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Program Learning Objectives

� To understand the role building science can play 
in optimizing building performance.

� To realize the critical role of air flows and 
pressures to overall building performance.

� To appreciate critical connections and 
interactions using a “systems” approach.

� To recognize opportunities to reduce costs and 
improve performance with systems integration.



Thanks for Joining Us

� A Framework for Total Building Performance
– Pat Huelman, University of Minnesota Extension

� Building Science (& Design) for Energy Efficiency
– Marilou Cheple, University of Minnesota Extension

� Building Science (& Execution) for Durability
– Tom Schirber, Consultant

� Building Science (& Occupants) for Indoor Air
– Steve Klossner, ACT

� Wrap-up, Discussion, and Questions



Total Building Performance *

� Pat Huelman
� Cold Climate Housing Coordinator
� University of Minnesota

* With building science and a systems view!



Total Building Performance

� We can and must do better!
– We must use building science to guide our choices.

– We must take a whole house approach.

– Controlling airflow is critical to building performance.



Total Building Performance

� Within the Context of Green
– If it’s not energy efficient; how can it be green?

– If it’s not durable; how can it be green?

– If it’s not safe & healthy; how can it be green?



Total Building Performance

� Existing technology can get us there!
– But we need to reduce the focus on products.
– In the end, it’s all about …

� good building design,
� good construction execution, and
� good operation and maintenance.



Introduction

� Good News
– The quality of products and equipment that we use to 

build houses today is superior in almost everyway 
compared to homes built decades ago.

� Bad News
– The number of performance problems, product 

failures, and builder liability is at an all time high.



Introduction

� Good News
– The overall quality of houses in Minnesota is 

arguably the best in the country.

� Bad News 
– We are still very far where from where we could 

be and where we should be.



Introduction

� Good News
– People are starting to wake-up about performance 

issues in new homes.

� Bad News
– We have spent the past two decades in a 

unprecedented building boom that has largely 
ignored critical energy, moisture, and IAQ issues 
and solutions.



Introduction

� Good News
– We are finally talking about renewable energy for 

houses.

� Bad News 
– Our current housing stock really isn’t ready for it.

� First, they need way too much energy.
� Second, they haven’t been built to integrate renewable 

technologies.



Introduction

� It’s time to build a better Hummer!!!
– Does it really make sense to come up with a “magic 

bio-fuel” that we pour through an absolutely 
oversized and inefficient machine?

� We must begin by changing our diet!

� We must push ourselves to move beyond overly 
simplistic product or technical fixes.



Introduction

� Can we achieve Zero Energy Homes?

� Yes!  With a simple three step program.
– Do with out = conservation

– Do with less = efficiency

– Substitute an alternative = renewables



What is Cold Climate Housing?

� Since 1986, we have been promoting a systems 
approach to high-performance houses.
– with a focus on energy, durability, and healthy air
– an emphasis on total building performance.

� We use building science as our compass and  
research as our guide to ensure total building 
performance that will …
– improve occupant comfort and satisfaction,
– reduce operational costs, callbacks, repairs, and
– enhance long-term home value.



What is Residential Building Science?

� Study of the physical forces that act on houses
� gravity, wind, etc.
� heat transfer
� moisture transport
� airflows

� Using that knowledge to make houses …
� structurally sound, 
� comfortable and efficient, 
� durable and long lasting, 
� healthy to live in, and 
� friendly to our environment.



How Do We Measure 
Total Building Performance?

� Energy efficiency
– Costs for space & water heating, cooling, lights, etc.

� Moisture management & durability
– Life of major structural components & products

� Healthy indoor environment
– Quality of pollutant management & ventilation

� Environmental impacts
– “Light” footprint and low long-term “costs”



Total Building Performance:
When Something is Missing!

� Common Issue’s in Today’s Homes
– High energy bills
– Ice dams
– Wet foundations
– Window condensation
– Structural condensation
– Water intrusion
– Poor indoor air quality



Can We Predict 
Total Building Performance?

� What’s the best predictor of overall building 
performance?
– Answer:  Air flows and pressures

� as a group – unplanned, unintentional, and unmanaged 
airflows are the primary cause of residential performance 
failures.

