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High Performance HousingHigh Performance Housing

30% - 70% energy savings from efficiency and 
renewables
Excellent comfort
Outstanding indoor air quality
Durable and low maintenance
Disaster resistant (strong and leak free)
Resource efficient (“Green”)
Marketable



4,250 sq. ft.               Leads- Hoak, Chasar

Case Study: The Hoak Residence



Ducts in conditioned space in Ducts in conditioned space in 
unventedunvented atticattic



Bonus room resulting from 
unvented attic



Heat Pump Water HeaterHeat Pump Water Heater

Provides hot water
Integrated with house 
cooling system to take 
advantage of free 
cooling and 
dehumidification 
provided by the HPWH



Two SideTwo Side--byby--side houses in side houses in 
Lakeland, FLLakeland, FL

In 1998 FSEC monitored 
the performance of two 
houses. The full 
featured zero energy 
house saved 70% in 
cooling energy.
The Hoak residence 
compares favorably to 
the  zero energy home 
as seen in data on next 
slide



Normalized Energy Use



High Performance BuildingsHigh Performance Buildings

A Few Critical ElementsA Few Critical Elements

“Making the Invisible Visible”““Making the Invisible VisibleMaking the Invisible Visible””



Applied Building ScienceApplied Building Science

Theory & applications Theory & applications 
High performance buildingsHigh performance buildings

EnvelopeEnvelope
MechanicalsMechanicals

PromotingPromoting
Indoor air quality, Indoor air quality, 
Durability, Durability, 
Comfort, and Comfort, and 
Energy efficiencyEnergy efficiency



Element ManagementElement Management
Manage the WaterManage the Water

Keep liquid water out of buildingKeep liquid water out of building
Control water vaporControl water vapor

Manage the AirManage the Air
Produce dry air inside the buildingProduce dry air inside the building
Direction of air flow (positive pressure)Direction of air flow (positive pressure)
Control contaminantsControl contaminants

Manage the Heat (Energy)Manage the Heat (Energy)
Building envelopeBuilding envelope
Windows & lightingWindows & lighting
Heating, Cooling & Ventilation systemsHeating, Cooling & Ventilation systems
Parasitic loadsParasitic loads
Alternate energy sourcesAlternate energy sources
Testing & CommissioningTesting & Commissioning



Material SelectionsMaterial Selections

Health & Safety
Building Durability

Comfort
Energy efficiency



The MixThe Mix

ConstructionConstruction OccupancyOccupancy

SiteSite
Sand & sunSand & sun

StructureStructure
Sticks & bricksSticks & bricks

EquipmentEquipment
Fans & furnacesFans & furnaces

FinishingsFinishings
Carpets & cabinetsCarpets & cabinets
Pastes & paintsPastes & paints

PeoplePeople
Off gassersOff gassers

FurnishingsFurnishings
SpongesSponges

Plants & PetsPlants & Pets
What can I What can I 
saysay……



And It Should Be Able ToAnd It Should Be Able To……

ControlControl……
Heat flowHeat flow
Air flowAir flow
Moisture flowMoisture flow
Rain penetrationRain penetration
Light & solar gainLight & solar gain
NoiseNoise

Be durableBe durable
Provide strength & rigidityProvide strength & rigidity



Thoughts On Design PrioritiesThoughts On Design Priorities

“When designing a building’s 
envelope and its interaction with 
the mechanical system, 
temperature, humidity, rain, and 
the interior climate often are 
ignored.  The focus for the 
building may be more on 
aesthetics and cost than on 
performance.”

““When designing a buildingWhen designing a building’’s s 
envelope and its interaction with envelope and its interaction with 
the mechanical system, the mechanical system, 
temperature, humidity, rain, and temperature, humidity, rain, and 
the interior climate often are the interior climate often are 
ignored.  The focus for the ignored.  The focus for the 
building may be more on building may be more on 
aesthetics and cost than on aesthetics and cost than on 
performance.performance.””

“Moisture Control For Buildings”
By Joseph “Joe” Lstiburek, Ph.D, P.Eng.



Manage the AirManage the Air



Movement of AirMovement of Air

WindWind

Stack EffectsStack Effects

Mechanical SystemsMechanical Systems

Air + hole + driving Air + hole + driving 
force = airflowforce = airflow
1 cfm in = 1 cfm out1 cfm in = 1 cfm out
High to LowHigh to Low

Air PressureAir Pressure
TemperatureTemperature
Vapor PressureVapor Pressure



Hot air risesHot air rises

Cold air fallsCold air falls



Uncontrolled Air FlowUncontrolled Air Flow

Air moving across the building Air moving across the building 
envelope or between zones or envelope or between zones or 
cavities of the building, where cavities of the building, where 
the pathways of flow, the the pathways of flow, the 
direction of flow, and the origin direction of flow, and the origin 
of the air are unknown, of the air are unknown, 
unspecified, or unintended.unspecified, or unintended.

InIn--between floor spaces are between floor spaces are 
used as chases for plumbing, used as chases for plumbing, 
ductwork and wiring.  Batted ductwork and wiring.  Batted 
insulation is not an air barrier insulation is not an air barrier 
and typically is moved.and typically is moved.



