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Yearly Housing Starts Past 3 Years Yearly Housing Starts Past 3 Years 

Northeast Midwest South West

2003 2002 2001

~45% in the South…
• Florida – 11%
• Texas – 10%
• Georgia – 6%

Source: NAHB
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Hot, Humid Climate DefinedHot, Humid Climate Defined

Receives 20+ inches of Receives 20+ inches of 
annual precipitation and annual precipitation and 
where one or both of the where one or both of the 
following occur:following occur:
•• A 67+A 67+°°F  wet bulb F  wet bulb 

temperature for 3,000+ hours temperature for 3,000+ hours 
during the warmest six during the warmest six 
consecutive months of the consecutive months of the 
year; or year; or 

•• A 73+A 73+°°F wet bulb temperature F wet bulb temperature 
for 1,500+ hours during the for 1,500+ hours during the 
warmest six consecutive warmest six consecutive 
months of the year.months of the year.

On the new DOE climate On the new DOE climate 
map, it is zones 1A and 2A map, it is zones 1A and 2A 
and the portion of 3A below and the portion of 3A below 
the white "warmthe white "warm--humid" line.humid" line.
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Typical moisture loadsTypical moisture loads

50 cfm of outside air 50 cfm of outside air 
~ 1.7 lbs/hour~ 1.7 lbs/hour
Four people Four people 
~ 1 lb/hour~ 1 lb/hour
Structural load Structural load 
~ 1 lb/hour~ 1 lb/hour

Total 3.7 lbs/hour or Total 3.7 lbs/hour or 
~ 88 lbs/day~ 88 lbs/day
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VentilationVentilation

The purpose of a residential The purpose of a residential 
ventilation system is to control ventilation system is to control 
odors and contaminants and indoor odors and contaminants and indoor 
levels of moisture. These goals levels of moisture. These goals 
must be achieved without causing must be achieved without causing 
discomfort to the occupants, discomfort to the occupants, 
without unduly increasing the without unduly increasing the 
operating cost of the house, and operating cost of the house, and 
without adversely affecting the without adversely affecting the 
building envelope or the operation building envelope or the operation 
of other mechanical systems.of other mechanical systems.
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VentilationVentilation

We take about We take about 
20,000 breaths 20,000 breaths 
everyday & breathe everyday & breathe 
in up to 200 million in up to 200 million 
particles. particles. 
Improve IAQImprove IAQ
•• Remove sourcesRemove sources
•• Ventilate

Filter

Dehumidify

Purify

Illustrations © Copyright Lennox Industries Inc., 1999

Ventilate
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Manufactured Housing Lab and Manufactured Housing Lab and 
Training FacilityTraining Facility
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MHLab FeaturesMHLab Features

1600 ft2 1600 ft2 —— 3Bedroom/2Bath HUD3Bedroom/2Bath HUD--code homecode home
Energy Star compliant Energy Star compliant –– HERS 88.3HERS 88.3
Two separate HVAC (properly sized) and tight duct Two separate HVAC (properly sized) and tight duct 
systemssystems
•• Package HVAC system Package HVAC system –– ducts in atticducts in attic
•• Split HVAC system Split HVAC system –– ducts in floorducts in floor

Computer controlled occupancy simulationComputer controlled occupancy simulation
Automated data collectionAutomated data collection
Solar ready roof trussesSolar ready roof trusses
Central vacuum cleanerCentral vacuum cleaner
Gossamer ceiling fansGossamer ceiling fans
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Ventilation Strategies 2003Ventilation Strategies 2003

NoneNone
•• June 3 June 3 –– June 12June 12

Spot ExhaustSpot Exhaust
•• May 16 May 16 –– June 1June 1

50 cfm OA to AHU coil50 cfm OA to AHU coil
•• Tstat control Tstat control -- operates w/ ahuoperates w/ ahu
•• June 17 June 17 –– June 29June 29

50 cfm OA to Dehumidifier50 cfm OA to Dehumidifier
•• Tstat control Tstat control -- operates w/ ahuoperates w/ ahu
•• July 3 July 3 –– July 14July 14

50 cfm OA to AHU coil50 cfm OA to AHU coil
•• Fan Fan cyclercycler control 20 off/10 oncontrol 20 off/10 on
•• July 16 July 16 –– July 30July 30

Balanced ERV (R1)Balanced ERV (R1)
•• Cross flow fixedCross flow fixed--plate enthalpic heat plate enthalpic heat 

exchanger w/proprietary resinexchanger w/proprietary resin--media media 
compositecomposite

•• August 1 August 1 –– August 13

Balanced ERV (R2)Balanced ERV (R2)
•• Patented Rotary Random Matrix Patented Rotary Random Matrix 

Polymer heat exchangerPolymer heat exchanger
•• August 15 August 15 –– September 2September 2

No vent No vent –– Package AC unitPackage AC unit
•• Attic ductsAttic ducts
•• September 3 September 3 –– September 11September 11

50 cfm OA to AHU coil50 cfm OA to AHU coil
•• Humidistat controlled AHU blower speedHumidistat controlled AHU blower speed
•• September 13 September 13 –– September 28September 28

