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• Please be sure your full name is 
displayed

• Please mute upon joining

• Use "Chat“ box to share questions or 
comments

• Under "Participant" select "Raise Hand" 
to share a question or comment 
verbally

• The session may be recorded and 
posted to 3C-REN's on-demand page. 
Feel free to ask questions via the chat 
and keep video off if you want to 
remain anonymous in the recording.

Zoom Orientation



3C-REN: Tri-County 
Regional Energy Network

 Three counties working together to improve 
energy efficiency in the region

 Services for –

 Building Professionals: industry events, training, 
and energy code compliance support

 Households: free and discounted home upgrades

 Funded by ratepayer dollars that 3C-REN 
returns to the region 



 Serves all building professionals
 Three services –

 Energy Code Coach
 Training and Support
 Regional Forums

 Makes the Energy Code easy to follow

Event Registration:
3c-ren.org/events

Energy Code Coach:
3c-ren.org/codes
805.781.1201



 Serves current and prospective building 
professionals

 Expert instruction:
 Technical skills
 Soft skills

 Helps workers to thrive in an evolving 
industry

Event Registration:
3c-ren.org/events



Multifamily (5+ units)
 No cost technical assistance
 Rebates up to $750/apartment plus additional 

rebates for specialty measures like heat pumps
Single Family (up to 4 units)
 Sign up to participate!
 Get paid for the metered energy savings of 

your customers

Enrollment:
3C-REN.org/contractor-participation
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Sendero Verde, Handel Architects
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The Network Global Knowledge. Regional Context. Local Applications

Presenter Notes
Presentation Notes
THE PASSIVE HOUSE NETWORK IS A NATIONAL NON-PROFIT FOCUSED ON PASSIVE HOUSE TRAINING AND CAPACITY BUILDING.  WE HAVE A NATIONAL MEMBERSHIP AND REGIONAL CHAPTERS AND ARE AFFILIATED WITH THE INTERNATIONAL PASSIVE HOUSE ASSOCIATION.  
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Training and Resources
https://passivehousenetwork.org/designer-training/

https://passivehousenetwork.org/safe-at-home/

Presenter Notes
Presentation Notes
OUR TRAINING AND RESOURCES INCLUDE A FALL COHORT TO BECOME A CERTIFIED PASSIVE HOUSE DESIGNER KICKS OFF OCTOBER 10.3CREN HAS FINANCIAL INCENTIVES FOR THIS CPHD COURSE AND WE HOPE YOU’LL UTILIZE THEM.

https://passivehousenetwork.org/designer-training/
https://passivehousenetwork.org/safe-at-home/
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Agenda

1. Intro to Passive House
2. Envelope
3. Mechanical Systems
4. QA/QC & Certification
5. Resources

Waring School, Massachusetts, Opal Architecture
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Introduction to Passive House Trades

2 AIA LUs Credit,  # Intro_PH_Trades_LO

Learning Objectives:

1. Describe the five key principles of Passive House projects.
2. Summarize typical materials, methods, and components used in 

Passive House enclosures and mechanical systems.
3. Outline typical Passive House construction sequencing.
4. Describe the basic approach to quality control, verification and 

commissioning.

Instructor:

Steve  Mann
Principa l of Home  Ene rg y Se rvice s , S teve  Mann, is  a  California HERS, LEED 
AP+ Homes  and Green Rate r, and is  a  ce rt ified Pass ive  House  Des ig ne r, 
Tradespe rson, Tra ine r, and building  Ce rt ifie r with Pass ive  House  Ins t itute . His  
two mos t  recent  de s ig n/build re s ident ial projects  a re  Ne t  Ze ro Ene rg y (NZE), 
and are  both LEED Pla t inum and Pass ive  House  ce rt ified.

PHN's  In t roduc t ion  to  Pass ive  House  Trades  course  i s  a  
comprehensive  dive  into cons t ruct ing  re s ident ial and commercia l 
Pass ive  House  building s , specifica lly a t  the  enclosure  and mechanica l 
t rades . 

The re  will be  a  brie f int roduct ion to Pass ive  House  about  the  bas ic 
principle s  and the  drive rs  of Pass ive  House  pe rformance  tha t  mos t  
conce rn builde rs ’ work.

The  enclosure  sect ion will look a t  typica l cons t ruct ion types , windows  
and ins ta lla t ion, a ir barrie rs  and insula t ion, and new, innovat ive  PH 
products . The  mechanica l will look a t  the  vent ila t ion hea t ing , cooling  
sys tems, and domes t ic hot  wate r.

The  work of the  t rades  will be  clearly placed in the  context  of Pass ive  
House  pe rformance , the  role  of each aspect  of cons t ruct ion, it s  
s equencing  - and the  importance  of the  t radespe rson’s  work in 
achieving  the  ta rg e t  g oals .

Presenter Notes
Presentation Notes
THIS COURSE IS AVAILABLE FOR LEARNING CREDITS.WE’LL BE DIVING INTO WHAT BUILDERS SHOULD BE FOCUSED TO DELIVER PASSIVE HOUSE RESULTS.WE’LL LOOK AT THE LOGIC, THE METHODOLOGY, THE STRATEGIES AND THE SYSTEMS AND DETAILS TO MAKE IT HAPPEN FROM A BUILDERS PERSPECTIVE.
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Introductions

Please answer questions in the comments:
1. Name? (if you’d like)

2. Location?
3. Typical project role?
4. Any previous Passive House knowledge or 

experience? If so, what?

Presenter Notes
Presentation Notes
AS WE GET START PLEASE LET US KNOW WHO YOU ARE BY ANSWERING THESE FEW QUESTION IN THE CHAT. GOING FORWARD FEEL FREE TO POST QUESTIONS AS WE GO.



Intro to Passive House
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How we use fundamental elements matters

“I was working as a physicist. I read that the construction 
industry had experimented with adding insulation to new 
buildings and that energy consumption had failed to reduce. 
This offended me – it was counter to the basic laws of 
physics. I knew that they must be doing something wrong. 
So I made it my mission to find out what, and to establish 
what was needed to do it right.”

- Wolfgang Feist

Passive House masters the elements of high -performance building.

Presenter Notes
Presentation Notes
PASSIVE HOUSE ORIGINATING WITH AN IDEA THAT THERE WAS A DISCONNECT IN CONVENTIONAL PRACTICE BETWEEN THE WORK AND THE RESULTS.THIS QUOTE IS FROM WOLFGANG FEIST WHO FOUNDED THE PASSIVE HOUSE INSTITUTE.  (READ QUOTE)LIKE COOKING, MASTERING A HANDFUL OF ELEMENTS - THE CRITICAL DRIVERS OF OUTCOMES CAN ENSURE RELIABLE REPEATABLE GREAT OUTCOMES.  AND THIS IS WHAT PASSIVE HOUSE ACCOMPLISHES.
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What is Passive House?

• Passive House is a building standard
• Applies to new & existing buildings
• The most rigorous energy efficiency 

certification available 
• Performance -based approach 
• Focuses on mastering the drivers of 

building performance.

Presenter Notes
Presentation Notes
PASSIVE HOUSE IS A BUILDING PERFORMANCE STANDARD BASED ON SPECIFIC PERFORMANCE CRITERIA.Keep reading from bullets.
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Project Types – Not Just Houses!

The House at 
Cornell Tech Star Garment 

Factory
Betances V

Presenter Notes
Presentation Notes
IT’S IMPORTANT TO ESTABLISH THAT PASSIVE HOUSE APPLIES TO ALL BUILDING TYPES, IN ALL CLIMATES, BOTH NEW AND RETROIT.FOR EXAMPLE THE STAR GARMENT FACTORY IS A RETROFIT IN SRI LANKA.
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Goals of Passive House

• Thermal Comfort
• Hygienic conditions

○ No mold
○ Healthy indoor a ir qua lity

• Energy Efficiency
• Durability

+
• Affordability

Gre a t e r 
Com fort  
& He a lt h

Greater 
Ene rg y 
Effic ie ncy

Presenter Notes
Presentation Notes
THE GOALS OF PASSIVE HOUSE ARE VERY SPECIFIC, AND START WITH THE OCCUPANT.THERMAL COMFORTHYGIENIC CONDITIONS THAT PROMOTE HEALTHY OCCUPANTS.ENERGY EFFICIENCY.DURABILITYAND DOING IT ALL AFFORDABLY.PASSIVE HOUSE ALIGNS GREATER COMFORT AND HEALTH WITH GREATER ENERGY EFFICIENCY IN A VIRTUOUS CYCLE.THE PERFORMANCE IS SO GOOD THAT IN EXTREME WEATHER YOU CAN BE COMFORTABLE WITH VERY LITTLE ENERGY, LIKE THAT FROM A HANDFUL OF CANDLES.  OR YOU CAN SIT COMFORTABLY BY THE WINDOW IN WINTER WITHOUT A HEATER NEARBY.
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5 Principles of Construction (the drivers)

High Efficiency
Heat Recovery 
Ventilation

Airtightness

High-Performance 
Windows & Doors w/ 
Solar Protection

Continuous 
Climate Specific 
Insulation
Levels

Thermal Bridge 
Free Connections

1.

2.3.

4.

5.

These are the 5 things builders must focus on most intently.

Presenter Notes
Presentation Notes
HOW DO WE ACHIEVE THESE GOALS?THE PASSIVE HOUSE METHODOLOGY FOCUSES ON 5 PRINCIPLE BUILDING DRIVERS WHICH ARE OPTIMIZED IN THE BUILDING DESIGN TO EFFECTIVELY ACHIEVE THE GOALS..THE FIRST 4 PRINCIPLES FOCUS ON THE ENCLOSURE WHILE THE 5TH IS VENTILATION.  HEATING AND COOLING DON’T FIGURE INTO THE DRIVERS OF PERFORMANCE - THEY ARE INSTEAD THE RESULT OF THESE 5 DRIVERS.IT IS WHY PASSIVE HOUSE IS OFTEN REFERRED TO AS A FABRIC FIRST OR ENCLOSURE FIRST APPROACH. THE ENCLOSURE, LIKE A THERMOS MAINTAINS STEADY INDOOR AIR TEMPERATURES.THE FIRST PRINCIPLE IS CONTINUOUS CLIMATE SPECIFIC INSULATION LEVELS, TYPICALLY GREATER THAN CODE BUT ULTIMATELY HIGHLY DEPENDENT ON OTHER DESIGN DECISIONS.SECOND IS THERMAL BRIDGE FREE CONNECTIONS.  MOST BUILDINGS UNDERMINE THE EFFECTIVENESS OF ITS INSULATION BY LEAKING ENERGY, LIKE A SIEVE, THROUGH JOINTS AND PENETRATIONS - AT WALLS TO FLOORS AND ROOFS, AT WINDOW CONNECTIONS AT STRUCTURAL ELEMENTS AND ON AND ON. PASSIVE HOUSE WORKS TO MINIMIZE AND ELIMINATE THESE HOLES IN THE INSULATION, RADICALLY ALTERING THE BUILDING PERFORMANCE AND MAKING IT FAR MORE PREDICTABLE.THIRD IS AIRTIGHTNESS.  LEAKING BUILDINGS, CAUSE DRAFTS AND DISCOMFORT, CAUSE LOTS OF ENERGY LOSS AND ALLOW OUTDOOR POLLUTION TO ENTER THE BUILDING AS THE WIND BLOWS.  AIRTIGHTNESS RESULTS IN A COMFORTABLE INTERIOR WHERE CONTROL OF THE AIR IS EASY TO CONDITION AND EASY TO MAINTAIN HIGH QUALITY WITH GOOD VENTILATION.FOURTH IS HIGH PERFORMANCE WINDOWS AND DOORS WITH SOLAR PROTECTION.  THEY OFFER PASSIVE HEAT GAINS THAT CAN BE USEFUL, WHILE WE WANT TO SHADE THEM TO PREVENT UNWANTED OVERHEATING.  THE WINDOWS ARE OFTEN TRIPLE GLAZED WITH TRIPLE AIRSEALING GASKETS, ACTING AS A CONTINUATION OF THE AIRTIGHT WELL INSULATED OPAQUE ENCLOSURE, AVOIDING THE TYPICAL FATE OF BEING UNCONTROLLED HOLES.FINALLY THE 5TH ELEMENT IS HIGH EFFICIENCY HEAT RECOVERY VENTILATION.  THIS SYSTEM GUARANTEES THAT FILTERED FRESH AIR WILL BE SUPPLIED TO ALL THE SERVED SPACES, LIKE BEDROOMS, LIVING ROOMS, CLASS ROOM AND OFFICES AND EXHAUSTED THROUGH SERVICE AREAS LIKE KITCHENS, BATHROOMS AND UTILITY ROOMS. UNLIKE TYPICAL VENTILATION THAT IS LOCALIZED AND INTERMITTENT THIS VENTILATION IS PLANNED TO COVER THE ENTIRE OCCUPIED SPACE AND TO RUN CONTINUOUSLY IN A BALANCED WAY WITH SUPPLY AIR PRESSURE EQUALLING THE EXHAUST AND AVOIDING PRESSURIZING OR DEPRESSURIZING THE BUILDING.  THE EXHAUST AND FRESH AIR INTAKE AIRFLOWS PASS EACHOTHER THROUGH A PASSIVE HEAT EXCHANGE CORE AND UP TO OVER 90% OF THE ENERGY CAN BE TRANSFERED KEEPING THE INTERIOR SPACE TEMPERATURE COMFORTABLE.OF COURSE NATURAL VENTILATION STRATEGIES ARE ALSO ENCOURAGED AND EVERYONE IS FREE TO OPEN YOUR WINDOWS TO LET THE BREEZE BLOW THROUGH, BUT YOU DON’T NEED TO TO HAVE GREAT INDOOR AIR QUALITY, AND ON MANY DAYS EITHER DUE TO THE WEATHER OR OUTDOOR POLLUTION YOU WON’T WANT TO.  REGARDLESS IN A PASSIVE HOUSE YOU’RE COMFORTABLE AND HEALTHY.THESE ARE THE PRIMARY DRIVERS AND ARE THE 5 THINGS YOUR CONSTRUCTION EFFORTS NEED TO FOCUS ON MOST INTENTLY.
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Energy Modeling: Calculating Predictable Performance 

https://passivehouse.com/04_phpp/04_phpp.htm

Presenter Notes
Presentation Notes
AN ESSENTIAL PART OF UNDERSTANDING PASSIVE HOUSE IS TO UNDERSTAND THAT ALL THE KEY DRIVERS OF PERFORMANCE ARE ENTERED INTO THE PASSIVE HOUSE PLANNING PACKAGE ENERGY MODEL OR PHPP.OPTIMIZING THE DESIGN IN THE ENERGY MODEL ASSURES THAT THE RESULTING BUILDING WILL HIT THE CRITERIA AND MAKES FOR VERY PREDICTABLE OUTCOMES.  ALL SUBSEQUENT DECISIONS NEED TO BE RUN THROUGH THE ENERGY MODEL TO MAKE SURE IT STILL MEETS THE REQUIREMENTS.

https://passivehouse.com/04_phpp/04_phpp.htm
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Predictable Performance is THE thing.