� air flow can carry with it a great deal of heat and moisture
� air pressures can compromise mechanical system 

performance

� Air management is critical for comfort, energy 
efficiency, durability, and indoor air quality!



Putting the Puzzle Together



Putting the Puzzle Together



Putting the Puzzle Together



Putting the Puzzle Together



Building Science of Energy *

� Marilou Cheple
� Assistant Professor
� University of Minnesota

* It’s more than R-value folks; design matters!



Energy Efficient Planning & Design

� Energy efficient site design
� Energy efficient building design – the big picture
� Energy efficient building design – the details
� Energy efficient mechanical design details



Energy Efficient Planning & Design

� Site Design
– Orient long axis running east-west
– Provide solar access - open space to the south
– Shelter from north & west winter winds
– Open house to southerly summer breezes
– Take advantage of desirable topography



Energy Efficient Planning & Design

� Landscape Design
– Overall Strategies

� provide windbreaks to reduce wind velocity
– allow summer breezes for natural ventilation

� provide shade for windows, house & air conditioner
– avoid shading windows in the winter

– Tree Placement
� place shade trees on the west
� plant windbreaks on the north & west
� use trees to shade paved areas



Energy Efficient Planning & Design

� Building Configuration
– Use simple building shape

� in plan and section

– Avoid complex framing
� walls
� roofs
� splits



Energy Efficient Planning & Design

� Room Layout
– Primary living spaces to the south & east

� dining areas
� family areas
� bedrooms 

– Buffer spaces on the north & west
� garage
� closets, storage & utility areas
� entry, stairs, & circulation
� baths 
� kitchen 



Eliminate Problems by Design:
Building Envelope

� Window and Door Placement
– Maximize south windows

� use proper overhang design

– Minimize north & east windows
– Avoid west windows
– Shelter primary entry doors



Eliminate Problems by Design:
Building Envelope

� Cantilevered Floors
– Fully insulate with rigid insulating sheathing
– Block between joist/trusses
– Use a continuous exterior weather barrier
– Eliminate plumbing & ductwork 



Eliminate Problems by Design:
Building Envelope

� Rooms Over Garages
– Seal subfloor as the air barrier
– Blow-in or spray insulation
– Use rigid insulation sheathing under drywall (optional)
– Place a continuous weather barrier under drywall



Eliminate Problems by Design:
Building Envelope

� Exterior Tubs & Showers
– Full coverage insulation, especially corners
– Continuous air barrier behind tub

� seal to bottom plate and top plate (or blocking above unit)

– Don’t put tubs and showers on cantilevers

� Dropped Soffits (& Chases)
– Install air barrier before framing out soffit or chase
– Provide adequate support for insulation



Eliminate Problems by Design:
Building Envelope

� Raised Heel Trusses
– Use raised heel trusses 

� especially important for closets, baths & kitchens

– Critical for sloped roof designs
– Don’t forget bows, bays and bump-outs



Critical Specifications:
Building Envelope

� Rim Joist
– Install and seal rigid insulation on the inside

� or use spray on foam insulation

– 2” of rigid insulation on the exterior is recommended
– Don’t use I-joist for rim; they are too difficult to seal



Critical Specifications:
Building Envelope

� Recessed Lights
– Don’t use recessed lights in insulated ceilings

� if you must, they must be sealed by code; airtight units or 
airtight boxes



Eliminate Problems by Design:
Mechanical Systems

� Ductwork
– Locate all ductwork inside the insulation & air barrier

� especially returns

– If ducts are in outside walls
� use rigid insulation and seal before ductwork goes in

– Don’t put ducts in the attic



Eliminate Problems by Design:
Mechanical Systems

� Fireplaces & Chimneys
– Avoid exterior fireplaces

� difficult to insulate & airtighten
� frequent chimney odor complaints

– Keep all chimneys inside the insulated envelope
– Chimneys should penetrate the highest ceiling location

� if not, the chimney must extend above the highest location

– Do not use unvented or “vent-free” devices



Critical Specifications:
Mechanical Systems

� Mechanical Ventilation
– A balanced system is highly recommended
– Consider heat recovery

