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There has been a gradual shift to more efficient residential water heaters due to
increased consumer awareness and government regulationo The maximum overall
efficiency of a gas water heater is now about 62%. Further increases are techni­
cally feasible but probably not cost effective~ However, the integrated appliance,
that is a combined water and space heater, offers an opportunity to raise the
efficiencies of both units while keeping costs down~ The integrated appliance uses
the excess capacity of tIle gas water 11eater for space heating. A prototype
integrated water-space heater is discribed, with 94% recovery efficiency and
1.21% standby loss. The illitial cost will be less tllan that of a separate furnace
and water heater 8
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INTRODUCTION
For years, the usual method of providing gas water heating and space heating for

the typical American household has remained relatively unchangede The domestic water
heater provided the hot water and a separate warm air furnace or boiler provided the
space heating requirements for this house$ Two separate appliances were performing
two similar but separate functionSe

The gas water heater proved to be a reliable product hidden away in a closet or a
corner of a basement and was noticed only when it failed - once every seven to twelve
years$ And although this gas water heater may have used up to 30% of the overall
home's gas consumption, when a high gas bill was received by the consumer, he attri­

this high gas bill to the cost of operating his gas furnace or boiler.. Gas consump-
was highest the winter months when the consumer could feel the cold outside and
the gas furnace or boiler operating on the inside.. Accordingly, when consumers

became more conscious of increasing utility costs they looked at a furnace or boiler
energy upgrade.. The reliable gas water heater, which provided relatively quiet, con­
sistent hot water year round, was taken for granted and often not even considered as

of this energy upgrade~ So an energy efficient gas furnace or boiler and an
.U•.J.t::.u•.J.\.a~!!\J gas water heater, percentage total gas bill attributed to the water
1lM.,.. ..... OJ- ..... _ rose to as as 50%..

Trade Commission began water heater labeling program in
.&A~lI1J1,"""JI..&c.AI& average cost of water heating was determined and listed in dollars

Energy Guide label on each water heatere However, most consumers did not
a water they purchased a new water heater only after the old unit

immediacy of their need outweighed any contemplation of which water
provided the greatest efficiencYe Furthermore, the "average" cost of water heat­

did not relate to the individual consumer since his gas cost per therm, or
water usage, may have varied greatly from the "averagegU

time, better trained sales personnel learned to use the Energy Guide labels to
...... __ ...... "''''''''''''' the consumer on different grades of water heaterslO Consumers gradually learned

compare initial cost with estimated energy costs to determine paybacks3 As energy
costs continued to rise, these payback periods became more realistice Many state and
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local codes began requiring the installation of more efficient units, which further helped
establish a market for energy saving water heaters. With a growing awareness and need
for improved products, water heater manufacturers began placing greater emphasis on
developing increasingly more efficient units.

Two efficiency terms are used in referring to a gas water heater's "efficiency." The
first is recovery efficiency which is the percentage of energy put into the water compared
to the total energy used by the water heater It The second is the energy factor or overall
efficiency which is a combination of a water heater's recovery efficiency, standby heat
loss and energy input. Both efficiencies of all residential water heaters are listed in the
Consumers' Directory of Certified Water Heater Efficiency Ratings, published bi....
annually in January and July by GAMA (Gas Appliance Manufacturers Association).
GAMA lists recovery efficiencies for forty-gallon natural gas water heaters of between
67% to 85% and overall efficiencies of between 41 % and 61%. High hourly standby
losses of 3101% to 7.g% of stored heat loss compared to tank heat content, reduce the
recovery efficiency percentages to the lower overall efficiency levelse In a gas water
heater, flue losses comprise the majority of these standby losses during the long periods
of inactivity experienced daily by a residential gas water heater e

