
Green by DesignGreen by Design ‘‘0909

Reducing Your Risk with Green Rehab:Reducing Your Risk with Green Rehab:
A SystemsA Systems--Guided ApproachGuided Approach

Pat HuelmanPat Huelman
University of Minnesota ExtensionUniversity of Minnesota Extension

&&
Steve KlossnerSteve Klossner

Advanced Certified ThermographyAdvanced Certified Thermography

Pat Huelman, U 0f MN & Steve Klossner, ACTPat Huelman, U 0f MN & Steve Klossner, ACTGreen by Design '09Green by Design '09 22

AIA Credit StatementAIA Credit Statement
�� Minnesota Green Communities is a Registered ProviderMinnesota Green Communities is a Registered Provider

with The American Institute of Architects Continuingwith The American Institute of Architects Continuing
Education Systems.Education Systems.
–– Credit earned on completion of this program will be reported toCredit earned on completion of this program will be reported to

CES Records for AIA members.CES Records for AIA members.
–– Certificates of Completion for nonCertificates of Completion for non--AIA members are availableAIA members are available

on request.on request.
�� This program is registered with the AIA/CES forThis program is registered with the AIA/CES for

continuing professional education.continuing professional education.
–– As such, it does not include content that may be deemed orAs such, it does not include content that may be deemed or

construed to be an approval or endorsement by the AIA of anyconstrued to be an approval or endorsement by the AIA of any
material of construction or any method or manner of handling,material of construction or any method or manner of handling,
using, distributing, or dealing in any material or product.using, distributing, or dealing in any material or product.

–– Questions related to specific materials, methods, and servicesQuestions related to specific materials, methods, and services
will be addressed at the conclusion of this presentation.will be addressed at the conclusion of this presentation.
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Copyright StatementCopyright Statement

�� This presentation is protected by U.S. andThis presentation is protected by U.S. and
International copyright laws.International copyright laws.

�� Reproduction, distribution, display, and use ofReproduction, distribution, display, and use of
the presentation without written permission ofthe presentation without written permission of
the speakers is prohibited.the speakers is prohibited.
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Program Learning ObjectivesProgram Learning Objectives

�� Understand theUnderstand the ““house as a systemhouse as a system””..
�� Understand key building science principles.Understand key building science principles.
�� Recognize whyRecognize why ““greengreen”” rehab can be risky.rehab can be risky.
�� Appreciate the need to move from prescriptiveAppreciate the need to move from prescriptive

requirements to performance outcomes.requirements to performance outcomes.
�� Appreciate the critical importance ofAppreciate the critical importance of ““testing intesting in

and testing outand testing out””..
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Reducing Your Risk with Green:Reducing Your Risk with Green:

�� Part 1 of 2: A SystemsPart 1 of 2: A Systems--Guided ApproachGuided Approach
–– ““House as a SystemHouse as a System””
–– Building Science BasicsBuilding Science Basics
–– Top 10 Rehab ConcernsTop 10 Rehab Concerns
–– An Approach to Reduce Your RiskAn Approach to Reduce Your Risk

�� Part 2 of 2: Testing In & Testing OutPart 2 of 2: Testing In & Testing Out
–– Paul Morin, The Energy ConservatoryPaul Morin, The Energy Conservatory
–– Jimmie Sparks, The Neighborhood ConnectionJimmie Sparks, The Neighborhood Connection
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A Systems ApproachA Systems Approach
�� A house is a dynamic systemA house is a dynamic system

of interconnected parts andof interconnected parts and
components.components.

�� It is driven by the climate, site,It is driven by the climate, site,
indoor conditions, and the lawsindoor conditions, and the laws
of physics.of physics.

�� And depending on how it isAnd depending on how it is
designed, constructed, anddesigned, constructed, and
operated, it may performoperated, it may perform ……
–– very well,very well,
–– very poorly, orvery poorly, or
–– anywhere in between!anywhere in between!
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A Systems ApproachA Systems Approach

�� Building a home or remodeling today isBuilding a home or remodeling today is ……
–– not just materials, but methods;not just materials, but methods;
–– not just products, but process.not just products, but process.