� energy savings, tempered fresh air, & ease of installation



Critical Specifications:
Mechanical Systems

� Combustion Equipment
– Use power-vented (or sealed combustion) furnace & 

water heater 
� maximize efficiency & minimize backdraft potential

� Fireplaces
– Recommend direct-vent, sealed gas unit
– If wood, use a factory-built, “high tech” system

� has airtight doors and outside combustion air
� only uses 20 to 35 cfm of air



Critical Specifications:
Mechanical Systems

� Ductwork
– Seal all joints

� duct mastic preferred
� especially supplies in exterior walls and attic
� especially returns in spaces with natural draft combustion

– Use ductwork for all returns
� If panning is used, it must be sealed at joists, transitions, end 

plates, penetrations, etc.

– Balance supplies and returns in all rooms



Building Science of Durability

� Tom Schirber
� Consultant

* Best laid plans, can go awry on the jobsite!



Durability: A Priority

� If a building is designed to double its life, the 
environmental impact from its construction will be 
cut in half.

� The same can be applied to products and 
materials.



Durability is Gaining Momentum.

� Has not been a priority until recent litigation 
around mold.

� Yet, “durability and energy efficiency are the 
cornerstones of sustainability” Joe Lstiburek.

� The Green building movement can help bring 
durability forward.



Durability Strategies Do Exist

� New LEED for Homes Rating System from the 
U.S. Green Building Council.

� Government: DOE has taken the lead through 
Building America Program.  HUD has not taken a 
lead

� Warranty programs such as Environments for 
Living emphasize durability.
– About 70,000 homes have been built through this 

program



Environments For Living Requires:

� Tight construction
� Improved thermal systems
� Right sized HVAC
� Fresh air ventilation
� Balance air pressure
� Internal moisture management
� Combustion safety



Approaches to Durability Strategies

1. Prescribe specific measures.  Must be customized to 
each building.

2. Set performance-based goals.  Hard to verify until 
years after occupancy.

3. Process-based approach.  Hard to guarantee results 
for specific projects

LEED for Homes relies on process requirements.
Environments for Living is more prescriptive and 

performance-based.



The Enemies of Long-Term Durability:

� Moisture
� Heat
� Sunlight
� Insects
� Material failure
� Building Function
� Style



The Defense is:



So, if we control…

� Moisture, Heat, Sunlight, Insects, Material 
Failure, Building Function and Style through 
good design and specs…

� We have won the battle.  Right?



Wrong!

� Assuming we have very good design and 
specifications, we must still control the process.

� The process of delivering a durable building is 
complex and can break down at any level.

� We must control the construction process to 
produce durability.

Control the Process!



Moisture Control

� Building scientists estimate that moisture issues 
cause 80% of the durability problems. 

� Bulk water intrusion, vapor diffusion, 
condensation and humidity are relentless in 
attempting to penetrate a buildings defenses.

� Technology ensuring moisture control is 
available; the problem is execution.



Most moisture problems are found in 
the building enclosure.  Buildings leak!

Courtesy of Building Science Corp.



Foundations

There are plans and 
specs available for 
water proofing 
basements.

There should be one 
standard for 
basement/foundation 
water proofing

Courtesy of Building 
Science Corp.



Process      Performance      Durability

“The performance of a building 
enclosure is dependant on the 
performance of the installer.”

- A Local Contractor



The Perfect Enclosure

“The Perfect Wall” by Joe Lstiburek
Walls need four control layers:
� Rain control layer
� Air control layer
� Vapor control layer
� Thermal control layer



Protect the structure

� Best place for control layers
is outside the structure

� Best place for insulation
is outside the
structure.

Cladding

Control Layers

Structure



Achieving Durability Requires…

� Control of forces of nature, especially moisture.
� Proper enclosure design
� Control the process
� Making changes in the way we build.



Strategies for 
Construction Process Control

� Starts with good design and specifications
� Pre-construction contractor training
� Buy-in from owner, architect and builder
� Construction oversight – catch problems

– Owners agent
– Owner contracted commissioning agent.
– Clear agreement on compliance
– Funder/lender participation



Building Science for Indoor Air *

� Steve Klossner
� ACT

* Don’t forget the occupant!!!