The Energy Guide labels are based upon average hot water requirements equal to
47,743 Btu per daye With overall efficiencies of between 41% and 61%, a forty-gallon
gas water heater requires between 78,267 Btu to 116,446 Btu to provide a day's worth of
domestic hot water for the average residence. Since forty-gallon gas water heaters have
a typical input of 33,000 to 52,5000 Btu per hour, a total of between 792,000 Btu to
1,260,000 Btu are available on a daily basis0 This means, in an average household, a
forty-gallon water heater will use only 602% to 1407% of its potential capacity for
domestic hot water purposeso This unused capacity translates into potential standby
heat lOSSQ9

Insta.nta.neolls Water Heaters

Instantaneous or point-or-use water heaters, those with little or no storage that heat
as it is needed, can greatly reduce standby lossese However, because of traditional

water usage homes, instantaneous heaters would have to have much higher
than storage water heaterse Although the average household may use only 64.3

gallons of domestic hot water a day, peak usages may be much higher9 During a shower,
a 3 GoP eMo shower head may consume two gallons of hot water heated through a 100 OF
temperature rise per minute. This means a water heater with an output of 1666 Btu per
millute or 99,960 per hour would be required@ Even with a recovery efficiency as
high as 80%, a water heater with an input of 124,950 Btu per hour would be necessary.

an instantaneous water heater of this size, there would be no available Btu for
other purposes such as shavillg, washing or food preparation whenever the shower was

used~
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Insta,lJatioD problems of Gas Water Heaters

Gas water heaters present costly installation problemsQ Underfired heaters must
meet minimum clearance standards and cannot be installed on combustible flooring"
Vents, whether through the roof or through the wall, are time consuming and expensive
to install& And although residential gas water heaters typically recover twice as quickly
as their electric counterparts, these installation problems often cause builders to choose
electric water heaters when initial cost is of prime concerno

The Moye to High Efficiency

Manufacturers of gas furnaces and boilers have developed and successfully marketed
high efficiency (+90%) equipment for years" Because the initial equipment cost of a
standard furnace or boiler is many times that of a standard water heater, and because
the consumer's perception of energy savings is more closely related to upgraded space
heating equipment, as manufacturers of furnaces and boilers developed high efficiency
(and more costly) gr equipment, consumers bought those products. In fact, GAMA
reports that in lQ85, 1203% of all gas furnaces sold had a D~Oe & A0FQU~Ee of 86% and
over and 3103% had a DOE A0FoUoE& of 80% and over~ This translates into sales of
568,955 gas furnaces sold in lQ with a of 80% or better d 223,355
sold with a De00Eo AeF0UeEe of 86% or bettere Even though GAMA reported 3,528,931

water were shipped 1985, the Consumers' Directory of Certified
Heater Efficiency Ratings dated lQS6, lists no. gas water heaters with

tl'I>L:!hA"ll,""'lIr'l"~o,~"I:'Y efficiencies 86% or better, D.Q gas water heaters with efficiencies
more than 62%e

Although heater could undoubtedly develop gas water heaters
efficiencies approaching those of high efficiency gas furnaces or boilers, the cost of
water would be perceived by consumers as inordinately highe

so the p is to develop and market more efficient gas water heaters that
installation problems of gas water heaters, last longer, and that do not

high coste

paradox is solved by the integrated appliance~ The integrated appli­
ance is a single energy source used a multipurpose application.. The integrated appli­
ance concept uses excess capacity of a gas water heater to additionally and simul....

for space heating purposes" This principal can be applied to
"''\JJl.J.JLV.lLJl.Ji.U~'iJJI.'\.J'.llJLwater heating/warm air space heating, combination water heating/hydronic

space heating, combination water heating/warm air space heating and

May 1986.