�� A high performance home isA high performance home is ……
–– Not just components, but connections;Not just components, but connections;
–– Not just actions, but interactions.Not just actions, but interactions.
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Reducing Your Risk with Green:Reducing Your Risk with Green:
A SystemsA Systems--Guided ApproachGuided Approach

�� Housing rehab is a risky business!Housing rehab is a risky business!
–– PrePre--existing conditionsexisting conditions
–– Limited budgetsLimited budgets
–– Surprises at every turnSurprises at every turn

�� Rehab of vacant, foreclosed house is riskier!Rehab of vacant, foreclosed house is riskier!
–– Limited data on past performanceLimited data on past performance
–– No occupants to interview / share insightsNo occupants to interview / share insights
–– Unknown conditions during vacancyUnknown conditions during vacancy

�� we use energy to manage moisturewe use energy to manage moisture
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Reducing Your Risk with Green:Reducing Your Risk with Green:
A SystemsA Systems--Guided ApproachGuided Approach

�� TheThe ““CliffCliff”” (metaphor for a performance failure)(metaphor for a performance failure)
–– Health or safety issueHealth or safety issue
–– Poor material or building durabilityPoor material or building durability
–– High operation and maintenance costsHigh operation and maintenance costs

�� In general,In general,
–– Most homes today are getting closer to the cliff.Most homes today are getting closer to the cliff.
–– As we change them, they frequently move closer.As we change them, they frequently move closer.

�� It is usually easier, cheaper, quicker to move them towardsIt is usually easier, cheaper, quicker to move them towards
the cliff, than away from the cliff.the cliff, than away from the cliff.
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Reducing Your Risk with Green:Reducing Your Risk with Green:
A SystemsA Systems--Guided ApproachGuided Approach

�� Is the house robust or fragile?Is the house robust or fragile?
–– Robust: strong, healthy and hearty in construction;Robust: strong, healthy and hearty in construction;

able to recover from unexpected conditionsable to recover from unexpected conditions
–– Fragile: weak and easily broken; unlikely toFragile: weak and easily broken; unlikely to

withstand severe stresses and strainswithstand severe stresses and strains

�� In general,In general,
–– Houses today are becoming more fragile.Houses today are becoming more fragile.
–– It takes smaller changes to make bigger impacts.It takes smaller changes to make bigger impacts.

�� It is getting easier to move towardsIt is getting easier to move towards ““the cliffthe cliff”” quicker.quicker.
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Reducing Your Risk with Green:Reducing Your Risk with Green:
A SystemsA Systems--Guided ApproachGuided Approach

�� Your goal is to find outYour goal is to find out
–– How close the house is to the cliff?How close the house is to the cliff?
–– How robust or fragile is the house?How robust or fragile is the house?

�� So you can predictSo you can predict
–– How far will you move it?How far will you move it?
–– Will it be towards or away from the cliff?Will it be towards or away from the cliff?
–– Where will it be when IWhere will it be when I’’m done?m done?
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Reducing Your Risk with Green:Reducing Your Risk with Green:
A SystemsA Systems--Guided ApproachGuided Approach

�� Do you have a fragile house near the cliff?Do you have a fragile house near the cliff?
–– PrePre--existing conditionsexisting conditions

�� CO problemsCO problems
�� water intrusion/wet basement/moldwater intrusion/wet basement/mold
�� lead & asbestoslead & asbestos
�� radonradon

–– Special design concernsSpecial design concerns
�� fireplace (or wood stove)fireplace (or wood stove)
�� 11--1/2 story houses1/2 story houses
�� tuck under (and attached) garagestuck under (and attached) garages
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs
�� Building EnvelopeBuilding Envelope

–– Air sealingAir sealing
–– Adding/changing wall or attic insulationAdding/changing wall or attic insulation
–– Finishing/renovating basement spacesFinishing/renovating basement spaces
–– Converting/renovating attic spacesConverting/renovating attic spaces
–– Window replacementWindow replacement
–– Exterior grade changesExterior grade changes

�� Mechanical SystemsMechanical Systems
–– Furnace change out (and orphaned water heater)Furnace change out (and orphaned water heater)
–– Adding exhaust devices (range hoods, clothes dryers)Adding exhaust devices (range hoods, clothes dryers)
–– Adding or changing ventilation rates/equipmentAdding or changing ventilation rates/equipment
–– Duct changes and/or duct sealingDuct changes and/or duct sealing
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Getting the Sequence Right:Getting the Sequence Right:
A Lesson Learned the Hard WayA Lesson Learned the Hard Way

�� Combustion SafetyCombustion Safety

�� House VentilationHouse Ventilation

�� BuildingBuilding AirtightnessAirtightness

�� Increased InsulationIncreased Insulation

⇒⇒ Safe & HealthSafe & Health

⇒⇒ Good Indoor AirGood Indoor Air

⇒⇒ Building DurabilityBuilding Durability

⇒⇒ Energy & ResourceEnergy & Resource
EfficientEfficient
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A Strategic Plan: Order Matters!!!A Strategic Plan: Order Matters!!!