Presenter Notes
Presentation Notes
IN THIS EXAMPLE, COMPARED TO LEED SHOWN IN THE MIDDLE  AND CODE OUTCOMES ON THE RIGHT, WHICH ARE HIGHLY VARIABLE, THE LOW VARIABILITY OF THE PASSIVE HOUSE RESULTS - IN GREEN ON THE LEFT - MEANS MECHANICAL SYSTEMS CAN BE BETTER OPTIMIZED, AND WE’LL KNOW WE’RE GOING TO GET THE RESULTS WE WANT.  OF COURSE THERE’S SOME VARIATION, AS USE PATTERNS MAY VARY BUT THEY ARE CLOSELY GROUPED.
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Right size Heating & Cooling Systems

75% equip sizing reduction
Efficient distribution (Pulled away 

from perimeter)
Often all -electric, heat pump based.

Presenter Notes
Presentation Notes
WITH THIS PREDICTABILITY, WE OFTEN SEE HEATING AND COOLING SYSTEMS REDUCED IN SIZE BY 75% WHILE WE CAN ALSO PULL THEM BACK TO THE CORE OF THE BUILDING.WE NOW SEE SYSTEMS TYPICALLY GOING ALL ELECTRIC AND THE HEATING AND COOLING DONE WITH A HEAT PUMP.
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Construction is complicated!

So many demands:
● Structural
● MEP
● Life safety
● Environmental
● Worker safety
● Framing
● Finishes
● Sequencing
● Budgets
● Other certifications!
● etc…

Passive House Focus: Hygiene, Comfort and Efficiency

Presenter Notes
Presentation Notes
WE CAN ALL ACKNOWLEDGE A LONG LIST OF DEMANDS ARE PLACED ON THE TEAM - CONSTRUCTION IS COMPLICATED. HOWEVER, PASSIVE HOUSE PERFORMANCE, AS WE’VE NOTED, IS DETERMINED BY A NARROW FOCUS:  ON HYGIENE, COMFORT AND EFFICIENCY.STAYING FOCUSED ON THE FEW GOALS AND THE HANDFUL OF DRIVERS IS CRITICAL TO PASSIVE HOUSE SUCCESS.  BE SURE TO KEEP YOUR EYE ON THOSE FEW CRITICAL ITEMS AND YOU’LL BE GOOD.
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What Trades to Focus on

● Carpentry
● Masonry
● Steel
● Foundation work
● Heating, Cooling & Ventilation
● Plumbing
● Electrical
● Verification, Testing & Commissioning

Each should have a general understanding of Passive House 
& specific knowledge of their works impact.

Connect the work to final performance results.

Presenter Notes
Presentation Notes
WHILE THE FOCUS IS NARROW, PASSIVE HOUSE CAN TOUCH A NUMBER OF BUILDING TRADES AND ALL SHOULD BE ENGAGED WITH A GENERAL UNDERSTANDING OF PASSIVE HOUSE AND HOW THEIR WORK SPECIFICALLY IMPACTS THE RESULTS.CarpentryMasonrySteelFoundation workHeating, Cooling & VentilationPlumbingElectricalVerification, Testing & CommissioningEACH SHOULD HAVE A SENSE OF HOW THEIR WORK IMPACTS THE FINAL PERFORMANCE RESULTS.
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Logic of Passive House

Building industry 
is disconnected 
from the drivers of 
building 
performance.

Passive House 
connects the dots 
and transforms 
industry 
expectations & 
capacity

Passive House 
empowers builders 
and designers to 
consistently deliver 
high -performance 
core solutions.

1. Continuous Climate Specific Insulation
2. Thermal Bridge Free Connections
3. Airtight Enclosure
4. High Performance Windows & Doors
5. Mechanical Ventilation with Heat Recovery

1. Health
2. Comfort
3. Efficient
4. Durable
+ Affordable

Principles (the drivers) Goals

Logic of Passive House

Presenter Notes
Presentation Notes
ANOTHER LOOK AT THE BIG PICTURE: BY FOCUSING ON THE DRIVING PRINCIPLES TO ACHIEVE DESIRED GOALS, WE ARE CONNECTING THE DOTS AND EMPOWERING DESIGNERS AND BUILDERS TO CONSISTENTLY DELIVER HIGH-PERFORMANCE RESULTS.
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Focus makes high quality affordable

Anyone can build Passive House 
with modest but specific training.

It’s more about building 
intentionally and simply.

Presenter Notes
Presentation Notes
THIS TIGHT FOCUS MAKES HIGH QUALITY AFFORDABLE.THE TRUTH IS ANYONE CAN PRODUCE PASSIVE HOUSE RESULTS.IT TAKES MODEST BUT SPECIFIC TRAINING.IT’S FOCUSED ON BUILDING INTENTIONALLY AND SIMPLY.



The Passive House Criteria

Presenter Notes
Presentation Notes
LET’S TAKE A BRIEF LOOK AT THE PASSIVE HOUSE CRITERIA UNDERLYING THE PERFORMANCE OUTCOMES AND PROVIDE SOME FURTHER CONTEXT FOR PASSIVE HOUSE DESIGN AND CONSTRUCTION.
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Criteria: Goals

1. Occupant Health
2. Thermal Comfort
3. Energy Efficient
4. Durable

Presenter Notes
Presentation Notes
NOT SURPRISINGLY THE CRITERIA THAT BUILDINGS ARE CERTIFIED TO ALSO FOCUS ON THE FUNDAMENTAL GOALS AND THEIR DRIVERS: HEALTH, COMFORT, EFFICIENCY AND DURABILITY.
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Criteria: Enclosure Quality

Thermal Protection (COMFORT)
● Interior Surface Temperatures: not 

more than 7.6 F below the operative 
indoor temperature. 

● Floors: not below 66.2 F, Checked 
against 71.6 F in PHPP

Moisture Protection (HYGIENE/HEALTH)

fRsi defines the coldest point which can occur on the interior surface of a 
construction system. For example, if the temperature factor is 0.7, then 70% of 
the temperature difference between the inside and outside air is still present at 
the interior surface. If the temperature factor is achieved, then mould and 
condensation formation can be safely prevented at normal outdoor temperatures, 
indoor temperatures and indoor air humidity levels.

Even internal surface temperatures - Details matter a lot!

Presenter Notes
Presentation Notes
A FUNDAMENTAL QUALITY OF THERMAL COMFORT IS THE QUALITY OF CONSISTENT SURFACE TEMPERATURES.THE CRITERIA NOTES THAT NO SURFACE SHOULD HAVE MORE THAN A 7.6 DEGREE F DIFFERENCE FROM THE OPERATIVE ROOM TEMPERATURE.  TO ENSURE THAT MOLD GROWTH IS NOT A DANGER THE CRITERIA LOOKS AT THE THERMALLY WEAKEST CONNECTIONS AND DEMANDS THEY RESULT IN WARM ENOUGH INTERIOR SURFACE TEMPERATURES AND THEREBY AVOIDING MOLD..
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Criteria: Enclosure Quality

Airtightness (Health, Comfort & Durability)
● Whole building test result of equal or 

less than 0.60 ACH50 . 
● Average of depressurization & 

pressurization.

0.13 ACH50 final test = 0.15 CFM/SF

Presenter Notes
Presentation Notes
ANOTHER LARGE DETERMINANT OF ENCLOSURE QUALITY IS ITS AIRTIGHTNESS.  AIR LEAKAGE CAUSES DISCOMFORT, ENERGY LOSS AND MOISTURE DAMAGES. A LEAKY BUILDING CAN ALLOW OUTDOOR POLLUTANTS INCLUDING WILDFIRE SMOKE TO POLLUTE THE INDOOR AIR. AIRTIGHTNESS PREVENTS THIS.FROM SMALL HOMES TO TALL HIGH RISES - BUILDINGS ARE SURROUNDED IN AIRTIGHTNESS, MEASURED AS 0.60 ACH50 OR AIR CHANGES PER HOUR AT 50 PASCALS PRESSURE, AVERAGED BETWEEN PRESSURIZED AND DEPRESSURIZED TESTS.
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Criteria: High -Performance Windows & Doors

● Airtight
● Excellent thermal performance
● Interior Surface Temperatures: not more than 7.6 

F below the operative indoor temperature.

Less Frame = 
Better Performance

Presenter Notes
Presentation Notes
THE WINDOWS PROVIDE DAYLIGHT, VIEWS AND PASSIVE HEAT GAINS - AND ARE CRITICAL EXTENSIONS OF THE INSULATION AND AIRTIGHTNESS CONTINUITY.FRAMES ARE THE WEAK LINK AND THE CRITERIA IN PARTICULAR FOCUSES ON FRAME PERFORMANCE AND HOW THEY ARE INTEGRATED WITH THE SURROUNDING CONSTRUCTION.WHEN WINDOWS ARE POOR PERFORMING THEY CAUSE TEMPERATURE ASYMMETRY, CONVECTIVE CURRENTS AND THERMAL DISCOMFORT THAT NEEDS TO BE OVERCOME WITH MECHANICAL SYSTEMS.
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Criteria: Ventilation

1. Sufficient filtered fresh air to all occupied 
spaces

2. User control and boost
3. 75% min system heat recovery efficiency
4. Fan power efficiency <0.765 W/CFM
5. Balanced Flow: <10% disbalance between 

fresh air supply and exhaust air.

Presenter Notes
Presentation Notes
VENTILATION COMPLEMENTS THE ROBUST ENCLOSURE ENSURING SUFFICIENT FILTERED FRESH AIR IS SUPPLIED TO ALL OCCUPIED SPACES.THE FRESH AIR HAS VERY EFFICIENT HEAT RECOVERY  AND FAN POWER TO MINIMIZE ENERGY USE.TYPICAL BUILDINGS ARE GREATLY AFFECTED BY OUTDOOR AND INDOOR POLLUTION, WHILE PASSIVE HOUSE VENTILATION, COUPLED WITH AN AIRTIGHT ENCLOSURE KEEP INDOOR AIR QUALITY AT HEALTHY LEVELS.THE TOP LEFT GRAPH SHOWS A POORLY VENTILATED SCHOOL WHERE THE CO2 LEVELS GO OFF THE CHART OVER THE COURSE OF THE DAY - OVER 5000 PPM, ENOUGH TO PUT ANYONE TO SLEEP. WHILE THE LOWER LEFT GRAPH SHOWS A PASSIVE HOUSE SCHOOL WHERE CO2 LEVELS ARE MAINTAINED BELOW 1000 PPM, A LEVEL THAT SUPPORTS HEALTHY, ALERT STUDENTS.
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Criteria: Other MEP 

Heating & Cooling:
1. No hard rules but must be efficient.
2. While heat pumps are now common any type 

of system is possible.
3. Typical successful approaches.

a. Keep it simple and small (right sized): 
b. Combined heat/cooling systems
c. Minimize refrigerant lines.

Appliances & Lighting:
1. Efficient appliances and lighting.
2. All -electric encouraged.

Domestic Hot Water:
1. Efficient piping layout - minimizing 

circulation.
2. Well insulated hot water piping & 

accessories.
3. Efficient heater: Heat pump 

encouraged.
4. Efficient pumps.
5. Bath waste water heat recovery 

encouraged.

“Do no harm”: Minimize “accidental” heating & cooling. Only use what you need.