2APPLIANCE, May 1986.
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hydronic baseboard space heating0

Any properly sized gas water heater may be used in an integrated appliance appli....
cation41 But since essentially two energy sources (a water heater and furnace, or a water
heater and boiler) are being combined into a single energy source, the necessary higher
equipment cost of a high efficiency water heater can, in many circumstances, be justified
because the payback is more reasonableo Potentially lower installation costs also
improve those paybacks~

method for providing heat for integrated applications is to use a warm air
as the energy source (see Figure 1)8) Some type of heat transfer fluid is heated by

furnace transfers heat to the water through a heat exchanger a tanke This
can mean firing the furnace during the air conditioning season which reduces air condi­
v .... _.,g.Jll, ... .IIl.J~JIIlol. efficiency~ Also, piping losses from the transfer fluid between the furnace and

APPLICATIONS - COl\ABINATION WATER HEATING AND FORCED AIR SPACE
HEATING

The most apparent and popular application for integrated appliances is that of
combining water heating with forced air space heatingOD The components of this system
are the gas-fired water heater, an air handler (air heater) and a pump and relay assem­
bly which may be integral to or remote from the air heater~

In this and all other integrated appliance applications, the gas fired water heater
operates as it would in a single purpose domestic hot water only ·situation~ The water
heater thermostat controls the burner and water is heated to the desired temperature
normally~ Cold water enters the water heater and hot water exits the water ln the nor­
mal fashion3 The difference between an integrated application and a single purpose
applications that an integrated application, the hot water can be additionally circu­
lated by pump assembly though a coil in the air heater~ As in all integrated applica­
tions, the water heater burner is activated by the water temperature in the water heater,
not by ambient temperature~

different varieties of water heaters may be used in forced air and all other
integrated appliance applicationse The proper water heater will have adequate storage
and overcome any existing installation obstacles, and provide an efficiency to

the fastest payback81 Even standard water heaters, with recovery efficiencies of
approximately 70% and overall efficiencies of approximately 45%, can provide heat for a
v'U'Jl.l.AU.ll.lAc:Ji/IVJ."V'.il.A. system~ savings water heaters with their 76% recovery and 55%

e ciencies and higher efficiency water heaters with their 85% recovery and 60-
e are more common applications0

ther sources used to provide the energy for an integrated applicatione
Boilers have been used both indirect and direct applicationso Because of the addi-
tional heat exchangers required in indirect applications, system efficiency suffers with
each additional exchangerE> Direct applications mean that the 180 OF water neces....

for the typical design of hydronic heating, may also be delivered for domestic hot
even though tempering valves may be usede Hot water at 180 OF can
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the water tank reduces the water heating efIiciency,p These piping losses in a system fired
by a water heater are lost to the atmosphere in the space heating process and therefore
do not reduce heating efficiencyo

Because two energy sources are being replaced by a single energy source, the door
has been opened for the development of very high efficiency water heaters that include
features previously too costly to practically be included on single purpose residential
water heaters~ The Polaristm, developed by Mor-Flo Industries, includes many of these
featuresaP The combustion chamber, flue and tank are stainless steel to prolong tank life
(see Figure 2)4t Operation begins with the thermostat calling for heat and after hot sur­
face ignition, the power blower induces combustion in a submerged combustion
chambere Excess combustion heat is pushed up a flue toward the top of the tanko But
instead of exiting the top of a tank as in a standard water heater, the flue coils its way
down and around the combustion chamber and exits at the bottom of the tank~ Since
the coldest water stratifies at the bottom of the tank, heat is continually extracted from
the gasses in the flueway until when, they leave the tank, they are condensing~ Because
of the induced flow through the flueway and these low flue temperatures, 2 inch ABS or
CPVC plastic pipe may be used for venting either through the roof or through the walL~

Correspondingly, outside combustion is drawn through 2 inch plastic pipe41 This
efficient design gives the Polaristm a recovery efficiency of Q4%. And since the normal
convection losses the flueway are eliminated, stanby heat losses are less than
1 0 order to provide heat from homes with heat losses up to 75,000 Btu per hour,
the Polaristm has 100,000 Btu per hour input.

