
Once Heated, Twice Used 

By David Bohac 

A single appliance can efficiently supply 
hot water for both domestic use and space 
heating in cold climates, so say test results 
from multifamily units in Minneapolis. 
While the price of a "dual-integrated 
appliance" rivals a separate high-efficiency 
furnace and a water heater, convenience 
may be its winning virtue. 

pump circulates hot water through the heating coil and 
returns it to either the cold water inlet or a separate heater 
inlet. A check valve on the heating coil supply pipe pre
vents cold water from entering the heating coil when there 
is a domestic hot water draw in the building. The space 
heating coil can be located near the heater or in a remote 
location, and is available in vertical, horizontal, and wall
recessed units.3 The building thermostat typically activates 
the space heat blower and circulation pump simultane
ously. A time-delay re lay can be incorporated in the blow
er control to reduce the short length of time that cool air 
is supplied to the heating registers. The heater burner is 
controlled as it would be for a typical heater, by an aqua
stat inside the tank. This control scheme differs from that 
used in a typical boiler system where the pump and burn
er are both activated by a thermostat. A dual system con
trols these two components independently, since the water 
in the heater must always be kept warm for domestic hot 
water use. D ual-integrated applian~es-water heaters used to 

provide 'both domestic hot wa ter and space heat-

ing-have seen increased ,...-------------------------------...... 
use in recent years, primarily in the 
warmer climates of the mid-Atlantic 
states. We at the Center for Energy 
and the Urban Environment 
(CEUE), along with our local gas 
utility (Minnegasco), felt that there 
were appropriate applications in 
cold climates and carried out a two
year field study of these systems 
installed in multifamily buildings. 
We measured the energy savings of 
dual-integrated appliances while 
gaining some experience with their 
use in cold clirnates.1 

How Do Dual 
Appliances Work? 

I n the systems we installed, the hot 
water outlet from the heater not 

only supplies domestic hot water, 
but also water to an airspace heat
ing coil (see Figure 1).2 When the 
thermostat calls for space heat, a 

David Bohac is directcrr of research at the 
Center for Energy and the Urban Envi
ronment in Alinneapolis. 

14 

Drain 
Port 

-

Mixed Hot Water 
Outlet 

Mixing 
Valve 

Cold 

~Water Heater 

Aquas tat 

~ 

Check 

Thermostat 

Blower/Pump 
Control 

Healing 
Coil 

- Return - Air 

Figure 1. Schematic of typical Dual-Integrated Appliance system. 
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This system has the advantage of having off-cycle losses 
for only one appliance and can operate at a potentially 
higher energy efficiency than similar yet separate systems. 
Apart from energy considerations, it has many other advan
tages compared to separate appliances: 

• Side venting and sealed combustion-features that are 
hard to find in water heater and space heating appli
ances-are easier to accomplish with a single appliance. 

• A horizontally mounted air handler reduces the floor 
area, or "footprint," required for the mechanical system. 

• The heating supply system is easier to zone, and zones 
are easier to add after the initial installation. 

• There is only one combustion appliance to maintain or 
replace. 

Dual-integrated systems, however, are still relatively new 
and prone to the disadvantages ofa new technology: fewer 
experienced contractors, higher equipment failure rates, 
and hesitant acceptance by some code officials (see box, 
"Modernizing Codes"). 

The systems are generally best suited for buildings with 
relatively high domestic hot water loads. In these situations, 
it may not be necessary to significantly increase the heater 
size from the level that would have been used if it were inde
pendent of the water heater. Larger loads on the heater 
will also usually make it cost-effective to use a more effi
cient heater. 

Availability 

F ive manufacturers produce 56 heaters that are ap
proved for dual appliances. Of these 56, we found that 

local distributors stocked only 19. For new and retrofit 
applications it may be all right to wait four weeks for deliv
ery, but it certainly would not be acceptable to someone 
whose heater just broke down. 

