
 
May 17, 2011 
 
Mr. Bruce Wilcox 
bwilcox@lmi.net  
 
Re:  AHRI Comments on April 12, 2011 Residential Zoned AC Presentation – Stakeholder 
Meeting #2 
 
Dear Mr. Wilcox: 
 
The Air-Conditioning, Heating and Refrigeration Institute (AHRI) is the trade association 
representing manufacturers of heating, cooling, water heating, and commercial refrigeration 
equipment. Over 300 members strong, AHRI is an internationally recognized advocate for 
the industry, and develops standards for and certifies the performance of many of the 
products manufactured by our members. In North America, the annual output of the HVACR 
industry is worth more than $20 billion. In the United States alone, our members employ 
approximately 130,000 people, and support some 800,000 dealers, contractors, and 
technicians. 
 
AHRI is writing regarding your study on Residential Zonal A/C. One of our sections, the 
Zone Controls Technology, has great concern over your study’s findings as it relates to the 
performance of zoning and by-pass. While we do not dispute your actual findings, we are 
concerned with the 7-Zoned Split Systems that were used in this study. The data you 
collected does not coincide with the previous studies that show overall zoning savings, as 
much as 25%. 
 
AHRI and specifically the Zone Controls System Technology Section would like to work 
with you and other stakeholders to show that zoning can in fact provide substantial energy 
savings. We are greatly concerned over the removal of zoning credit from the Title 24 Code.  
Zoning can and will save energy when installed and operated properly. Just like you have a 
light switch for every room, zoning provides a thermostat for each room, or more practically 
each zone. We think you would agree that having one light switch for the whole house would 
not save any energy, just like having only one thermostat wasting heating and cooling in 
areas not used, or are already at set point, will waste energy as well. With this common sense 
energy principal in mind now we need to insure that the performance of the HVAC 
Equipment is not affected. 
 
The AHRI Zoning Members stress the importance of maintaining adequate airflow (CFM) 
through the A/C Unit at all times. We have reviewed your April 12, 2011 presentation on 
Zonal A/C and we feel that the zoning systems tested are not representative of proper zoning 
practice. This shows the need for guidance on zoning which will be published in the 
upcoming ACCA Manual ZR. AHRI members have discussed the pictures in the presentation 
and are concerned about the installation and size of the by-pass, as well as the rest of the duct 
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system. The data indicated, even for some non-zoned systems, that there was inadequate 
airflow on a majority of the systems. When you include zoning on a poorly designed duct 
system, the poor performance is multiplied. All AHRI members have witnessed poor 
installations and those referenced in the presentation are not ones to base the validity of 
zoning savings. 
 
With respect to slide 4 of the presentation, we have the following comments on single system 
with dampered supply ducts: 

• Return ducts are not zoned – This is correct and there is no appreciable value to do 
this.   

• Single speed compressors and fans can’t modulate to track load – Even as two speed 
compressors and variable speed fans can modulate to a degree, or track the load, as 
in any building the load can move from zone to zone. Zoning directs the capacity to 
the zone with the load, often matching the load with a low speed capacity.    

• Supply air flow is low, particularly with one zone calling - This is not how zoning is 
supposed to work.  Supply airflow must be maintained in order to satisfy the load.  
Any testing with this fact distorts the ability of zoning.  Typically with zoning we try 
to increase the supply air to any single zone calling, not decrease it.   

• Bypass ducts (short circuit from supply into return) are common - While true, proper 
bypass sizing/installation/setup is extremely important for zone control system 
performance. 

• Results – low EER – Slide 7 only shows 2 zoning systems that went well below the 
others in lowering the EER. Three of the 5 were only marginally below the EER 
performance line and in practical terms this drop in performance is offset with 
overall energy savings. 

 
Slide 6 states -  

• AC systems have low capacity and efficiency  
• Cooling air flow lower than the standard in 60% of systems  
• Cooling duct pressures are very high  
• Cooling Fan Watts are high  

 
If 60% of the systems exhibit cooling airflow lower than the standard, and homes with 
zoning are subject to similar issues, removing the zoning will obviously improve the 
performance as shown on Slides 18 and 19. Zoning added to a poorly designed system will 
decrease system performance. We believe that the installations discussed in your study are 
poor test cases, and that California Title 24 should address installation practices rather than 
zoned systems. 
 
