
We will be starting soon!
Thanks for joining us



Introduction to Passive House
Steve Mann, The Passive House Network and Home Energy Services

May 1, 2023



• 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
805.220.9991



 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



3C-REN 
Staff Online



Introduction to the 
Passive House Standard



Steve Mann, is a California HERS Rater and 
Certified Energy Analyst (CEA), LEED AP+ Homes 
and Green Rater, and is a certified Passive House 
Designer, Tradesperson, Trainer, and building 
Certifier with the Passive House Institute. 

Steve Mann
Home Energy Services
Berkeley, CA

Presented By
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Global Knowledge. Regional Context. Local Applications

BECOME A MEMBER!

The Network

Presenter Notes
Presentation Notes
PHN is a non-profit educational member-driven organization that supports the widespread adoption of the international Passive House standard. We provide training, conferences, and other events to both engage and educate design and building professionals, policymakers, and the general public. We support the success and vitality of the Passive House community.



Passive House goals and methodology change how architects and builders 
think and work, making the architectural design a driver of climate, health, 
and social solutions. This is a 4-hour course that dives into the basic 
principles, history, certification, and the new frontiers of Passive House 
design as it continues to challenge and change industry expectations. All 
theory is then illustrated through 3 case studies outlining specific Passive 
House principles.

AIA Course Description

North American Passive House Network
AIA CEU Provider #502111363

Introduction to Passive House 
Standard
Presentation #1day_Intro_PH

Presenter Notes
Presentation Notes
Just noting this course qualifies for AIA CE’s.



• Learning Objective 1:
Outline the 5 basic principles of Passive House design and how each principle contributes to the 
health, safety and welfare of occupants.

• Learning Objective 2:
Describe why and how hygienic ventilation is an essential defining component of Passive House 
design and operation. And outline how the Passive House design focuses on very good energy 
efficiency which results in side-benefits like great occupant thermal and acoustic comfort, improved 
occupant health outcomes, and economic affordability.

• Learning Objective 3:
Outline the major Passive House tools: PHPP, DesignPH and Therm, and provide an overview of the 
tools in correlation with data-driven design.

• Learning Objective 4:
To understand how to get from where the participant is now to building a building adhering to the 
international passive house standard through applicable case studies. And illustrate the data-driven’ 
design process used to help projects meet their comfort, durability and climate goals.

Learning Objectives



Part 1: The Passive House Idea
• Why Passive House?
• Passive House and our Climate Goals
• Passive House and ‘Net Zero’ Goals
• Passive House and Occupant 

Satisfaction
• How do you Make a Passive House?

• Continuous Insulation
• Airtightness
• Thermal Bridge Free
• Windows and Doors
• Ventilation with Heat Recovery



Why Passive House?



Why Passive House?
In North America most of us will 
spend close to 90% of our time 
indoors

Presenter Notes
Presentation Notes
The quality of the built-environment is more important to our health and well-being than ever before. Many of us spend almost all of our lives inside of buildings and their functioning (or not) affects our comfort, our health, our psychology and our productivity. Buildings exert a powerful influence on virtually every aspect of our lives and as such their proper design is critical.

90% from: U.S. Environmental Protection Agency. 1989. Report to Congress on indoor air quality: Volume 2. EPA/400/1-89/001C. Washington, DC.



Why Passive House?
Pollutant concentrations indoors 
can be 2 to 5x worse than outdoors

Presenter Notes
Presentation Notes
And while we spend more and more time indoors, the quality of that indoor environment is often highly degraded. Both our own activities (cooking, bathing) and the products we bring into our buildings (fabrics treated with flame retardants, etc..) are affecting the quality of the air we breathe.

Passive house airtightness and ventilation strategies work hand in hand to mitigate these issues.

Value from: U.S. Environmental Protection Agency. 1987. The total exposure assessment methodology (TEAM) study: Summary and analysis. EPA/600/6-87/002a. Washington, DC.

https://www.epa.gov/report-environment/indoor-air-quality



Why Passive House?
1/3 of all buildings in US have mold 
& mildew growth

Presenter Notes
Presentation Notes
Mold growth and moisture problems in general are endemic throughout much of the built environment. This compromises the health of occupants and degrades the buildings themselves over time. With proper design, these problems can be designed out in the first place, but sadly often are not. 

Passive House design focuses on the quality of the building envelope, eliminating thermal bridges and managing the conditions that could lead to moisture-related issues.

1/3 is population weighted average from https://iaqscience.lbl.gov/dampness-prevalence



Why Passive House?
Because even the outdoor air isn’t 
always ‘fresh’

Presenter Notes
Presentation Notes
In much of the world, it isn’t enough to use manual ventilation to clean the indoor air of our buildings. Whether from wildfires or more direct industrial air pollutants, using unfiltered outdoor air isn’t a solution for improving the air quality of our buildings in many areas. Filtering and controlling the incoming air as we do in Passive Houses is critical to ensure occupant health.