units are currently field tests at various locations across the country
a variety applications, such as electric conversions, gas energy upgrades and new
homes@ Systems include combination heating and forced air space heating, combi­

heating and hydronic baseboard space heating, combination water heating,
space and hydronic baseboard space heating, and combination water

forced air space heating multiple heaters~ The product will be
area of

is a consisting of a hot water coil, a blower and, most
a direct expansion coil for air conditioninglO The blower circulates air across the

coil, producing warmed air which is circulated through the home's ductworke
thermostat activates the blower and the pump assembly so that, although Btu's

are available domestic water and space heating in the storage of the water heater at
times, this heat is used for space heating only when the wall thermostat for heat"

air heaters are available a wide variety of configurations" Different
.lII.'&""''lI.JlIIV'''jib - may be mounted vertically, horizontally, above a drop ceiling, a closet, in an

on a wall and with or without a return air duct (see Figure 3)41 Multiple air
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handlers may be installed in remote areas of a home to provide zoned warm air heatinge
Since air heaters have no flame or heat exchanger for that flame, they may be installed
in many areas prohibited to gas furnaces and are more compact than gas furnacese Air
heaters are available in a wide range of units with variously sized heating and air condi­
tioning coils that allow virtually any home to be comfortably sizedlD

The water heating sequence of operation for a combination water heating and warm
air space heating system is the water heater provides domestic hot water just like any
single purpose water heaterOD Water in the water heater tank is heated up to the setting
on the thermostat just like any other water heater& When the wall thermostat in the
home calls for space heat, the pump assembly pumps water through the coil in the air
heater, the blower in the air heater circulates air across the hot water coil and the warm
air is distributed throughout the ductwork in the home<D The hot water, which has
incurred a 15-30 of temperature drop across the coil, is returned to the water heater
tank through the cold water inlet to be heated again and used for additional space heat­
ing or for domestic hot water0

Electric Wa.rm Air Conyersions

Combination hot water and forced air space heating systems can particularly be
attractive in electric conversion appliances0 With a direct-vented water heater and a hot
water coil in the plenum of an electric furnace, an inexpensive conversion can be madeo
The existing electric furnace can be used in the blower mode onlyC3 Equipment cost and
installation time are kept to a bare minimUffi0

Water Tern pera,tu re Para!IDe.tfr.s
proper thermostat setting on the water heater is 140 OF which, in a properly

sized system, provide adequate heat for space heating without providing dangerously
hot water for domestic purposeS0 water heater thermostat setting of 120 OF will pro­
vide approximately 30% less Btu heating output than 140 OF and may result in inade­
quately warm space heating purposes~ A water heater thermostat setting of

provide approximately 50% more heating output than 140 OF, but may
hot domestic purposes unless a tempering valve is

..!l..II..'l.JtUJv ...... '\A. to 180 will the tank life and increase liming in

Because heaters normally are installed with an integral DX coil, the combi-
JJ.Jl.UJUA"-"A..Ii. wa,ter heating/forced air space heating systems most often include central air con­
ditioning@ condensing unit may easily be connected to the air heater -- either upon ori­

installation or retrofitted at a later time&



BOS11A

Applic8ltioDS - Combination Water Heating/HydroPjc Sparce Heating

Integrated appliances may be used in combination water heating and hydronic base­
board space heating systems and are particularly popular in areas that do not require
central air conditioning8& However, since potable water is being supplied for both domes­
tic hot water and baseboard purposes, certain standards must be adhered to:

These systems should never, under any circumstances, be used to retrofit on
existing baseboard or to replace an existing boiler~

2~ Materials used in boiler-type hydronic systems, such as leak detectors or
sealants, should under no circumstances be introduced into combination water
heating and space heating systemse

Water heater thermostat temperature settings should never be set at more
than 140°Fe This means design criteria and type and amount of baseboard
should be adjusted accordingly from 180 OF to 140°Fe If water temperatures
are set at 180 of, water heater tank life will be diminished, liming will greatly
increase, and most importantly, dangerously hot water may be delivered for
domestic usage@

When a water heater is used a combination hot water and hydronic space heating
application, after the piping and baseboard is initially filled, no more potable water is
used single purpose systemse potable water is expelled from the system only
at hot water taps~

Heating

split level

on a slab, also can be ideal can-
space heating, hydronic base...