Air Leakage: Two VariablesAir Leakage: Two Variables

AirtightnessAirtightness of the of the 
building (hole building (hole 
size)size)

Pressure Pressure 
differential across differential across 
the leak sitethe leak site



WhatWhat’’s UAF?  s UAF?  (Uncontrolled Air Flow)(Uncontrolled Air Flow)

There are four primary forms of There are four primary forms of 
UAFUAF

Duct leakageDuct leakage
Restricted return airRestricted return air
Unbalanced exhaust/makeUnbalanced exhaust/make--up airup air
Excessive building envelope leakageExcessive building envelope leakage



Manage the Air:Manage the Air:

Duct leakageDuct leakage



Ducts and UAF?Ducts and UAF?

Duct leakage Duct leakage ––
Air leaks out of or Air leaks out of or 
into ductsinto ducts

Actively when fan onActively when fan on
Passively Passively –– itit’’s a hole!s a hole!

May cause pressure May cause pressure 
differences which differences which 
moves air across the moves air across the 
building envelopebuilding envelope
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Causes of Duct LeaksCauses of Duct Leaks
Use of sealing Use of sealing 
materials which materials which 
are not durable are not durable 
over timeover time
Improper Improper 
application of application of 
sealing materialssealing materials
Building cavities Building cavities 
used as a ductused as a duct
Lack of duct Lack of duct 
supportsupport

Failure to isolate Failure to isolate 
plenum cavities plenum cavities 
from adjoining from adjoining 
building structurebuilding structure
Exposure to UVExposure to UV
Rodent/human Rodent/human 
damagedamage
Poor design Poor design 
(diapered ducts)(diapered ducts)
WorkmanshipWorkmanship



Supply Duct LeakSupply Duct Leak

More tape, more tapeMore tape, more tape……



Florida Ducts Florida Ducts -- ResidenceResidence

Sweaty ductsSweaty ducts

Duct leakDuct leak



Duct System Duct System ““BootBoot”” LeaksLeaks



Air Handler HolesAir Handler Holes



Air handler leaksAir handler leaks
Wire & refrigerant line penetrations and panel seamsWire & refrigerant line penetrations and panel seams



Duct Leakage/Air HandlersDuct Leakage/Air Handlers

Seeing is Seeing is 
believingbelieving……..
Air handlers do Air handlers do 
this when this when insideinside
What about What about 
AHUsAHUs in attics?in attics?
Current tests Current tests 
show ~35 show ~35 cfmcfm
leakageleakage



Return Duct LeakageReturn Duct Leakage

OoopsOoops……forgot to forgot to 
attach a duct or 2attach a duct or 2



Duct Connection Errors Duct Connection Errors 

Inner liner (air duct) shown 
without outer insulation jacket

Plastic tie strap provides 
mechanical fastening only

Metal collar not sealed

Screw attachment



Good DuctsGood Ducts
Mechanical FasteningMechanical Fastening

AllAll joints between sections of air ducts & joints between sections of air ducts & 
plenums, intermediate & terminal fittings & plenums, intermediate & terminal fittings & 
other components fastened to secure other components fastened to secure 
sections independently of the closure sections independently of the closure 
system.system.
Approved attachments includeApproved attachments include……

Fibrous glass duct Fibrous glass duct -- clinching staplesclinching staples
Flexible duct Flexible duct -- drawbandsdrawbands
Sheet metal duct Sheet metal duct -- screws, rivets, welds, screws, rivets, welds, 
interlocking jointsinterlocking joints
Metal to fibrous glass duct Metal to fibrous glass duct -- bend taps or bend taps or 
screw taps and flangesscrew taps and flanges

Section 603 – Florida Mechanical Code



Good Ducts (cont.)Good Ducts (cont.)

Air SealedAir Sealed
Seal(ingSeal(ing): The use of welds, mastics, ): The use of welds, mastics, 
mastic+embedded fabric, adhesives, caulking, mastic+embedded fabric, adhesives, caulking, 
gaskets, pressure sensitive tapes, heat activated gaskets, pressure sensitive tapes, heat activated 
tapes, or combination, to close cracks, joints, seams tapes, or combination, to close cracks, joints, seams 
and openings in the air barrier.and openings in the air barrier.
Air Barrier: A material which impedes or restricts the Air Barrier: A material which impedes or restricts the 
free movement of air.free movement of air.

Fibrous glass duct Fibrous glass duct -- the the foil claddingfoil cladding
Flexible nonFlexible non--metal duct metal duct -- the the nonnon--porous coreporous core
Sheet metal duct Sheet metal duct -- metal in contactmetal in contact with air with air 
streamstream
Air handler units Air handler units -- metal in contactmetal in contact with air streamwith air stream

Section 603 – Florida Mechanical Code



http://epb1.lbl.gov/EPB/ducts/

Feds Spy On Duct TapeFeds Spy On Duct Tape



This is a Good Leak?This is a Good Leak?