Slide 7 states there are 7 zoned systems whereas slide 8 shows that only 5 zoned systems 
have low EER. Why does slide 8 not account for the two additional zoned systems mentioned 
in slide 7? We would like to point out that 3 of the 5 zoned systems are just barely below the 
EER line. There are 11 non-zoned systems that have a lower EER than the lowest zoning 
system. The data clearly indicates that zoning is not the cause in the other 11 systems. The 
zoning industry, for 50 years, has had to overcome the misinformation that zoning systems 
cause such problems. The facts are that these systems are not designed and/or installed 
properly and as the other 11 non-zoned systems prove, design and installation have a lot to 
do with performance and it is not just zoning. 
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Slides 9 and 10 bring the overall basis for the conclusions of these tests into question. These 
slides show an increase in fan wattage when all zones are calling. This is totally counter to 
what should actually occur. If all zones are open, the fan wattage should decrease as there 
should be ample airflow and no restrictions to cause the wattage to increase.  This leads us to 
believe there is system design issues not associated with a proper zone system. 
 
Slide 22 states an acceptable method of zoning are a separate system for each zone. While 
this has been an accepted practice for quite some time, the offset to this is not a reduction in 
energy costs for your stakeholders. Each unit requires an electrical disconnect which the 
utility must account for on its grid. Having a sub-division with 100 homes and two A/C units 
per house versus one may require utilities to provide more electricity, which is not what they 
are looking to do. We believe they would rather accept a slight decrease in A/C unit 
efficiency if it means reducing their load requirement. 
 
Any revision to the current code must look at the current and future state of A/Cs. The new 
energy codes are requiring higher efficiency equipment and most all of this newer equipment 
will have variable speed blowers and, in most cases, two speed compressors. The 
combination of zoning with variable speed blowers and two speed air conditioners will 
overcome any drawbacks outlined in your study. When the new code actually takes effect, it 
should reflect what can be accomplished using high efficiency equipment and properly 
designed duct systems. The code should not be based on the average system, which shows 
more homes without zoning being just as poor, if not poorer performers. In these older 
homes, a review of the overall system (including ducts) will have to be conducted  to ensure 
that a high efficiency HVAC is delivered by a high efficiency zoned duct system. We are 
sure you will agree that there are many poorly designed and installed duct systems in 
California. 
 
Attached, please find two separate studies showing that zoning will save substantial energy 
when designed and properly installed. The HVAC Industry is leading the way in developing 
systems for energy efficient homes. The HVAC equipment is almost at its peak in efficiency.  
The next step is to look at the distribution system, its design and installation. This is where 
zoning has its biggest potential for the utilities.   
 
The Air Conditioning Contractors of America (ACCA) has produced an ANSI standard 
Quality Installation Manual. ACCA is also producing a Zoning Manual, now in its final 
stages. These two manuals should be referenced in the next update of Title 24.  AHRI and its 
Zone Controls System Technology Section are ready to assist you,  the California Energy 
Commission (CEC) and any others in establishing an effective HVAC Energy Efficiency 
Code. Zoning must be a crucial part as to reduce the carbon footprint from multiple systems 
and the energy they require. There is tremendous potential with regards to energy savings if 
every home or office with multiple systems could be reduced to one HVAC unit and zoning. 
We estimate that the increase of capacity to consumers would be as much as 20% from the 
residential market. 
 
We look forward to working with you and hope the data attached provides the bigger picture 
of the substantial energy savings zoning does provide. We would be happy to clarify any 
questions you may have with regards to zoning and share the energy savings opportunities 
that exist. If you have any questions or wish to discuss this further, please do not hesitate to 
call me at (703) 600-0383. 
 
