that an 
air-source beat pump be removed from 
the list because its use tends to encourage 

,purchase by the consumer of a reverse-
cycle lieat pump which also provides air 
conditioning. They argued that the 
resulting use of ah- 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 InstaUation of a reverse-cycle 
heat pump except when the installation 
replaces both electric resistence heat­
ing and air conditioning. Where electric 
air conditioning alreatJy is in operation, 
FEA concluded that it is highly likelv 
there would be a net saving in energy 
costs attributeble to the heating cycle 
performance of the lieat pump. 

Six comments recommended that the 
beat pump be excluded from the list 
beceuse a beat pump uses electricity and 
stated tbat electricity is a very ineffl-
citet energy system by comparison with 
heating systems which use oil or gals. 

.FEA does not deny that oil and gas 
home Jieatlng systems may, in many 
cases, 'i>e .more efficient in their use of 
depletfible resources .than a heat pump 
system. It is ior precisely this reason 
that FEA structured the list so that the 
nrocedure specified in § 450.34(c). only 
be used wbenaJieat pump is to be in­
stalled in j>lace of an electric resistance 
iiesitliig system. Several comments in­
dicated tbat a beat pump will signifi-
cantLv reduce fuel consumption when in-
staOled to replace ah electric resistance 
heating aystem, and FEA bas also 
reached .tills conclusion. The installation 
of .a Jieat pumo requires an energy audit 
'to ensure that there is a change to a 
nondeoletablefQurce of energy pursuant 
to i 450.34(a) except wiiere—(1) a heat 
pump witb only heating capability re­
places electric resistance space heating; 
or (2).areversecvcle.heatpumpreplaces 
electric re^tance space beating and 
alr'^coBdltianing. 

One comment indicated that insuffi­
cient information is available to a con­
sumer considering the purchase of a heat 
punw tq^nable him or ber to carry out 
the calculation provided in proposed 
'8 450.34(a). FEA, however, believes that 
in most Instances a consumer can obtain 
the needed information. Where this is 
impracticable, a verification audit , is 
reouired. 

One comment reflected a concern that 
prices for electricity used to develop the 
values in the Table of CHlmatlc Factors 
for heat piunps 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 

detexmlBe.tbe esUmatedsost savings at­
tributable to the installation of a beat 
inunp taking into consideration .regional. 
use projections. The result, however, is 
adjusted for the homeowner by the use 
of his or her actual heating coste. 

Three ^mments questioned FEA's 
decision not to use a heat pump coeffl-
ciebt of performance (COP) in its 
formulation of the Table of Climatic 
Factors. FEA used a heat pump seasonal 
performance factor (SPF). ITie use of 
SPP includes the heat pump (X)P and 
additional factors. SPF takes into ac­
count heat pump, capacity and degree 
hours at various temperature ranges 
and includes consideration of the sup­
plemental resistance heat required at low 
temperatures. SPF, but not COP, allows 
for a evaluation of the performance of 
heat ptunp 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 dls-
creoancies 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 pumo and that it has 
used accurate data. However, additional 
research is being conducted in both the 
government and the private sector, and 
PEA 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 pumo is an integral part of 
Hie central heating system of a struc-

, ture, and thus ts not an apollance. For 
purposes of Part 450, the definition of 
"appliance" 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.S.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 ideflne the term "appliance". 

One comment addressed the reliability 
and repair 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 
anticioated 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. PEA held discussions with the Na­

tional Bureau (tf Standards-and several 
major heat pump mantifacturers .to col­
lect Information to determine a valid 
system.life for residential heat pumps. 
On the basis of these discussions, PEA 
has chosen a system life of 15 years as 
the most valid assumption for and has 
thus retained tbe 15 year life figure in 
94S0.34(c). 

One comment expressed concern that 
PEA does not provide a method for cal­
culating annual electric space heating 
costs in proposed 8 450.34(c) (3) (ii). FEA 
does not believe that one method should 
be prescribed by regulatian. Several 
methods can be used, each of which pro­
vides satisfactory results. A method ac­
ceptable to PEA 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 beating cost for 
each month. The previous year's total 
heating cost is the sum of the monthly 
heating costs. 