2018’s massive wildfires across California kept everyone indoors and highlighted the benefits of an air-tight envelope with a filtered air-supply…. Passive House!



Why Passive House?
Urban background noise level 60 dBA is 
loud enough to raise blood pressure, cause 
stress, loss of concentration and loss of 
sleep

Presenter Notes
Presentation Notes
50% of the US lives in urban areas which often have both air pollution but also noise pollution. Both ambient ‘background’ noise, as well as extreme noise events such as from industrial equipment, sirens or other sources can lead to both unhappiness, but also severe health effects if experienced for long durations. It is the most at-risk populations who suffer the most from this noise pollution as industrial and transportation facilities are most often located in less affluent communities. 

Passive House buildings, because of their thick layers of insulation, rigorous airtightness and high quality windows and doors, are quieter than typical buildings.  In addition, windows and doors can be kept closed to block noise while fresh air is supplied to the building via the ventilation system.

https://www.theatlantic.com/technology/archive/2018/02/city-noise-might-be-making-you-sick/553385/



Why Passive House?
More than 2/3rds of US homes have at least 
one room that is too cold in Winter and too 
hot in Summer

Presenter Notes
Presentation Notes
To combat these problems, we try and use energy to beat back the issues with noise, pollution and especially comfort. But we all know that the strategies we use, while consuming tremendous amounts off energy, still often don’t work well and leave us unhappy and uncomfortable in far too many buildings. 

Passive House buildings provide uniform temperatures from room to room.



Why Passive House?
Buildings are currently responsible for 31% 
of all greenhouse gas submissions in the US

Presenter Notes
Presentation Notes
And all this energy use comes at a direct cost of increased atmospheric CO2. While there have been amazing improvements in the overall efficiency of the electric grid, it is still crucial to reduce energy consumption if we are to have any hope of meeting our climate goals. 
Passive house provides a pathway to buildings with very low operational energy, which equates to lower overall energy use and lower CO2 emissions.

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#electricity
Total US Greenhouse gas emissions by Sector with Electricity Distributed
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Why Passive House?
disruptions in the flow of energy 
regularly leave many of our 
buildings uninhabitable

Presenter Notes
Presentation Notes
Too many modern buildings become uninhabitable without the continuous infusion of energy. We notice this dependency on energy most of all when it gets disrupted. Hurricane Sandy (pictured above) and other extreme weather events made worse by climate change will increase the need for more resilience in our buildings and cities. 
Passive House buildings have excellent thermal inertia, meaning even in times of power loss, temperatures within the building respond to exterior temperature changes very slowly.  This means Passive House buildings can remain habitable during power outages for long periods of time.



Why Passive House?
Meeting California’s 2019 energy code will 
require significant upgrades to the building 
envelope

Presenter Notes
Presentation Notes
Air temperature 
Air velocity 
humidity 
Radiant temperature 
Clothing 
and metabolic rate 



Why Passive House 
for health,
for comfort,
for durability,
for resiliency,
for predictability,

and do all that with 75% less energy

Presenter Notes
Presentation Notes
Passive House helps us to create homes and workplaces which are more comfortably, healthier, more resilient and energy efficient. 



The Passive House Standard
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A global record of success

https://database.passivehouse.com/buildings/map/

Presenter Notes
Presentation Notes
The standard has been going strong in its modern form since the early 1990’s and has a global record of delivering successful projects across a huge variety of climates and building types. 



Buildings + Greenhouse + Gas Emissions
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Worldwide, GHG Emissions from Buildings have more than doubled since 1970 alone

Presenter Notes
Presentation Notes
While occupants will enjoy the improved health and comfort of a Passive House, governments around the globe are increasingly turning to Passive House first and foremost to achieve reductions in energy use. Globally, energy use in buildings has more than doubled since 1970. In order to begin seeing an overall reduction in CO2-e emissions it will be vital to first drastically reduce energy consumption and then couple the remaining demand to clean CO2 free sources of energy such as wind, hydro and solar.



Buildings + Energy Consumption
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From IPCC AR5: “A number of voluntary standards for heating energy use have been developed in various 
countries for residential buildings. The most stringent of standards with regard to heating requirements is the 
Passive House standard …. As seen from Table 9.3 [below], this standard represents a factor of 6 – 12 
reduction in heating load in mild climates (such as Southern Europe) and up to a factor of 30 reduction in 
cold climate regions where existing buildings have little to no insulation.”

Presenter Notes
Presentation Notes
The IPCC AR5 (2014) report and subsequent reports reference Passive House specifically as a critical program for reducing energy consumption in buildings worldwide. The IPCC in 2014 found a 6-12x reduction in heating load in mild climates, and up to a 30x reduction in cold climates. Reductions can be found in all climate zones, thought areas with more extreme climates certainly see a greater benefit. 