The Norm: Ducts in The Norm: Ducts in 
Unconditioned SpacesUnconditioned Spaces

Losses and Risks?Losses and Risks?
IAQ IssuesIAQ Issues
Durability LossesDurability Losses
Conductive gains/lossesConductive gains/losses
Duct Leakage Duct Leakage 

ConsequencesConsequences
Increased machine run Increased machine run 
time time 

Durability & CostDurability & Cost
Unplanned air exchangeUnplanned air exchange

Extreme thermal Extreme thermal 
conditionsconditions
Mold, Condensation, & Mold, Condensation, & 
RotRot
Allergens & IrritantsAllergens & Irritants



Reducing the Impact of Ducts Reducing the Impact of Ducts 
in Unconditioned Spacesin Unconditioned Spaces

Sealed and Insulated Ducts: Sealed and Insulated Ducts: 
continuous thermal barrier and continuous thermal barrier and 
sealed with mastic and mesh sealed with mastic and mesh 
including the return plenumincluding the return plenum..

Unvented Attics and Crawlspaces Unvented Attics and Crawlspaces 
–– move the air and thermal move the air and thermal 
barriers to the other side of the barriers to the other side of the 
air distribution systemair distribution system

Interior Duct Systems Interior Duct Systems –– move the move the 
air distribution system to the air distribution system to the 
inside of the houseinside of the house’’s thermal and s thermal and 
air barriers.air barriers.



Interior Ducts Interior Ducts -- SchematicSchematic



Interior Duct Chase:Interior Duct Chase:
Air Barrier in PlaceAir Barrier in Place
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Manage the Air:Manage the Air:

Restricted return air







Return Air Path NeededReturn Air Path Needed

AHUAHUReturnReturn Supply ductSupply ductSupply duct
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Chuck Withers, FSEC

Depressurized zoneDepressurized zone

Pressurized zonePressurized zone

Main Body Closed Room



Transfers provide pathwaysTransfers provide pathways

AHUAHUReturnReturn Supply ductSupply ductSupply duct

C
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ayAdding a transfer vent or duct

will relieve pressure.

Chuck Withers, FSEC

Section 601.4 – Florida Mechanical Code
Pressure difference less 

than 2.5 pascals



Door Closure EffectDoor Closure Effect



Manage the Air:Manage the Air:

Unbalanced exhaust & 
make-up air



Exhaust Fan Depressurization Exhaust Fan Depressurization 



So what is wrong with this?So what is wrong with this?
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Changes in planned airflow 
across the building envelope –
creates pressure imbalances



Uncontrolled VentilationUncontrolled Ventilation

••Rooftop exhaust ventilators run 24/7 Rooftop exhaust ventilators run 24/7 
pulling from each unit.pulling from each unit.
••““MakeMake--upup”” air provided through holes to air provided through holes to 
the exterior.the exterior.
••Warm moist air condenses on cool Warm moist air condenses on cool 
interior surfacesinterior surfaces



The Attempt to ControlThe Attempt to Control

••Four 50 pint per Four 50 pint per 
day dehumidifiers day dehumidifiers 
operate 24/7operate 24/7

••Almost able to Almost able to 
control interior RH control interior RH 
to 50to 50--55% with 55% with 
interior temp in low interior temp in low 
to mid 70sto mid 70s



Manage the Air:Manage the Air:

Excessive buildingExcessive building
envelope leakageenvelope leakage



Between floors exposed to atticBetween floors exposed to attic







Manage the HeatManage the Heat



Movement of HeatMovement of Heat

Radiation

Convection

Conduction

Heat moves from Heat moves from 
areas of higher areas of higher 
temperature to areas temperature to areas 
of lower temperatureof lower temperature
3 types of heat flow3 types of heat flow

ConductionConduction
ConvectionConvection
RadiationRadiation

Insulation is Insulation is 
designed to resist designed to resist 
heat flowheat flow



Thermal insulations Thermal insulations 
can be can be 

fibrous, fibrous, 
particulate, particulate, 
film or sheet, film or sheet, 
block or monolithic, block or monolithic, 
openopen--cell or closedcell or closed--
cell, or cell, or 
composites of these composites of these 
materials that can materials that can 
be chemically or be chemically or 
mechanically bound mechanically bound 
or supported. or supported. 

Thermal InsulationThermal Insulation



CarefulCareful installationinstallation of of 
all insulating systems are all insulating systems are 
essentialessential for good for good 
performanceperformance

~Or~~Or~

If it looks sloppy, then so If it looks sloppy, then so 
will be the performance.will be the performance.



Insulation AnomaliesInsulation Anomalies



Ah, nothing like 
an infrared 

camera! 

Look at the time



How To Void Insulation EffectivenessHow To Void Insulation Effectiveness
–– Move Some Air Through ItMove Some Air Through It



KneewallsKneewalls, Good & Bad, Good & Bad
The best approach to knee walls is to apply a rigid backing of OThe best approach to knee walls is to apply a rigid backing of OSB, SB, 
plywood, sheetrock or plywood, sheetrock or ThermoplyThermoply™™. The backing will assist the . The backing will assist the 
insulation installer to properly hang insulation installer to properly hang battsbatts at this critical interface. at this critical interface. 
The backing secures the insulation and creates a tighter cavity The backing secures the insulation and creates a tighter cavity that that 
will produce a better performing assembly.will produce a better performing assembly.