Presenter Notes
Presentation Notes
WE MIGHT APPROACH THE OTHER MECHANICAL SYSTEMS WITH THE ATTITUDE, “DO NO HARM.” - AS YOU ARE FREE TO ADDRESS THEM AS YOU WISH BUT WE WANT THEM TO BE ENERGY EFFICIENT, QUIET, AND AS SIMPLE AS POSSIBLE. IMPORTANTLY WE DON’T WANT THEM TO CONTRIBUTE TO THE HEATING OR COOLING DEMAND OF THE BUILDING. 
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Criteria: Energy

Presenter Notes
Presentation Notes
FINALLY, THE ENERGY CRITERIA - WHAT PASSIVE HOUSE IS REALLY KNOW FOR.  WE DON’T NEED TO GET INTO THE WEEDS HERE.JUST KNOW THAT THERE ARE STRINGENT CRITERIA FOR SPACE HEATING AND COOLING ENERGY AS WELL AS FOR ANY DEHUMIDIFICATION NEEDS. THEN THERE IS ALSO AN OVERALL ENERGY LIMIT THAT IS RATED IN PART ON HOW WELL IT IS OPTIMIZED TO OUR FUTURE ALL-RENEWABLE, ALL-ELECTRIC POWER SUPPLY.  CONSEQUENTLY YOU CAN USE GAS APPLIANCES AND EQUIPMENT BUT THERE IS A PENALTY FOR IT.THE STANDARD PASSIVE HOUSE CERTIFICATION IS SUPPLEMENTED BY MORE STRINGENT PLUS AND PREMIUM LEVELS AS WELL AS A LESS STRINGENT LOW ENERGY BUILDING.THE TARGET OF ENERGY PERFORMANCE WILL BE SET BY THE TEAM DURING DESIGN, AND THE CONSTRUCTION REQUIREMENTS WILL BE SET TO DELIVER TO THAT TARGET - AFFECTING POTENTIAL COMPONENT SPECIFICATIONS, INSULATION AND AIRTIGHTNESS LEVELS AND MORE…
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Renovation Energy Criteria: EnerPHit

or

plus

Presenter Notes
Presentation Notes
THERE IS ALSO A RENOVATION STANDARD CALLED ENERPHIT THAT CAN BE MET EITHER WITH AN ENERGY LIMIT OR A CALCULATION BASED ON PRESCRIPTIVE COMPONENTS.  AGAIN THIS IS ALL SET DURING DESIGN.
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30+ Certifiers Working in the US

Active Certifiers in the US include:

1. CertiPHIers Cooperative

2. Emu Passive

3. Herz & Lang

4. Home Energy Services

5. Passive House Academy

6. Passive House Institute

7. Peel Passive House

8. RDH Building Science

9. Steven Winter Assoc

https://passivehousenetwork.org/certification/ https://passivehousenetwork.org/wp-
content/uploads/2023/01/NACC-Brochure-Jan-
2023.pdf

https://passivehouse.com/03_certification/02
_certification_buildings/03_certifiers/01_accr

edited/01_accredited.html

Presenter Notes
Presentation Notes
IF THE PROJECT IS TO BE CERTIFIED THERE WILL BE AN INDEPENDENT BUILDING CERTIFIER WORKING ON THE PROJECT AND CHECKING ALL THE SUBMITTALS, SITE PHOTOGRAPHS, TEST RESULTS AND SO FORTH CONFIRMING THAT WHAT IS BUILT AGREES WITH THE SUBMITTED PHPP ENERGY MODEL.  THERE ARE OVER 100 CERTIFIERS WORLDWIDE WITH 30+ WORKING IN THE US. 

https://passivehousenetwork.org/certification/
https://passivehousenetwork.org/wp-content/uploads/2023/01/NACC-Brochure-Jan-2023.pdf
https://passivehousenetwork.org/wp-content/uploads/2023/01/NACC-Brochure-Jan-2023.pdf
https://passivehousenetwork.org/wp-content/uploads/2023/01/NACC-Brochure-Jan-2023.pdf
https://passivehouse.com/03_certification/02_certification_buildings/03_certifiers/01_accredited/01_accredited.html
https://passivehouse.com/03_certification/02_certification_buildings/03_certifiers/01_accredited/01_accredited.html
https://passivehouse.com/03_certification/02_certification_buildings/03_certifiers/01_accredited/01_accredited.html
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Certified Passive House Components

https://database.passivehouse.com/en/components/

Presenter Notes
Presentation Notes
TO MAKE OUTCOMES, INCLUDING CERTIFICATION, MORE PREDICTABLE OFTEN CERTIFIED COMPONENTS WILL BE USED FOR WINDOWS, VENTILATION UNITS AND OTHER CRITICAL SPECIALIZED ITEMS.

https://database.passivehouse.com/en/components/
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Certified Professionals

The on-demand and hybrid formats 
allow students to leverage the benefits 
of on -demand & live online training to 
best meet their learning preferences.
35 AIA LU/HSW credits https://passivehousenetwork.org/designer-training/

https://passivehousenetwork.org/tradesperson-training/

Presenter Notes
Presentation Notes
BECOMING A CERTIFIED PASSIVE HOUSE DESIGNER OR TRADESPERSON IS AN IMPORTANT STEP IN UNDERSTANDING THE DETAILS OF PRODUCING PASSIVE HOUSE BUILDINGS.  WHILE THE PASSIVE HOUSE NETWORK PROVIDES REGULAR DESIGNER TRAINING, EMU PASSIVE PROVIDES REGULAR CERTIFIED TRADESPERSON TRAINING ACROSS THE US.

https://passivehousenetwork.org/designer-training/
https://passivehousenetwork.org/tradesperson-training/
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Criteria Goals in Summary

1. Occupant Health
2. Thermal Comfort
3. Energy Efficient
4. Durable

1. Interior Surface Temperatures
2. Airtightness
3. Ventilation
4. Efficient MEP

Presenter Notes
Presentation Notes
IN SUMMARY THE GOALS OF HEALTH, COMFORT, ENERGY EFFICIENCY AND DURABILITY, DIRECTLY RELATE TO THE BUILDING CRITERIA OF SURFACE TEMPERATURES, AIRTIGHTNESS, VENTILATION AND EFFICIENT MECHANICALS, WHICH THEN DIRECTLY RELATE TO CONSTRUCTION DETAILS, ASSEMBLIES AND SYSTEMS INSTALLED IN THE BUILDING.



Team & Process Overview

Presenter Notes
Presentation Notes
LET’S TAKE A BRIEF HIGH-LEVEL LOOK AT THE TEAM AND THE PROCESS.
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Assemble the team to deliver a Passive House

What a team needs:
1. common language
2. common goal: Passive House
3. good attitudes
4. enough training
5. willingness to work as a team 

and connect the dots

● Architects
● Engineers
● Consultants
● Passive House Consultant
● Verifier
● Inspectors
● Ventilation Commissioning
● Blower door testers
● Builder & Trades

+
Owner, Owner’s Rep and Certifier

Presenter Notes
Presentation Notes
AS A BUILDER YOU ARE PART OF A LARGER TEAM.   DEPENDING ON THE SIZE AND COMPLEXITY OF THE PROJECT YOU MAY HAVE AN EXTENSIVE TEAM LIKE THIS LIST, OR IT MAY BE JUST A FEW.WHAT’S CRITICAL IS THAT YOU HAVE A COMMON LANGUAGE AROUND THE PRINCIPLE ELEMENTS, OR DRIVERS OF PERFORMANCE AND THE GOALS THE PROJECT IS TO ACHIEVE.DIFFERENT LEVELS OF TRAINING MAY BE APPROPRIATE FOR DIFFERENT ROLES.  MAKE SURE YOUR TEAM IS ENGAGE IN UNDERSTANDING THE GOALS, THE METHODS AND THE REASONS FOR IT ALL.
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Certification Process Overview
Initial Check Planning/Pre -
Design

The basic programming 
complete, engage a 
Certifier, and have the 
Certifier conduct an initial 
check of programmatic 
assumptions and 
certification criteria - to 
clarify how aspects will be 
assessed in the 
certification .

Preliminary Review SD/DD 
Phase(s) 

1. Assessment of the concepts 
for the design, insulation and 
building services, and of the 
preliminary version of the 
PHPP calculation for 
consistency with the 
certification criteria . 
2. The PH consultant 
assembles key information . 
3. The Certifier will provide 
feedback and suggestions so 
you can optimize your design 
and specifications and update 
the PHPP energy model. 

Design Stage Review 
Construction Document Phase

1. The PH consultant will prepare 
the detailed certification 
submittal package (PHPP, plans, 
specifications, and required 
supporting documentation) 
according to your Certifier’s 
guidance . 
2. Make corrections to your 
Certifier requests and re-submit 
until your Certifier can 
conditionally assure certification 
when construction is completed. 
3. Your Certifier will issue a 
design stage assurance letter
that, as designed, the building 
can be certified.

Final Review 
Construction Completion

1.Upon completion, complete 
submissions for Certifier’s final review. 
●As-built  PHPP ene rg y mode l and 

plans  pe r PHI ce rt ifica t ion protocols
●Executed Builde r Assurance  
Ce rt ifica te  tha t  building  has  been 
cons t ructed to the  as -built  plans  and 
ene rg y mode l pe r PHI ce rt ifica t ion 
protocols .
●Photo documenta t ion pe r PHI 

ce rt ifica t ion protocols .
●Blower door te s t  re sult s  pe r PHI 

ce rt ifica t ion protocols .
●Vent ila t ion sys tem commiss ioning  

report  pe r PHI ce rt ifica t ion protocols .
2. If your building  mee ts  a ll ce rt ifica t ion 
crite ria , you will re ce ive  the  building  
ce rt ifica te . 
3.Pos t  the  ce rt ifica te  on your webs ite  
and a t tach the  plaque  to your new 
Pass ive  House  building . 
4. Lis t  your newly ce rt ified building  in 
PHI’s  online  inte rna t ional project  
directory.

Presenter Notes
Presentation Notes
HERE WE HAVE CRITICAL PATH OF PASSIVE HOUSE DESIGN AND CERTIFICATION WHERE A PRE-CHECK IS DONE AND A DESIGN STAGE ASSURANCE LETTER IS ISSUED IN THE CD PHASE TO CONFIRM THAT IF THE CONSTRUCTION IS COMPLETED AS INTENDED, IT WILL HIT THE MARK.  THE BUILDING PROCESS IS NOT SHOWN HERE - WE’LL LOOK AT THAT LATER - BUT THE FIVE BULLET POINTS LIST THE ITEMS FROM CONSTRUCTION THAT ARE USED TO VERIFY THAT THE WORK MEET THE CRITERIA.AS BUILTS, BUILDER DECLARATION OF COMPLIANCE, PHOTO DOCUMENTATION, BLOWER DOOR TEST AND VENTILATION COMMISSIONING REPORT.BUILDERS SHOULD UNDERSTAND THAT THERE IS A LOT OF PLANNING THAT GOES INTO THE DESIGN AND DETAILS AND SPECIFICATIONS OF A PASSIVE HOUSE, SPECIFIC TO HITTING THE CRITERIA REQUIREMENTS.FROM THE PRE-DESIGN, DESIGN AND CONSTRUCTION DOCUMENTS, OPTIMIZATION DECISIONS HAVE BEEN MADE WITH REFERENCE TO SPECIFICATIONS.FOR CONSTRUCTION TO HIT THE MARK, ANY CHANGES OR SUBSTITUTIONS NEED TO BE VETTED BY THE PASSIVE HOUSE CONSULTANT AND OFTEN IN THE ENERGY MODEL. BUILDERS CAN OFTEN HELP IMPROVE THE OPTIMIZATION AND MAKE BETTER OUTCOMES WHEN YOUR EXPERIENCE IS APPLIED WITH THE UNDERSTANDING OF WHAT THE GOALS ARE.



Enclosure
Principles 1 -4

Presenter Notes
Presentation Notes
SO YOU’RE GOING TO BUILD A PASSIVE HOUSE - IT ALL START WITH THE ENCLOSURE, PRINCIPLES 1 THROUGH 4.
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First 4 Principles are about the enclosure

Airtightness

High-Performance 
Windows & Doors w/ 
Solar Protection

Continuous
Climate Specific 
Insulation
Levels

Thermal Bridge 
Free Connections

1.

2.3.

4.

https://passipedia.org/basics/what_is_a_passive_house

Presenter Notes
Presentation Notes
OF THE FOUR ENCLOSURE PRINCIPLES, 3 PRIMARILY DEAL WITH THE OPAQUE ELEMENTS AND THE FOURTH IS ON THE WINDOWS & DOORS.

https://passipedia.org/basics/what_is_a_passive_house


Continuous Climate Specific Insulation
Principle #1

Presenter Notes
Presentation Notes
SO LET’S TAKE A LOOK AT INSULATION
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Any Insulation is possible too - just be continuous!

Presenter Notes
Presentation Notes
LIKE CONSTRUCTION TYPES, ANY INSULATION TYPE IS POSSIBLE, THE IMPORTANT THING IS THAT IT’S CONTINUOUS INSULATION LIKE A THERMOS.
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Boards: Mineral Wool, Foam, Wood Fiber

Presenter Notes
Presentation Notes
BOARD INSULATIONS ARE WELL SUITED FOR BEING CONTINUOUS, OUTBOARD OF THE STRUCTURE, LIKE A PARKA. MINERAL WOOL AND FOAM BOARDS ARE COMMON WITH WOOD FIBER BOARDS STEADILY RISING IN DEMAND.
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Spray Insulation: Dense Pack Cellulose is a Favorite

Presenter Notes
Presentation Notes
A VARIETY OF SPRAY INSULATIONS ARE USED AS WELL, WITH DENSE PACK CELLULOSE A COMMON FAVORITE. BUT MINERAL WOOL, WOOD FIBER AND FIBERGLASS CAN BE USED, AS WELL AS SPRAY FOAM.
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Batt Insulation (not continuous) Can play a part.