 



4 | P a g e  
 

Sincerely, 

 
Aniruddh Roy 
Regulatory Engineer 
Air-Conditioning, Heating, and Refrigeration Institute  
aroy@ahrinet.org  

mailto:aroy@ahrinet.org
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ENERGY BMPLICATiONS OF 8LOWE 
OVERF UP ST ATEGIES FOF A ZONED

P. Oppenheirn, Ph.D., P.E.
Member ASHRAE

ABSTRACT

A zoned, forced-air distribution system was designed
using industry-accepted methods and installed in an unoc-
cupied research house. A variable-air-volume cooling
system was used, and it included a two-speed compressor,
a variable-speed blower, dampers, zone thermostats, and
prototype hardware for zone temperature and humidity
control. Instrumentation was designed and installed to
evaluate the delivered comfort and energy performance of
the system. A personal-computer-based data acquisition
system was used to record data. The zoned system was
modified by deactivating the zoning components to represent
a conventional unzoned system as a baseline for com-
parison. A comprehensive system to characterize the
thermal performance and the delivered comfort conditions
of the distribution system was developed.

The blower on a residential forced-air system typically
cycles off when the condensing unit shuts down. The
purpose of blower overrun is to take advantage of the coM
evaporator coil while not adversely affecting space con-
ditions by re-entrainment of moisture off the coil and
moisture in the condensate pan into the airstream.

Using conventional operation (central thermostat, no
zoning or thermostat control strategies, and no blower
modulation) as a baseline for energy consumption, three
other options were investigated. The comfort setpoint was
75°F (24°C), and the setup setpoint for each zone was
85°F (30°C). The energy consumption for zoning with
blower modulation and overrun with no thermostat control
strategy was 120% of the baseline. The energy consumption
for zoning with thermostat control strategies and blower
control strategies with overrun was 75% of the energy
consumption of the baseline. The energy consumption for
zoning with thermostat control strategies (with blower
modulation but no overrun) was 84% of the energy con-
sumption of the baseline test. The effect of blower control
on humidity levels was evaluated because of the possibility
of re-evaporating moisture of the cooling coil. This effect
was not seen in the data collected, but a very strong
correlation between ambient absolute humidity and moisture
removed from the indoor air was observed.

BNTRODUCTUON

There is a high probability that modulating equipment
will become extremely important in residential space
conditioning in coming years. Legislation mandating
minimum efficiency levels for climate-control equipment is
making it increasingly difficult to achieve the required

efficiencies while maintaining comfort conditions with
single-speed, constant-volume equipment.

For example, a potential problem exists in controlling
latent loads with high seasonal energy efficiency ratio
(SEER) cooling equipment that uses a "warm" evaporator
coil. Raising the temperature of the evaporator coil
increases the suction pressure of the system. A higher
suction pressure increases the density of the refrigerant and
can also reduce the compression ratio. Both of these effects
result in a higher equipmdnt operating efficiency. However,
this condition elevates the dew point of the coil and can
subsequently decrease the dehumidification ability of the
unit. A solution to this problem is the development of
variable-volume-delivery residential equipment. A central
forced-air unit with a variable-speed indoor blower coupled
to a variable-speed compressor could adjust to varying loads
and would be able to respond to both sensible and latent
load efficiently.

The technology for variable-speed indoor blowers and
for two-speed and variable-speed compressors is available
and is currently in use by several manufacturers in their
produc.t lines. Assuming that variable-speed indoor blowers
become the standard of the future for cooling, there are
many potential advantages for the heating plant as well.
Indeed, the need for modulating central units for latent
control in cooling may propel the use of modulating units
for heating, especially in conjunction with zoned systems.

Modulating airflow over the indoor cooling coil
requires control of the refrigerant flow rate. By effectively
controlling both airflow over the evaporator coil and the
refrigerant flow, an air conditioner can operate efficiently
over a wide range. The advantages of a modulating air-
conditioning system can be summarized as follows:

Oversizing is virtually eliminated because the unit
modulates to respond to the load when two-speed
or variable-speed compressors are used.
Run time increases during mild ambient condi-
tions, thereby decreasing room air stratification
and room-to-room temperature variation.
The ability to zone a house for both comfort
enhancement and energy reduction is dependent on
having a modulating unit. A constant-volume
system with a "dump zone" is not an energy-
efficient alternative. This strategy involves deliv-
ering air to a normally unconditioned space (dump
zone) to allow a constant-volume system to con-
tinue to operate at a normal system static pressure
when a damper to a conditioned area closes.
Ventilation strategies for indoor air quality are

Paul Oppenhehn is an Assistant Professor in the School of Building Construction, University of Florida, Gainesville.
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possible when used ha combination with a central
delivery system with variable-air-volume delivery
capability.