Source: Source: SystemVisionSystemVision™™ Technical Bulletin F6Technical Bulletin F6



Complex areas like Complex areas like 
kneewalls and kneewalls and 
vaulted ceiling vaulted ceiling 
intersections intersections 
must be prepared must be prepared 
before insulatingbefore insulating





Air & Thermal Barrier ProximityAir & Thermal Barrier Proximity

Best to cap all dropped Best to cap all dropped 
ceilings during the ceilings during the 
framing stage with OSB, framing stage with OSB, 
plywood, sheetrock or plywood, sheetrock or 
ThermoThermo--ply.ply.
Insulation can be easily Insulation can be easily 
run across the framerrun across the framer--
installed cap.installed cap.
Assures tighter house & Assures tighter house & 
insulation that performs.insulation that performs.

Source: Source: SystemVisionSystemVision™™ Technical Bulletin F4Technical Bulletin F4















Manage the WaterManage the Water



Insight into various Insight into various 
humidity sources humidity sources 

and strengthsand strengths



Humidity: Sources & StrengthsHumidity: Sources & Strengths
Moisture in buildings comes form only 5 Moisture in buildings comes form only 5 
general sourcesgeneral sources

Construction materials (just add water)Construction materials (just add water)
Interior activities (people)Interior activities (people)
Immediate surrounding exterior (water vapor)Immediate surrounding exterior (water vapor)
AboveAbove--grade environment (liquid water)grade environment (liquid water)
Adjacent soils (what the building sits on or in)Adjacent soils (what the building sits on or in)

If properly constructed and operated, the If properly constructed and operated, the 
largest single moisture source is from the largest single moisture source is from the 
peoplepeople’’s respiration and perspiration, for a s respiration and perspiration, for a 
family of four, 10 family of four, 10 –– 13 pints per day.13 pints per day.

Christian, J. 1994. Moisture sources. In: Moisture Christian, J. 1994. Moisture sources. In: Moisture 
Control in Buildings, (ed) Control in Buildings, (ed) TreschelTreschel, H. ASTM manual , H. ASTM manual 
series MNL 18. 485 p. series MNL 18. 485 p. 



Where Does All That Water Come From?Where Does All That Water Come From?

Total daily load can be as much as Total daily load can be as much as 4242 pints/day first year of pints/day first year of 
constructionconstruction

PeoplePeople: respiration & perspiration: respiration & perspiration
0.03 to 0.6 pint/day depending on activity0.03 to 0.6 pint/day depending on activity

CombustionCombustion (cooking, unvented fireplaces, etc.)(cooking, unvented fireplaces, etc.)
Natural gas: 1 gallon per 100K Btu inputNatural gas: 1 gallon per 100K Btu input
LPG: 1 gallon per gallon burned (110K Btu input)LPG: 1 gallon per gallon burned (110K Btu input)

ActivitiesActivities
Cooking Cooking –– 2.1 pint/day2.1 pint/day
Cleaning (mopping) Cleaning (mopping) –– 0.03 pint/ 0.03 pint/ sqftsqft
Personal hygiene (incl. showers & baths) Personal hygiene (incl. showers & baths) -- 1.3 pint/day1.3 pint/day

AccoutrementsAccoutrements
Plants 0.25 Plants 0.25 -- 0.8 pint/day/plant0.8 pint/day/plant
Aquariums (~5sqft surface) Aquariums (~5sqft surface) -- 0.3 pint/hour0.3 pint/hour

ConstructionConstruction ((““averageaverage”” house) house) 
First year: 21 pints/day First year: 21 pints/day –– Second year: 10 pints/daySecond year: 10 pints/day
Lumber Lumber –– 423 pints released423 pints released
Concrete Concrete –– 146 pints / cubic yard146 pints / cubic yard

5000 pints released5000 pints released



3 Strategies To Minimize Risk3 Strategies To Minimize Risk

Various strategies can be Various strategies can be 
implemented to minimize the risk implemented to minimize the risk 
of moisture damage. The strategies of moisture damage. The strategies 
fall into the following three groups:fall into the following three groups:

Control of moisture entry,Control of moisture entry,
Control of moisture accumulation, andControl of moisture accumulation, and
Removal of moistureRemoval of moisture..

These are best used in These are best used in 
combination. combination. 



How To BeginHow To Begin
Drain the waterDrain the water
Drain the waterDrain the water
Drain the waterDrain the water

Drain the site.Drain the site.
Drain the building.Drain the building.
Drain the assembly.Drain the assembly.
Drain the opening.Drain the opening.
Drain the component.Drain the component.
Drain the materialDrain the material..

Drainage is the key to rain/groundDrainage is the key to rain/ground--water controlwater control
In other words, drain everything.In other words, drain everything.



And ThenAnd Then……

If it gets wet If it gets wet –– let it dry.let it dry.
Make it tightMake it tight——You cannot control You cannot control 
air until you enclose air.air until you enclose air.
Control the airflow direction by Control the airflow direction by 
pressurizing (if it makes sense to pressurizing (if it makes sense to 
do so).do so).
Ventilate and control humidity.Ventilate and control humidity.