Presenter Notes
Presentation Notes
BATT INSULATION IS TYPICALLY NOT CONTINUOUS AS IT’S INTERRUPTED BY FRAMING. AND SO ON ITS OWN IT IS NOT SUFFICIENT BUT IT CAN BE PART OF A COMPOSITE ASSEMBLY AND PLAY A ROLE.MINERAL WOOL, FIBERGLASS, SHEEPS WOOL, AND MORE ARE POSSIBLE.
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Quality Control of Batt Insulation is a Concern

Presenter Notes
Presentation Notes
WHILE ALL INSULATION NEEDS TO BE INSTALLED WITHOUT GAPS, BATTS CAN BE PARTICULARLY TRICKY AND REQUIRE THE SUPERVISION AND FOLLOW UP TO GET IT DONE RIGHT.
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Bad Installations Samples of Rigid Insulation

Presenter Notes
Presentation Notes
GAPS IN BOARD INSULATION ARE PROBLEMATIC TOO.NO HOLES IN OUR PARKAS PLEASE.
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Problems with Spray Foam

Presenter Notes
Presentation Notes
IF NOT INSTALLED PROPERLY SPRAY FOAM CAN SIGNIFICANTLY SHRINK AND NOT PERFORM AS EXPECTED.  THESE PROBLEMS CAN BE DIFFICULT AND EXPENSIVE TO REVERSE.  CONSEQUENTLY, WHILE SPRAY FOAM IS USED, ITS USE IS TYPICALLY LIMITED TO SPECIAL LOCATIONS THAT AREN’T READILY ADDRESSED BY OTHER METHODS.



Assembly Characteristics

Presenter Notes
Presentation Notes
LET’S TAKE A LOOK AT INSULATION AND OTHER CHARACTERISTICS IN THE CONTEXT OF TYPICAL ASSEMBLY CONSTRUCTIONS.
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Fundamental Characteristics of Enclosures

Control Layers:
1. Shed Bulk Water (rain coat)
2. Vapor Control (prevent wetting and allow drying)
3. Air Control (airtightness)
4. Thermal Control (insulation)

Primary air barrier at interior side of 
insulation - in a heating dominated 
climate this keeps warm moist air from 
condensing in the wall assembly.

“Perfect Wall” - The control 
layers wrap the structure and are 
protected by exterior cladding.

Presenter Notes
Presentation Notes
BUILDING ENCLOSURES HAVE 4 MAIN JOBS.  TO SHED BULK WATER LIKE A RAIN COAT.CONTROL MOISTURE VAPOR SO THAT WE MINIMIZE WETTING AND ALLOW DRYING.AIR CONTROL THROUGH CONTINUOUS AIRTIGHTNESSAND FINALLY THERMAL CONTROL WITH CONTINUOUS INSULATION.THE BUILDING SCIENCE CORPORATION DIAGRAMED THIS AS THE “PERFECT WALL” ON THE LEFT.PROTECTED BY EXTERIOR CLADDING THE RAIN, VAPOR, AIR AND INSULATION CONTROL LAYERS WRAP THE BUILDING STRUCTURE - KEEPING IT WARM AND DRY.BUT WE OFTEN HAVE MIXED ASSEMBLIES AND THE CONTROL LAYERS CAN OCCUR IN DIFFERENT LOCATIONS - BUT AS THE CLASSIC PASSIVE HOUSE DIAGRAM IN THE MIDDLE SHOWS, A BASIC GUIDING PRINCIPLE IS THAT THE PRIMARY AIR BARRIER IS LOCATED AT THE INTERIOR OF THE MAIN INSULATION LAYER.IN HEATING DOMINATED CLIMATES THIS IS ALSO USEFUL TO KEEP WARM HUMID AIR FROM CONDENSING ON COLD ASSEMBLY SURFACES.  NOTE THAT IN A HOT AND HUMID CLIMATE WE’LL ALSO WANT TO HAVE A STRONG AIRTIGHT LAYER ON THE OUTSIDE OF THE INSULATION.
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fRsi helps guide insulation levels at weak points.

Presenter Notes
Presentation Notes
AS NOTED EARLIER THE INSULATION LEVELS ARE CLIMATE SPECIFIC TO REACH COMFORTABLE LEVELS, GENERALLY AND AT DETIALS, TO PREVENT MOISTURE DAMAGES AS SHOWN ON THE LEFT..
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Avoid Vapor Barriers in Walls & Roofs

Presenter Notes
Presentation Notes
SIMILARLY, WHILE WE WANT VAPOR CONTROL TO PREVENT WETTING AND PROMOTE DRYING, UNINTENTIONAL VAPOR BARRIERS LIKE VINYL WALL COVERING AT EXTERIOR WALLS AND PLASTIC SHEETING CAN TRAP MOISTURE IN THE ASSEMBLY AND RESULT IN MOISTURE DAMAGES.  SO WHILE THE DETAILS AND SPECIFICATIONS SHOULD HAVE ACCOUNTED FOR THIS, IF YOU SEE VAPOR BARRIERS, ASK QUESTIONS, AND CLARIFY THE INTENT AS THESE ARE ALL TOO COMMON MISTAKES.
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Variations on Layering below is typical

Shed Water
Vapor Control
Air Control
Thermal Control

1. Back Vented Rainscreen
2. Continuous Insulation
3. Waterproofing
4. Structure (w/ insulation)
5. Airtightness
6. Service Cavity (to protect the airtight layer)

7. Interior Finish

1. BACK VENTED 
RAINSCREEN

2. WINDTIGHT BOARD 
INSULATION

3. VAPOR OPEN 
WATERPROOF 

AIRTIGHT LAYER

4. STRUCTURE W/
INSULATION

5. VAPOR VARIABLE 
AIRTIGHT LAYER

6. SERVICE CAVITY 
STRAPPING WITH 
OPTIONAL 
INSULATION

7. INTERIOR FINISH

Presenter Notes
Presentation Notes
SIMILAR TO THE PERFECT WALL WE SEE MANY PASSIVE HOUSE ENCLOSURE VARIATIONS ON THIS LAYERING.  FROM OUTSIDE TO INSIDE WE SEE:A BACK VENTED RAINSCREEN ON FURRING STRIPS WITCH PROTECTS THE CONTROL LAYERS FROM UV DAMAGE, AND BRUT FORCE DAMAGE WHILE ALLOWING THE FACADE TO DRAIN AND DRY.THEN CONTINUOUS BOARD INSULATION PROVIDING THE PARKA.THEN A MEMBRANE WATERPROOF AND AIRTIGHT LAYER.  THEN THE STRUCTURE (OF ANY SORT) THAT HAS MORE INSULATION IN THE CAVITIESTHEN THE INBOARD AIRTIGHT AND VAPOR CONTROL LAYER.THAT IS THEN COVERED BY FUrRING FORMING A SERVICE CAVITY FOR ELECTRICAL AND PLUMBING AND FINALLY THE INTERIOR FINISH.THIS ASSEMBLY LAYERING AND SLIGHT VARIATIONS TO IT PROVIDE AN EXTREMELY ROBUST AND VERSATILE BASIS FOR A LOT OF PASSIVE HOUSE BUILDING.OF COURSE THERE ARE VARIATIONS, SO LET’S LOOK AT SOME.
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Brick, Panels & Siding on Masonry & Framing Walls

Presenter Notes
Presentation Notes
THE BASIC LAYERING CAN BE ADJUSTED FOR AN ARRAY OF STRUCTURES AND FINISHES.BRICK AND BLOCK, PANEL CLADDING ON STEEL FRAMING, WOOD SIDING ON WOOD FURRING AND SO ON.
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STRUCTURAL INSULATED PANELS (SIPS)

Presenter Notes
Presentation Notes
STRUCTURAL INSULATED PANELS
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Double Stud Walls

Presenter Notes
Presentation Notes
DOUBLE STUD WALLS
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Larsen Truss or I -Joist Outrigger on Stud Wall

For a thick parka!

Presenter Notes
Presentation Notes
LARSEN TRUSS OR I-JOIST OUTRIGGER ON STUD WALL.A THICK PARKA.
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Insulated Concrete Form
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Insulation under the entire slab on grade.

Foam                                                 Mineral Wool



Thermal Bridge Free
Principle #2

Presenter Notes
Presentation Notes
MUCH OF WHAT WE’VE SEEN WITH ASSEMBLIES SO FAR IS NOT MUCH DIFFERENT FROM TYPICAL CONSTRUCTION, WITH EXCEPTION OF LIKELY GREATER INSULATION LEVELS AND A FOCUS ON AIRTIGHTNESS. BUT THE PERFORMANCE DIFFERENCES BECOME MORE OBVIOUS WITH THE NEEDED FOCUS ON THERMAL BRIDGE FREE ASSEMBLIES.
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Thermal ‘Shortcuts’ Through the Envelope Insulation

Presenter Notes
Presentation Notes
THERMAL BRIDGES CAN COME IN ALL SHAPES AND SIZES AND COMPROMISE THE THERMAL PERFORMANCE, MAKING OUR BUILDINGS EFFECTIVELY RADIATORS TO THE NEIGHBORHOOD.  THERMAL BRIDGES ARE TYPICALLY SO GREAT THAT MECHANICAL ENGINEERS HAVE NO CERTAINTAINTY OF THE RESULTING PERFORMANCE AND NEED TO SIGNIFICANTLY UPSIZE EQUIPEMENT TO COMPENSATE, MAKING REAL OPTIMIZATION PRACTICALLY IMPOSSIBLE.  
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What’s a Thermal Bridge?

Presenter Notes
Presentation Notes
SO WHAT IS A THERMAL BRIDGE?IT’S WHERE THE INSULATION IS SIGNIFICANTLY REDUCED.LIKE BY STRUCTURAL PENETRATIONS.OR BIG CHANGES IN INSULATION LEVELS.OR WHERE INSULATION CHANGES DIRECTION AT ROOF/WALL JUNCTURES AND THE LIKE.THESE CONDITIONS CAN HAPPEN ALL AROUND A BUILDING AND WE NEED TO MINIMIZE THEM.
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The Quality & Lengths of Joints Add Up!

Presenter Notes
Presentation Notes
HERE WE SEE SUCH A CORNER WHERE WE SEE ON THE LEFT POOR PERFORMANCE.EVEN IN THE CONVENTIONAL SCENARIO WE CAN SEE HOW THE INSULATION EFFECTIVENESS HAS BEEN COMPROMISED, OFTEN BY STRUCTURAL ELEMENTS THAT MINIMIZE INSULATION.TO THE RIGHT THE PROBLEM HAS BEEN REMEDIED AND THE INSULATION IS SUFFICIENTLY ESTABLISHED AT THE CORNER TO MAINTAIN CONSISTENT INTERIOR SURFACE TEMPERATURES.IN A PASSIVE HOUSE ALL THESE JOINTS IN CONSTRUCTION ADD UP AND CAN HAVE A BIG EFFECT ON PERFORMANCE!
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Repeating Thermal Bridges (clear field)

Presenter Notes
Presentation Notes
OUR TYPICAL FRAMED WALLS ARE FULL OF REPEATING THERMAL BRIDGES WHERE STUDS BREAK THE INSULATION.  WOOD STUDS HERE REDUCE THE EFFECTIVE R VALUE BY 10% WHILE THE METAL STUDS ARE CUTTING THE VALUE IN HALF.BOTH SHOULD HAVE A CONTINUOUS WRAP OF INSULATION ON THE EXTERIOR COMPENSATING FOR THESE BREAKS.
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Point Thermal Bridges at Structure & Attachments

Presenter Notes
Presentation Notes
BUT WE CAN ACCOUNT FOR THOSE REGULAR BREAKS IN THE INSULATION AND PREDICTABLY COMPENSATE FOR THEM TO MAINTAIN PERFORMANCE.WHAT IS MORE WORRISOME IS WHEN WE HAVE LARGE BREAKS THAT NOT ONLY STOP THE INSULATION COMPLETELY BUT PROVIDE A CLEAR THERMAL PATH THROUGH THE INSULATION.LIKE THE STEEL BEAM COMING THROUGH THE WALL ON THE RIGHT.STRUCTURAL ELEMENTS LIKE THIS DESTROY THE PERFORMANCE OF OUR BUILDINGS.
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Identify all the locations of possible thermal bridges

Presenter Notes
Presentation Notes
THESE LOCATIONS OF THERMAL BRIDGES ARE ONE OF THE MOST CRITICAL POINTS OF FOCUS IN CONSTRUCTION.  OF COURSE THE ARCHITECT AND CONSULTANTS SHOULD IDENTIFY THEM, AND DETAIL THEM PROPERLY BUT THEN IT IS THE BUILDER THAT WILL MAKE THEM REAL AND EACH MUST BE BUILT WITH INTENTION AND NOT AS WE DID IT ON THE LAST JOB.  AS WE’LL SEE THIS DOESN’T MEAN SOME CRAZY EFFORT, BUT SIMPLY CAREFULLY EXECUTING THE INSTALLATIONS.
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Advanced Framing