C. WATER SOURCE HEAT PUMP 

One comment reflected concern that 
PEA did not establish requirements for 
tiie installation of a water-source beat 
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 kineticT 
energy in moving water, and PEA be­
lieves that the energy audit requh-ement 
will assure that its use will not result in 
an increased use of depletable resources. 

Another comment refiected a concern 
that the use of a skylight may not neces­
sarily result to 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 Usted as an en­
ergy measure in 8 450.33 (g). 

One comment recommended a word­
ing change with regard to proposed 
i§ 450.33 (k) and (n) to allow the bi-
cluslon of the word "system" to describe 
these measures. The final rule has been 
changed by referring to a "Systran" 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 8 450.33 (b), (c), (f). (1). 
(j), (k), (n). (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 infonnation to determine 
whether sucdi 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 
gradienta' constitute a potentially re­
newable source of energy, FEA has de­
termined that ttie technology does not 
currentiy meet the,; standards for selec­
tion of energy measures. 

E. SECTION 460.3B CLIMATE ZONES 

A comment suggested tbat 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 
beating zone 0. 

Tbe prop(}sed regulation was reviewed 
In accordance with Executive Order 
11821 and OMB Circular A-107 issued 
November 7, 1976, by Executive Order 
11949 and bas been determined not to 
be a major proposal requiring an evalu­
ation of ite inflationary impact. 

(Part B of TiUe IV of the. Energy 
Conservation and Production Act, Pub. 
L. 94-385, 90 Stat. 1125 et seq.; also Is­
sued under.Part C of TiUe IH of tbe 
Energy Policy and Conservation Act, 
Pub. L. 94-163, 89 Stat 871 et seq.. 42 
U.S.C. 6321 et seq.; Federal Energy Ad-
mbilstratton Act of 1974, Pub. L. 93-275. 
as amended, .16 UJS.C. 761 et seq.; Ex­
ecutive Order 11T90, 39'FR 2318B). 

In consideration of tbe foregoing Part 
.450, Subdu^ter D, Chai>ter n of nUe . 
10 Code of Federal Regulations is 
atnendeil,as.set-forth bielow, effective 
Immediately., 

' Issued tn Washington. D.G., July 15, 
1977, 

, . : , ' EHIC J. PYOI, 
Acting Qeneral Oimnsel, 

Federal Energv Adminiatration. 

1. In 10 CFR Part 450, the tiUe of the 
part Is revised to. read as set forth above. 

2. Section 450.1 Is revised to read as 
follows: 
§ 450.1 .Purpose and scope. 

Thils part designates energy measures 
and the types of; and- requliemente for, 
en^'gy-audlto as required by ttie Federal 
Energy Administration, pivsuant to sec­
tion 432(d) of tbe Energy Conservation 
and Production Act, Pub. L. 94-385, 90 
Stet. 1125 et seq., which adds section 
365(e) (1) and (2), 42 U.S.C. 6325(e) 
(1)' and (2), to the Energy Policy and 
Conservation Act, 42 U.S.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 coste which will result from In­
stallation of a particular modification In 
a building or Industrial plant, and in­
cludes tbe criteria for determining 

whether the installation of a particular 
modification meete certain requlremente 
of the Act for designation as an ehergy 
measure. 

3. 10 CFR 450.3 is amended to add, hi 
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 Btandard, and R-
Value. 
§ 450.3 DefiniUons. 

• • • . • • -
"ANSI Standard" means a standard 

prescribed by the American National 
Standards Institute. 

• • • • • 
^"ASTM Standard" means a standard 
prescribed by the American Society for 
Testing and Materials. 

• * • * * 
"Climatic zone" means a geographical 

area of the United States designated by ^ 
FEA. 

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

"Cooling degree days" means the an­
nual arithmetic simi of the negative, dif­
ferences of the average dally outalde 
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. 

. • ' « • • • , 
"Federal Region".meins one of tbe 10 

standard regions as described in OMB 
Circular A-105, Standard Federal Re­
gions. 

"Heating degree days" means tbe an­
nual arithmetic sum of the positive dif­
ferences of tbe average daily outalde 
temperature, in degrees Fahrenheit, sub­
tracted from 65 degrees Fahrenheit 

"Heating zone" means a climatic zone 
based on heating degree days. 

"HVAC" means heating, ventilating 
and air conditioning. 

• • • . • • 
."IEEE Standard" means a standard 

prescribed by the Institute of Electrical 
and Electronic Engineers'. 