�� 1. Take care of people (safe & healthy homes)1. Take care of people (safe & healthy homes)

�� 2. Take care of our buildings (durable homes)2. Take care of our buildings (durable homes)

�� 3. Take care of our planet (efficient homes)3. Take care of our planet (efficient homes)
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Take Care of People FirstTake Care of People First

�� We must ensure that our homes are safe andWe must ensure that our homes are safe and
restorative!restorative!
–– a.  Provide uncompromised combustion safetya.  Provide uncompromised combustion safety
–– b. Execute a sound ventilation/filtration strategyb. Execute a sound ventilation/filtration strategy
–– c. Provide deliberate pollutant management fromc. Provide deliberate pollutant management from

both exterior and interior sourcesboth exterior and interior sources
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Next Take Care of the BuildingNext Take Care of the Building

�� We must protect the integrity and longevity ofWe must protect the integrity and longevity of
the original building and the resources we havethe original building and the resources we have
already invested in it.already invested in it.
–– a.  Protect the building from both exterior anda.  Protect the building from both exterior and

interior water (including vapor)interior water (including vapor)
–– b.  Provide a warm and dry foundationb.  Provide a warm and dry foundation
–– c. Make the house as tight as possiblec. Make the house as tight as possible
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Then, Take Care of Our PlanetThen, Take Care of Our Planet

�� We must be vigilant guardians againstWe must be vigilant guardians against
excessive energy, water, and resourceexcessive energy, water, and resource
consumption.consumption.
–– a.  Improve building thermal integritya.  Improve building thermal integrity

�� including highincluding high--performance windowsperformance windows

–– b.  Install highb.  Install high--efficiency equipment, lights, andefficiency equipment, lights, and
appliancesappliances

–– c. Develop a sound water conservation strategyc. Develop a sound water conservation strategy
–– d.  Use lowd.  Use low--impact materials, where appropriateimpact materials, where appropriate
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The Rules ofThe Rules of
Building PerformanceBuilding Performance

�� Moisture moves from more to lessMoisture moves from more to less
�� Moisture moves from warm to coldMoisture moves from warm to cold
�� Heat flows from warm to coldHeat flows from warm to cold
�� Air flows from higher to lower pressureAir flows from higher to lower pressure
�� CFMCFM (air)(air) out must equal CFMout must equal CFM (air)(air) inin
�� Things always get wetThings always get wet -- let them drylet them dry

–– But letBut let’’s minimize the wetting!s minimize the wetting!

�� In the end, heat, air & moisture are one!In the end, heat, air & moisture are one!
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Building Performance:Building Performance:
Pressures, Holes, and FlowPressures, Holes, and Flow

�� Positive or negative pressurePositive or negative pressure ……
–– What does it signify?What does it signify?
–– What does it mean?What does it mean?
–– What are our concerns?What are our concerns?

�� How, what and where does house or zoneHow, what and where does house or zone
tightness fit in?tightness fit in?
–– No pressure change can signify significant leaks, notNo pressure change can signify significant leaks, not

insignificant air flow imbalances.insignificant air flow imbalances.
–– High pressure changes without holes may not be aHigh pressure changes without holes may not be a

significant problem.significant problem.
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Building Performance:Building Performance:
Success and Failure in HousesSuccess and Failure in Houses

�� Air FailuresAir Failures
–– Building not tight enoughBuilding not tight enough
–– Duct system not tight enoughDuct system not tight enough
–– Ventilation system not sized, continuous, orVentilation system not sized, continuous, or

distributed properlydistributed properly
–– Filtration system not efficient or air tightFiltration system not efficient or air tight
–– Inability of consumer to control climateInability of consumer to control climate
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Building Performance:Building Performance:
Success and Failure in HousesSuccess and Failure in Houses

�� Air SuccessesAir Successes
–– Air tight & weather tight constructionAir tight & weather tight construction
–– Duct leakage limited to 10% of flowDuct leakage limited to 10% of flow
–– Ventilation properly sized, proper system andVentilation properly sized, proper system and

proper distributionproper distribution
–– High efficiency filter system, with air tight enclosureHigh efficiency filter system, with air tight enclosure
–– Smart systems, filter, humidifier and ventilationSmart systems, filter, humidifier and ventilation
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Indiscriminate,Indiscriminate,
inappropriate, orinappropriate, or
improperly guidedimproperly guided
airair--sealing.sealing.

�� Why is this risky?Why is this risky?
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Guided Air SealingSummary: Guided Air Sealing
–– Always focus on the big leaks (bypasses) firstAlways focus on the big leaks (bypasses) first
–– Air sealing should start at the top and move downAir sealing should start at the top and move down

�� So your house doesnSo your house doesn’’t compete with your chimney/ventt compete with your chimney/vent

–– Air sealing changes everythingAir sealing changes everything
�� House air exchange rate (ventilation)House air exchange rate (ventilation)
�� House pressure regime (House pressure regime (backdraftingbackdrafting, radon), radon)

–– Air sealing is a prerequisite to insulationAir sealing is a prerequisite to insulation
�� DonDon’’tt’’ remove the heat without removing the air (moisture)remove the heat without removing the air (moisture)
�� May limit future ability to properly air sealMay limit future ability to properly air seal
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Increasing atticIncreasing attic
or wall insulationor wall insulation
without properwithout proper
air sealing andair sealing and
moisturemoisture
management.management.