The Four D's of
Wall Design

Deflection

Drainage
Drying
Durability

The Four D's of
Wall Design

Deflection

Drainage
Drying
Durability

Four DFour D’’ss



Drain the WaterDrain the Water

The fundamental principle of The fundamental principle of 
water management is to water management is to 
shed water by layering shed water by layering 
materials in such a way materials in such a way 
that water is directed that water is directed 
downwards and outwards downwards and outwards 
out of the building or out of the building or 
away from the building. away from the building. 
The key to this The key to this 
fundamental principle is fundamental principle is 
drainage.drainage.

From: EEBA Water Management GuideFrom: EEBA Water Management Guide



Slope Away From BuildingSlope Away From Building
KickKick--out flashings out flashings 
direct water away direct water away 
from walls at roof/wall from walls at roof/wall 
intersections.intersections.
Patios & decks lower Patios & decks lower 
than floorsthan floors
Grade lower than Grade lower than 
main floormain floor
Stoops and walkways Stoops and walkways 
lower than main floorlower than main floor
Garage floor lower Garage floor lower 
than main floorthan main floor
Driveway lower than Driveway lower than 
garage floorgarage floor

From: EEBA WATER MANAGEMENT GUIDE

From: EEBA Water Management GuideFrom: EEBA Water Management Guide



Building Water BarrierBuilding Water Barrier

Provide sections Provide sections 
showing liquid showing liquid 
water barrier water barrier 
continuity around continuity around 
the entire building the entire building 
including roofs, including roofs, 
walls, windows, walls, windows, 
doors and doors and 
foundationsfoundations



Component Water BarrierComponent Water Barrier

Provide typical Provide typical 
details for liquid details for liquid 
water continuity water continuity 
at intersections at intersections 
between two or between two or 
more building more building 
elements (e.g. elements (e.g. 
windowswindows--walls, walls, 
skylightskylight--roofs, roofs, 
roofroof--walls)walls)
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Do You Remember?Do You Remember?

Hurricane JeanneHurricane Jeanne
(Sept 13(Sept 13--28, 2004)28, 2004)



Rainwater Management Performance
Prepared for the Home Builders Association of Metro Orlando and the Florida Home Builders

www.buildingscience.com/resources/walls/rainwater_management.pdfwww.buildingscience.com/resources/walls/rainwater_management.pdf



And in Real LifeAnd in Real Life……..



Flashing Flashing –– Drain AwayDrain Away

Source: APA Source: APA –– The Engineered Wood AssociationThe Engineered Wood Association



OoopsOoops-- A Water CatcherA Water Catcher



All the right pieces All the right pieces –– just misplacedjust misplaced



Manufactured Housing DamageManufactured Housing Damage

CeilingsCeilings FloorsFloorsWallsWalls

Can we learn from these water vapor problems?Can we learn from these water vapor problems?



Why Were We There?Why Were We There?
Repeat repairs resulting Repeat repairs resulting 
in reoccurring reports of in reoccurring reports of 
retrogressingretrogressing

Going back again and Going back again and 
again to repair a problem again to repair a problem 
that just wonthat just won’’t go awayt go away
Current Repair strategyCurrent Repair strategy

Replace damage material Replace damage material 
with same productwith same product
Look for water leaksLook for water leaks
Blame customer in Blame customer in 
frustrationfrustration







And yes, Martha, we can grow some really neat stuffAnd yes, Martha, we can grow some really neat stuff……



150150 Pints of WaterPints of Water
During cooling seasonDuring cooling season

in Orlandoin Orlando

Moisture Moisture -- Air TransportedAir Transported

Air holds Air holds 
moisture and moisture and 
moves across moves across 
a hole by a air a hole by a air 
pressure pressure 
difference difference 
carrying the carrying the 
moisture with moisture with 
it.it.



Compare Diffusion Compare Diffusion vsvs Air Air 
TransportedTransported



www.buildingscience.com/housesthatwork/hothumid/orlando.htmwww.buildingscience.com/housesthatwork/hothumid/orlando.htm

OSB sheathingOSB sheathing

StuccoWrapStuccoWrap®®

PaperPaper--backed lathbacked lath

Stucco Stucco 

InsulationInsulation

Gypsum boardGypsum board

Furring StripFurring Strip

XPS InsulationXPS Insulation

CMUCMU

Stucco Stucco 

Gypsum boardGypsum board

DryingDrying

StuccoStucco



www.buildingscience.com/housesthatwork/hothumid/montgomery.htmwww.buildingscience.com/housesthatwork/hothumid/montgomery.htm

Gypsum boardGypsum board

InsulationInsulation

SheathingSheathing

Siding Siding 

DryingDrying

DampproofingDampproofing

XPS InsulationXPS Insulation

ConcreteConcrete

Latex paint Latex paint 

PolyPoly

Vinyl or Aluminum SidingVinyl or Aluminum Siding
CrawlspaceCrawlspace



Some Notable Quotes:Some Notable Quotes:

““The way to discover the limits of the possible is The way to discover the limits of the possible is 
to go beyond them into the impossibleto go beyond them into the impossible””

Arthur C. ClarkeArthur C. Clarke

““Elegant solutions Elegant solutions 
elsewhere are complex elsewhere are complex 
failures herefailures here””

Philip FaireyPhilip Fairey

““Minds are like Minds are like 
parachutes, they parachutes, they 
only work if open.only work if open.””