The objectives of this work were to quantify the fuel
cost savings provided by a zoned, forced-air distribution
system compared to a conventional unzoned system and the
effects of blower overrun strategies. The basic premise
supporting this investigation is that a zoned, forced-air
system offers better control of comfort conditions at lower
energy costs than a conventional, unzoned house.

LABORATORY FAC|LBTY

The laboratory house used ha this study was completed
ha the fall of 1987. The house was designed and constructed
by a national building research group. The house was built
in Prince Georges County, Maryland, approximately 10
miles (16 kin) east of Washington, DC. Data from 
national builder practices survey were used to develop
specifications for the design of the laboratory house. The
objective was to incorporate trends so that the research
house is representative of homes that will be built in the
1990s.

The house is one and one-half stories with a total living
area of 2,225 ft2 (207 m~). It has a full basement with cast
concrete foundation walls. Open-web floor trusses were
used for the first floor, and plywood joists were used for
the second-floor framing. The roof was built with prefabri-
cated scissor trusses to provide a cathedral ceiling over the
living area. Exterior walls were framed with 2 ha. by 4 ha.
(5 em by 10 era) wood studs on 16-ha. (41-era) centers. 
13 friction-fit mineral fiber insulation with plastic foam
sheathing was used in the exterior walls. The ceiling was
insulated with R-30 glass-fiber butts. Vinyl siding was used
on the side and back wails, and the front wall was faced
with a brick veneer.

The house was divided into three zones for cooling.
Zone 1 was the second-floor bedrooms, Zone 2 was first-
floor bedrooms, and Zone 3 was the first-floor living area.
The basement was not conditioned for these tests. A
description of the components used in the laboratory house
is given ha Table 1.

TABLE 1
Laboratory House Characteristics

Location

Constructed

Style

Construction

Space
Conditioning

Bowie, Maryland

1987

One and one-half story detached with full basement
Four bedrooms, two and one-half baths
Two-car attached garage (used as data acquisition area)

1,600 ft2 (149 2) first f loor
625 ft2 (58 2) second floor

1,550 ft~ (144 z) basement

Exterior finish -- brick veneer front with balance in vinyl siding

Poured concrete basement walls with 2 in by 4 in. (5 cm by 10
cm) furring to accommodate R-l/ butt insulatioa

Open web floor trusses for first floor

Plywood floor trusses for second floor

Exterior walls 2 in. by 4 in. (5 cm by 10 cm) studs on 16-in. (41.
cra) centers
insulated with R-13 friction-fit insulation with plastic foam
exterior sheathing

Roof insulated with R-.30 fiberglass batt insulation

Low-emission insulated glass used for all window and door
glazing

Modulating prototype furnace
73,500 Btuh (77,543 k J) input, 82% efficiency

Twmspeed condensing unit
Electrica//y commutated direct current indoor b/ower motor
Round butterfly dampers

EXPERIMENTAL METHODOLOGY

The objective of this work was to quantify the fuel
savings and the moisture-removal capability of a variable-
air-volume delivery system. The basic premise supporting
this investigation is that a zoned, forced-air system offers
better control of comfort conditions at lower energy
consumption than a conventional, unzoned house. A test
plan, measurement parameters, and a data analysis proce-
dure were developed to test this premise. The tests that
were conducted are shown in Table 2.

TABLE 2
Description of Tests Conducted

Test
#

1

Description
[ Thermostat... Schedule

Characterize energy consumption In the house using a conventional two.speed condensing 75"F all day
unit (no zoning, no Indoor blower modulation, no humidity control).