Presenter Notes
Presentation Notes
OFTEN SOME ADAPTATION OF ADVANCED FRAMING IS UTILIZED WHICH MINIMIZES THE AMOUNT OF FRAMING MATERIAL AND CONSEQUENTLY PROVIDES MORE SPACE FOR INSULATION.THIS IS PARTICULARLY HELPFUL AT CORNERS. AND OPENING WHERE INSULATION TOO OFTEN DISAPPEARS INTO A MASS OF STUDS THAT CAN BE DIFFICULT TO COMPENSATE FOR.
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Thermal Bridge Free Attachments

Presenter Notes
Presentation Notes
WHEN WE WRAP THE BUILDING IN INSULATION WE WANT TO MAKE SURE THAT THE MULTITUDE OF ATTACHMENTS ARE THERMAL BRIDGE FREE.OTHERWISE THOSE THOUSAND HOLES GO INTO THE ENERGY MODEL TO BE SURE THEIR LOSSES ARE ACCOUNTED FOR.SO IF YOU SUBSTITUTE COMPONENTS YOU NEED TO CONFIRM WITH THE CONSULTANT THAT YOU’RE NOT COMPROMISING THE ULTIMATE BUILDING PERFORMANCE.BECAUSE EVEN SEEMINGLY INNOCUOUS SUBSTITUTIONS CAN HAVE DISQUALIFYING EFFECTS.
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Brick Ties

Presenter Notes
Presentation Notes
BRICK TIE CHOICES CAN MAKE A BIG DIFFERENCE.
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Facade Clips

Presenter Notes
Presentation Notes
TRADITIONAL FACADE PANEL Z-GIRTS ARE GONE AND INTERMITTENT THERMALLY IMPROVED CLIPS MINIMIZE THE FACADE SYSTEMS EFFECTS.
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Brick Shelf 

Presenter Notes
Presentation Notes
SIMILARLY, FOR BRICK VENEER WE WANT THE SHELF ANGLES TO BE SUSPENDED ON CLIPS.  TRANSFORMING WHAT WOULD HAVE BEEN A CONTINUOUS LINEAR THERMAL BRIDGE INTO A MUCH MORE MANAGEABLE SERIES OF POINT THERMAL BRIDGES.
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Window Installation

Presenter Notes
Presentation Notes
AT ALL WINDOW INSTALLS THE POTENTIAL FOR THERMAL BRIDGING IS GREAT AND CONSTITUTE THE SINGLE BIGGEST THREAT TO BUILDING PERFORMANCE.  THERE ARE LITERALLY MILES OF WINDOW FRAMES MEETING THE BUILDING STRUCTURE AND EVERY INCH MATTERS.   HERE TYPICAL WINDOW PLACEMENT AND DETAILING RESULTS IN TERRIBLE THERMAL BRIDGES WHILE ON THE RIGHT SOME SIMPLE SHIFTS IN LOCATION AND ALIGNMENTS, CHANGE EVERYTHING.  MORE ON THIS IN OUR SECTION ON WINDOWS.
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Parapet Improvement

Presenter Notes
Presentation Notes
PARAPETS ARE OFTEN TERRIBLE THERMAL BRIDGES AS THE  DETAIL ON THE LEFT SHOWS. ON THE RIGHT IS AN IMPROVEMENT BY WRAPPING THE PARAPET WITH INSULATION.BUT PERHAPS SURPRISINGLY, THE MIDDLE SOLUTION IS THE BEST WITH A 0.01 HEAT LOSS RESULTS:  THE DIFFERENCE IS THE USE OF AN ACC BLOCK THAT HAS BETTER THERMAL PROPERTIES THAN STANDARD CMU AND CONNECTS THE WALL INSULATION TO THE ROOF INSULATION.
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AAC Block

• Increased thermal insulation 
(roughly R -1)

• Structural thermal break 
material 

• Lightweight, workable with 
hand tools

• Fireproof
• Less Portland cement
• Noise reduction
• Moisture regulation 

Autoclaved Aerated Concrete Block (AAC)

Presenter Notes
Presentation Notes
AAC,STANDING RO AUTOCLAVED AERATED CONCRETE, PROVIDES JUST ENOUGH INSULATING VALUE TO MAKE SUCH A DIFFERENCE AND IS BECOMING MORE COMMON.  ADVANTAGES ALSO INCLUDE 
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Balconies

Presenter Notes
Presentation Notes
OTHER NEWER PRODUCTS, NOW BECOMING MORE AND MORE COMMON INCLUDE STRUCTURAL BREAKS AT SLABS FOR BALCONIES.
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Structural Breaks

Presenter Notes
Presentation Notes
OR STRUCTURAL BREAKS AT STEEL SUPPORTS.
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Thermal Bridge Free Eaves

Presenter Notes
Presentation Notes
HERE ON THE LEFT THE EAVE CORNER IS ELIMINATED ENTIRELY BY TACKING IT ON AFTER.ON THE RIGHT A SIMILAR RESULT IS FORMED BY EXTENDING THE ROOF BACK VENTING FRAMING OUT TO FORM THE EAVE.
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Don’t undermine insulation w/ metal parts

Presenter Notes
Presentation Notes
LIKE THE ATTACHMENTS WE DON’T WANT INSULATION TRIM PIECES TO BE MADE OF HIGHLY CONDUCTIVE METAL. BETTER TO USE PLASTIC.
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Foundation Edge: Slab on Grade

Presenter Notes
Presentation Notes
LIKE AT THE PARAPET AT THE SLAB EDGES WE NEED TO MAKE INSULATION CONTINUOUS AND CONNECT TO WALL INSULATION ABOVE.  
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Thermal Break Materials: Armatherm

Presenter Notes
Presentation Notes
BEFORE THE ROOF INSULATION IS INSTALLED ON THIS PROJECT THE MECHANICAL DUNNAGE POSTS ARE SET ON SPECIAL HIGH CAPACITY INSULATING BLOCKS MINIMIZING THE HEAT LOSS AT THESE POINTS.



Airtightness
Principle #3

Presenter Notes
Presentation Notes
LIKE THERMAL BRIDGE FREE CONTINUOUS INSULATION, THE CONTINUOUS AIR BARRIER PRODUCING ROBUST AIRTIGHTNESS IS RIGHT AT THE TOP OF OUR CONCERNS IN CONSTRUCTION.
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0.60 ACH 50: There will be a test!

● Care toward details and 
workmanship make the 
difference.

● Experienced teams can rely on a 
good result with final test.

● Teams new to passive house will 
want to plan for preliminary tests 
while air barrier remains exposed 
and repairable.

● Teams must recognize the air 
barrier, protect it, and report any 
damages.

● The building can never be too 
airtight.

Presenter Notes
Presentation Notes
THE PASSIVE HOUSE STANDARD REQUIRES NEW CONSTRUCTION MEET CRITERIA OF 0.60 ACH 50 BLOWER DOOR TEST RESULTING FROM AN AVERAGE OF MULTIPOINT PRESSURIZATION AND DEPRESSURIZATION READINGS ACCORDING TO SPECIFIC GUIDELINES.THE BIGGEST DRIVER OF GOOD RESULTS ARE USING APPROPRIATE MATERIALS, INSTALLED PER MANUFACTURER RECOMMENDATIONS, COMPLETED IN AN INTENTIONAL MANNER. NO GREAT SPECIAL SKILL IS REQUIRED OTHER THAN DOING WHAT IS INTENDED TO GET THE RESULTING PERFORMANCE.TEAMS NEW TO PASSIVE HOUSE MAY FIND IT DIFFICULT AT FIRST, BUT LIKE RIDING A BICYCLE, ONCE YOU LEARN THE SIMPLE TECHNIQUES ANYONE CAN DO IT.SO TAKE CARE IN EXECUTION.TEST EARLY WHILE AIR BARRIER IS EXPOSED AND REPAIRABLE.  OFTEN TEAMS WILL JUST RUN A CONSTRUCTION FAN IN AN OPENING TO DEPRESSURIZE AND FIND LEAKS.FIX ALL LEAKS NO MATTER HOW SMALL.  THE BUILDING CAN NEVER BE TOO AIRTIGHT.ONCE A TEAM HAS GOTTEN IT FOR A GIVEN ASSEMBLY AND AIRTIGHT SYSTEM, YOU CAN GO VERY TIGHT WITH CONFIDENCE. CRITICALLY FOR BUILDERS, EVERYONE ON THE TEAM MUST BE ABLE TO IDENTIFY THE AIRTIGHT CONTROL LAYER AND PROTECT IT. IF THEY OR SOMEONE ELSE DAMAGES THE AIRTIGHT LAYER IT MUST BE REPAIRED. TEAMS WILL KEEP A LOG FOR REPORTING AND REPAIRING.
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Airtightness is a SYSTEM

Membranes, tapes, caulks and sprays.

Presenter Notes
Presentation Notes
IT’S IMPORTANT TO UNDERSTAND THAT COMPLETE AIRTIGHTNESS IS A SYSTEM WITH DIFFERING MATERIALS SUCH AS MEMBRANES, TAPES AND CAULKS AND ARE UTILIZED DEPENDING ON THE DETAIL SPECIFICS. AND THEY MUST ALL COME TOGETHER TO MAKE IT ABSOLUTELY CONTINUOUS.   AS WE THINK OF AN INSULATED PASSIVE HOUSE ENCLOSURE LIKE A THERMOS, YOU MIGHT THINK OF THE AIRTIGHTNESS LAYER LIKE A BALLOON.  HOLES DON’T FLY.
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Air Barrier: Fluid Applied

Presenter Notes
Presentation Notes
FLUID APPLIED ARE COMMON WHERE SOLID DURABLE SUBSTRATES ARE AVAILABLE AND INSULATION IS TO BE INSTALLED ON TOP.A COMBINATION OF SPRAYED, ROLLED OR TROWELLED IS POSSIBLE. IT CAN BE APPLIED  INBOARD OR OUTBOARD.
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Air Barrier Materials: Membranes 

Inboard, Outboard / Reinforced, Self-Adhered / Vapor Control

Presenter Notes
Presentation Notes
AIRTIGHT MEMBRANES CAN BE INSTALLED DIRECTLY ON FRAMING WITH BATT INSULATION.REINFORCED MEMBRANES CAN BE USED ALSO AS NETTING TO HOLD DENSE PACK INSULATION.YOU CAN STAPLE THEM TO SHEATHING OR USE SELF-ADHERED MEMBRANES.MEMBRANE MANUFACTURERS PROVIDE SUPPORTING TAPES, CAULKS AND GASKETS TO SOLVE THE FULL SPECTRUM OF DETAILING NEEDS.
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Airtightness:  Sheathing, Plaster and Concrete

Presenter Notes
Presentation Notes
SHEATHING PRODUCTS CAN BE AN AIR BARRIER AS CAN PLASTER AND CONCRETE.  IN THE MIDDLE PLASTER IS APPLIED TO STRAW INSULATION.AND ON THE RIGHT, A PLASTIC VAPOR AND AIR BARRIER ON TOP OF MINERAL WOOL INSULATION BOARDS WILL BE UNDER THE FLOOR SLAB AND THEN WILL CONNECT TO THE CONCRETE WALL FOR AIRTIGHT CONTINUITY.
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Air Barriers?

?????????????????

Don’t Use Sacrificial layers as air barrier.

Presenter Notes
Presentation Notes
GYPSUM BOARD HAS BEEN TREATED AS AN AIR BARRIER SYSTEM COMPONENT IN TRADITIONAL CONSTRUCTION BUT IS NOT SUITABLE FOR PASSIVE HOUSE BUILDINGS.GYPSUM BOARD IS A SACRIFICIAL LAYER, AND WE CAN EXPECT IT TO BY COMPROMISED AND BECOME INEFFECTIVE.  CMU BLOCK IS ALSO NOT A SUFFICIENT AIR BARRIER AS WELL AS UNTREATED OSB SHEATHING.  SPRAY FOAM CAN HAVE UNEVEN PERFORMANCE AND IS NOT A PREFERED AIRTIGHTNESS SYSTEM.
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Protect Airtight Layer & Minimize Penetrations!

Presenter Notes
Presentation Notes
TO MAKE OUR AIRTIGHTNESS ROBUST WE WANT TO MINIMIZE THE NUMBER OF PENETRATIONS FROM ELECTRICAL WIRES, PLUMBING AND DUCTS. WE ALSO WANT TO PROTECT THE AIRTIGHT LAYER FROM OCCUPANTS DAMAGES.A GREAT WAY TO PROTECT AND MINIMIZE PENETRATIONS IS TO PROVIDE A FURRED SERVICE CAVITY INBOARD OF THE AIRTIGHTNESS.IF A SERVICE CAVITY IS NOT PROVIDED SPECIAL BOXES FOR AIRTIGHTNESS ARE POSSIBLE, BUT ARE TO BE AVOIDED WHEN WE CAN DO BETTER.
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Ducts, Pipes, Wires:   Flexible & Long Lasting

Presenter Notes
Presentation Notes
AS WE NOTED WE WANT TO MINIMIZE PENETRATIONS BUT WHERE THEY CAN’T BE AVOIDED USE AIRTIGHT FLEXIBLE RUBBER GASKETS THAT ALLOW THE BUILDING COMPONENTS TO MOVE.THERE AS RUBBER GASKETS FOR DUCTS, WIRES AND PIPES.  TAPE CAN ALSO BE EFFECTIVELY USED.DO NOT USE SPRAY FOAM FOR SUCH PENETRATIONS - IT WILL CRACK AND FAIL OVER TIME.
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Connections: Use flexible materials/connections

Presenter Notes
Presentation Notes
LIKE INSULATION, THE CONNECTIONS ARE THE THING.  FLOOR TO WALL ON THE LEFT.WINDOW FRAME CONNECTIONS AT INTERIOR AND EXTERIOR IN THE MIDDLE.AT LOWER RIGHT EXISTING MASONRY WALLS AT FLOOR JOIST POCKETS ARE BEING SPRAYED.AT UPPER RIGHT THE LIQUID MEMBRANE ON THE WALL IS CONNECTED TO THE ROOF FABRIC MEMBRANE BY TAPE - ALL PROTECT BY A SERVICE CAVITY.ALL THE CONNECTIONS SHOULD HAVE SOME FLEXIBILITY TO THEM - BUILDINGS MOVE AND BRITTLE MATERIALS WILL CRACK AND ARE NOT SUITABLE.
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Directions and Help

• Always consult and follow the manufacturer’s data sheet and directions.
• Involve product reps as often as needed for assistance.