• • • • • 
"R-Value" means a measurement of 

the ability of insulation to resist the flow 
of heat expressed in English unite at the 
mean temperature of the insulation im­
der design conditions. 

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

Sec, 
450.30 
460.31 
460.32 

Subpart D^Energy Measures 

Purpose and scope. 
Energy conservation meastires. 
Requirements and limitations for en­

ergy conservation measures. 
460.33 Renewable-resource energy measures. 
450.34 Requlremente for renewable-resource 

energy measures. 
460.35 Climate zones. 

AUTHOBITT: Part B of TKle IV of the En­
ergy Conservation and. Production Act, Pub. 
L. 94-385, BO Stat. 1126 et seq.; .also Issued 
under Part C, Title n i , of the Energy Policy 
and Conservation Act, Pub. L. 94^163, 89 Sta t . , 
871 et seq. (42 VS.C. 6321 et seq.); Federal i 
Energy Administration Act or 1974, as 
am'ended. Pub. L. 93-226 (16 n.S.C. 761 et 
seq.): E.O. 11790. 39 FB 23185. 

§ 450.30 Purpose and scope. 

This part establishes a list of'.energy-
conservation and renewable-resource 
energy measures developed by FEA after 
consultation with the Secretary of 'Hous­
ing and. Urban Development Diepletion 
of the Nation's domestic resources of 
fossfl fuels has created a need to identify 
energy measures which can be carried 
out in residential and commercial build­
ings and industriial plante. 
§ 450.31 Energy conservation measures. 

Subject to the requlremente and Jimi-
tetions set forth in § 450.32, an energy 
conservation measure £^11 be— 

(a) Ceiling insulation in a residential 
or commercial building, which is a ma­
terial which is installed on the surface 
of the celling facing the buildUig taterlor 
or between the heated top fevel living 
area and the unheated attic space and 
which resists heat flow through the ceil­
ing; 

(b) Wall insulation In a residential or 
commercial building or Industrial plant 
which is a material which is Installed on 
the surface facing the building Interior, 
or in the cavity, of an exterior wail and 
which functions to resist heat flow 
ttirough the wall; 

(c) Flooi- Insulation In' a residential 
or commercial building, which is a ma­
terial wliich resists Ijeat flow through 
the floor between'the first" level heated 
space an(l the unhested space beneath 
it, including a basment or crawl space; 

(d) Insulation for hot bare pipes in a 
residential or commercial building or in­
dustrial plant, which is a material -Wbidb. 
resiste heat flow 'from tbe pipes to the 
surrounding space; ° 

(eV'(l) Caulks and sealante in a resi­
dential or commercial building or indus­
trial plant,, which are nonrigid materials 
placed in j'ointo of buildings to prevent 
the passage ci heat, adr and molisture; 

(2) Weatherstripplng'in a residential 
or commercial building or industrial 
plant, which consista of narrow strips of 
flexible material placed over or .in mov-
E^le jointa of windows and doors to re­
duce the passage of air and moisture; 

(f) Roof insulation in a commercial 
building or industrial plant, whidi is In­
sulation placed on tSie siMace of the 
roof facing the building Interior or be­
tween a roof deck and ite water repellent 
roof surface; 

(g) Clock thermostat in a residential 
building, which is a temperature control 
device for interior spaces incorporating 
more than one temperature control point 
and a clock for swittdiing 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 aroimd the tank which 
resists the heat flow from the hot water 
heater to ita surrounding space; 
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(1) Insulation for forced air ducte In 
a residential jor commercial building or 
industrial plant which is a material 
which resiste heat flow from the duct 
to Ite surrounding space; 

(J) 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 building 
or industrial plant, which is one' 
whlcb-~-

(1) Replaces an incandescent flxture 
or lamp witb 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 flxture 
or lamp with a high pressure sodium 
lighting system. 