Thomas DewarThomas Dewar



HVAC Equipment

Heating
– Ventilating –

Air Conditioning

HVAC Equipment

Heating
– Ventilating –

Air Conditioning



ACCAACCA
ResidentialResidential

ManualsManuals

Good Overall System DesignGood Overall System Design

System Design Process

Load Calculations

Equipment Selection

Duct Size Calculation

Air Distribution

Residential Duct Diagnostics & RepairAdjust, Test, Balance

JJ NN

TT QQ

SS

QQTT

CSCS

ACCAACCA
CommercialCommercial

ManualsManuals



Heating & Cooling SystemsHeating & Cooling Systems

DesignDesign
ACCA ManualsACCA Manuals

Loads Loads –– ducts ducts --
equipmentequipment
BE Conservative!BE Conservative!

Duct design layoutDuct design layout

InstallationInstallation
Right sizedRight sized
Sealed ductsSealed ducts
Proper air flowProper air flow
Correct chargeCorrect charge Graphic: Advanced Energy



•Short cycling
•Comfort concerns
•Noise
•Sweating ductwork
•High energy usage
•Foreign object dispensing
•Decreased equipment life
•Mold

Lack of attention can lead to…



Mechanical VentilationMechanical Ventilation

Spot or sourceSpot or source
Kitchens & Kitchens & 
bathroomsbathrooms

Whole houseWhole house
Exhaust Exhaust –– Supply Supply 
–– BalancedBalanced

Dilution onlyDilution only
Heat or Energy Heat or Energy 
transfertransfer



VentilationVentilation
The purpose of a residential The purpose of a residential 

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

Illustrations © Copyright Lennox Industries Inc., 1999

FilterFilter

DehumidifyDehumidify

PurifyPurify



Why do we need ventilation?Why do we need ventilation?

New building techniques have been New building techniques have been 
developed in an effort to reduce developed in an effort to reduce 
energy consumption. Tighter energy consumption. Tighter 
buildings have resulted in poor buildings have resulted in poor 
indoor air quality caused by:indoor air quality caused by:

Tobacco smokeTobacco smoke
FumesFumes
DustDust
VOC from glues, paints & materialsVOC from glues, paints & materials
Combustion productsCombustion products
Moisture from cooking & washingMoisture from cooking & washing
BioeffluentsBioeffluents from peoplefrom people
MicroMicro--organisms, allergensorganisms, allergens
FibresFibres
RadonRadonIllustration © Innova



What is ventilation?What is ventilation?

Illustration © Innova

Ventilation is the process of Ventilation is the process of 
supplying and removing air by supplying and removing air by 
natural or mechanical means to natural or mechanical means to 
and from any space.and from any space.
Natural ventilation:Natural ventilation:

Uncontrolled airUncontrolled air--leakage via leakage via 
crackscracks

Intended via windows, doors & Intended via windows, doors & 
ventsvents

Mechanical ventilation:Mechanical ventilation:
AirAir--conditioning system for conditioning system for 

control of the supply & exhaust control of the supply & exhaust 
airflowairflow



DehumidifiersDehumidifiers
Basically a Basically a 
package air package air 
conditioner that conditioner that 
has been has been 
optimized to optimized to 
moisture removal.moisture removal.

Waste heat Waste heat 
discharged discharged 
through the air through the air 
streamstream

Energy efficiency Energy efficiency 
& waste heat may & waste heat may 
be a considerationbe a consideration Typical 40-50 Pint Dehumidifier



100 Pint/day Dehumidifier w/Outside Air100 Pint/day Dehumidifier w/Outside Air



Some Minimum Performance TestingSome Minimum Performance Testing



Building Airtightness TestingBuilding Airtightness Testing



Duct System TestingDuct System Testing



Pressure Differential TestingPressure Differential Testing



Rules of Building PerformanceRules of Building Performance

Moisture moves from more to lessMoisture moves from more to less
Moisture move from warm to coldMoisture move from warm to cold
Heat flows from warm to coldHeat flows from warm to cold
CFM (air) out equals CFM (air) inCFM (air) out equals CFM (air) in
Drain the rainDrain the rain
Things always get wet Things always get wet -- let them drylet them dry
Heat, air & moisture are oneHeat, air & moisture are one
All the action happens at the surfaceAll the action happens at the surface
Keep clients out of harms wayKeep clients out of harms way



Get Back to Building Science BasicsGet Back to Building Science Basics

We knowWe know……
what we did wrong in the pastwhat we did wrong in the past
we need to have air tightness for durabilitywe need to have air tightness for durability
how to insulate for energy efficiencyhow to insulate for energy efficiency
we need to look at whole building we need to look at whole building 
performance for whatever climate we buildperformance for whatever climate we build
that whatever materials we select to use, that whatever materials we select to use, 
we can  produce durable buildings.we can  produce durable buildings.
that we need to do it right the first timethat we need to do it right the first time



Thank youThank you



Energy Efficient Green Home 

Casa Verde
by
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Venetian Golf and River Club



WCI Homebuyer Survey 2005

Very Important

Somewhat
important

Little Importance

Not needed

Not Familiar with
Green

No Answer

16%

31.8%15.2%

16.9%

14.8%

5.3%



Casa Verde 
Energy Efficient Features

• ICF exterior walls
• Icynene insulation
• Argon filled tinted windows
• Sealed air ducts
• Insulated exterior doors
• Sealed penetration points
• Energy Star appliances and fans
• CFL light bulbs
• Light color exterior
• Tile roof
• Solar tubes
• Programmable thermostat
• 15 SEER A/C
• Insulated hot water pipes





Energy efficient and green 



What’s green in this picture?