2 Cooling test using a two-speed condensing unit with Indoor blower modulation to accomplish 75° F all day
both zoning and humidity control with blower overrun (physical Isolation between zones).

3 Cooling test using a two-speed condensing unit with Indoor blower modulation to accomplish Schedule
both zoning and humidity control with blower overrun (physical Isolation between zones), according to

Table 3

4 Cooling test using a two-speed condensing unit with indoor blower modulation to accomplish Schedule
zoning and humidity control with n_~o blower overrun (physical isolation between zones), according to

Table 3
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TABLE 3
Thermostat Schedule for Tests 3 and 4

II
Zone # ..............II Description Time Thermostat Setting

1 2nd floor bedroom area 11 p.m. - 8 a.m. 75°F all week
8 a.m. - 11 p.m. 85°F all week

2 1st floor bedroom area 11 p.m. - 8 a.m. 85°F all week
8 a.m. - 11 p.m. 75"F all week

3 1st floor living area 11 p.m. - 8 a.m. 85°F all week
8 a.m. - 11 p.m. 75°F all week

Humidity Control with Blower Overrun

The procedure for humidity control with blower control
strategies is described below:

A call for cooling at the central zone controller
opens the appropriate dampers, sets the blower
speed accord/ng to zone requirements, and turns
on the condensing unit.

First-stage dehumidification (humidity abovb 55 %
RH)--drops the normal volumetric flow by 200
cfm (6 n~/min). This slows air movement over the
evaporator coil and allows for better dehumidifica-
tion.

Second stage dehumidification (humidity above
65% RI-I)--inereases airflow by 400 efm (11
m3/min). This is a net gain of 200 efm (6 m3/min)
over normal requirements. This additional air goes
through a bypass loop from the supply plenum to
the return. The bypass allows the air another pass
over the evaporator coil, thereby reducing its
humidity. The reason for the increase in airflow is
to maintain system static pressure, thereby main-
taining airflow to the zones as required.

Either Step 4, 5, or 6 will happen, depending upon the
humidity level in the house.

When the thermostat is satisfied, the blower will
shut down immediately if second-stage dehumidifi-
cation is in effect. This is done because any air
passed over the evaporator coil once the conden-
sing unit has shut off will evaporate water on the
coil and aggravate an already high humidity con-
dition.

When the thermostat is satisfied, the blower will
run for two minutes at a reduced flow rate of 200
cfm (6 m3/min) if first-stage dehumidification is 

Humidity Control Without Blower Overrun (Test 41

Humidity control by varying the blower speed with no
fan overrun is done because of manufacturers’ concerns
over the reintroduction of moisture into the air after the
condensing unit shuts off. Steps 1 through 3 from above
apply to this test. The blower will stop at the same time as
the condensing unit for this test.

Measurement Parameters

Performance of a climat¢-eontrol system is measured
by the energy efficiency of the system and the degree of
indoor comfort provided, including the dynamic response of
the system to changing outdoor conditions and different
indoor conditions. Testing protocols were designed to
provide data to evaluate the performance of different
cooling systems with scheduled indoor settings over the
range of outdoor conditions in the Washington, DC, area.
A variety of parameters defining outdoor weather con-
ditions, system response, indoor comfort, and energy
consumption were monitored.

Air temperature was measured at a height of 43 in.
(109 era) from the floor at the geometric center of each
room of the house. Other parameters related to comfort,
including mean radiant temperature, relative humidity, and
room air velocity, were also measured at a 43-in. (109-era)
height at the geometric center of one designated room in
each conditioned zone. These four comfort parameters
provided the basis for calculating comfort indices with
appropriate values for clothing insulation and metabolic
rate. Additionally, air temperature was measured at a 4-in.
(10-era) height from the floor and 4 in. (10 era) below 
ceiling.