We also wanted to select models that would be at least 
as efficient as the least efficient separate domestic water 
heaters and furnaces. Since the minimum Annual Fuel Uti
lization Efficiency (AFUE) standard for furnaces is now 
78%, we felt that the installed heaters should have recov
erv efficiencies of at least 78%.4 Of the 56 heaters, 15 fea
tu;·e recovery efficiencies of 78% or above. Only four of 
these have inputs greater than 40,000 Btu/hr and six are 
stocked locally. 

It is also interesting to note that the majority of the dual 
appliances have atmospheric burners and require vertical 
venting. Only 14 of the heaters can be side-vented and six 
of these have sealed combustion. Of the 15 units with a 
recovery efficiency over 78%, four can be side-vented and 
two are power-vented. 

:CVfatchmaking: Dwellings and Heaters 

D ual-integrated units were installed in five apartments 
to replace the existing conventional domestic hot 

water tank heaters and forced air furnaces. We selected 
these units because they could be heated with commonly 
~ized water heaters and had clean gas-use data. All of the 
units are in a single, two-story, eight-plex built in the early 
l ~)80s. The two larger, three-bedroom apartments (units 
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Modernizing Codes 
When we began our research project, only a few dual

integrated appliance systems had been installed in the Min
neapolis metropolitan area. but they were not allowed in the 
city of Minneapolis itsel£ This is not an unusual situation. 
Resistance by code officials to allowing water heaters for space 
heating can be found in other parts of the United States and 
in Canada. 1 For example, State of Delaware Department of 
Public Safety officials initially stated that only appliances 
meeting the more restrictive American Society of Mechani
cal Engineers Boiler and Presrure Vessel Code could be used 
for hydronic space heating. The State of Delaware later 
rescinded this notice and amended regulations to specifically 
allow the use of water heaters in dual systeIIlli.! 

At the heart of this debate are the criteria used to define 
an appliance as either a water heater or a boiler. One side 
argues that adding the space heating load to a water heater 
establishes that the heater is being used as a boiler and must 
meet boiler specifications. The other side-water heater 
manufacturefli and others--argues that the operating para
meters of the appliance (that is, maximum temperature and 
pressure) define whether the appliance is a water heater or 
a boiler. They note that, since the operating parameters of 
the water heater have not changed, the heater should con
tinue to be treated as a water heater. Thus far, the courts have 
sided with the manufacturers and ruled that heaters used in 
dual systems do not have to meet boiler specifications.! 

These systems have become somewhat more acceptable 
in Minnesota thanks to a recent amendment tq the State 
of Minnesota plumbing code that includes several dual sys
tem design guidelines.4 One of these guidelines requires a 
drainage port and isolation valves or an automatic purge 
control on the heating coil loop. This was incorporated to 
address concerns that Legionella pneuniophila could breed 
in the stagnant water of the heating coil loop (although 
there have been no reported cases of Legionnaire's Disease 
involving dual systems). The Minnesota code also requires 
a mixing valve, which allows the , occupant to adjust the 
domestic hot water supply temperature separate from the 
tank temperature (see Figure 1). 

Another concern was that the increased bl,lfller opera
tion would reduce the heater life span. However, field stud
ies conducted in Southern California and Canada 'have 

..foWld o evidence Qf this.' In fac4 th~ addi~onal water cir
; cutation through the tanks may actually reduce scaling, 
sediment deposits, and degradation of heiiter anodes. 

· , ~dnoies ' · ' 
' :1. "UtahAp~als Court Reverses Ruling; Ah- Conditioning, Heating 

& Refrigeration News, Sept. 23; 199 l, p.23. "Wa.ter Heater Usage 
; :/· for Space Heating Approved in Wisconsin,~.EnelxjDe.iign Update, 

June 1989, p.3; and Thrall, R and Mayhew, WJ. "Final Report 
for Fit:ld Investigation of DoU}estic !\C?t Water Tanks as Space . 
Heating Appliances," Canada: Mortgage and HolJ!in_g ,C.Orp., 
April 25, 1989. . . . 

2. State of.Delaware Rules and Regulations for Boilers, Pressure 
Vessels, and Nuclear Installations, 1989. Section XIX. :. 

3. "Utah Appeals Court Reverses Ruling, Air Omditioning. Heating 
& Refrigeration News, Sept. 23, 1991, p.23. 