NYC Climate Mobilization Act
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Presenter Notes
Presentation Notes
NYC has put in place a significant new Carbon-Reduction law which will regulate and penalize (with financial penalties) buildings which consume more energy than the law’s cap. The law phases in over two tiers (2024, 2030) with almost all NYC buildings needing some form of retrofit by 2030 in order to avoid penalties. 



California Zero Net Energy Goals
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California Energy Efficiency Strategic Plan Goals:
• New codes will focus on reducing Carbon Emissions in addition to reductions in energy usage
• Future codes will likely require significant efficiency + onsite renewables

Presenter Notes
Presentation Notes
California is on a pathway to ‘Net Zero’ and while the specific timeline and mechanisms are variable, the overall goal of reductions in building energy use to very low levels will likely persist across sectors. Meeting these goals through more cost effective and durable envelope improvements (rather than buying more renewables) will become an important part of the construction industry in CA moving forward. 



BC Energy Step Code
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British Columbia Energy Step Code:
• “The Province has committed to taking incremental steps to increase energy-efficiency requirements 

in the BC Building Code to make buildings net-zero energy ready by 2032. The BC Energy Step 
Code--a part of the BC Building Code--supports that effort.”

• “Buildings designed and constructed … to the Passive House Planning Package (PHPP)…are 
deemed to comply…”

Presenter Notes
Presentation Notes
“The BC Energy Step Code is a provincial standard enacted in April 2017 that provides an incremental and consistent approach to achieving more energy-efficient buildings that go beyond the requirements of the base BC Building Code.�This new standard is a vital measure to enable BC to meet the Provincial goal to construct net-zero energy ready buildings by 2032. It does so by establishing a series of measurable, performance-based energy-efficiency requirements for construction that communities may choose to adopt when ready.”

https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/construction-industry/building-codes-and-standards/guides/bcenergystepcode_guide_v1.pdf



The 5 Basic Principles of Passive House

1. Continuous Insulation
2. Airtight Construction
3. Thermal Bridge Free
4. High Quality Windows and Doors
5. Fresh-Air Ventilation with Heat Recovery

Presenter Notes
Presentation Notes
Air temperature 
Air velocity 
humidity 
Radiant temperature 
Clothing 
and metabolic rate 



Design Outward From Occupant
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Presenter Notes
Presentation Notes
The Passive House Idea moves from the occupant outward to the building. We start by looking at what types of spaces make people comfortable, and what kind of spaces make people Uncomfortable. We know that most folks will find spaces with significant draftiness, uneven or stratified air temperatures, or uneven surface temperatures to be quite uncomfortable. If we can mitigate these issues with the building, we can create places which will make people happy and healthy which should be our first and most important goal with any building.



Design Outward From Occupant
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Presenter Notes
Presentation Notes
By focusing on the envelope of the building, we can PASSIVLY deliver thermal comfort to our occupants. We do this by:
Continuous insulation means comfortable surface temperatures throughout
Rigorous air sealing means no cold drafts in winter, no humid air leaking in in summer
High quality windows mean low radiant surface temperature asymmetries throughout the space which keeps peoples’ bodies comfortable.
Low levels of stratification mean no cold toes
Balanced ventilation yields healthy spaces all year round



#1: Continuous Insulation Layer
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CONTINUOUS 
INSULATION

• Reduce heat loss (winter)
• Reduce heat gain (summer)
• Comfortable interior surface temps

Presenter Notes
Presentation Notes
Insulation levels are measures in R-values, expressed in hr.ft².˚F/Btu. 
The insulation level required for any given building will depend on several factors such as climate, overall form, building compactness, glazing proportion and a lot of other factors. A suggested insulation level for single family residences in moderate climates is suggested here, namely R ≥ 38 (hr.ft².˚F)/BTU. In colder climates, additional insulation would be required, and vice versa in milder climates. 
Ultimately, the level of insulation required will have to be determined in the Passive House Planning Package (PHPP).
You are free to construct a Passive House building using which ever construction method you please, as long as the overall energy balance is required. 
Whilst there are several different approaches to constructing Passive House projects, they will typically fall under one or a hybrid of the following:
Wood stud, with or without external insulation;
Structural insulated panels (SIPS);
Masonry, typically (at least for new-build) with external insulation, but also including insulated concrete forms (ICF) and cavity walls (commonplace in Ireland and the UK); and
Steel stud, more commonly found in commercial buildings.




#2: Continuous Air -Tight Construction
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CONTINUOUS 
INSULATION

• Reduce drafts 
• Reduce possibility of moisture 

damage to envelope due to air 
transported moisture

• Reduce heat loss (winter)
• Reduce humidity (summer)

Presenter Notes
Presentation Notes
The Passive House threshold for airtightness is ≤ 0.6 ACH50 (air changes per hour measured at a differential pressure of 50 Pascal). This is perhaps the leading airtightness standards on the planet. 