Presenter Notes
Presentation Notes
TO BE SURE THE AIRTIGHTNESS MATERIALS ARE COMPATIBLE AND DURABLE IT IS TYPICALLY GOOD PRACTICE TO USE ONE MANUFACTURERS COMPLETE SYSTEM AND OF COURSE FOLLOW THEIR INSTALLATION INSTRUCTIONS FULLY.SOMETIMES MANUFACTURERS DON’T HAVE ALL THE NEEDED COMPONENTS AND IT’S OKAY TO MIX, JUST CONFIRM THEIR COMPATIBILITY WITH EACH OTHER FIRST.



High Performance Windows & Doors
Principle #4
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Extensions of Insulation & Airtightness

Typical Windows

With high performance glass frames are the weakest 
part of the window assembly  

PH Windows

50 

54 

58 

60 

64

68 

72 
°F 

Interior 68 °F Exterior 
23°F  

Presenter Notes
Presentation Notes
QUALITY WINDOWS AND DOORS ARE CRITICAL FOR PASSIVE HOUSE PERFORMANCE AS THEY EXTEND THE INSULATION AND AIRTIGHTNESS WHILE PROVIDING VIEWS, FRESH AIR, DAYLIGHT AND PASSIVE SOLAR ENERGY.ON THE LEFT WE SEE TRADITIONAL POORLY FUNCTIONING WINDOWS THAT WILL CAUSE THERMAL DISCOMFORT AND ON THE RIGHT PASSIVE HOUSE WINDOWS, WHERE THERMAL COMFORT IS ASSURED.
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PH Window Performance

Heat Loss through the glass, 
frame, and 
spacer/installation thermal 
bridges U-Value

Solar Heat gain through the glass 
SHGC

Less Frame = Better 
Performance

Presenter Notes
Presentation Notes
THE SOLAR HEAT GAINS CAN BE VERY BENEFICIAL BUT THE FRAMES ARE THE WEAK LINK.CONSEQUENTLY FEWER BIGGER WINDOWS WILL TEND TO DELIVER BETTER PERFORMANCE.
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PH Windows

Presenter Notes
Presentation Notes
CONSEQUENTLY THE FRAMES ARE WELL INSULATED, TRIPLE GASKETED AND HAVE LOW “SUPER SPACERS” AT WHAT IS TYPICALLY TRIPLE PANE GLASS.THE WINDOWS CAN BE MADE OF WOOD, METAL, PVC OR FIBERGLASS.



www.passivehousenetwork.orgIntroduction to Passive House Trades

Certified Window Example Certificate

https://database.passivehouse.com/en/components/list/group_4?

Presenter Notes
Presentation Notes
BECAUSE WINDOW PERFORMANCE IS SO CRITICAL TO THE OVERALL BUILDING PERFORMANCE, OFTEN CERTIFIED WINDOW COMPONENTS ARE USED.CERTIFIED WINDOWS PROVIDE THE ASSURANCE OF KNOWING THEIR ACTUAL PERFORMANCE WHEN OPTIMIZING THE DESIGN.  BUILDERS WILL OFTEN TRY TO SUBSTITUTE WINDOWS WITHOUT AN APPRECIATION FOR THE POSSIBLE PERFORMANCE IMPLICATIONS.IF A SUBSTITUTION IS TO BE SUGGESTED IT SHOULD BE DONE ON DAY ONE OF THE PROJECT SO THE PERFORMANCE AND ITS SUITABILITY CAN BE VERIFIED.

https://database.passivehouse.com/en/components/list/group_4
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Window Components

1. Glass
a. U-value 
b. Glazing Coatings

2. Spacer

3. Frame

4. Installation

5. Airtightness

Presenter Notes
Presentation Notes
SITTING IN THE WALL WE SEE THIS JAMB FRAME HAS INSULATION INSTALLED OVER THE FACE OF THE FRAME.  THIS SORT OF DETAILING MAKES A MUCH STRONGER THERMALLY PERFORMING WINDOW AS IT COMPENSATES FOR THE WEAK FRAME.SUCH DETAILING CAN BE CRITICAL TO MAKING PASSIVE HOUSE RESULTS CERTAIN.
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Traditional vs Passive Windows

Traditional Double Hung Tilt and Turn

Presenter Notes
Presentation Notes
TRADITIONAL DOUBLE HUNG WINDOWS LEAK AIR AND ARE NOT SUITABLE.MOST PASSIVE HOUSES UTILIZE TILT-TURN FOR OPERABLE WINDOWS BECAUSE THEY PROVIDE A ROBUST LOCKING AND AIRSEALING DESIGN AND  MECHANISM.
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PH Comfort and Hygiene Criteria

1. Comfort Criterion - The minimum average window surface temperature can be no lower than 
3.5°C than the average interior surface temperature. Based on the installed U value of a window. 

1. Hygiene Criterion - sets limits that restrict the minimum interior surface temperature at the 
coldest point of the interior surface per climate zone, eliminating the potential for condensation 
avoiding mold growth. Measured by climate specific temperature factors (f Rsi).

Presenter Notes
Presentation Notes
ALL OF THESE QUALITIES ARE IMPORTANT IN DELIVERING ON OUR COMFORT AND HYGIENE CRITERIA.INTERIOR SURFACES ARE KEPT CLOSE TO ROOM TEMPERATURE AND WEAK CONNECTIONS ARE KEPT WARM ENOUGH TO AVOID CONDENSATION OR MOLD.IT IS IN THE EXECUTION OF THE DETAILS WHERE  A GREAT DESIGN CAN FAIL TO MEET EXPECTATIONS.
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Install Conditions

Recommended 
Installation

Poor
Installation

Uw-installed = 0.151 Btu/hr.ft 2.ºF
(Rw-installed = 6.62 hr.ft 2.ºF/Btu)

Uw-installed = 0.148 Btu/hr.ft 2.ºF
(Rw-installed = 6.76 hr.ft 2.ºF/Btu)

Uw-installed = 0.215 Btu/hr.ft 2.ºF
(Rw-installed = 4.65 hr.ft 2.ºF/Btu)

Tsi = 58.9 ºF
𝝭𝝭install = 0.011 
Btu/hr.ft.ºF

Tsi = 58.9 ºF
𝝭𝝭install = 0.010 
Btu/hr.ft.ºF

Tsi = 59.1 ºF
𝝭𝝭install = 0.006 

Btu/hr.ft.ºF

Tsi = 59.0 ºF
𝝭𝝭install = 0.010 
Btu/hr.ft.ºF

Tsi = 59.3 ºF
𝝭𝝭install = 0.071 
Btu/hr.ft.ºF

Tsi = 59.2 ºF
𝝭𝝭install = 0.118 
Btu/hr.ft.ºF

Poor
Installation

Presenter Notes
Presentation Notes
ANOTHER EXAMPLE OF WINDOW PLACEMENT RELATIVE TO INSULATION AND STRUCTURE AND THE RESULTING PERFORMANCE DIFFERENCES.ON THE LEFT THE WINDOW IS OUT AT THE EXTERIOR EDGE OF THE INSULATION LIKE TYPICAL AMERICAN CONSTRUCTION AND IS THERMALLY WEAK AT THE CONNECTING CORNERS.ON THE RIGHT THE WINDOW IS PULLED ALL THE WAY IN TO THE INTERIOR, PRACTICALLY DISCONNECTED FROM THE INSULATION AND PROVIDES THE WEAKEST CONNECTION.WHILE IN THE MIDDLE, THE WINDOW IS PLACED FULLY IN LINE WITH THE INSULATION TO THE WARM EDGE AND PROVIDES THE MOST CONSISTENT AND STRONG CONNECTION.
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Double Stud Window Detail

Presenter Notes
Presentation Notes
ANOTHER EXAMPLE IS PLACING THE WINDOW IN THE MIDDLE TO ALIGN WITH THE DOUBLE STUD WALL FRAMING GAP.
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Window in Masonry Layer

Presenter Notes
Presentation Notes
HERE IS A TYPICAL POOR INSTALL WITH WINDOW IN THE MASONRY OPENING AND DISCONNECTED FROM THE WALL  INSULATION.
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Window External to Masonry Layer

Presenter Notes
Presentation Notes
AN IMPROVEMENT IS TO MOVE THE WINDOW OUTBOARD OF THE MASONRY AND IN LINE WITH THE INSULATION.
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Window Placed Outboard in Insulation Layer

Presenter Notes
Presentation Notes
HERE WE SEE THAT CONFIGURATION WITH THE WINDOW SITTING ON A INSULATED STRUCTURAL PLASTIC BLOCK LEDGE.
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Window Install – Steel Stud

Presenter Notes
Presentation Notes
THE SAME PRINCIPLES HOLD TRUE FOR METAL FRAME COMMERCIAL CONSTRUCTION, WHERE THE WINDOW FRAME SHOULD ACHIEVE CONTINUITY WITH THE INSULATION LAYER - IN THIS CASE AN EIFS SYSTEM.AS WE SEE HERE, MOCK UPS ARE A GREAT WAY TO TEST ASSUMPTIONS AND SHOW THE TEAM WHAT EXACTLY IS EXPECTED.
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Pre taping for tight conditions.

Presenter Notes
Presentation Notes
TAPE CONNECTIONS CAN BE APPLIED TO WINDOWS WHERE TIGHT FITS DEMAND IT, AND ATTACHING TO THE SURROUNDING AIR TIGHTNESS AFTER INSTALLATION.ALL FRAMING GAPS ARE FILLED WITH INSULATION.
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Window Air Sealing Example

Presenter Notes
Presentation Notes
THE GAP ON THE LEFT NEEDS TO BE FILLED WITH INSULATION AND THEN TAPED TO THE SURROUNDING LIQUID AIR BARRIER.TO THE RIGHT THE WINDOW CLIPS HAVE BEEN COVERED IN AIRTIGHT SEALANT.
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No Metal Sill Pans!

Presenter Notes
Presentation Notes
ANOTHER IMPORTANT DIFFERENTIATION FROM CONVENTIONAL CONSTRUCTION IS THAT WE MUST AVOID METAL SILL PANS BECAUSE THEY ARE NASTY THERMAL BRIDGES.USE FABRIC, TAPE AND LIQUID WATERPROOFING THAT IS OFTEN PART OF THE AIRTIGHT SYSTEM TOO.
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Window Install Testing: Sometimes Necessary

Presenter Notes
Presentation Notes
AS WITH THE MOCKUPS IT MAY BE PRUDENT OR EVEN NECESSARY, IF THERE ARE LINGERING QUESTIONS, TO DO AN ONSITE WINDOW INSTALL  SAMPLE BLOWER DOOR TEST TO BE SURE THE NEEDED AIRTIGNTESS OF THE ASSEMBLY IS BEING ACHIEVED.THIS ALSO ALLOWS ALL THE INSTALLERS TO MORE FULLY UNDERSTAND WHAT IS EXPECTED.ON RESIDENTIAL PROJECTS THIS ALMOST NEVER HAPPENS BUT ON LARGER MULTI FAMILY COMMERCIAL PROJECTS IT IS NOT UNCOMMON.



Ventilation
Principle #5

Presenter Notes
Presentation Notes
WITH THE ENCLOSURE WELL INSULATED, THERMAL BRIDGE FREE AND AIRTIGHT WITH GREAT WINDOWS AND DOORS EXPERTLY INSTALLED IT’S TIME TO TURN TO VENTILATION.
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Passive House Ventilation

• Good air quality
• Continuous Operation
• Balanced ventilation 
• Heat/Energy recovery 

High Efficiency
Heat Recovery 
Ventilation

5.

Presenter Notes
Presentation Notes
AS WE NOTED, WHILE NATURAL VENTILATION IS WELCOME, WE CANNOT RELY ON IT ALL THE TIME DUE TO OUTDOOR WEATHER AND POLLUTION EVENTS.WE SHOULD ADD, THAT THERE CAN ALSO BE ALL SORTS OF INDOOR POLLUTANTS AND WE WANT TO MAKE SURE THEY ARE RELIABLY EXHAUSTED.CONSEQUENTLY WE NEED RELIABLE CONTINUOUS VENTILATION THAT IS SUPER ENERGY EFFICIENT AND ADDRESSES ALL THE OCCUPIED SPACES.
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PH Ventilation Design Criteria

• Energy recovery > 75%
• Fan power efficiency < 0.765 W/CFM.
• Supply > 62 °F on winter design day.
• Supply air to all served spaces: living 

rooms, bedrooms, offices, classrooms etc…
• Exhaust from all services spaces:  

kitchens, bathrooms, utility rooms etc...
• Overall supply and exhaust must be 

balanced to be with within 10% of each 
other.