4. State of Minnesota Plumbing Code, 1990. Section 4715.2190. 
5. BR Laboratories, "Lemoore Tank Analysis: Multipurpose Appli

ance." BR Laboratories, Inc., P.O. Box 1249, Huntington Beach, 
CA 92647, February 20, 1986; and Thrall, Rand Mayhew, WJ., 
see above. 

,~ . 
A and B) have floor areas of 930 ft2 and design heat loss 
rates of27,000 Btu/ hr. The three two-bedroom apartments 
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This eight-plex built in the early 1980s pro,ided five apart
ments for research. Researchers selected Lhese units 
because they all had clean data on gas use and they could 
be heated wilh standard-size water heaters. 

(units C, D, and E) have floor areas of 675 ft2 and design 
heat loss rates of 20,000 Btu/hr. All of the units had used 
the same makes and models of furnaces and water heaters. 
The furnaces had inputs and outputs of55,000 and 42,000 
Btu/hr, respectively, all with AFUEs of 60.3%. They 
appeared to be greatly oversized for the building design 
heat loss, but were probably the smallest furnaces readily 
available in the Minneapolis mecropolitan area at the time 
they were installed. The water heaters had inputs of 36,000 
BLU/ hr, storage capacities of 40 gal, and energy factors 
(EFs) of 0.49. 

Selection of the heaters posed somewhat of a dilemma. 
On one hand, we wanted to match the size of the exi ting 
equipment in order to obtain a valid comparison of ener
gy use. Converse! , the existing equipment was obviously 
oversized, so matching sizes might not have provided a fair 
test oft11e savings potential of the new equipment. We set
tled on a compromise whereby Lhe S)'Stems for two of the 
units, A and B, were designed to approximately match the 
size of the existing equipment and the other three systems 
using the design heat loss as a guide. 

The systems installed in units A and B are manufac
tured by Apollo Hydro Heat & Cooling. They feature 
atmospheric burners vertically vented through the exist
ing chimney. The output of both heating coils closely 
matches the output of the existing furnace. The output of 
the heater installed in unit Bis about 120% greater than 
the coil output, but the output for the heater in unit A is 
slightly less than the coil output (see "Equipment Sizing"). 
The size_for the heater in unit A was smaller than it should 
have been and somewhat of an oversigh L However, we felt 
that d1is design would be acceptable due to the greatly over
sized beating coil. The installed cost of each of the systems 
was $2,212. As a comparison, t11e heating contractor esti
maled that it would cost approximately $1,750 to install a 
furnace with an AFUE of 80% and water heater with an 
EF of0.5. 
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We decided to test two, recently available, Mor-Flow In tc
gra systems in units C and D. The heaters have recovery 
efficiencies of 83%, power-draft burners, and are vented 
out the side wall. The heating coil outputs are 25% greater 
than the design heating load and 133% greater than the 
heater output. The lntegras are specifically designed fo r 
these applications. The air handler/heatiq.g coil isfactoq•
wired and -plumbed and is stacked on top of the heater to 
minimize tl1e system footprint. The stacked design proved 
to be a significant advantage for these locations. Previous
ly, a contractor had cut a hole in the hallway wall in order 
to replace the water heater. Another advantage of the lnte
gra is that side venting in multifamily buildings typically 
costs less than vertical venting, especially in multiple-stor , 
buildings where the furnace closet is next to an outside wall. 
Unfortunately, in these particular buildings, side venting 
turned out to be a disadvancage. Avertical vent was already 
available and side venting required cutting open a portion 
of the living room ceiling. (Minnesota does not require side
venting, but the original Integra design does.) The in.stalled 
cost for each system was $2,809. This higher cost is due to 
the higher equipment cost and the added materials and 
labor for side-venting the heater. 

In unit Ewe installed a system similar in size to the lnte
gra, but with a separate heater and air handler to allow a 
comparison between unitary and split water heating sy -
terns. The heater input and storage capacity are the same 
as the lntegra's, but the recovery efficiency, heater output, 
and coil output are all slightly higher. This heater is man
ufactured by Apollo and features a recovery efficiency of 
85%, atmospheric burner, and use of the existing vertical 
vent. The installed cost of the system was $2,067, the least 
expensive of the five systems. 