�� Why is this risky?Why is this risky?
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Increasing Attic or Wall InsulationSummary: Increasing Attic or Wall Insulation
–– You canYou can’’t slow the heat flow until you have slowedt slow the heat flow until you have slowed

the moisture flow (especially via air flow).the moisture flow (especially via air flow).
–– Adding or changing insulation may make it moreAdding or changing insulation may make it more

difficult or expensive to air seal later.difficult or expensive to air seal later.
–– For insulation to do its job it mustFor insulation to do its job it must ……

�� fill the entire cavityfill the entire cavity
�� have no air flow through it or around ithave no air flow through it or around it
�� remain dryremain dry
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Furnace changeFurnace change--outout
–– from chimneyfrom chimney--ventedvented

to powerto power--vented orvented or
sealed combustion)sealed combustion)

–– with anwith an ““orphanedorphaned””
water heaterwater heater

�� Why is this risky?Why is this risky?
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Winter ConditionsWinter Conditions –– 55”” to 8to 8”” vent to outdoorsvent to outdoors
–– OffOff--Cycle (cold chimney)Cycle (cold chimney)

�� 0 to 50cfm0 to 50cfm

–– OffOff--Cycle (warm chimney)Cycle (warm chimney)
�� 50 to 15050 to 150 cfmcfm

–– OnOn--CycleCycle
�� Depending on furnace size = 150 to 600Depending on furnace size = 150 to 600 cfmcfm
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Furnace ChangeSummary: Furnace Change--OutOut
–– This is probably the biggest single change you canThis is probably the biggest single change you can

make in an existing house.make in an existing house.
–– It changes everything!It changes everything!

�� Major change in the air exchange rate (esp. midMajor change in the air exchange rate (esp. mid--winter)winter)
�� Major change in house pressures (lowers the NPP)Major change in house pressures (lowers the NPP)

–– DonDon’’t orphan the chimneyt orphan the chimney--vented water heatervented water heater
�� It may not be capable of venting on its ownIt may not be capable of venting on its own
�� Especially as the house gets tighter or exhaust devices are Especially as the house gets tighter or exhaust devices are 

addedadded

Pat Huelman, U 0f MN & Steve Klossner, ACTPat Huelman, U 0f MN & Steve Klossner, ACTGreen by Design '09Green by Design '09 3030

The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Adding exhaustingAdding exhausting
devicesdevices
–– range hoodsrange hoods
–– clothes dryersclothes dryers
–– centralcentral vacsvacs
–– ASD (if not done well)ASD (if not done well)

�� Why is this risky?Why is this risky?
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MakeMake--up Air Requirementsup Air Requirements

�� Bathroom fanBathroom fan
�� Clothes dryerClothes dryer
�� Kitchen fanKitchen fan

�� 2 at 50 CFM2 at 50 CFM
�� 1 at 150 CFM1 at 150 CFM
�� 1 at 200 CFM1 at 200 CFM

�� Total Exhaust flowTotal Exhaust flow
= 450 CFM= 450 CFM
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Passive MakePassive Make--up Air Openingup Air Opening
�� MakeMake--up air: CFM provided by smooth ductwork*up air: CFM provided by smooth ductwork*

Duct DiameterDuct Diameter AtmosphericAtmospheric PowerPower--ventedvented SealedSealed
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 inches3 inches 1515 3535 5050
4 inches4 inches 3030 6060 9090
5 inches5 inches 4545 100100 140140
6 inches6 inches 6565 140140 200200
7 inches7 inches 8585 190190 270270
8 inches8 inches 110 x 1110 x 1 250 x 2250 x 2 350350
9 inches9 inches 140140 320320 450 x 1450 x 1
10 inches10 inches 180 x 2180 x 2 400400 570570
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Adding Exhaust DevicesSummary: Adding Exhaust Devices
–– Can create significant negative pressuresCan create significant negative pressures
–– Can createCan create backdraftbackdraft conditions for chimneyconditions for chimney--ventedvented

appliancesappliances
�� especially as the house get tighterespecially as the house get tighter

–– Must provide adequate makeMust provide adequate make--up air to minimizeup air to minimize
troublesome negative pressurestroublesome negative pressures
�� passive opening for sealed combustion and small exhaustpassive opening for sealed combustion and small exhaust
�� active makeactive make--up air for chimneyup air for chimney--vented and large exhaustvented and large exhaust