In 2014, most common standards required by code for airtightness range between 3 ACH and 7 ACH (5 to more than 10 times leakier than Passive House projects). It would not be at all surprising to find older buildings to have an airtightness of 10 to 20 ACH50. 

There are many advantages to creating an airtight envelope, including those listed below:
Prevention of humid air entering the construction type and possibly causing structural damage due to interstitial condensation.
Reduced infiltration of unwanted cold air in winter, which would otherwise increase heating demand, and warm air in summer, which would increase cooling demand in hotter climates.
Greatly reduced drafts which leads to high comfort levels.
Enhanced performance of the insulation layer through prevention of air movements therein. 
Reduced noise infiltration, enhancing the calmness of the indoor environment. 

Note: air changes per hour (ACH) may also be expressed as “1/h” or “h-1”,  which would be read as simply “per hour.”




Comfort & Health
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Reduce drafts

Stop ‘filtering’ air through cracks in 
the building envelope

Presenter Notes
Presentation Notes
Noticeable drafts are also significantly detrimental to occupant comfort.



Durability
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Attic sheathing with mold 
from condensation

Presenter Notes
Presentation Notes
When warm, moist air is allowed to move through the building assembly, there is a high-likelihood of that air coming into contact with a condensing (cold) surface. In typical homes, this occurs esp. in the roof or attic when warm air condenses on the underside of cold roof sheathing. This can lead to significant mold and structural damage if not ventilated properly. 



#3: Eliminate “Thermal Bridges”
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CONTINUOUS 
INSULATION

• Reduce heat loss
• Eliminating cold surfaces means 

reduced risk of mold growth

Presenter Notes
Presentation Notes
Thermal bridges occur in many different scenarios in buildings, but typically they are found when there is a penetration of the insulation layer by a material of relatively high conductivity (or low resistivity). 

Thermal bridges cause additional heat flow in buildings, increasing heating demand and heat load. They also reduce surface temperatures in the vicinity of where they occur and can lead to mold or in severe cases condensation, both of which can cause structural damage. Lastly, they can also impact on occupant comfort due to radiant temperature asymmetry. 



Thermal Bridge?
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Wood stud wall, insulated cavity:
Nominal R-value (through cavity): 22.3

Actual R-value (incl. framing):  19.0

Steel stud wall, insulated cavity:
Nominal R-value (through cavity): 22.3

Actual R-value (incl. framing):  11.6

Presenter Notes
Presentation Notes
Air temperature 
Air velocity 
humidity 
Radiant temperature 
Clothing 
and metabolic rate 



Cold Surfaces, Mold, Condensation
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Presenter Notes
Presentation Notes
Thermal bridges cause not only heat loss, but also cold surfaces which can lead to mold and moisture problems in buildings. 



#4: High Performance Glazing
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CONTINUOUS 
INSULATION

HIGH 
PERFORMANCE 
WINDOWS

• Glass’s high int. surface temps lead to 

increased occupant comfort

• No need for expensive perimeter heating to 

combat cold surfaces

Presenter Notes
Presentation Notes
One of the key measures in achieving the Passive House standard is to use high performance windows which contribute sufficient solar gains to significantly reduce space heating demand.  

Passive House windows typically comprise triple glazing, low conductivity (high resistivity) spacer bars, low emissivity coatings on the glass and thermally broken window frames. As will be seen later, they also need to be fitted in a suitable manner. 

It is a very common misconception that windows in a Passive House cannot be opened – which is far from what happens in real life. Outside of the heating (or cooling) seasons, occupants in Passive House projects are free to open windows or doors as they wish. They know intuitively, however, that as the winter (or summer) approaches, it makes sense to keep them closed to conserve energy. Fresh air is continuously supplied by the mechanical ventilation system all year round, so indoor air quality is never compromised irrespective of whether windows or doors are opened or not.  





Passive House Windows
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Exterior cladding

3 layers of glass (glazing)

Insulating gas (Argon, 
Krypton) filled cavities

Frame (Wood, uPVC, etc )

Spacers

Insulation

Gaskets

Presenter Notes
Presentation Notes
Air temperature 
Air velocity 
humidity 
Radiant temperature 
Clothing 
and metabolic rate 



Occupant Comfort
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The radiant temperature asymmetry of 10 ºF is far too high (should be less than 7.2 ºF).
A compensating heating surface near the window is required. 

Standard window, R -3 (hr.ft².°F)/Btu
Radiant temperature difference: 10°F

Passive House window R-7 (hr.ft².°F)/Btu
Radiant temperature difference: < 6°F

Presenter Notes
Presentation Notes
The following slides explain why a Passive House window in Central Europe, when installed, must have a Rw-value of min 6.68 hr.ft².°F/BTU . 
The Radiant temperature asymmetry plays an important role. For us humans it is uncomfortable if objects simultaneously radiate with different temperatures towards our body. We only feel comfortable at a temperature difference lower than 7.56°F . The window is important in this respect, as this is where the coldest surface temperatures in the building occur. This becomes apparent when comparing the R-values of all building components. Opaque, i.e. non-transparent components have R-Values of 56.78 – 37.85 hr.ft².°F/BTU. 