Building Science for Indoor Air

� Key roles for IAQ
– Total Building Performance
– Design for Energy Efficiency
– Execution for Durability

� Performance Characteristics for IAQ
� Occupant Interface with Systems



Design for IAQ – Partial list  

� Water vapor considerations and control
� Bulk water considerations and control
� Dew point considerations and control
� Combustion gas considerations and control
� Ventilation strategies and controls
� Heating systems considerations and controls
� Cooling system considerations and controls
� Shell tightness considerations and control
� Shell and interstitial pressure considerations and controls
� VOC considerations and control
� Particulate considerations and control



Building Shell For IAQ

� Single Family
– How tight is too tight

� Multifamily 
– Exterior shell 
– Interior shell



Building Pressures For IAQ

� Single Family
– Short term pressure limits
– Long term pressure issues (outside design conditions)

� Multifamily 



HVAC for IAQ

� Heating systems
� Cooling systems

– Sizing of systems
– Distribution systems
– Role in filtration
– Role in ventilation
– Role in humidity levels



Moisture Control for IAQ

� Winter conditions – relative humidity
– What levels are appropriate
– How do we maintain and measure those levels

� Summer conditions – relative humidity
– What levels are appropriate
– How and where do we maintain and measure those 

levels?



Moisture Control for IAQ

� Dew point 
– Windows 
– Walls
– Attics
– Basements

� Vapor retarder –The new villain



Ventilation for IAQ

� Ventilation requirements
– People
– Source
– Pressures
– Measured flow rates

� Ventilation conditioning
– Temperature
– RH
– Particulates



Filtration for IAQ

� Filter requirements
– Particulate efficiency
– Pressure drop
– Replacement schedule

� System requirements
– Fan capacity and cost
– Operating schedules



Occupant Interface and Education

� Control strategies
– Moisture
– Ventilation
– Filtration

� User friendly equipment
– Temperature resets
– Humidistat controls
– Low operating costs
– Sound ratings
– Simplified maintenance



Total Building Performance

� Pat Huelman
� Cold Climate Housing Coordinator
� University of Minnesota

* Putting the puzzle back together again!



Total Building Performance

� The “Ten Key Components” that will ensure …
– Energy efficiency
– Moisture control & durability
– Good indoor air quality

� A formula for …
– How to have your cake and eat it to!!!
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Full-Coverage, 
Optimal Thermal
Insulation



Continuous 
Warm-Side
Air Barrier
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Low-Toxic Materials, Finishes and 
Furnishings

� Carpets
� Underlays
� Paints
� Household cleaning 

products
� Cooking odors
� Combustion gases
� Textiles

� Tobacco smoke
� Molds and fungi
� Hair spray
� Disinfectants
� Deodorants
� Glues
� Wood products
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User-Friendly Controls
� Set-back thermostat
� Dehumidistat
� Ventilation (more or less)



Proper Operation & Maintenance

� Homeowners manual with 
product information and 
guide to operation

� Preventive maintenance 
checklist

� Maintenance log



When It All Comes Together

� Well-insulated envelope
– slab, foundation, walls, ceiling

� Highly efficient windows
� Extremely airtight
� High quality mechanicals

– efficient, sealed combustion 
furnace and water heater

– properly sized, high-efficiency 
air-conditioning

– well-designed, sealed ductwork
– dedicated and distributed 

mechanical ventilation system
– high-efficiency air filtration
– proper make-up air for exhausts
– user-friendly controls

� Very comfortable home
� Durable & low-maintenance
� Healthy indoor environment
� Heating:  $140 to 350 / yr
� Cooling:  $80 to 200 / yr
� Water heating: $60 to 100 / yr



In Summary

� Building a home or remodeling today is …
– not just parts, but practices,
– not just materials, but methods, and
– not just products, but process.

� If properly designed and executed the whole will 
be more than the sum of the parts.
– We must move from simple assembly to component 

integration to system synergy.



Building Science + Systems Approach
= Total Building Performance

� Discussion and Questions

� This concludes the American Institute of 
Architects Continuing Education Systems 
Program.