Pat Huelman, U 0f MN & Steve Klossner, ACTPat Huelman, U 0f MN & Steve Klossner, ACTGreen by Design '09Green by Design '09 3434

The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Finishing orFinishing or
renovatingrenovating
basement spacebasement space

�� Why is this risky?Why is this risky?
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Basement Renovation Touches It All!Basement Renovation Touches It All!
–– Combustion safetyCombustion safety
–– Foundation moistureFoundation moisture
–– Radon (& other soil gases)Radon (& other soil gases)
–– BiologicalsBiologicals (mold, dust mites, etc.)(mold, dust mites, etc.)
–– Garage gases (if attached)Garage gases (if attached)

�� And front and center are uncontrolledAnd front and center are uncontrolled……
–– Negative pressures in basementsNegative pressures in basements
–– Below grade moisture transportBelow grade moisture transport
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Minnesota Challenges BasementsMinnesota Challenges Basements
–– Foundations get wet from three sides by all fourFoundations get wet from three sides by all four

moisture transport mechanisms.moisture transport mechanisms.
�� bulk water, capillarity, diffusion, and air flowbulk water, capillarity, diffusion, and air flow

–– Foundations can only dry to the inside.Foundations can only dry to the inside.
�� generally by diffusion onlygenerally by diffusion only

–– That means you must keep it dry from all three sidesThat means you must keep it dry from all three sides
�� or come up with an approach that promotes inward dryingor come up with an approach that promotes inward drying

better than outward wetting.better than outward wetting.
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� The Big, Bad, Boogie Men in the BasementThe Big, Bad, Boogie Men in the Basement
–– Carpet on the slabCarpet on the slab
–– Insulating the walls (from the interior)Insulating the walls (from the interior)
–– Adding an egress windowAdding an egress window
–– Changing out the furnaceChanging out the furnace
–– Changing the ductworkChanging the ductwork
–– DrywallingDrywalling the ceilingthe ceiling
–– Rim (or extended) joists to the garageRim (or extended) joists to the garage
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Finishing or Renovating BasementsSummary: Finishing or Renovating Basements
–– Just say no!Just say no!

�� No reverse grading, landscape irrigation, rain gardens, etc.No reverse grading, landscape irrigation, rain gardens, etc.
�� No carpetNo carpet
�� No interior wall insulationNo interior wall insulation
�� No chimneyNo chimney--vented combustionvented combustion

–– Just say yes toJust say yes to ……
�� VentilationVentilation
�� Aggressive humidity control (dehumidification or AC)Aggressive humidity control (dehumidification or AC)
�� Radon mitigationRadon mitigation
�� Paperless drywall (off the floor at least 1Paperless drywall (off the floor at least 1””))
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Converting orConverting or
renovating atticrenovating attic
spacespace

�� Why is this Risky?Why is this Risky?
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Converting/Renovating Attic SpaceSummary: Converting/Renovating Attic Space
–– Challenging to light w/o skylight or dormersChallenging to light w/o skylight or dormers
–– Challenging to air seal thoroughlyChallenging to air seal thoroughly

�� Must get to wall top platesMust get to wall top plates

–– Challenging to insulate sufficientlyChallenging to insulate sufficiently
�� To reduce heat lossTo reduce heat loss
�� To avoid ice dams (minimum of RTo avoid ice dams (minimum of R--30 or 40)30 or 40)

–– Challenging to ventilate (if needed)Challenging to ventilate (if needed)
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Changes inChanges in
ventilation ratesventilation rates
and/or equipmentand/or equipment

�� Why is this risky?Why is this risky?
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Changes in VentilationSummary: Changes in Ventilation
–– DonDon’’t rely on natural infiltration/t rely on natural infiltration/exfiltrationexfiltration

�� it might not be there when you need it.it might not be there when you need it.

–– Use current codes and standards as guidance forUse current codes and standards as guidance for
sizing, distribution, and controlssizing, distribution, and controls
�� New MN Energy CodeNew MN Energy Code
�� ASHRAE 62.2ASHRAE 62.2

–– How will the ventilation system impactHow will the ventilation system impact ……
�� house pressureshouse pressures
�� air temperature & humidityair temperature & humidity
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� WindowWindow
replacementreplacement
without properwithout proper
air sealing andair sealing and
moisturemoisture
managementmanagement

�� Why is this risky?Why is this risky?
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Window ReplacementSummary: Window Replacement
–– Be certain the new window will be better than theBe certain the new window will be better than the

old one!old one!
–– Buy the best window you can affordBuy the best window you can afford

�� you only need to recover the incremental costsyou only need to recover the incremental costs