Equipment Sizing 
Since dual appliance water heating technology is rela

tively new, few guidelines exist for equipment sizing and 
design. To design a system, a contractor needs to deLermine 
the correct heating coil energy output, water heater out
put, and heater storage capaciry. The standard practices 
used for other systems to determine the h~at output (that 
is the design heat loss, sati ty factor, and pick-up toad} can 
also be used for sizing the beating coil outpuL 

ASHRAE Tuinsaaimlsrecently published a.report that uses 
a simplified model of system operation to recommend 
guidelines for sizing dual systems for rnwtifamily and single
~ify applications.• The authors assume thatanadequately 
~ized in~ted system should. be able to "recoYer from a 
large hot water draw in one hour or less, while al$<> sup
plying the· space hea load.~ They reeommend a "rule of 
thumb" that heater outputshowd typically De 1.2 times the 
rated coil output. ln addidon, the StQQSge capacity should 
be 3-4- times the. peak hot water diaw. 'For locations with
out clothes washers, this means heaters should have a st.Or
age capacity of 40-50 gal, but 50-75 gai may be required 
when there is a clothes washer. 

In gen.eral, the integrated appliances in our study fol
lowed the guideline of having heater outputs at least a fac
tor of 1.2 times the heating coil output. 

I. Piet.~h J. and Talbert, S., "Equipment Sizing Procedures for 
Combination Space-Heating/Water-Heating Systems," ASHRAE 
Tr<msaaions, Vol. 95, part 2, 1989. Atlanta, Ga. 
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A Mor-Flow Integra, a system specifically designed for dual 
applications, is visible in this apartment. The water heater 
is the bottom component, with the air handler above. 

Gas Use, Measured and Estimated 

We used a pre- and post-test procedure to estimate the 
energy savings of the water heating sy terns. The 

PRinceton Scorekeeping Method (PRISM) analyzed one 
year of' pre- and one year of post-installation gas-use data 
to compute the change in the normalized annual con
sumption (NAC) of each unit. PRISM also compared pre
and post-installation summer non-heating use, heating 
slope, and reference temperature.5 

(A preferable method would have been to alternate 
weeks of operation between existing and dual-integrated 
systems. In fact, we tested systems using alternating week
ly time intervals in small commercial settings. The mea
sured results were not far from the estimated gas use.) 

The dual-integrated appliances were installed in early 
February 1990. The NACs of units A, C, D, and E for the 
post-installation period range from 591 to 890 ilierms/year. 
These results represent savings of 113-231 therms/year or 
11.3-27.5%, and average 149 therms/year or 18%. The 
savings for all of these units are highly statistically signifi
cant. A change in occupants in unit B invalidated the 
energy savings estimate. The two post-installation data 
p ints collected while the original occupant still lived in 
the unit show a decrease in use of13% and 16%. However, 
the NAC for the new occupants increased by 5% and the 
reference temperature increased by 8. 7°F. 
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The Integra system installed in unit D achieved the 
greatest savings-27.5%. It is possible the relatively high 
base use ofunitD (which was predominantly domestic hot 
water) was responsible for some of the additional savings. 

Unit 

A 
E 
c 
D 
B' 

ago l u (2.~) 1,18 ~) 
. .JQJ 16.~ IU) 11! (16) 

670 i7.l (4.0) 1'8 (38) 
·"608 2~..5 (~.6) Ul (21) 

. 960 ·~.2, (2.5) ~ (~) 

,. A~ 149 

NAC values:asmDU! therm.• cc:f. 
l ,f'.cb~ l!f90.:.'Fcbruary 1991. ·• 
2 Change pfot.c:upant, March 1990, post·IDStalladon ~ta for 1C1X>nd . 

OCCUpanL 

5 Avcr.afc sav\npwllhouuiteB. 

However, the post-installation period results for unit D 
were not as stable as those for the other three units and 
probably not as reliable. 