(1) Mixing valve for a hot water 
supply line in a residential or commer­
cial building or industrial plant, which 
Is a tsrpe 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 
water In the hot water distribution 
system; 

Cm), Flow refitrtctor for hot water 
Hnes In a residential or commercial 
building or Industrial plant, which Is a 
device that Umlte the rate of flow of bot 
water from shower heads and faucete; 

(n) 'Burner tor OQ flred heatliig 
equipment In a residential building, 
-n^cb is a device whicib atomizes tbe 
f i ^ oil, mixes It with silr and ignites 
the luel-alr mixture, and :ls an Integral 
part df an ofl^red furnace or boiler. 
Including the oondmstion chamber; 

(o) IndivldUEd meters to replace a 
master .meter for gas, electricity and bot 
water in ^.eommerctal bunding, which 
are meters tbat measure the ccHisump-
tlon of gas. electricity or centrally dls-
~tribafaed hot water for individual users, 
.Instead of tbe total corisumpUon xdilch 
ts measured ^y a master meter; 

(p) (1) .New oQ burner In a commer­
cial bmidbiR-or Industrial plant which 
Is a devi(» that meters, atomizes. Ignites 
and mixes the oil with air for the com­
bustion process of a boiler; or 

(2) Newboilei' controls In a commer­
cial building or .Industrial plant which 
are' devices tbat sense the need for re­
ducing or increasinar the flring rate end 
change the combustion air and oil flow 
rate accordingly: 

(q) Controls for lighting In a residen­
tial or commercial building or Industrial 
plant which are manual or automatic 
cut off swltehes for lighting systems that 
allow cut off of all lighting or a portion 
of the lighting systems when lighting Is 
not required; 

(r) Automatic HVAC control system in 
a commercial building or industrial 
plant which is a device which adjuste 
the supply of heating or cooling to meet 
space conditioning requirements; 

(s) High efficiency electric motor or 
motor controls in a commercial building 

or Industrial plant, which replace an ex­
isting mottn* or motor controls, resulting 
In not less than a specified Increase in 
efficiency at a specified level of use, as 
determined by FEA; and 

(t) 'Wbole house ventilation fan in a 
residential building, which Is a 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) Celling insulation shall be that 

amount which Is required to raise the 
total ceiling insulation in a heating zone 
as measured by an R-Value, to levels 
not greater than— 
Heating zone: A-Value 

0 26 
1 28 
2 26 
3 30 
4 —. 33 
6 - 38 

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

(c) Floor insulation shall be that 
amoimt which is required to raise the 
total floor insulation in a heating zone, 
as measured by an R-Value, to levels 
not greater than— 
Heating zone: R-'Value 

0 —. 0 
1 0 
3 13 
8 19 
4 .:. 22 
5 22 

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

(e) Caulks, sealante, and weatherstrlp­
plng shall be eligible in all climate zones.. 

(f) Roof Insulation shall be no greater 
than that'Amount which is required to 
raise the total insulation to the level of 
R-'Value 20 tn heating zone 5. In all oth­
er heating zoneis, this amoimt of roof in­
sulation Is eligible where the structure is 
air conditioned by an absorption chiller. 

(g) Clock thermostate shall automati­
cal^ 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 ducte 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 
zones. 
, (j) 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 
lamps 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 cf manual 
adjustment of water temperature, with­
out water shut off or disconnection. In 
all climate sjbnes. 

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

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

(1) Cost less than $340 Installed; 
(2) Be certified by the manufacturer 

to be capable of yielding an efficiency 
rating of 82 percent or higher in a new 
furnace as measured by a standard 
steady state efficiency test measuring 
COi and stack temperature; and 

(3) Replace inefficient burners, which 
shall be burners that cannot be adjusted 
using the procedures and teste prescribed 
in E.P.A. publication 60O/2-75-069A, en­
titled Guidelines for Residential Oil Bur­
ner Adjustments,' Oct., 1975, to perfonn 
at an efficiency not less than— 

Efflciency 
Zone: a/ter adjustment 

0 0.67 
1 65 
2 .69 
3 — .73 
4 .74 
6 76 

(0) 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) Beplace oil burners that cannot 
maintain 10 percent CO> at Mi firing rate, 
11 percent C d at Vg firing rate and 14 
percent COj 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 COs at '^ firing 
rate, 12.5 percent COg at V2 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 oil using the test prescribed. 

(a) Controls for lighting shall be bi-
stalled on a circuit having a wattage of 
more than 1,500 watts for automatic 
controls and 400 watte for manual 
branch circuit switches. In all climate 
zones. 