–– Make certain it is installed properlyMake certain it is installed properly
�� plumb, level, and squareplumb, level, and square
�� sill is pan flashed to drain outsill is pan flashed to drain out
�� properly flashed on sides and topproperly flashed on sides and top
�� air sealedair sealed
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Exterior gradeExterior grade
changeschanges
–– Reverse gradeReverse grade
–– Landscape irrigationLandscape irrigation
–– Hose bibsHose bibs
–– Rain gardensRain gardens

�� Why is this risky?Why is this risky?
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The Top 10 Risky RehabsThe Top 10 Risky Rehabs

�� Summary: Exterior Grade ChangesSummary: Exterior Grade Changes
–– Correct grade problems (if possible)Correct grade problems (if possible)
–– Minimize surface water quantity & time near houseMinimize surface water quantity & time near house

�� proper slope = 1proper slope = 1’’ in first 10 feetin first 10 feet
�� gutters with downspout and permanent extensionsgutters with downspout and permanent extensions
�� avoid damming surface water with sidewalks, beds,avoid damming surface water with sidewalks, beds, edgersedgers
�� avoid trees and bushes adjacent to foundationavoid trees and bushes adjacent to foundation

–– Water storage/recharge must be low and remoteWater storage/recharge must be low and remote
�� ideally below the footing drain levelideally below the footing drain level
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Developing a Rehab StrategyDeveloping a Rehab Strategy
Prescriptive vs. PerformancePrescriptive vs. Performance

�� Prescriptive vs. Performance ApproachesPrescriptive vs. Performance Approaches

�� A Modified Prescriptive ApproachA Modified Prescriptive Approach
–– Green LightGreen Light
–– Yellow LightYellow Light
–– Red LightRed Light

�� A SystemsA Systems--Guide 5 Step PlanGuide 5 Step Plan
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Developing a Rehab StrategyDeveloping a Rehab Strategy
Prescriptive vs. PerformancePrescriptive vs. Performance
�� PrescriptivePrescriptive--Based ApproachBased Approach

–– Simpler to implement; easier to verifySimpler to implement; easier to verify
–– Frequently the process is visuallyFrequently the process is visually--drivendriven
–– Difficult to deal with multiple items and system interactionsDifficult to deal with multiple items and system interactions
–– Desired outcomes may or may not be achievedDesired outcomes may or may not be achieved

�� PerformancePerformance--Based ApproachBased Approach
–– More cumbersome to implement; may have uncertaintyMore cumbersome to implement; may have uncertainty
–– Generally requires data to direct the processGenerally requires data to direct the process
–– Can anticipate and evaluate for systems interactionsCan anticipate and evaluate for systems interactions
–– Commissioning enhances likelihood of desired outcomesCommissioning enhances likelihood of desired outcomes
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Developing a Rehab StrategyDeveloping a Rehab Strategy
Prescriptive vs. PerformancePrescriptive vs. Performance

�� Which should we use?Which should we use?
–– What is the current state of the house?What is the current state of the house?
–– How much is being done?How much is being done?
–– What are the desired outcomes?What are the desired outcomes?

�� Updated aestheticsUpdated aesthetics
�� Better space functionality/utilizationBetter space functionality/utilization
�� General care and maintenanceGeneral care and maintenance
�� Enhanced durability of the structureEnhanced durability of the structure
�� Healthier indoor airHealthier indoor air
�� Improved energy efficiencyImproved energy efficiency
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Developing a Rehab StrategyDeveloping a Rehab Strategy
Prescriptive vs. PerformancePrescriptive vs. Performance

�� Use a prescriptive approach whereUse a prescriptive approach where
–– outcomes are generally cosmetic,outcomes are generally cosmetic,
–– system interactions are limited, andsystem interactions are limited, and
–– heat, air, moisture impacts are likely to be small.heat, air, moisture impacts are likely to be small.

�� Use a performance approach whereUse a performance approach where
–– outcomes are performance orientedoutcomes are performance oriented
–– systems interactions are likely andsystems interactions are likely and
–– heat, air, moisture impacts are likely to beheat, air, moisture impacts are likely to be

significant.significant.
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Developing a Rehab StrategyDeveloping a Rehab Strategy
Prescriptive vs. PerformancePrescriptive vs. Performance

�� Energy, durability, and air quality issues areEnergy, durability, and air quality issues are
interactive and must be solved simultaneously.interactive and must be solved simultaneously.
–– Generally better results will be achieved for theseGenerally better results will be achieved for these

items with a performanceitems with a performance--based approach.based approach.
–– A performanceA performance--based approach reduces the risk ofbased approach reduces the risk of

improving one area at the risk of another area.improving one area at the risk of another area.
–– Performance testing reduces callbacks and liability.Performance testing reduces callbacks and liability.
–– With a good understanding of the existing conditionWith a good understanding of the existing condition

and proper commissioning of changes, it is possibleand proper commissioning of changes, it is possible
to positively affect all three.to positively affect all three.
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Developing a Rehab StrategyDeveloping a Rehab Strategy
A Modified Prescriptive ApproachA Modified Prescriptive Approach