What’s green in this picture?



What’s green in this picture?



What’s green in this picture?



What’s green in this picture?



What’s green in this picture?



What’s green in this picture?



Composter & rain barrel



Casa Verde
learning lab



Homebuyer interest?

• WCI Survey indicates that 48% of 
respondents are willing to spend up to 
$10,000 on green home features

• 29.5% say they would spend between 
$10,000 - $15,000

• 8.1% say they would spend over $20,000



Energy Efficient Green Home 

Casa Verde
by

WCI
Venetian Golf and River Club



High Performance HousingHigh Performance Housing

SSouth outh EEast ast BBuilding uilding CConference onference 
2005  2005  

Orlando, FloridaOrlando, Florida

Thursday, July 14Thursday, July 14thth, 2005, 2005

Jay Fechtel, The Fechtel CompanyJay Fechtel, The Fechtel Company



IntroductionIntroduction

•• The Fechtel Company The Fechtel Company –– Since 1988, Since 1988, 
employs eighteen peopleemploys eighteen people

•• Design/Build custom homes in the Design/Build custom homes in the 
Tampa, Florida areaTampa, Florida area

•• Homes are priced from $1.2 to 4 Homes are priced from $1.2 to 4 
million, seven to ten per yearmillion, seven to ten per year

•• Have implemented highHave implemented high--performance performance 
housing techniques since 1999housing techniques since 1999



What IWhat I’’ll Coverll Cover

1. 1. WhyWhy build highbuild high--performance performance 
housing?housing?

2. 2. WhatWhat we do and we do and howhow we do it we do it ––
Building with all things Building with all things 
consideredconsidered



Why We Do It  Why We Do It  

1. Happy Clients1. Happy Clients
•• Durability and ComfortDurability and Comfort

•• Time Spent In The HomeTime Spent In The Home

•• The Golden RuleThe Golden Rule



Why We Do It  Why We Do It  

1. Happy Clients1. Happy Clients

•• Product Differentiation Product Differentiation 

•• In The Search Of ExcellenceIn The Search Of Excellence

2. Innovation2. Innovation



Why We Do It  Why We Do It  

1. Happy Clients1. Happy Clients

3. Good Marketing3. Good Marketing
•• Media CoverageMedia Coverage

2. Innovation2. Innovation



Media CoverageMedia Coverage



Why We Do It  Why We Do It  

•• Media CoverageMedia Coverage
•• Awards Awards 

3. Good Marketing3. Good Marketing
2. Innovation2. Innovation
1. Happy Clients1. Happy Clients



Why We Do It  Why We Do It  

•• Philosophical:  Resource ManagementPhilosophical:  Resource Management

•• Practical:  Waste Not, Want Not  Practical:  Waste Not, Want Not  

1. Happy Clients1. Happy Clients

3. Good Marketing3. Good Marketing
4. Good Stewardship4. Good Stewardship

2. Innovation2. Innovation



Why We Do It  Why We Do It  

1. Happy Clients1. Happy Clients

•• Popular Popular 
Legal Legal 
IssuesIssues

3. Good Marketing3. Good Marketing
4. Good Stewardship4. Good Stewardship

2. Innovation2. Innovation

5. Lowers Risk/Liability5. Lowers Risk/Liability



Why We Do It  Why We Do It  

1. Happy Clients1. Happy Clients

•• Popular Legal IssuesPopular Legal Issues

•• Personal Experience Personal Experience 

•• Eager Professionals  Eager Professionals  

3. Good Marketing3. Good Marketing
4. Good Stewardship4. Good Stewardship

2. Innovation2. Innovation

5. Lowers Risk/Liability5. Lowers Risk/Liability



Practical ApplicationPractical Application

What We DoWhat We Do……
……And How We Do ItAnd How We Do It

2004 A.L.A. Health House2004 A.L.A. Health House



Design & Systems SynergyDesign & Systems Synergy

BuildingBuilding
EnvelopeEnvelope

Indoor Indoor 
Air ControlAir Control

ResourceResource
EfficientEfficient
SystemsSystems

SiteSite
PlanningPlanning

AestheticsAesthetics

Our Focus: Our Focus: 
Five Main AreasFive Main Areas

An Evolutionary An Evolutionary 
ProcessProcess



HighHigh--Performance StandardsPerformance Standards

these are available by email upon request



What We Do, How We Do ItWhat We Do, How We Do It

1. Good 1. Good ‘‘Building Envelope/ Building Envelope/ 
Moisture ControlMoisture Control’’

•• RoofingRoofing



What We Do, How We Do ItWhat We Do, How We Do It

1. Good 1. Good ‘‘Building Envelope/ Building Envelope/ 
Moisture ControlMoisture Control’’

•• RoofingRoofing
•• Windows and DoorsWindows and Doors



What We Do, How We Do ItWhat We Do, How We Do It

1. Good 1. Good ‘‘Building Envelope/ Building Envelope/ 
Moisture ControlMoisture Control’’

•• RoofingRoofing
•• Windows and DoorsWindows and Doors
•• Balcony DecksBalcony Decks