Measurement parameters used in this study are sum-
madzed in Table 4. Indoor/outdoor parameters are con-
ditions that influence interaction of the building envelope
with outdoor or unconditioned spaces. HVAC parameters
are measurements that describe the operational conditions
of the space-conditioning systems. Status parameters are the
on/off status of appliances. Outdoor and indoor parameters
were scanned by the data acquisition system every 60

effect. This is done because the evaporator still has seconds and averaged on the hour. Data observations from
the ability to do cooling while not adding sig, the HVAC system were conditiomal on furnace fan stattm
nifieantly to the latent load. and supply damper position. If the furnace fan was on and

the damper position was open for a particular zone, then
6. that information was recorded on the 60-second scan and

averaged for the hour. On/off status parameters of the
furnace were taken every 10 seconds and totaled by hour.
Energy consumption registered by electric meters was also
tallied by hour.

When the thermostat is satisfied, the blower will
run for four minutes at a normal flow rate. This
period has been determined as the optimum run
time after condensing unit shutdown to recover
work that is available in the evaporator.

356

© 1991. American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Published in ASHRAE Transactions, Vol. 97, Part 2. For 
personal use only. Additional reproduction, distribution, ortransmission in either print or digital form is not permitted without ASHRAE’s prior written permission.



TABLE 4
Measurement Parameters

1. Outdoor Measurement Parameters
Wind speed
Wind direction
Solar radiation
Relative humidity
Air temperature
Barometric pressure
Precipitation
Ground temperatures

2~ Indoor/Outdoor Measurement Parameters
Air infiltration
Interzonal air flows
Air temperature of unconditioned areas

3, Indoor Measurement Parameters
Air temperature at thermostat
Wall temperature at thermostat
Stratification in room
Relative humidity
Mean radiant temperature

4. HVAC Measurement Parameters
(Main) Supply and Return

Static pressure differential between supply and return
Temperature
Humidity
Velocity

Supply Registers -- Temperature

5 Electric Monitoring
House total
Forced-air blower for furnace
Laboratory
Outdoor lights
Zone controller

6, Specifications for Status Parameters
Furnace fan
Water heater
Dampers

RESULTS

A subset of the 1988 test year was used to develop the
characteristic fuel consumption lines for each of the tests
conducted. Data points were collected over the range of
ambient summer conditions so that the predicted line for
each test would provide an accurate characterization of the
electric consumption of the climate control system¯

Test bins were filled on a weekly flip-flop basis, back
and forth between the central and zoned delivery systems;
however, the schedule was adjusted between central and
zoned delivery tests in order to capture run-time hours for
each test in each bin. The minimum period for each test
was five days in order to minimize "edge" effects that
might occur in shorter-term tests. All switches between tests
were made at midnight.

The ambient weather conditions for each test are
presented in Table 5. The tests conducted are shown by
calendar day along with average outdoor air temperature,
relative humidity, wind speed, solar insolation, barometric
pressure, and rainfall. These ambient parameters were
useful in explaining outliers in the characteristic energy
consumption lines developed for the condensing unit and the
blower for the four tests (Figures 1 through 8).

Historical weather data from Andrews Air Force Base,
which is 10 miles (16 kin) from the test house site, were
used with the characteristic fuel consumption regression
lines developed for each of the system configurations in this
study to estimate fuel consumption weighted by temperature
bins.

The information from Figures 1, 2, 3, and 4 (conden-
sing unit electric consumption by tes0 and Figures 5, 6, 7,
and 8 (blower unit electric consumption by tes0 was used
to derive Table 6, which is a comparison between the unit
power consumption for each of the four tests for a historical
year. This information is presented graphically in Figure 9.

Zoning with a no-thermostat setup (Test 2) used more
electricity for cooling than the system in a central con-
figuration (Test 1) with no thermostat setpoint scheduling.
The reason is that by having temperature control at three
points instead of just one, the air-conditioning unit was
more responsive to the house load¯ Since thermostat
scheduling was not used in Tests 1 and 2, it is reasonable
that the zoning system would use more electricity while
maintaining more comfortable indoor conditions.