�� Always begin byAlways begin by ““testing intesting in”” to identifyto identify
–– Any preexisting conditionsAny preexisting conditions
–– Establish baseline performanceEstablish baseline performance

�� Then move to aThen move to a ““green light, yellow light, orgreen light, yellow light, or
red lightred light”” approach based onapproach based on level of impactlevel of impact..
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A Modified Prescriptive ApproachA Modified Prescriptive Approach

�� What doesWhat does ““testing intesting in”” mean?mean?
–– Blower door (multiBlower door (multi--point test)point test)
–– Zonal Pressure MappingZonal Pressure Mapping
–– Worst Case Combustion Zone Depressurization*Worst Case Combustion Zone Depressurization*
–– CO Production (all gas appliances)*CO Production (all gas appliances)*
–– Fan flows*Fan flows*
–– Moisture assessment (surfaces and cavities)Moisture assessment (surfaces and cavities)

�� visual with surface scan and pin metervisual with surface scan and pin meter

–– ShortShort--term radon*term radon*
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A Modified Prescriptive ApproachA Modified Prescriptive Approach

�� What doesWhat does level of impactlevel of impact mean?mean?
–– Systems interactionsSystems interactions

�� Likelihood of significant connection/interactionsLikelihood of significant connection/interactions

–– Strategic orderStrategic order
�� health and safetyhealth and safety
�� durabilitydurability
�� energy efficiencyenergy efficiency

–– HAM significanceHAM significance
�� HHeat flowseat flows
�� AAir flowsir flows
�� MMoisture flowsoisture flows
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A Modified Prescriptive ApproachA Modified Prescriptive Approach

GreenGreen YellowYellow RedRed
====================================

�� Test inTest in XX XX XX
==========================================================
�� PlanPlan XX
�� VerifyVerify XX
�� Test outTest out XX XX
�� MonitorMonitor ?? XX
==========================================================
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A Modified Prescriptive ApproachA Modified Prescriptive Approach

�� Once testing has provided anOnce testing has provided an ““all clearall clear”” from seriousfrom serious
prepre--existing conditions, aexisting conditions, a ““green lightgreen light”” can be given forcan be given for
items with low risk due to limited systems interactionsitems with low risk due to limited systems interactions
and low HAM impacts.and low HAM impacts.

�� Potential Green Light ItemsPotential Green Light Items
–– Cosmetic changes (interior or exterior finishes)Cosmetic changes (interior or exterior finishes)
–– Installing a room air filtration deviceInstalling a room air filtration device
–– Change out incandescent lights toChange out incandescent lights to CFLsCFLs
–– Replace appliances with high efficiencyReplace appliances with high efficiency

�� refrigerator or freezerrefrigerator or freezer
�� dishwasher or washing machinedishwasher or washing machine
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A Modified Prescriptive ApproachA Modified Prescriptive Approach

�� AA ““yellow lightyellow light”” requires caution for items that mightrequires caution for items that might
have some risk due to system interactions below themhave some risk due to system interactions below them
on the strategic order and/or possible HAM impacts.on the strategic order and/or possible HAM impacts.
–– These may require additional data orThese may require additional data or ““testing outtesting out””..

�� PotentialPotential ““Yellow LightYellow Light”” ItemsItems
–– Adding dehumidificationAdding dehumidification
–– Adding central air filtrationAdding central air filtration
–– Adding balanced ventilationAdding balanced ventilation
–– Adding activeAdding active subslabsubslab depressurization (ASD)depressurization (ASD)
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A Modified Prescriptive ApproachA Modified Prescriptive Approach

�� AA ““red lightred light”” means stop and fully evaluate items withmeans stop and fully evaluate items with
likely system interactions and significant HAM impactslikely system interactions and significant HAM impacts
–– These will require careful planning, oversight andThese will require careful planning, oversight and ““testing outtesting out””..