No Sims No Sims –– AC onlyAC only
•• September 29 September 29 –– December 30 December 30 

August 13



EEBA 2004

Basic SetupBasic Setup
(common to all vent strategies)(common to all vent strategies)

•• Cooling setpoint = 75Cooling setpoint = 75°°FF
•• Split system with floor Split system with floor 

ductsducts
•• SEER 12 equipmentSEER 12 equipment

•• Simulated livingSimulated living
•• Cooking, showers, Cooking, showers, 

lights, dishwasher, lights, dishwasher, 
occupantsoccupants

•• Sensible added = 70 Sensible added = 70 
kBtu/daykBtu/day

•• Latent added = 20 lb Latent added = 20 lb 
HH22O/dayO/day
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Spot Exhaust Spot Exhaust May 16 May 16 –– June 1June 1

Kitchen range exhaust ~100 Kitchen range exhaust ~100 
cfmcfm
Bathroom exhaust ~50 cfmBathroom exhaust ~50 cfm
Quiet fans > $200Quiet fans > $200
AdvantageAdvantage
•• Removes excess moisture & Removes excess moisture & 

pollutants at sourcepollutants at source
DisadvantageDisadvantage
•• Does not provide ventilation air Does not provide ventilation air 

to desired spacesto desired spaces
•• Controls and quiet can be Controls and quiet can be 

expensive expensive 



EEBA 2004

OA to AHU OA to AHU June 17 June 17 –– June 29June 29

50 cfm outside air50 cfm outside air
Ventilation air delivery based Ventilation air delivery based 
on air handler unit (ahu) runon air handler unit (ahu) run--
time.time.
Outside air delivered to ahu.Outside air delivered to ahu.
AdvantageAdvantage
•• Lowest installed cost (~$200)Lowest installed cost (~$200)
•• Simple operation Simple operation –– no occupant no occupant 

intervention requiredintervention required
DisadvantageDisadvantage
•• Induction of outside air based on Induction of outside air based on 

air handler fan operation which air handler fan operation which 
may result in overmay result in over--venting during venting during 
the day & underthe day & under--venting at night.venting at night.

Supply Air
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Return Air

AHU
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OA to Dehumidifier OA to Dehumidifier July 3 July 3 –– July 14July 14

Ventilation air delivery based on Ventilation air delivery based on 
air handler unit (ahu) runair handler unit (ahu) run--time time 
50 cfm outside air delivered to 50 cfm outside air delivered to 
dehumidifier intakedehumidifier intake
40pint/day capacity40pint/day capacity
~ $400+ Installed cost (excludes ~ $400+ Installed cost (excludes 
OA ductwork) OA ductwork) 
AdvantageAdvantage
•• Provides good humidity controlProvides good humidity control
•• Dehumidifies both outside air and Dehumidifies both outside air and 

house airhouse air
DisadvantageDisadvantage
•• Adds heatAdds heat
•• Can be noisyCan be noisy
•• Longevity concernsLongevity concerns
•• Operational costsOperational costs
•• Hard to adjust for optimum settingHard to adjust for optimum setting
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AHU AHU w/Aircylerw/Aircyler™™ July 16 July 16 –– July 30July 30

Ventilation air delivery Ventilation air delivery 
controlled by Aircyclercontrolled by Aircycler™™
controllercontroller
•• 20 minutes off / 10 minutes on20 minutes off / 10 minutes on

50 cfm outside air to ahu50 cfm outside air to ahu
~$200 (excludes OA ductwork)~$200 (excludes OA ductwork)
AdvantageAdvantage
•• Provides ventilation when cooling Provides ventilation when cooling 

load satisfiedload satisfied
•• Periodic mixing of house airPeriodic mixing of house air

DisadvantageDisadvantage
•• When tend to increase interior When tend to increase interior 

relative humidityrelative humidity
•• Uses a large energy fan
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Energy Recovery VentilationEnergy Recovery Ventilation
AdvantagesAdvantages
•• Operating costOperating cost
•• Reduces the ventilation load on Reduces the ventilation load on 

the air conditioning systemthe air conditioning system
•• Capable of balanced or slight Capable of balanced or slight 

positive pressure positive pressure 
•• Ventilation independent of Ventilation independent of 

heating/air conditioning systemheating/air conditioning system
Disadvantages Disadvantages 
•• Installed cost more than six times Installed cost more than six times 

that of the standthat of the stand--alone alone 
dehumidifiersdehumidifiers

•• Humidity control performance is Humidity control performance is 
dependent on dependent on 

•• Occupant numbers & behavior Occupant numbers & behavior --
internal moisture generation & internal moisture generation & 
use of spot ventilationuse of spot ventilation

•• Crossing Crossing airstreamairstream vapor vapor 
pressure differencepressure difference
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Humidistat Controlled FanHumidistat Controlled Fan