Additionally to numerous other subjective perceptions, “thermal comfort“ is one of the most decisive criteria for comfort in living spaces. Optimum thermal comfort is achieved when the heat losses of our body and its heat production are in equilibrium. ISO 7730 lists comfort criteria, based on the principles researched mainly by P. O. Fanger. Fanger’s equation describes the relationship between physical activity, clothing and parameters of the thermal environment: These are air temperature, surrounding surface temperatures combined as radiant temperature, air velocity, air turbulences and air humidity. The so-called ‘comfort range‘ encloses multiple combinations of these four surrounding parameters. 

Only windows with Rw > 6.7 hr.ft².°F/BTU lead to a radiant temperature difference which is always below 7.2°F (valid for Central Europe, also under unfavorable boundary conditions). 




#5: Fresh -Air Ventilation + Heat Recovery
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CONTINUOUS INSULATION

HIGH PERFORMANCE 
WINDOWS

• Clean, filtered fresh air all 
year round

• Reduced heat loss in 
winter

• Eliminate stale air

Presenter Notes
Presentation Notes
All Passive House projects must be adequately ventilated to provide high quality indoor air. In most climates, this is provided by means of a mechanical system with heat recovery, known as a heat recovery ventilator or energy/enthalpy recovery ventilator (HRV or ERV – an HRV only recovers heat, an ERV recovers moisture in addition to heat, which is helpful in both dry winter climates and humid summer climates). Most buildings (especially domestic projects) are ventilated on a continuous basis.

There are a number of stipulations concerning minimum performance of the ventilation system, the key consideration being the threshold for heat recovery efficiency which must be 75% or higher. Nowadays, it is very easy to source equipment with efficiencies in excess of 90%, so don’t assume that an HRV with 75% heat recovery is an efficient model. 

Fresh air is supplied to all the living spaces (bedrooms, sitting rooms, offices, classrooms and so forth) and extracted from wet rooms or rooms where odors occur (bathrooms, WCs, kitchens, utility spaces and so forth). The two air paths (supply and exhaust) do not mix inside in the H/ERV so there is no contamination of air. 

Building codes (IRC 303.4) require that any building with less than 5.0 ACH@50 is required to have some form of whole-house mechanical ventilation (M1507.3) , in Passive House this must include heat-recovery



Balance Ventilation w/Heat Recovery
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The H/ERV (heat/energy recovery 
ventilator) is the lungs of the building.

H/ERV’s must be:

• Super-insulated

• Airtight

• Thermal bridge free

• Quiet

• Energy efficient

• Suitably located



System Configuration
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Centralized:
One main ventilator unit

for the entire building

Decentralized:
Multiple ventilators distributed

throughout the building



5 Steps to a Passive House
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CONTINUOUS 
INSULATION

MECHANICAL VENTILATION
WITH HEAT RECOVERY

HIGH PERFORMANCE 
WINDOWS



Part 2: The Passive House Idea

• What Certifications are Available?
• Why Certify?
• The Passive House Certifiers, Consultants and Tradespeople
• The Certification Sequence
• Certifying a Passive House

• New Construction, Retrofits, Mixed-Use, Non-Residential
• Certification Verification Requirements

• Certified Passive House Products



What Can Be Passive House “Certified”
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BUILDINGSPEOPLE PRODUCTS

Presenter Notes
Presentation Notes
Passive House Certification can be achieved in 3 areas:
People 
Certifiers
Designers
Tradespeople
Veriphiers
Buildings
New Construction
Renovations
Mixed Use
Non-Residential
Products
Windows
HRV /ERV

Note that it is NOT required to use Certified Products in your building, but they can be very helpful in moving through the Certification process smoothly



Performance Versus Prescriptive
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Passive House is a performance based building standard:

• Scientifically validated energy model (PHPP);

• Strict standards testing protocols for key elements such as windows and 

ventilation;

• Verified construction details (example, thermal bridging);

• Photo -catalogue of all details and assemblies required for certification;

• Blower door testing according to strict protocols;

• Ventilation system commissioning and sign-off;

Building Code, ASHRAE, LEED tend to be prescriptive in approach

Passive House does exactly what it says on the label.



People: Certifiers, Designers, Tradespeople

Regional Accredited Building Certifier

Certified Passive House 
Consultants / Designers

Developers Home Owners BuildersArchitects Engineers

Passive House Institute, Darmstadt Germany (PHI)

Presenter Notes
Presentation Notes
Passive House buildings can only be certified by an agency accredited by the Passive House Institute in Darmstadt Germany. There are more than 30 of these agencies worldwide, one of which is Passive House Academy. 

A project may not use the same agency / person as the Passive House designer and certifier. 