�� PotentialPotential ““Red LightRed Light”” ItemsItems
–– Any item that significantly changesAny item that significantly changes

�� House tightness or pressuresHouse tightness or pressures
�� Combustion ventingCombustion venting
�� Exhaust flowsExhaust flows
�� Duct tightnessDuct tightness
�� Insulation levelsInsulation levels
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A Modified Prescriptive ApproachA Modified Prescriptive Approach

�� Specific Red Light ItemsSpecific Red Light Items
–– Air sealingAir sealing
–– Adding or changing insulationAdding or changing insulation
–– Furnace change outFurnace change out
–– Window replacementWindow replacement
–– Ductwork changesDuctwork changes
–– Adding exhaust equipment (range, dryers, etc.)Adding exhaust equipment (range, dryers, etc.)
–– Adding or modifying ventilation equipmentAdding or modifying ventilation equipment
–– Adding new conditioned areaAdding new conditioned area
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A SystemsA Systems--Guided 5 Step PlanGuided 5 Step Plan

�� 1.1. ““Test InTest In”” is always the first step.is always the first step.
–– Identify preIdentify pre--existing conditionsexisting conditions

–– Basis for developing a plan and scopes of workBasis for developing a plan and scopes of work

–– Baseline for evaluating completed workBaseline for evaluating completed work
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A SystemsA Systems--Guided 5 Step PlanGuided 5 Step Plan

�� 2. Create a Customized Rehab Plan2. Create a Customized Rehab Plan
–– Each house is differentEach house is different

�� Where it starts => existing conditionsWhere it starts => existing conditions
�� Where it ends up => desired outcomesWhere it ends up => desired outcomes

–– Each action will have different interactionsEach action will have different interactions
�� Use theUse the ““test intest in”” data to guide the work plandata to guide the work plan

–– Develop clear work scopes, specs, and expectationsDevelop clear work scopes, specs, and expectations
�� Tell them what will be expected atTell them what will be expected at ““test outtest out””

–– This will be your roadmap to successful performanceThis will be your roadmap to successful performance
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A SystemsA Systems--Guided 5 Step PlanGuided 5 Step Plan

�� 3. Verify Compliance in the Field3. Verify Compliance in the Field
–– Proper materials/equipmentProper materials/equipment

�� Is the right stuff on the job site?Is the right stuff on the job site?

–– Proper means and methodsProper means and methods
�� Are they following the plan, codes, and standards?Are they following the plan, codes, and standards?
�� Pay close attention to sequence issuesPay close attention to sequence issues
�� Follow the handFollow the hand--off between multiple contractorsoff between multiple contractors

–– Properly document the end productProperly document the end product
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A SystemsA Systems--Guided 5 Step PlanGuided 5 Step Plan

�� 4. The Job4. The Job’’s Not Done Until Yous Not Done Until You ““Test OutTest Out””
–– Compare results to the initial baselineCompare results to the initial baseline

–– Compare results to established guidelines and/orCompare results to established guidelines and/or
criteria set in rehab plancriteria set in rehab plan

–– Were performance outcomes met?Were performance outcomes met?
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A SystemsA Systems--Guided 5 Step PlanGuided 5 Step Plan

�� 5. Monitor Performance5. Monitor Performance
–– Feedback is a required component for continuousFeedback is a required component for continuous

improvement.improvement.

–– This is especially critical when we are trying to getThis is especially critical when we are trying to get
maximum results with minimum dollars.maximum results with minimum dollars.

–– It is the only way to increase our efficacy andIt is the only way to increase our efficacy and
efficiency over time.efficiency over time.
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In ConclusionIn Conclusion

�� Before you can change (or improve) theBefore you can change (or improve) the
““systemsystem””, you must know the, you must know the ““systemsystem””..
–– Where is the home relative to theWhere is the home relative to the ““cliffcliff””??
–– How robust or fragile is the home?How robust or fragile is the home?

�� ““Testing InTesting In”” is absolutely essential!is absolutely essential!
–– To identify preTo identify pre--existing conditionsexisting conditions
–– To provide a basis for assessmentTo provide a basis for assessment
–– To provide a baseline for evaluationTo provide a baseline for evaluation
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In ConclusionIn Conclusion
�� We can use a modified prescriptive approach.We can use a modified prescriptive approach.

–– ““green lightgreen light”” is a gois a go
–– ““yellow lightyellow light”” is a caution; need more info or testingis a caution; need more info or testing
–– ““red lightred light”” demands a systemsdemands a systems--guide approachguide approach

�� A SystemsA Systems--Guided 5 Step Plan for green rehab.Guided 5 Step Plan for green rehab.
–– test in,test in,
–– develop plan,develop plan,
–– field verify,field verify,
–– test out, andtest out, and
–– monitor.monitor.
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A Closing ThoughtA Closing Thought

�� While it is quite possible to do the right thing inWhile it is quite possible to do the right thing in
the wrong way, there is no right way to do thethe wrong way, there is no right way to do the
wrong thing!wrong thing!

* This concludes the American Institute of* This concludes the American Institute of
Architects Continuing Education Program.Architects Continuing Education Program.
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Reducing Your Risk with Green:Reducing Your Risk with Green:
A SystemsA Systems--Guided ApproachGuided Approach

Thank you for your attention and participation!Thank you for your attention and participation!