Presenter Notes
Presentation Notes
SO WE SEE THERE IS AN ENERGY EFFICIENCY COMPONENT TO HEAT RECOVERY, GREATER THAN 75% IS REQUIRED WITH VERY GOOD FAN EFFICIENCY.THERE IS A COMFORT COMPONENT MANDATING SUPPLY AIR TEMPERATURESTHE AIR WE’RE PROVIDING MUST BE DELIVERED TO ALL SERVED SPACES LIKE LIVING ROOMS, BEDROOMS, OFFICES AND CLASSROOMS AND EXHAUST FROM ALL SERVICE SPACES LIKE BATHROOMS, KITCHENS AND UTILITY ROOMS.ADDITIONALLY WE DON’T WANT TO PRESSURIZE OR DEPRESSURIZE THE BUILDING SO THE EXHAUST AND FRESH AIR SUPPLY VOLUMES MUST BE BALANCED TO WITHIN 10% OF EACH OTHER.
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Heat Recovery Ventilation Unit

Presenter Notes
Presentation Notes
THE HEAT RECOVERY IS ACHIEVED WITH A PASSIVE HEAT RECOVERY CORE, AS THE INTAKE AIR PASSES THE EXHAUST AIR, MOVING THE ENERGY FROM ONE STREAM TO THE OTHER, WHILE NOT ACTUALLY MIXING.
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Balanced Ventilation

Presenter Notes
Presentation Notes
BUILDING VENTILATION CAN BE PROVIDED BY CENTRALIZED UNITS  AND DISTRIBUTION OR MORE DECENTRALIZED.THEY CAN BE DECENTRALIZED BY FLOOR, BY UNIT OR EVEN BY ROOM.WHILE MULTIPLE CENTRALIZED UNITS MAY SERVE A VERY LARGE BUILDING.
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ERV/HRV – Single Unit

Source: Zehnder, Renewaire

Presenter Notes
Presentation Notes
ON THE LEFT IS A LARGE CENTRALIZED UNIT WHILE ON THE RIGHT IS A SMALL RESIDENTIAL SIZED, YET STILL CENTRALIZED, UNIT.THE LARGE CENTRALIZED UNIT WILL HAVE HARD METAL DUCTWORK THAT REQUIRES CARFUL AIRSEALING TO ENSURE PROPER AIRFLOWS. WHILE THE RESIDENTIAL SIZED UNIT IS ALMOST PLUG AND PLAY WITH HOME RUN SPECIAL FLEX DUCT CONNECTING TO THE REGISTERS.
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Merv 13 filter sample

PH Ventilation Systems Considerations

• Duct insulation for intake and exhaust 
ducts with vapor -tight seal.

• Sound level – ventilation system must 
not be noisy.
– ≤ 25 db(A): supply air to rooms

– ≤ 3 0  db(A): rooms  in non-re s ident ia l 
buildings  and exhaus t  a ir rooms  in 
re s ident ia l buildings

• Filt ra t ion for both supply and exhaus t  
a ir.
– MERV 13 -14  to filt e r incoming  a ir pollutant s
– MERV 6  to filt e r  Ext ract  re turn (only 

needed to protect  hea t  exchange   core )

So
ur

ce
: 

Z
eh

nd
er

Intake and exhaust duct insulation

Presenter Notes
Presentation Notes
SOME PARTICULAR CONSIDERATIONS INCLUDE THAT WHEN THE VENTILATION UNIT IS INSIDE THE DUCTS TO THE EXTERIOR NEED TO HAVE A VAPOR TIGHT INSULATION SEAL TO AVOID CONDENSATION.SOUND IS ALSO A CONCERN AT THE UNIT AND AT THE ROOM REGISTERS.FILTRATION IS PROVIDED AT THE SUPPLY AND RETURN TO PROTECT THE UNIT WITH THE FRESH AIR SUPPLY PROVIDING MORE ROBUST FILTRATION TO DEAL WITH OUTDOOR POLLUTANTS.



www.passivehousenetwork.orgIntroduction to Passive House Trades

Duct Sealing & Testing for Large Buildings

• Ductwork needs to be airtight! 
– mastic duct sealant
– mastic tape
– preformed and insulated duct 

layouts

• Recommend to perform duct 
leakage testing to ensure system 
is well sealed.

• Balanced air flows is critical.
– One strategy is to use Constant 

Airflow Regulators (CARs)

Presenter Notes
Presentation Notes
FOR LARGE MULTIFAMILY BUILDING A VENTILATION DUCT LEAK TEST IS RECOMMENDED WHILE THE DUCTS ARE STILL EXPOSED.IT IS BECOMING COMMON PRACTICE TO BACKSTOP TRADITIONAL DUCT SEALING WITH A REQUIREMENT TO AEROSEAL THE DUCTS WHICH PROVIDES THE SEAL AND EFFECTIVELY GIVES YOU THE TEST RESULTS AS IT SEALS.
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Ventilation Balancing & Report

Presenter Notes
Presentation Notes
PASSIVE HOUSE VENTILATION AIR FLOWS REQUIRE SENSITIVE EQUIPMENT TO MEASURE SUFFICIENTLY AND GET ACCURATE RESULTS.ON THE RIGHT WE SEE A VENTILATION REPORT WHERE FLOWS ARE ADJUSTED OVER THREE MEASUREMENTS TO ACHIEVE THE DESIGN PARAMETERS, AND ALSO CONFIRM AN OVERALL DISBALANCE OF JUST 1%.



Heating & Cooling Systems

Presenter Notes
Presentation Notes
SO THIS IS AN IMPORTANT MOMENT AS WE’VE COMPLETED THE 5 PRINCIPLE DRIVERS OF PERFORMANCE.  OF COURSE THE OTHER MECHANICAL SYSTEMS ARE IMPORTANT TOO BUT THEY SIMPLY AREN’T THE CORE DRIVERS.  
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Right Size Heating & Cooling Systems
• Often up to 75% reduction in 

equip sizing.
• Practically any kind of heating 

and cooling system can be used 
in a Passive House.

• Critical is efficient design  with 
relatively compact distribution 
and right sizing of equipment. 

• Typically heat pump technology 
capable of providing heating 
and cooling.

• Typically runs separately from, 
and independently of, 
ventilation air.

Presenter Notes
Presentation Notes
THE MOST IMPORTANT ASPECT OF THE HEATING AND COOLING SYSTEM IS TO RIGHT SIZE IT.IT’S IMPORTANT TO SAVE MONEY, TO SAVE SPACE AND TO AVOID SHORT CYCLING AND OTHER PERFORMANCE ISSUES THAT MAY OCCUR WHEN THERE IS A MISMATCH.WE CAN OFTEN SEE A 75% REDUCTION IN EQUIPMENT SIZING.   ONCE YOU’VE GOT THE RIGHT SIZE WE WANT TO MAKE THE DISTRIBUTION AS EFFICIENT AS POSSIBLE - AND IS EASY TO ACHIEVE BECAUSE, TYPICALLY, THE DISTRIBUTION DOESN’T NEED TO GO TO THE EXTERIOR WALLS BUT END AT THE INTERIOR WALLS OF PERIMETER ROOMS.TYPICALLY WE’RE SEEING AIR SOURCE HEAT PUMPS AND ALL ELECTRIC SYSTEMS, BUT ANYTHING IS POSSIBLE.
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Air Source Heat Pumps

• Mini -Split
– Split and mini (<1.5 tons or so)
– Ducted (compact) or ductless
– Usually 1:1

• Multi -Split (multi -port, multi -
zone)
– One outdoor unit, 2+ indoor units
– Ducted, ductless, or mix
– 1.5 to 4 tons typically

• VRF (variable refrigerant flow)
– Numerous modular outdoor units, 6 -

12 tons typical
– Many indoor units, many types

Presenter Notes
Presentation Notes
HEAT PUMPS ARE QUITE COMMON TODAY FROM LARGE COMMERCIAL UNITS TO TINY RESIDENTIAL MINI SPLITS.IDEALLY WE WANT TO MINIMIZE REFRIGERANT RUNS TOO, AND USE THE LEAST HARMFUL REFRIGERANTS WE CAN FIND.
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Duct and Refrigerant Piping & Insulation
• Insulate all air conditioning ducts.
• Insulate all refrigerant lines.

Source: Armaflex

Presenter Notes
Presentation Notes
A BASIC RULE IN PASSIVE HOUSE IS THAT ANY THING THAT IS SUBSTANTIALLY WARMER OR COLDER THAN ROOM TEMPERATURE NEEDS TO BE INSULATED SO THAT MEANS THE AIR CONDITION DUCTS AND THE REFRIGERANT PIPING. THE THICKNESSES WILL BE SPECIFIED FROM THE ENERGY MODEL.



DHW

Presenter Notes
Presentation Notes
DOMESTIC HOT WATER, ALSO NOT A CORE DRIVER BUT SUPER IMPORTANT, NONE THE LESS.
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DHW and Energy Use

• Reducing the use of hot water is largely dependent on occupants, but an 
efficient water heater and distribution system can still make a big difference on 
the total energy used by reducing unnecessary losses . 

• Overall strategy:
– Minimize demand using low -flow devices
– Use small -diameter pipes
– Use the shortest possible pipe lengths
– Minimize losses through insulation
– Optional - use heat recovery from wastewater
– Optional - generate hot water on -site from solar 

collector

Presenter Notes
Presentation Notes
EFFICIENT USE OF HOT WATER IS AN OVERRIDING GOAL FROM EFFICIENT DISTRIBUTION TO EFFICIENT FIXTURES.HOT WATER PIPING LAYOUTS ARE CRITICAL. LIKE THE AIR CONDITIONING, INSULATE ALL THE HOT AND COLD WATER PIPES.IMAGINE YOUR THERMOS HAS HOT AND COLD COILS RUNNING THROUGH IT - THEY COULD MAKE YOUR COFFEE OR ICE TEA LUKE WARM. YUCK. ;)
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Decentralized Hot Water

• Common options include
– Conventional storage water 

heaters (gas, electric)
– Tankless or on -demand 

water heaters (gas, electric)
– Solar water heaters
– Tankless coil / indirect 

water heaters
– Heat pump water heaters

Source: Energy Star, SANCO2

Split Heat Pump 
System

Combined Heat 
Pump System

Presenter Notes
Presentation Notes
LIKE SPACE HEATING AND COOLING, YOU CAN USE ANY TYPE OF SYSTEM FOR DOMESTIC HOT WATER, BUT IT IS LARGELY MOVING TO HEAT PUMPS. A KEY CONCERN IS TO NOT CREATE OCCUPANT DISCOMFORT AND SPACE CONDITIONING DEMANDS FROM THE HOT WATER CONDENSER.CONDENSER NOISE IS ALSO A BIG CONCERN TO ADDRESS.IF YOU CAN’T LOCATE A COMBINED TANK AND CONDENSER IN AN UNCONDITIONED SPACE AWAY FROM OCCUPANTS, CONSIDER A SPLIT UNIT THE HOT WATER, PLACING THE CONDENSER OUTSIDE LIKE THE AIRCONDITIONING.
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Minimize Pipe Runs in Design & Installation

Presenter Notes
Presentation Notes
IN LARGE BUILDINGS MINIMIZING THE DISTRIBUTION PIPING CAN HAVE A GIANT IMPACT - HERE REPLACING THE TRADITIONAL 3-PIPE DESIGN WITH A “BOX” DESIGN, REDUCING THE PIPING BY 40% AND THE ASSOCIATED HEAT LOSSES (AND GAINS TO THE BUILDING).   NOTE THE HOT WATER HEAT LOSSES IN THE WINTER MAY BE HELPFUL GAINS FOR SPACE HEATING, BUT THEY ARE ESSENTIALLY UNREGULATED, AND IN THE SUMMER THEY ARE ABSOLUTELY COUNTERPRODUCTIVE DIVING UP COOLING REQUIREMENTS.
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DHW Pipe Insulation

• Insulation thicknesses to align with PHPP assumptions and local energy code 
requirements.

• Insulation to be continuous at all hanger locations.
• Runout piping to be fully insulated to the greatest extent possible.

Presenter Notes
Presentation Notes
GIVEN ALL THAT PERHAPS, THE BIGGEST IMPACT BUILDERS WILL HAVE IN DOMESTIC HOT WATER SYSTEM IS BY MAKING SURE ALL THE PIPING AND FITTINGS ARE WELL INSULATED.LIKE THE ENCLOSURE WE WANT THE PIPE INSULATION TO BE CONTINUOUS AND NOT BE INTERRUPTED BY SUPPORTS, JOINTS, VALVES OR OTHER EQUIPMENT.  KEEP THE ENERGY IN THE PIPES.
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Pipe Insulation

• Pipes to be insulated include:
– Domestic hot water: typically 1” 

insulation for smaller pipes, 1.5” 
insulation for larger pipes.

– Domestic cold water (best 
practice): typically 1” all 
locations.

– Refrigerant lines (covered in the 
mechanical section): typically 1” 
insulation for smaller pipes, 1.5” 
insulation for larger pipes.

Source: Johns Manville

Presenter Notes
Presentation Notes
AGAIN THE PIPE INSULATION LEVELS WILL BE SPECIFIED.
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DHW – Recirculation Pumps

• Ensure DHW pump sizes align with PHPP assumptions.
• Some systems may utilize a demand recirculation system that turns off the 

recirc pump during periods of low DHW use. 