Test 3 was the most aggressive energy-conserving
strategy¯ In addition to using the thermostat strategy as
specified in the test plan, this zoning strategy used fan
overrun. Thus, when the condensing unit cycled off, the
indoor blower continued to run based on indoor humidity
levels as specified in the test plan. Thus, air-conditioning
unit power consumption for Test 3 was only 75 % of that
for Test 1. Test 4 had the same thermostat control strategy
as Test 3 but did not have the blower overrun algorithm.
The air-conditioning unit power consumption was 84 % of
the power consumption used in Test 1. Thus, optimum
control of comfort conditions in different zones with no
regard to occupancy schedules comes at an energy penalty
of 120% of centrally sensed demands. Consideration of
occupancy schedules and indoor blower operating schedules
had an air-conditioning unit power consumption that was
75% of the consumption of the central system, and not
taking advantage of blower control strategies changed the
air-conditioning unit’s power consumption to 84% of the
power used by the condensing unit in the central mode¯

The total power used for cooling was less for Test 3
(blower overrun) than for Test 4 (no blower overrun). 
other parameters were held constant for this comparison.
Low R2 values for condensing unit power consumption
(0.77 for Test 23 and 0¯73 for Test 4), coupled with the low
R values for blower power consumption (0¯59 for Test 
and 0.46 for Test 4) make the margin of error greater than
the numerical difference seen between the tests. Both tests
were successful in maintaining indoor relative humidity
levels according to the test plan.

The high R2 values in Figures 1 and 2 indicate that
outside air temperature is a very strong predictor of air-
conditioning power consumption. However, since Test 3
and 4 use setback strategies, a daily ambient average
temperature is not as good a predictor of power consump-

2tion as indicated by the low R (Figures 3 and 4).

SUMMARY AND CONCLUSIONS

A zoned, forced-air system was designed using in-
dustry-accepted methods, and was installed in an unoc-
cupied research house. Instrumentation was installed to
allow evaluation of the delivered comfort and energy
performance of the system. A personal-computer-based data
acquisition system was set up to record data points. The
zoned-air delivery system was modified by deactivating the
zoning components to represent a conventional unzoned
system as a baseline for comparison.

1. Using conventional operation (central thermostat,
no zoning or thermostat control strategies) as 
baseline for energy consumption, three other tests
were conducted. Using the energy consumption for
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2727 29.9 0.0000

2861 30.1 0,0000

2869 30.2 O.O(XX)

2358 30.2 0.0000

2532 30.0 0.0000

2359 30.0 0.0000

1887 29.9 0~0000

227 29.9 0.0170

1349 29.9 0.2010

2820

7! 3.4

74 3.2

92 2.5

63

3

7/12 3 76

7/13 62 0,201o
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TABLE 5
Daily Ambient Weather Conditions for the Four Tests (continued)

3 72 86 2.3 143 29.9 0.0000

7/15 2 88 55 3.4 2695 29.9 0.0000

7/16 2 87 6~ 4,8 2674 30,0

7/17 2 86 77 5.4 2463 29.9

7/18 2 83 76 3.8 2765 29.9

7/19 2 79 86 5,3 1558 29.9

7/20 2 77 90 4.8 1806 30.0

7/21 2 78 88 7.5 1849 29.9

7/22 1 75 93 2.6 1243 30°0

7/23 1 74 84 3.7 1323 30.0

7/24 1 77 79 3.5 2699 29,9

7/25 1 79 72 3.1 2657 30.0

7/26 1 78 82 4.6 2282 30,0

7/27 1 73 92 2.6 1702 30.0

7/28 1 76 88 2.8 1960 30.1

7/29 1 83 74 4,1 2624 ~. 1

7/30 4 85 70 3.5 2686 30.0

7/31 4 83 74 2.4 2471 29°9

8/01 4 82 79 2.5 2337 30,0

8/02 4

8/o3 4

8/05

8/0~

8/07

8/0~

8/0~

8/lO

8/11

8/12

8/13

8/14

3

2

81

79

81

78

79

75

75

79

75

70

7~

3.1

3.9

4.3

5~3

2.9

2.8

2.7

3.2

3.0

4.7

4.7

4.9

6.8

7.7

2472

2794

2738

2408

2614

2583

2192

2448

2379

2783

2:~.44

30~1

30.2

30,2

29~9

29.9

30.0

30~1

30.1

30.0

0.~

0.~

0.01~

0.~

0.1~0

0.~

0.o370

0.81~

0.0170

0.~

0.~

0,1670

0.~

0.~

0,~

0,~

0.~

0,~

0.~

0.~

0.~

0.~

0,~

0,~

0.~

0,~

0.~

0.~
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F/gure ]