(r) HVAC controls, in all climate 
zones, shall be— 

(1) Automatic, tum down, time actu­
ated thermostate; 

(2) Steam controls, valves, thermo­
state, timers, or external temperature 
sensors to limit space temperatures; 

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

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

(5) Controls to reduce heating or air 
conditioning systems output to mini­
mum levels during unoccupied periods: 
or 

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

(s) High efflciency motors or motor 
controls shall have substantially con-
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tinuous annual use. 6,000 hours mini­
mum, and shall Increase efflciency of 
operaUcm not less than— 

BffliHenoy iniareiue 
Motor horsepower: percentage points • 

I;B ^ • ' 
2 6.4 
B " " " Z I 8.9 
7.6 ^ — I ; 
10 I 4 
18 - 8.0 
20 2 4 
26 . : -. T 2 8 

>Efflclencles shall be determined by ISEE 
standard liaA method B, under ANSI 
standard C.S0.2. Percentage points efflciency 
Increase Is the arithmetic sum ot the effi­
ciency of the new motor operation less the 
efficiency of tbe existing motiff operation. 

(t) 'Whole, house ventilation fans 
shall have tbe capacity to provide one 
complete excdiange of ab: in less than 
two minutes, provided that tbe resi­
dential buildings are air conditioned and 
located in cooling zones 1, 2, or 3. 
§ 450.33 Renewable-resonrce e n e r g y 

measures^ 
Subject to tiie requiremente set forth 

in i 450 J4, a renewtAIe-resource energy 
measure shall be a— 

(a) Solar water heater, which is a 
systm whlcb captures energy radiated 
by the sun, and uses It to heat watex; 

(b) Air source beat pump, ^^iich is a 
system whlcb Is i»rt of ttie central heat­
ing syEton and which bas the capability 
of extracting beat from a body of air and 
transferring tbl& beat to a foody of 
liquid or to another body of ab: for space 
condltienlng purposes; 

(c) Water source beat,inimp, whlcb 
Is a syston which Is pert of the central 
heating system and Which has tbe 
tbe capability of extracting heat firom 
a body of watier and transferring this 
heat to anotber body of liquid or to a 
body &[ aSr.tor space conditioning pur­
poses; 

(d) Solar space heating or cooling 
. system, which Is. a systan which cap-

tares enegy radiated by the sun. and 
uses it for epece conditioning purposes; 

(e) Solar iHtxiess heating system, 
which Is a system which captures energy 
radiated by the sun for use In Industrial 
or agricultural processes; 
' (f) Solar powered pump, which is a 

system which captures energy radiated 
by tbe sun, azid' utes this eno'gy to 
power a pump; 

(g) St^Ugbt which is a device whlcb 
is installed to replace small portions of 
a roof for ^ e purpose of supplying a 
portion of tbe lighting requlremente of 
a biiUdlng; 

(b) Solar electric dispersed photo­
voltaic systan, which Is a system which 
involves the, use of small arrays of cdls 
which convert BOHBJ: radiation Into elec­
tric power for on-site use; 

840 
870 

410 . 

830 
870 
860 
410 
860 
S» 
370 
400 

890 
410 
400 
460 
400 
890 
420 
460 

420 
440 
430 
490 
430 
410 
445 
490 

RULES A N D REGULATIONS 

(1) Wind powered generator, which is TaVleof tystem Ufe faott)r$ 
a system which captures and stores the ^ 
oiergy transmitted by the wind and - Yean 
transfonns this ' energy Into electric Federal region — 
power; lo . w 20 2s. 

(J) Wind powered water pump, which — 
Is a' system which captures the energy J ^ 
transmitted by the wind and uses this sII.'IIIII""!!! , 2so 
energy to extract water itom a | MO 
reservoir; e l l l l " " " : " ; ; sso 

(k) Urban waste-flred boiler, which 7 ao 
Is a system which Is partially or entire- 9 ^ 
ly fueled by refuse or a refuse derived i6."li;i""';;il 320 
fuel; . 

(1) Urban waste pyrolysis system, (U) Multiplytag the system life factor 
which Is a system which uses urban by the cunent year's electricity rate for 
wastes as a fuel and processes the wastes water heating In effect for the user of 
tato a liquid or gaseous fud; the system to be InstaUed expressed to 

(m) Agricultural waste-fired boBer, cente per kilowatt hour; and 
which Is a system which Is partially (jy) Multiplying the product by the 
or completely fueled by agricultural percent of tiie total hot water demand 
" ! v1^' ^ x.„^ . ^..^., „* ttie system will suw)ly. 