Given the low efficiency ratings of the existing furnaces 
and water heaters, it is not surprising that the new systems 
obtained such high savings. We would have preferred to have 
compared the dual-integrated systems to heaters and fur
naces that meet the present national appliance efficiency 
standards. After gathering information from 25 different 
sites, we found that it was impossible to find units that had 
efficient equipment and met our other requirements for the 
study. So, we decided to rely upon model estimates of ener
gy use for the comparison of the dual systems to more effi
cient equipment. Interested readers should consult our 
report for details on the methodology of this comparison.1 

Experiences with Installed Systems 

A staff member who frequently spoke with the occupants 
during the field visits to collect gas use data turned up 

no complaints of inadequate space heat at any of the loca
tions. He gathered this feedback during periods of time 
when the outdoor temperature dropped below design 
conditions. No one complained of continuous space heating 

Bue 
Uee. 
(~) 

60.S 0.49' !7.0 
~.!. 0.49 29.9 
oo.e o.49 so.o 
60.! , o.~ · 5.2.0 

60!8 . o.~9 !7.2 
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demand causing low domestic hot water temperatures, 
either. It appears that all the heating coils and heater out
puts were adequately sized for the space heating loads. 

Overall, there were few occupant complaints. However, 
immediately after the installation of the new systems, many 
tenants complained oflarge fluctuations in the indoor tem
perature. One or two weeks of monitored data from tem
perature strip chart recorders placed near the thermostat 
in each of the apartments revealed short-term fluctuations 
no greater than a few degrees. It is possible that the tenants 
were responding to the brief period when cool air comes 
out of the register when the air handlers first switch on. The 
complaints didn't continue beyond the first month. 

No repairs had to be performed on either of the two 
atmospheric-burner, vertically vented dual-integrated 
appliances. The original vent terminations of the three 
side-vented, Mor-Flow Integra heaters had to be modified 
and have since worked without failure (see box, "A Solu
tion to Vent Icing"). Both Integra heaters have been 
replaced due to high concentrations of carbon monoxide 
and a destroyed burner. We intermittently measured the 
carbon monoxide levels in the combustion gas of the 

A Solution to Vent Icing 
We encountered numerous venting problemswilh tbe Mor

Flo lntegra heaters. The lnteg:ras contain pOW<fr-draft burn
ers and, wnen used wir.h th standard tettmination kit, must 
be vented through' a $de wait A.11 lhe problems were cor
rected and could have bee~ avoided by Using ve~t termina
tions more suitable to the 8~000 beating degree-day climate 
0£ MinneaJ>!5lis.-

The problems·:first statted during an extended period Qf 
sub-freezing weather, shortly after the heaterirwere inscalled. 
The water vapor in the exhaust Was condensing on th. upper 
part of the shcetmetal termination :kit anµ 
dripping dqwn tQ the lov/er portion U!led 
for the inlet air. This condens;tte 'soo'n 
rurned, intp a huge i'c.icle whlqh partially 
closed the combustion air inleL Since the · 
heaters have a flow-proving 1sWit~, the 
burners w9ul(l no operate-leayjqg tb._e · 
occupants wJthout t water and h.~t. Th'e 
king (flo-w restriction) problem also 
occurred on an lntcgra beater install~d in 
a mall commercial buildlng. 

healers throughout the study. The levels were quite high 
compared to typical values for other cypes of heaters, but 
remained within state guidelines for atmospheric burners. 
The problems encountered with the Integra systems are 
consistent with the experiences from other Twin City 
metropolitan area installations of these heaters. 

evertheless, we believe that the design characteristics 
of the Integra heaters make them ideaJJy suited for use in 
high-efficiency dual-integrated systems. [Editor's note: 
Extra care should be taken to test for and alleviate back
draf ting conditions, even though the systems are power
venced. See "Back.drafting Causes and Cures," Home Energy, 
May/June '91, p. 30-35.) A1; is often the case with new 
equipment (we acquired some of the first commercially 
available heaters), they have a djscurbing trend of equip
ment failures. On the other hand, manufacturers are typ
ically quick to modify the heater design, hopefully resulting 
in more reliable heaters. I should add that one of the sys
tems had problems during the past heating season. 