What We Do, How We Do ItWhat We Do, How We Do It

1. Good 1. Good ‘‘Building Envelope/ Building Envelope/ 
Moisture ControlMoisture Control’’

•• RoofingRoofing
•• Windows and DoorsWindows and Doors
•• Balcony DecksBalcony Decks
•• House WrapHouse Wrap



What We Do, How We Do ItWhat We Do, How We Do It

1. Good 1. Good ‘‘Building Envelope/ Building Envelope/ 
Moisture ControlMoisture Control’’

•• InsulationInsulation



2. Indoor Air Control2. Indoor Air Control

What We Do, How We Do ItWhat We Do, How We Do It

•• Outside Air Makeup By Direct VentOutside Air Makeup By Direct Vent



2. Indoor Air Control2. Indoor Air Control

What We Do, How We Do ItWhat We Do, How We Do It

•• Outside Air Makeup By Direct VentOutside Air Makeup By Direct Vent

•• Outside Air Makeup By AirOutside Air Makeup By Air--Purifying Purifying 
Dehumidifier Dehumidifier –– Positive PressurePositive Pressure



2. Indoor Air Control2. Indoor Air Control

What We Do, How We Do ItWhat We Do, How We Do It

•• Outside Air Makeup By Direct VentOutside Air Makeup By Direct Vent

•• Outside Air Makeup By AirOutside Air Makeup By Air--Purifying Purifying 
DehumidifierDehumidifier

•• Enhanced Air FiltrationEnhanced Air Filtration



3. Resource Efficient Systems3. Resource Efficient Systems
•• Energy Efficient HVAC SystemsEnergy Efficient HVAC Systems

•• WaterWater--Conserving AppliancesConserving Appliances

•• Reclaimed MaterialReclaimed Material

What We Do, How We Do ItWhat We Do, How We Do It

•• TanklessTankless and Solar Water Heating or and Solar Water Heating or 
Heat Recovery With Gas Water Heat Recovery With Gas Water 
HeatingHeating

•• Lighting and Home ControlLighting and Home Control
•• Smart Fan and HVAC ControlSmart Fan and HVAC Control



4. Site Planning4. Site Planning

What We Do, How We Do ItWhat We Do, How We Do It

•• Passive Solar Passive Solar SitingSiting

•• Work With The Site Work With The Site –– Trees, Etc. Trees, Etc. 



4. Site Planning4. Site Planning

What We Do, How We Do ItWhat We Do, How We Do It

•• Passive Solar Passive Solar SitingSiting

•• Work With The Site Work With The Site –– Trees, Etc.Trees, Etc.

•• Landscape And Irrigation Design Landscape And Irrigation Design --
XeriscapeXeriscape PrinciplesPrinciples



5. Aesthetic Sensitivity and Design5. Aesthetic Sensitivity and Design

What We Do, How We Do ItWhat We Do, How We Do It

•• Functional SculptureFunctional Sculpture



5. Aesthetic Sensitivity and Design5. Aesthetic Sensitivity and Design

What We Do, How We Do ItWhat We Do, How We Do It

•• High Performance DoesnHigh Performance Doesn’’t Mean Uglyt Mean Ugly
•• Functional SculptureFunctional Sculpture



5. Aesthetic Sensitivity and Design5. Aesthetic Sensitivity and Design

What We Do, How We Do ItWhat We Do, How We Do It

•• Functional SculptureFunctional Sculpture

•• Good Design = Good Emotional And Good Design = Good Emotional And 
Physical HealthPhysical Health

•• Mud Rooms Mud Rooms 
•• HighHigh--Traffic Spaces Should Not Traffic Spaces Should Not 

IrritateIrritate
•• Lines of SightLines of Sight

•• High Performance Does Not Mean High Performance Does Not Mean 
UglyUgly



ConclusionConclusion
WhyWhy Build HighBuild High--Performance Housing? Performance Housing? 

1. Happy Clients1. Happy Clients
2. Innovation2. Innovation

4. Good Stewardship4. Good Stewardship
5. Lowers Risk/Liability 5. Lowers Risk/Liability 

WhatWhat We Do, We Do, HowHow We Do It We Do It 
a.) Good Building Envelope/Moisture Prevention a.) Good Building Envelope/Moisture Prevention 
b.) Indoor Air Controlb.) Indoor Air Control
c.) Resource Efficient Systemsc.) Resource Efficient Systems
d.) Site Planning d.) Site Planning 
e.) Aesthetic Sensitivity and Design  e.) Aesthetic Sensitivity and Design  

3. Good Marketing3. Good Marketing

High Performance Housing is Good High Performance Housing is Good 
Business!Business!
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