In addition to plans and details, the Passive House Consultant will have to supply:
Documentary Evidence of the types of insulation used (spec, invoices, etc)
Photos of the how the insulation was installed and how thermal bridges were managed / eliminated
Thermal Bridge calculations and details
Window spec and detailed window schedule
HRV/ERV spec and invoice / commissioning certificate
Airtightness test certificate showing n50, q50 and w50 values
Signed declarations by the Passive House Designer/Consultant, PHPP Modeler, and building site supervisor




People: Building Certifiers
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Presenter Notes
Presentation Notes
A building owner seeking Certification can decide to use any Accredited Certifier they like. In North America, there are currently 12 English Language Certifiers operating as part of the North American Certifiers Circle. It is good practice to shop around as each Certifier will have different services and a different area of expertise. 



People: Designers & Tradespeople
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• Accreditation awarded by Passive House 
Institute

• Two paths to gaining the awards: (1) passing 
the PHI exam (vast majority), (2) submitting 
mini -thesis on personally executed certified 
project 

• New in 2019: ‘Expert’ Badges for Simulation 
Modelers and On -Site Inspectors

• Two accreditation types: (1) Building 
Envelope, (2) Mechanical Services

• Accreditation awarded by passing PHI 
test

• Mostly taken by tradespersons but also 
popular with building designers

Presenter Notes
Presentation Notes
For further details on the above qualifications, including learning targets, exam dates and qualified persons found globally, please refer to the following resources:  Certified Passive House Designer / Consultant & Tradesperson: https://cms.passivehouse.com/en/training/



People: VeriPHiers
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VeriPHy
Passive House On -Site Verification

Third-party, on-site verification of key 
Passive House quality assurance indicators during construction

Optional service elected by building owner, typically in response to 
incentives

Presenter Notes
Presentation Notes
The VeriPHy program was begun in 2016 and exists to provide an optional third party inspection for larger projects which need this outside review. This is NOT required for Passive House Certification, though some lenders or local Agencies may require this if the project is seeking incentives or financing. 



Buildings: New Construction
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+ renewable energy generation on site or nearby and/or higher energy efficiency

Presenter Notes
Presentation Notes
Because energy efficiency are a perfect match with renewables, we would like to promote this great combination by introducing two new PH classes: PH Plus and PH premium. It is important to note that the energy generation does not necessarily have to happen on the roof or any other surface of the building. For a sustainable solution, the region/city or district, not the building itself, sets the balance boundary.



Buildings: A Roadmap To Certification

Levenson Park Slope, BK

Presenter Notes
Presentation Notes
The Certification Sequence is relatively straightforward, though at first it can appear daunting. The usual sequence is:
The Owner retains the CPHD/C as part of the team. Sometimes this will be the Architect or Builder, but most commonly it is a specialist third party with experience in Certified Passive House projects. 
The CPHD/C will execute an early stage ‘feasibility’ model – usually at about 75% SD – in order to evaluate if the project can realistically meet Certification, or if there are significant roadblocks (regulatory, programmatic, etc.) 
If the project elects to pursue Certification, the CPHD/C will work closely with the team throughout DD and CD phases to design, detail and specify the project.
The CPHD/C should stay involved during CA and make enough site-visits to ensure that the project is moving forward as planned and that there are no significant hurdles during construction. They should also update all Certification models and documents throughout Construction if/when the design changes for any reason (geometry / material changes, product substitutions, etc..).
At the end of construction, the team demonstrates airtightness with a ‘Blower Door’ test and the Ventilation System is commissioned. Once this is complete, the final package is delivered to the Certifier for review and approval



Buildings: Airtightness Testing

Levenson Park Slope, BK

Positive 
Pressure Test

Negative 
Pressure Test

Presenter Notes
Presentation Notes
The Blower Door test is executed for Certification at the end of construction in order to demonstrate that the building is airtight. The test is done at both negative and positive pressure and the final result is the average of the two. For new Construction, buildings must show a tested airtightness of <0.6ACH@50, and for Renovations < 1.0 ACH@50



Buildings: Photographic Evidence

Levenson Park Slope, BK

Presenter Notes
Presentation Notes
Careful photo documentation of the envelope must be done throughout construction. These photos, showing materials used, thicknesses and airtightness layers, are all submitted to the Certifier at the end of construction, along with a signed Declaration from the Contractor.

Image Source: BLDGTYP LLC Passive House Consultants. Winters House. Liam Winters Architects. 2015
Image Source: BLDGTYP LLC Passive House Consultants. Stevens Institute Solar Decathlon, 2015




Buildings: Ventilation System Balancing

Levenson Park Slope, BK

Presenter Notes
Presentation Notes
Ventilation Balancing MUST be carried out at the completion of construction for Certification. Air flows in EACH room must be measured and if different than the design documents, dampers or adjustments must be made to ensure the building is working as designed. 