Conclusions 

Albeit in a small number of cases, we were able to show 
that dual-integrated systems could be successfully used 

in multifamily units in a cold climate. Along with increas
ing levels of insulation placed in new and existing multi-

inlet air pipe. These terminations performed well during 
periods of -10°F weather, causing no heater failures. 

Mor-Flo now provides an optional coaxial termination for the 
lntegra that can be used for side or vertical venting. The coax
ial termination has performed successfully on anolher lntegra 
heater installed in lhe Twin Cities metropolitan area. ~owever, 
the facrorn:µp_plied !enninatio~ was modified by extending the 
exhaust pipeandremoving·the cap covering the end of ~e pipe, 
The occ;upant (an energy consultant familiar with these prob
lems) did this because he was concerned about possible ice 
ouild- ip on llie exhaust: cap and about eddies'm the inside 
corner of lhe house causing re-entry of the exhaust gases. 

. . ~, ". " ' . 

We. mQdif;ied the s dard vent·tenmna
tions by pla'dng a PVC pipe a 90.0 elbo\\T,jllld 
l ft-long p1pe pointed toward$ the mun.d 
on the inlec~ po,,rtiqn of the vent tii'nli· 
nation. No /Dore failures otq.m'ed, but th'C 
residents still had to chop off the lee in the 
winter and were not too happy about the 
condensau; that drippeJI off th termina~. 
tion in the summer time. To solve this prob- · · 
lem, the original terminations were 
removed, an l&.in. horizontal section of high . 
temperature vent pipe was conn_ected to lhe 
exhaust pipe, and a 90° elbow followed by a 
12-in. vertical pipe was connected to the 

Ice formed on the fint modified vent termination for an Integra system, left. The final 
termination design, right, is even more effective, since the extended exhaust pipe helps 
alleviate ·condensation close to the unit 
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family buildings, the percentage of units that can use dual
integrated systems is on the rise. At the same time, code 
officials are becoming more knowledgeable about the sys
tems and lowering their resistance to them. 

We found that it was more expensive to install these heat
ing systems than separate hot water and space heat systems 
with 80% AFUE furnaces and that the savings from the dual 
systems may not be very significant. For the present, it 
appears that factors such as the ability to vent through side 
walls, a small footprint, and ease of zoning will be a more 
important factors in the decision when to use them. While 
dual system costs are stabilizing as their volume on the mar
ket grows, the price of installation is sure to fall as this tech
nology becomes more commonplace. 

The sizing guidelines we followed for system design 
seemed to work well. Few occupants complained about the 
operation of the systems, but we did have a number of 
equipment failures of the newer Integra heaters. How
ever, the manufacturer has modified the design to address 
these system failures and the new models should be more 
reliable in the future. • 

Endnotes 
1. Bohac, D.; Hancock, M.; Dunsworth, T.; Hewett, M.; and Staller, 

T. "Reu·ofil Savings for Dual-Integrated Appliances in Small 
Commerci.al and Multifamily Buildings,~ CEUE/ TR90-5-1 IF, 
CEUE, 510 First Ave. N. Suite 400, Minneapolis, MN 55403. 

2. ccording to ASHRAE, the three types of dual-integrated appli
ance system differ according the primary function of the 
appliance-suppl fog space hcac, domestic hOl water, or both. 

3. If lhe proper materials are used, fin-tube baseboards can be 
used in place of a fan coil; however most manufacturers don't 
recommend finboards. This is because it is more likely that 
materials incompatible with potable water can mistakenly be 
used with baseboards and they usually require higher supply 
water temperatures. 

4. The National Appliance Energy Conservation Act (Public Law 
100-12,March 17, 1987) hasestablishedaminimumAFUEstan
dard of78% for furnaces with inputs less than 225,000 Btu/hr 
manufactured after 1991. 

5. "PRISM: a Tool for Tracking Retrofit Savings," HE, Nov/Dec 
'87, pp. 27-35; "Now that I've Run PRISM, What Do I with the 
Results," HESept/Oct '90, pp. 27-34. 

I learned one thing. The Btu loss from a 
tent in a Russian winter is incalculable. 
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