Ke)[5 ilo Successful Marketing OD the Integrated Appliance.

components of a successful integrated-appliance marketing campaign
the product, economic feasibility, reliability and an awareness of the

need for an integrated gas appliance is quite apparent to many groups includ­
consumers, builders, gas utilities, dealers and distributors0 Certain areas of the

........ .......,'L':!. .... J<.,O .. Mid-South, Midwest and West have demonstrated that this is a real, rather than
need~ 1980 ... 1985, it is estimated that over 50,000 various combination
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systems were installed in these areas for residential use, primarily in new constructione

CODsumer Adya,Dtages

Consumers can see an immediate need for combination systems, because of the
increased energy efficiency of the systems. Properly sized combination systems will use
the excess water heater capacity to provide space heating at an efficiency level approach­
ing the recovery efficiency level of the water heater. So space heating can be provided
within a percentage point or two of the 70% efficiency of a standard water heater, 76%
efficiency of energy saving water heaters, the 85% efficienc~ of higher efficiency water
heaters, and the 94% recovery efficiency of the PolarisT e Furthermore, since the
standby loss is greatly reduced, at least during the heating season, the overall efficiency
of the water heater in the water heating mode is also greatly improvede

The initial equipment cost of a combination system can also be less than that of
replacing two appliances, because an air heater can cost much less than a gas furnace*
Installation costs can be similar .... combination systems will have more water lines, but
single purpose systems will have more gas lines and can take up more spacee

The flexibility and versatility of combination systems provide the consumer with
options not found in single purpose furnace or hydronic systems~ Add-on or hard to
heat areas may be heated without eliminating central air conditioning as an optione The
relatively low cost of the air heater means multiple heater installations can be made
and zoning with forced air becomes possiblee

The availability of a gas combination system means the consumer can choose the
least expensive, most desirable energy source in all cases.". whether it be gas or electric .."
without sacrificing peripheral advantages of that fuel* Lower energy costs can positively
affect the consumer's ability to qualify for mortgage loanse The proper energy selection
can make homes more marketable0

Once a combination system has been installed, energy upgrades become easier to do
because only the water heater, a relatively inexpensive appliance, needs to be replacede
This, coupled with the expected increased life-cycle of the water heater used in a combi­
nation system, could mean lower consumer equipment costs over the life of the home41

heater, to the heating cycle, should
reduce residue build-up inside the tank and could prolong the tank life0

Builder AdY8.uta!ges

face many of the same advantages that consumers do as far as freedom to
exercise energy options,. The low initial equipment cost of combination systems compare
favorably least expensive equipment currently on the marketlD Since combina-

systems can couple these low installation costs with low ongoing energy costs, the
builder has an additional selling feature - overall home affordabilitY0 The versatility and
flexibility of the systems can save precious floor spaceo These economics mean more

can be built into the home without affecting the overall affordability of the
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IJtiJity AdY8.uta.ges

Gas utilities have much at stake with combination systems@ Since the growth of
these systems has greatly influenced the development of more innovative gas water
heaters, venting problems inherent with gas water heaters have been overcome~ Gas
utility companies are now able to run gas lines to multi-family structures in markets
that they have been shut out of for years$ This developing gas technology is also spur­
ring electric product research and development~

l2e.a.Jer 8,nd Distributor Adyantages

Dealers and distributors who have seen a significant erosion in their water heater
business to Home Centers and Do-It-Yourself Centers now have an opportunity to
recover some of that businesso When consumers call for an energy upgrade or replace­
ment of their space heating. system, the dealer now has a real opportunity to include the
water heater that upgradeo Electric conversions become inexpensive and more realis­
tic when a direct-vent water heater may be installed with a hot water coil inserted the
plenum of an existing electric furnace$ Because of reduced time periods for paybacks,
energy upgrades become more practical and more plentiful and additional unit sales of
water heaters are created@ The increased competition between gas and electric utilities

load should increase the cooperative advertising opportunities for dealers and distri­
butors@

The bottom regarding combination systems is they are simple systems whose
has comeG This common sense approach to home comfort affords the opportunity

innovative and more efficient product development, more practical building design,
reduced costs and significant consumer energy savings@
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