Image Source: http://www.greenbuildingadvisor.com/blogs/dept/energy-solutions/commissioning-our-heat-recovery-ventilator
Alex Wilson, BuildingGreen, Inc



Buildings: Retrofit Classes

Levenson Park Slope, BK

• EnerPHit standard first introduced by PHI in 2010

• Can be reached in one step, or several steps (phased)

• If phased: 

• Must develop an EnerPHit Retrofit Plan (ERP)

• When total building energy use has been reduced by 20%, first ‘pre-certification’ can be 

issued by the certifier

Presenter Notes
Presentation Notes
In addition to the New Construction classes for Building Certification, there are three ‘Retrofit’ classes as well (as of 2015). These retrofit classes allow for challenging renovations to be certified as Passive House buildings, even if they are not quite up to the level of a new-build. 

The classes include special provisions for insulating the ‘inside’ of an existing masonry building, or ‘phased’ retrofits which may take place over several decades. 



Buildings: Non Residential

Levenson Park Slope, BK

Presenter Notes
Presentation Notes
This Commercial warehouse / manufacturing facility in a hot humid climate (Sri Lanka) demonstrates that the Passive House standard can work well even for very challenging climates and use-types. 
The Passive House standard has been applied to virtually every building type, including:
Schools
Offices
Hospitals
Nurseries
Gymnasiums
Municipal Pools

It is important to note that for Non-Residential, the design process is a bit different with much more of a focus on internal equipment, lighting and usage patterns and so it is a good idea to speak with a Certifier very early in the process if Passive House Certification is to be the goal on a Non-Residential building project.



Why Certify Your Building?
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Independent Review
Certifiers’ review services are separate and distinct from Passive House 
consulting and design services. This clear separation insures an 
independent and objective assessment. And additional quality 
assurance benefitting all parties involved, including not just owners and 
occupants, but also investors, governments, funders and other 
stakeholders.

Project Team Professional Development 
The expert review of the energy calculations, design and construction documentation from a low-
energy building science perspective furthers the education of the consultant, designer and builder.

Assurance For Project Team
Expert review of the energy calculations, design, specifications and construction documentation is 
continuing education for the project team.

Assurance For Developers And Owners
The project team can breathe easier at all stages of the project, knowing their energy calculations and 
related details have been double-checked.



Products: Certified Components

Levenson Park Slope, BK

Presenter Notes
Presentation Notes
In the certification process, the thermal quality of the assemblies and of the junctions is verified by the Passivehouse Institute, in terms of heat flow (Psi), internal surface temperatures (fRsi), and air tightness.  In the case of a certified system, it is the component manufacturer who provides the assemblies and their junctions, including the thermal values. Furthermore, it is the manufacturer who provides the specifications for the airtightness of the building envelope.



Products: Component Database
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Presenter Notes
Presentation Notes
The online Component Database is a terrific resource for Designers and Architects. 



Part 3: The Passive House Tools
• The Passive House Planning Package (PHPP) and ‘Data 

Driven Design’
• The PHPP Model and Passive House Certification
• DesignPH, BIM2PHPP and PassivLink
• Building Codes and the PHPP
• Thermal Bridge Simulation Tools
• Airtightness Tools:

• ‘Red Line’ Test
• Detailing
• Blower Door Testing



Th Passive House Energy Model
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Presenter Notes
Presentation Notes
The PHPP is the foundation for the Passive House design process and serves as the ‘link’ to all other specifications, documents, drawings and models. 



The Passive House Planning Package

Levenson Park Slope, BK

What is PHPP?

• A numerical steady-state energy modeling spreadsheet

• Uses monthly climate data to quickly calculate detailed gains and losses for low-energy buildings

• Purpose built for low-energy buildings and Passive-House style buildings

• Excel spreadsheet based and low-cost

Presenter Notes
Presentation Notes
The PHPP is an Excel based tool which allows the designer to simulate the behavior of the building both during ‘peak’ times (winter, summer) and over an entire year. This flexible, easy to use model allows for quick iteration and design alternate evaluation. 



Energy Modeling Options
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Steady -State

• Internal Gains + Temp Set Point remain static 
throughout the entire simulation period.

• Climate / Weather files supply ALL of the inputs 
into the simulation

• Fast , Flexible, Simple to use

• May not be as accurate in very complex 
situations, ie: with more than one thermal 
zone, in shoulder seasons, etc..

• Dynamic

• Uses both the external boundary conditions from 
climate/weather file input, as well as data from 
previous simulation steps to create a more 
detailed (hourly, sub-hourly) model.

• Can include >1 thermal zone

• Can provide more accurate thermal-comfort 
modeling, as well as moisture movement

• Complex, slow

Presenter Notes
Presentation Notes
It should be understood that the PHPP is fast and reliable for Passive House buildings, but for complex multi-zone buildings other tools may be required to supplement the basic PHPP calculations for things such as overheating risk, detailed shading calculations or room-by-room heating and cooling loads for mechanical system design. 



