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Abstract:

An hourly simulation stuffy using DOE2.1E was conducted to determine the annual difference in

energy consumption between various ventilation options in different climates.
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AverageCharlotteChicago

$ @.09kW-h$ @.07kW-h$ @.11kW-hFan Energy
687535375582750   Multi-port exhaust or supply w/o tempering: 40 cfm continuous

10411529012841121019   Central-fan-integrated: 60 cfm intermittent @ 33%
363993752930269Difference

Cooling Energy
225250219527862442218   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
230255219728132522290   Central-fan-integrated: 60 cfm intermittent @ 33%

450227872Difference

$ @.025kW-h$ @.03kW-h$ @.02kW-hHeating Energy
2359416226753322611298   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
26710680234780727113553   Central-fan-integrated: 60 cfm intermittent @ 33%
3212658274452255Difference

$$$Net Annual Cost
513474552   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
578521635   Central-fan-integrated: 60 cfm intermittent @ 33%
654783Difference

hourshourshoursCentral Fan Operational Hours
202418082239   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
365436683639   Central-fan-integrated: 60 cfm intermittent @ 33%
163018601400Difference

AverageAverageAverage
duty cycleduty cycleduty cycleCentral Fan Average Hourly Duty Cycle

0.240.210.26   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
0.420.420.42   Central-fan-integrated: 60 cfm intermittent @ 33%
0.180.210.16Difference

Discussion of ventilation system energy performance and cost

An hourly simulation study using DOE2.1E was conducted to determine the annual difference in energy
consumption between various ventilation options in different climates.  Energy consumption and runtime
was evaluated for the ventilation fan, and heating and cooling equipment.  For the New Jersey climate, an
average of the results for Chicago and Charlotte may be used.  The simulated houses were insulated
according to the ASHRAE Standard 90.2, and the heating and cooling systems were sized according to
the ACCA Manual J procedure.

The focus here is a comparison between 1) a multi-port exhaust or supply system, continuously delivering
40 ft3/min of ventilation air; and 2) a central-fan-integrated supply system, intermittently supplying 60
ft3/min of ventilation air (33% duty cycle maintained with a fan recycling control).  The central-fan-
integrated system was simulated with ducts inside conditioned space (Table 1), and outside conditioned
space (Table 2).  In all cases, fan power was calculated as 0.35 W/cfm and 400 cfm per ton of cooling. 
The central system air handlers were 1000 cfm and 800 cfm for ducts in unconditioned and conditioned
space, respectively.  For multi-port supply systems, the outside air should be tempered with at least two
parts inside air, which would increase ventilation fan energy consumption from what is shown here.

In summary, the central-fan-integrated system cost $24/yr more to operate with ducts in conditioned
space and $65/yr more with ducts in unconditioned space.  The difference in first-cost was estimated at
$500 more for the multi-port exhaust or supply system due to installing a separate duct system.  Thus, the
multi-port exhaust or supply system has a simple payback between 8 and 21 years compared to the
central-fan-integrated system.  An added benefit of the central-fan-integrated system is periodic whole-
house mixing, which takes place due to the fan recycling control, and serves to smooth temperature,
humidity, and air quality conditions throughout the house providing improved comfort.

Table 1  Summary of DOE2.1E annual simulation data for ventilation systems with ducts in conditioned
space for the central-fan-integrated system
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AverageCharlotteChicago

$ @.09kW-h$ @.07kW-h$ @.11kW-hFan Energy
687535375582750   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
89987689701101004   Central-fan-integrated: 60 cfm intermittent @ 33%
212351521528254Difference

Cooling Energy
225250219527862442218   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
219243518726652432205   Central-fan-integrated: 60 cfm intermittent @ 33%

-6-67-8-121-1-13Difference

$ @.025kW-h$ @.03kW-h$ @.02kW-hHeating Energy
2359416226753322611298   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
2469837216720724912467   Central-fan-integrated: 60 cfm intermittent @ 33%
11422-10-326231169Difference

$$$Net Annual Cost
513474552   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
537471602   Central-fan-integrated: 60 cfm intermittent @ 33%
24-350Difference

hourshourshoursCentral Fan Operational Hours
202418082239   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
352534633587   Central-fan-integrated: 60 cfm intermittent @ 33%
150216551348Difference

AverageAverageAverage
duty cycleduty cycleduty cycleCentral Fan Average Hourly Duty Cycle

0.240.210.26   Multi-port exhaust or supply w/o tempering: 40 cfm continuous
0.410.400.41   Central-fan-integrated: 60 cfm intermittent @ 33%

Table 2  Summary of DOE2.1E annual simulation data for ventilation systems with ducts in conditioned
space for the central-fan-integrated system
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