Ventilation air delivery based Ventilation air delivery based 
on air handler unit (ahu) runon air handler unit (ahu) run--
time time 
50 cfm outside air50 cfm outside air
~ $100+ Installed cost ~ $100+ Installed cost 
(excludes OA ductwork)(excludes OA ductwork)
AdvantagesAdvantages
•• Automatically varies fan speed Automatically varies fan speed 

based on humiditybased on humidity
•• High speed for better sensible High speed for better sensible 

controlcontrol
•• Low speed for enhanced latent Low speed for enhanced latent 

removalremoval
DisadvantagesDisadvantages
•• Reduces equipment efficiencyReduces equipment efficiency
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Some Some 
Preliminary ResultsPreliminary Results
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Measured Air Change RatesMeasured Air Change Rates
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Relative Humidity StatsRelative Humidity Stats

Table 2. Interior relative humidity statistics for various vent Table 2. Interior relative humidity statistics for various vent strategiesstrategies
Case 6 Case 6 Case 1 Case 1 

NoneNone
Case 2 Case 2 
SpotSpot

Case 3 Case 3 
OAOA

Case 4 Case 4 
DehumidDehumid

Case 5 Case 5 
10/20 10/20 ERV1ERV1 ERV2ERV2

MeanMean 46.146.1 49.249.2 49.549.5 47.947.9 49.049.0 47.847.8 47.247.2 45.745.7
Std DeviationStd Deviation 1.2721.272 1.4711.471 1.6731.673 0.8450.845 1.2311.231 2.1942.194 2.1082.108 3.073.07

RangeRange 11.211.2 16.316.3 7.47.4 4.84.8 12.112.1 20.620.6 13.713.7 21.721.7
MinimumMinimum 42.142.1 38.838.8 45.845.8 46.246.2 46.346.3 44.244.2 39.339.3 39.739.7
MaximumMaximum 53.353.3 55.255.2 53.253.2 51.051.0 58.458.4 64.864.8 53.053.0 61.461.4

Case 7 Case 7 
HstatHstat
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∆∆TempTemp & Power& Power

Table 3. Cooling and ventilation power (watts) usage as a functiTable 3. Cooling and ventilation power (watts) usage as a function of on of 
temperature difference across the building envelopetemperature difference across the building envelope

Case 6Case 6∆∆TempTemp
((°°F)F)

Case 1 Case 1 
None None 

Case 2 Case 2 
SpotSpot

Case 3Case 3
OAOA

Case 4 Case 4 
DehumidDehumid

Case 5 Case 5 
10/2010/20 ERV1ERV1 ERV2ERV2

--55 487487 499499 475475 499499 411411 459459 367367 526526
00 924924 911911 949949 10461046 863863 915915 880880 10061006
55 13611361 13241324 14241424 15921592 13151315 13701370 13931393 14851485

1515 22362236 21502150 23722372 26852685 22192219 22802280 24182418 24432443

Case 7 Case 7 
HstatHstat
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Some new stuffSome new stuff
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Condensation in FloridaCondensation in Florida



EEBA 2004

Gainesville, Florida
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Effect of Outside Air on Interior Effect of Outside Air on Interior 
Apartment Humidity in FloridaApartment Humidity in Florida

Testing done in Testing done in 
response to request by response to request by 
builder.builder.
Condensation on many Condensation on many 
of the lower windows in of the lower windows in 
wintertime wintertime –– especially especially 
North side.North side.
2 unoccupied units 2 unoccupied units 
supplied for testing.supplied for testing.
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AHU & Ventilation DuctAHU & Ventilation Duct

4 inch duct terminates 4 inch duct terminates 
in the return plenum of in the return plenum of 
the air handlerthe air handler
Approx 20 cfm when Approx 20 cfm when 
unit operatesunit operates
Thermostat set @ 70FThermostat set @ 70F
~ 1 gallon water added ~ 1 gallon water added 
daily to simulate daily to simulate 
occupancyoccupancy
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Winter ResultsWinter Results
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Summer ResultsSummer Results
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RecommendationsRecommendations

1. Bathroom vent fans should be on the same switch circuit as the bathroom light. 
2. All NORTH SIDE apartments BELOW THE TOP FLOOR should be pre-configured 

for dehumidifier installation.
3. Average RH levels during both winter and summer periods were slightly higher than 

recommended.  Supplemental dehumidification be installed in order to obtain an 
average of 55% or lower interior RH. 

4. Kitchen range vent hoods should be vented to outdoors. 
5. Air Conditioning units should be “right-sized” to better condition the space. TDR’s

(Time Delay Relays) if present should be disabled to prevent the re-evaporation of 
moisture that has condensed on the evaporator coils. 

6. The vented attic over the entry foyers should be separated from the floor cavity with 
an air barrier and the resulting area insulated. 

7. The seam at the point were the boots penetrate the ceiling should be sealed prior to 
the installation of the supply register. Mastic has proven effective. 

8. Bedrooms should have appropriately sized return air pathways installed to insure 
proper pressurization WRT the living area and main return. 

9. The humidity controllers used in some dehumidifiers may be quite inaccurate and 
have a large dead band..  Proper testing/calibration of the humidistat is essential in a 
reheat system and also important for stand alone dehumidification. 

10. Occupant education
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www.fsec.ucf.eduwww.fsec.ucf.edu
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Thank YouThank You
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