~0 65 70 75 80 85 90

ACTUAL

STAT Fff’

y.mx+b

m=279

AM~IENT AVERAGE 0ALLY TEMPERATURE (F)

Daily average condensing unit power con-
sumption for test 1. Test 1 was conventional
operation with no zoning, thermostat setup, or
blower modulation.

F/gure 2

60 65 70 75 80 85 gO

I S T,~T~Frr

I R ~q.~9~2

Daily average condensing unit power con-
sumption for test 2. Test 2 had zoning, blower
modulation, and no thermostat setup.

70 ~

ACTUAL

STAT.FIT

yomx÷b

40 ..: ...... ~ .......... i ......... ~ ...........,¢ ......... + ........

AMBIENT AVERAG~ OAI~y TEMPERAI~JP~ (F)

Figure 3 Daily average condensing unit power con- Figure 4
sumption for test 3. Test 3 had zoning, blower
modulation, and thermostat setup.

7O

ACTUAL I

~I~T AVE~ DALLY ~MPE~IU~

Daily average co~e~ing unit power con-
~umption for test 4. T~t 4 h~ zoning, blower
mod~ion ~ithoat ove~un, a~ rheostat
setup.

conventional operation (Test 1) as a baseline, the 2. Tests 3 and 4 were designed to measure how effee-
energy consumption for zoning ~th no the~0stat tire certain blower control strategies were at main-
control st~tegy (Test 2) was 120% of that for Test raining indoor humidity levels. Even though the
1. The energy consumption for zoning with ther-
mostat control strategies and blower control strat-
egies (Test 3) was 75 % of the energy consumption
of Test 1. The energy consumption for zoning with
thermostat control strategies but no blower strategy
was 84 % of the energy consumption of Test 1.

blower control strategy of Test 3 incorporated fan
overrun--and thus the potential to re-evaporate
moisture off the cooling coil--this effect was not
seen in the data collected. Less energy was con-
sumed in Test 3 than in Test 4. However, the
difference was not statistically significant.
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STAT~ff I

y-mx+b I

b~20 1

STAT.FIT

y.mx+b

m.O,2g

Figure 5

60 65 70 75 80 85 90

AMbiENT AVERAGE DALLY TEMPERATURE

Daily average blower power consumption for
test 1

Figure 6

60 65 70 75 80 85 90

AM~IENT AVERAGE DALLY TEMPERATURE (F)

Daily average blower power consumption for
test 2

Figure 7

AMBIENT AVERAGE DALLY TEMPERATURE (F)

Daily average blower power consumption for
test 3

Figure 8

i STAT FIT

60 65 70 75 80 85 90

AMBIENT AVERAGE DAtLY TEMPERATURE (F)

Daily average blower power consumption for
test 4

A strong correlation exists between ambient ab-
solute humidity and moisture removed from the
indoor air. This observation is useful since the
outdoor absolute humidity/indoor air condensate
removal relationship is another assessment of
infiltration. In addition, this relationship supplies
information that normalizes the effect of climatic
conditions on the effectiveness of the evaporator
coil in removing moisture from the indoor air.
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TABLE 6
Electrical Power Consumption of the Four Tests for a Historical Cooling Season

Test 1 Test 2 Test 3 Test 4

KWH % of KWH % of KWH % of KWH % of
total total total total

Condensing Unit 2010 82.5% 2488 84.6% 1570 86.3% 1605 78,6%
Power Consumption

Blower Power 424 17.5% 454 16,4% 250 13.7% 437 21.4%
Consumption

2434 2942 1819 2042Total Power used for
Typical Cooling
Season

Power Consumption
using Test 1 as the
Baseline

1 1~2 0,75
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