Presenter Notes
Presentation Notes
FINALLY RECIRCULATION PIPES CAN BE A HUGE POWER DRAIN AND WE NEED TO VERIFY (LIKE ALL THE EQUIPMENT AND COMPONENTS) THAT WHAT IS BEING INSTALLED CORRESPONDS WITH THE PHPP CALCULATIONS.



QA/QC
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Assemble the team to deliver a Passive House

What a team needs:
1. common language
2. common goal: Passive House
3. good attitudes
4. enough training
5. willingness to work as a team 

and connect the dots.

● Architects
● Engineers
● Consultants
● Passive House Consultant
● Verifier
● Inspectors
● Ventilation Commissioning
● Blower door testers
● Builder & Trades

+
Owner, Owner’s Rep and Certifier

Presenter Notes
Presentation Notes
AS WE NOTED EARLY THE SUCCESS OF THE PROJECT IS GOING TO DEPEND ON THE TEAM SPEAKING A COMMON LANGUAGE AND GOALS WITH ENOUGH TRAINING TO KNOW WHAT’S EXPECTED.IF YOU HAVE A TEAM THAT WANTS TO BE SUCCESSFUL, YOU WILL BE SUCCESSFUL. ON THE OTHER HAND IF THEY DON’T CARE….IT WILL BE DIFFICULT.
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Mock -Ups: Visual & Testing

• Mock -ups can vary in terms of extensiveness.

A simple mock -up 
could be the first 
window installed 

on the project.

An extensive mock -
up could be a full 
six-sided box with 
various details 
reflected.

Presenter Notes
Presentation Notes
MOCK UPS ARE A GREAT WAY TO GET EVERYONE ON THE SAME PAGE, UNDERSTAND THE OBJECTIVES AND TO CARE ABOUT THEM.
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Construction Schedule: Passive House line items…

Presenter Notes
Presentation Notes
PASSIVE HOUSE DOVETAILS LOGICALLY INTO THE TYPICAL CONSTRUCTION SCHEDULE BUT MAKE SURE YOU INTENTIONALLY INCLUDE ALL THE PASSIVE HOUSE SPECIFIC REQUIREMENTS.A FEW POINTERS (WHICH RUNS DOWN THE LIST ON THE LEFT);CONFIRM THAT ANY OPEN PASSIVE HOUSE DESIGN ISSUES ARE RESOLVED - UNRESOLVED ISSUES CAN CAUSE PROBLEMS.MAKE SURE THERE IS A VERIFICATION PLAN THAT EVERYONE AGREES TO BEFORE YOU START WORK.IDENTIFY APPROPRIATE TRAINING AND MOCK-UPS AND SCHEDULE THEM.REGULAR INSPECTIONS TAKING PHOTOS OF REPRESENTATIVE INSTALLATION AND KEEPING THEM ORGANIZED WILL MAKE CLOSE OUT MUCH EASIER!DETERMINE IF DUCT LEAKAGE TESTING IS NEEDED AND SCHEDULE VENTILATION COMMISSIONING.DETERMINE THE AIRTIGHTNESS TESTING STRATEGY AND ALLOW TIME ON SITE FOR PREPARATION AND TESTING.MAKE SURE ALL AS-BUILT INFORMATION HAS BEEN RELAYED SO THE PHPP MODEL, DRAWINGS AND SPECS ARE UP TO DATE.WITH ALL THAT IN PLACE, THE BUILDER SHOULD BE PREPARED TO DECLARE THEIR ASSURANCE THAT IT WAS BUILT AS INTENDED.
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Submittals for Certification

Presenter Notes
Presentation Notes
THERE ARE MANY SUBMITTALS TO BE MADE TO THE CERTIFIER FOR CERTIFICATION BUT GENERALLY THEY ARE NOT ACTUALLY THE RESPONSIBILITY OF THE BUILDER, BUT INSTEAD OF THE PASSIVE HOUSE CONSULTANT.ONE AREA WHERE THE BUILDER MAY END UP WITH AN ACTIVE ROLE IS IN PHOTO DOCUMENTATION OF THE PROGRESS OF THE WORK AND THAT ROLE NEEDS TO BE CLARIFIED AT CONTRACT.THE ONE ITEM THE BUILDER IS ABSOLUTELY RESPONSIBLE FOR  IS THE LAST ONE, THE CONSTRUCTION MANAGER’S DECLARATION.
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Photographs

Note: Typically conducted as part of inspection regime by independent verifier.
Contractor may submit photographs to document fixes.

Organize daily/weekly throughout…don’t wait!

Presenter Notes
Presentation Notes
REGARDING PHOTO DOCUMENTATION. THE CERTIFIER WILL HAVE LISTS AND TEMPLATES FOR ORGANIZING THE PHOTOS.  THE PHOTOS DO NOT NEED TO BE EXHAUSTIVE BUT REPRESENTATIVE OF THE WORK.AFTER CORRECTIONS TO THE WORK HAVE BEEN REQUESTED, PHOTOS WILL NEED TO RECORD THE WORK WAS COMPLETED.
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Construction Managers Declaration

Signed 
Declaration

Include a completed and 
signed copy of the Declaration 
of Conformance form from the 
construction supervisor.

https://passipedia.org/_media/picopen/construction_manager_declaration.pdf

Presenter Notes
Presentation Notes
THE DECLARATION IS A SIMPLE STATEMENT OF COMPLIANCE. 

https://passipedia.org/_media/picopen/construction_manager_declaration.pdf
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Checklists for Use During Construction

• Helpful for the field verifier and the contractor to understand what is 
expected for the project  

• Below -grade insulation
• Above-grade wall insulation
• Roof insulation
• Air barrier
• Fenestration performance 

values
• Duct Sealing
• Pipe insulation
• HVAC and DHW equipment
• Lighting and lighting controls

Presenter Notes
Presentation Notes
SO, WHILE THE BUILDER MAY NOT BE REPORTING OUT THE CONDITIONS, THE BUILDER NEEDS IN-HOUSE INSPECTION AND VERIFICATION PROTOCOLS IN PLACE THAT WILL PRODUCE RESULTS THAT MEET THE CERTIFICATION REQUIREMENTS.
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Airtightness Plan & Culture

Presenter Notes
Presentation Notes
FOR EXAMPLE, THE BUILDER DOES NOT CONDUCT THE FINAL BLOWER DOOR TEST BUT THE BUILDER SHOULD DO A PRELIMINARY TEST.THE BUILDER SHOULD ALSO DEVELOP A CULTURE OF AIRTIGHTNESS, FROM TRAINING TO REPORTING DAMAGES, THAT WILL HELP DRIVE THE PROJECT ACROSS THE FINISH LINE.
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General Takeaways – Do This

• Insist on training for the construction staff.
• All subs should be aware of the project goals even if not 

directly related to Passive House.
• Architect, owner, and energy consultant need to be 

involved throughout the construction. 
• Plan for a mock -up to see project details implemented.
• Plan for interim blower door tests. 
• Focus on air tightness with a specific person taking 

responsibility for its execution and completion.
• Prepare and use checklists throughout construction to 

keep track of items for verification.
• Keep open lines of communication between the architect, 

CPHD, field verifier, certifier, and contractor.
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Quality Issues, Quality of Organization

Verification and Certification are not held up so much on 
technical questions, so much as organizational issues.
● Design stage review open items - difficult to get closed
● Mock-ups & trainings not happening 
● Team focus on critical Passive House issues is lacking
● Responsibilities not clearly defined
● Non-certified components are substituted for certified 

components
● Team not in regular contact with Certifier giving 

updates and needed corrections
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Build a Culture of Quality!

With focus and a little training, anyone can build a Passive House.

Focus on the 5 principle drivers, and the comfort, hygiene & efficiency goals.

Presenter Notes
Presentation Notes
Size of the project will most likely dictate how many resources are available for oversight – smaller projects might just be the architect, larger projects might have the architect, energy consultant, façade consultant, airtightness consultant, QC manager, and an involved owner.
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Resources
Building Database - https://passivehouse-database.org/index.php?lang=en
Certification Criteria - https://passivehouse.com/03_certification/02_certification_buildings/08_energy_standards/08_energy_standards.html
Certification Guide - https://passivehouse.com/03_certification/02_certification_buildings/09_guide/09_guide.html

Certified Components - https://database.passivehouse.com/en/components/
Certifiers Globally - https://passivehouse.com/03_certification/02_certification_buildings/03_certifiers/01_accredited/01_accredited.html

Certified Passive House Designer Training - https://passivehousenetwork.org/designer-training/
Certified Passive House Tradesperson Training - https://passivehousenetwork.org/tradesperson-training/
ISO 9972 - https://www.iso.org/standard/55718.html

Manager Declaration Sample - https://passipedia.org/_media/picopen/construction_manager_declaration.pdf

North American Certifiers Circle - https://passivehousenetwork.org/wp-content/uploads/2023/01/NACC-Brochure-Jan-2023.pdf

Passipedia - https://passipedia.org/start
Passive House Accelerator - https://passivehouseaccelerator.com/

Passive House Certification - https://passivehousenetwork.org/certification/

Passive House Definition - https://passipedia.org/basics/the_passive_house_-_definition
Passive House - Historical Review - https://passipedia.org/basics/the_passive_house_-_historical_review
Passive House Planning Package (PHPP) - https://passivehouse.com/04_phpp/04_phpp.htm
Safe at Home PHN Report - https://passivehousenetwork.org/safe-at-home/
Sample Submission Documents - https://passipedia.org/certification/certified_passive_houses/example_documents

Summer Comfort - https://passipedia.org/planning/summer_comfort

Thermal Comfort - https://passipedia.org/basics/building_physics_-_basics/thermal_comfort

Vancouver Passive House Checklist - https://passivehousenetwork.org/wp-content/uploads/2024/07/Vancouver-Passive-House-Verification-Plan-Checklist-2023.pdf

Ventilation Duct Leakage Testing - https://passivehousenetwork.org/product/multifamily-ventilation-duct-leakage-targets-strategies-and-lessons-learned/

https://passivehouse-database.org/index.php?lang=en
https://passivehouse.com/03_certification/02_certification_buildings/08_energy_standards/08_energy_standards.html
https://passivehouse.com/03_certification/02_certification_buildings/09_guide/09_guide.html
https://database.passivehouse.com/en/components/
https://passivehouse.com/03_certification/02_certification_buildings/03_certifiers/01_accredited/01_accredited.html
https://passivehousenetwork.org/designer-training/
https://passivehousenetwork.org/tradesperson-training/
https://www.iso.org/standard/55718.html
https://passipedia.org/_media/picopen/construction_manager_declaration.pdf
https://passivehousenetwork.org/wp-content/uploads/2023/01/NACC-Brochure-Jan-2023.pdf
https://passipedia.org/start
https://passivehouseaccelerator.com/
https://passivehousenetwork.org/certification/
https://passipedia.org/basics/the_passive_house_-_definition
https://passipedia.org/basics/the_passive_house_-_historical_review
https://passivehouse.com/04_phpp/04_phpp.htm
https://passivehousenetwork.org/safe-at-home/
https://passipedia.org/certification/certified_passive_houses/example_documents
https://passipedia.org/planning/summer_comfort
https://passipedia.org/basics/building_physics_-_basics/thermal_comfort
https://passivehousenetwork.org/wp-content/uploads/2024/07/Vancouver-Passive-House-Verification-Plan-Checklist-2023.pdf
https://passivehousenetwork.org/product/multifamily-ventilation-duct-leakage-targets-strategies-and-lessons-learned/


Thank you.
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Questions about Title 24?
3C-REN offers a free Code Coach Service 

Energy Code Coaches are local experts who can help answer your Title 24 questions. 
Coaches have decades of experience in green building and energy efficiency 
improvements. They can provide citations and offer advice for your project to help your 
plans and forms earn approval the first time. 

Online:
3c-ren.org/codes

Call:
805.781.1201



Closing
 Continuing Education Units Available

 Contact shuskey@co.slo.ca.us for AIA LUs

 Coming to Your Inbox Soon!
 Slides, Recording, & Survey – Please Take It and Help Us Out!

 Upcoming Courses:
 September 5th - Passive Design/Build Boot Camp – Free info session

 September 12th - All-Electric Accessory Dwelling Units (ADUs)

 September 24th - Building Electrification, Passive House PER & California

 September 30th – October 4th - Passive Design/Build Boot Camp with Emu Passive – Hands On Training and Exam (FREE!)

 October 9th - All-Electric Retrofits with Electrical Panel Constraints

 October 10th - Certified Passive House Designer/Consultant (CPHD/C) Pacific Fall Hybrid Cohort

 Visit www.3c-ren.org/events for our full catalog of trainings. 

mailto:shuskey@co.slo.ca.us
https://www.3c-ren.org/event/passive-design-build-boot-camp-free-info-session/
https://www.3c-ren.org/event/all-electric-accessory-dwelling-units-adus/
https://www.3c-ren.org/event/building-electrification-passive-house-per-california/
https://www.3c-ren.org/event/passive-design-build-boot-camp-with-emu-passive-hands-on-training-and-exam-free-2/
https://www.3c-ren.org/event/all-electric-retrofits-with-electrical-panel-constraints/
https://www.3c-ren.org/event/certified-passive-house-designer-consultant-cphd-pacific-fall-hybrid-cohort/
http://www.3c-ren.org/events


Thank you!

For more info: 
3c-ren.org

For questions:
info@3c-ren.org
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