(p) wood-fired stove. wWch Is a stove (c) An ah- source heat pump shall 
fueled by wood and which is tostelled ^ot be required to be evaluated by a 
primarily for space condltiontog pur- verification audit if it Is a system which 
poses; jg_ 

(0) ,Wood-flred boiler, which Is a sys- (^ installed ta a residential buUdtag; 
tem which Is partially or c(»npletely .^Q^ 
fueled bywood or wood resWues; (3) (1) A heat pump wltti only heat-

(p) OeoUierm^ 8i«ce heating or j^g capabUlty which replaces electtic re-
cooUng system, wWch is a system ttiat sistence space beating; or, 
usM heat extracted from the eartti for <„) A heat piunp wltti botii heating 
***^^f«i,'f''*^*** i ! ° " * ^ ° ° " ° ^ ^ ' and cooUng capability which replaces 
condlOOTlng purposes, and • elecfalc resistance space heating and ab-

(q) Water .Powered generator which condltionbig; and , 
Is a system which captures and stores (3) purchased, tastaUed, and mato-
ttie energy contatoed to movtag water ^^g^^ ^^ ^ total cost which shaU not 
^ ^ ^ ^ f ? ^ o ™ ^ **»!» .raiergy tato exceed ttie maxbnum allowable cost 
electricity. whlohshaU be computed by— 
§ 450.34 Reqniremenis for renewable- (D Seler t̂ing the correct climato zone 

resource energy measures. factor for the Federal Region and heat-
(a) Except as provided ta paragraphs ^̂ ^̂ Sj"̂  ^ ^ ^ ^ I F ^ , ^ ^ ^ ^ ' 

(b) or (c) of thte secttto, a ^ ^ b l e - stalled using ttie foUowing table-
resoiove energy measure listed to 8 450.33 Table df cUnrntUi fttctort 
must be evaluated by a verlflcation audit ;—— 
ta accordance wltti the proceduries ta Heating nnM 
Subpart C of this, part to determtae Fedarairegion — — —-— 
whether coet savings ta a specific appli- • . , 
cation are sufficient to recover the coste ^ _ • • _ 
of purchase and installation"witbta the \ \" -̂  — 49 as a? — 
attributed life of the energy measure. 4lIIIIIIi;iII"II"I 5.1 4.8 4a — — — 

(b) A solar water heater shaU not be . * Ct d t l 47 a* ~-
requlred to be evaluated by a verification Tr.'.i'.I'.ir.r.IIir.". — — •.» 4.3 ao — 
audit if It tea system which— |—-, r Ct d t s If -

(1) Is Installed to a residential build- i6r''III"I."IIIIIII — — 4.7 4.a as — 
tag; and . _ 

(2) R^laces an electric restetance wa- NOTK.—Dashes in table oomspond to polntg where a 
ter heater-'and heating lone and a Federal region dp not coincide. 

(3) Is liirehased, tastaUed. and mato- (") Multiplying ttite factor by tte 
tataed at a total cost which shaU not S f f i ^ T e ^ to'Kt^'" " ^ " " 
Qtceed the • maximum aUowable cost ^ . 
which ShaU be computed b y - 8*50-35 aimatewnes. 

(I) Selecttag the correct system life (a) FEA shaU determtae whether tp 
factor ta ttie Federal Region to which restrict an energy, measure to a cUmate 
the system wm be tostaUed for the attrib- ^j,; p ^ ^ g^aU designate cUmato 
uted life of the solar heater specified by zones, constettajg of heating zones as 
tbe manufacturer ta the foUowing shown to Appendix B or cooling zones 
table as shown ta Appendix C. 
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Appen(3ix B 

HEATING ZONES FOR ENERGY MEASURES 

Appen(3ix C 

COOLING ZONES FOR ENERGY MEASURES 

Notes; 

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

are included in Heatinq Zone 0. 

m 
ut 

> 
Z 
O 
XI m O 

O 
Z 
ut 

Notes: 

1. 
2. 

Alaska is included iri Cooling Zone 5. 
Hawaii, Puerto Rico and the Virgin Islands 
are includeci. in Ĉo.'i.inrt ̂ one .1.. 
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