Data Driven Design 

Levenson Park Slope, BK
Source: bldgtyp , llc : SHCHT Cottages. 2016

Presenter Notes
Presentation Notes
The PHPP and all other simulations should be implemented not just as ‘Compliance’ tools – demonstrating that the building meets the standard – but as ‘Design’ tools which allow the team to iterate and evaluate a host of ideas and options. This doesn’t mean that the PHPP ‘controls’ the design, but rather that it helps to ‘inform’ the design with performance data throughout the process. This is the essence of data-driven design.
The team will use the PHPP to evaluate overall energy performance, but also peak cooling/heating loads, overheating risk, envelope performance, thermal comfort, condensation risk and a host of other performance factors. Each contributing to the overall mission of building a comfortable, healthy and low-energy building. 



PHPP and PHI Certification
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Presenter Notes
Presentation Notes
The PHPP interfaces with the standard design process at 3 key times
The team should execute and ‘SD’ or ‘Feasibility’ model. This usually takes place at ~50-75% SD, with a goal of adding valuable performance data to the design process before the start of DD. This first round of PHPP modeling should review the overall project massing and orientation, program, budget and schedule, as well as regulatory constraints to decide if Passive House certification is the best goal. Even if Certification is not pursued, this model should contribute actionable design guidelines and recommendations to the team
If Certification is pursued, a DD phase model should be executed at ~50-75% DD, with the goal of having 80% certainly of Certification before the CD phase begins. This means reviewing the key construction assemblies, materials, details and products for suitability with Passive House certification. The team should also have a good idea of the core Mechanical System components and airtightness products at this point.
During CD and throughout Construction, the team should maintain a ‘final’ PHPP model which is updated on a rolling basis as the design finalizes and any modifications are logged as product substitutions are made or changes to the design get implemented. At the end of construction, the PHPP is updated with final airtightness testing data, and sent to the Certifier for final evaluation and Certification. 



PHPP And PHI Certification

Levenson Park Slope, BK

Presenter Notes
Presentation Notes
Note that ALL relevant construction specifications need to be logged in the PHPP. The Spec-sheets need to be transmitted to the Certifier as well, but ultimately all critical information needs to be updated and accurate in the PHPP model itself. The PHPP functions as the ‘hub’ with other pieces of data feed into it at the appropriate times. 



‘DesignPH 3D” Modeling Interface
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Presenter Notes
Presentation Notes
While the PHPP is a numerical Excel model, PHI has developed a 3D Model ‘frontend’ to allow for faster, easier and more error-free modeling. This 3D Information Model (through the Sketchup Plugin ‘DesignPH’) should include all relevant envelope data, including product specifications, performance values, assembly types and U-Values. It is crucial to update this model throughout construction in order to ensure that the design will ultimately meet the Passive House targets. 



New BIM Tools
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‘PassivLink ’ Plugin for Revit:

‘BIM2PH’ IFC Converter:

Presenter Notes
Presentation Notes
Several new BIM modeling tools have been released in recent years by third parties. All are relatively new and untested and likely need and development before they will become useful parts of the Passive House ecosystem. 



PHPP Testing: International
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PHPP Testing: ANSI/ASHRAE 140 -2017
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nypassivehouse.org/wp-content/uploads/2019/06/PHPP-ASHRAE-140-Validation-Report-Jan-
23-2019.pdf

• PHPP software evaluation completed in 
2019

• Full testing report available online

Presenter Notes
Presentation Notes
In January 2019, the Passive House Planning Package (PHPP) version 9.6 was evaluated in accordance with ANSI/ASHRAE Standard 140, a comparative testing method for building energy programs.

The validation tests consist of a series of carefully described sample case building plans. Results from modelling different test cases with the software being tested are compared to those of reference software results. The class II test cases, geared towards annual building energy use, comprise a total of 38 test cases, 21 for heating and 17 for cooling.

The PHPP has already proven its ability to predict the energy use of buildings in many post-occupancy studies. Good agreement with other building simulation programs was also found earlier. The new results support this general experience following the formal test procedure of ANSI/ASHRAE 140.



PHPP and Energy Codes
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New York State Stretch Energy Code 2020

Presenter Notes
Presentation Notes
Passive House was written into the 2020 NYS Stretch Energy Code for Residential Energy Code compliance. PHPP is specifically called out as the software to be used when demonstrating PHI compliance



PHPP and Energy Codes
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Ontario Building Code SB-12 (Part 9)

Presenter Notes
Presentation Notes
The Passive House Planning Package (PHPP) v. 9, or newer, has been formally approved for use under the Energy Step Code for the Canadian Province of British Columbia. This announcement follows the recent confirmation of the PHPP as a reliable modeling tool, validated by using ANSI/ASHREA Standard 140-2017  –“Standard Method of Test for the Evaluation of Building Energy Analysis Computer Programs,”

“Passive House Canada sees the allowance by British Columbia, for use of the PHPP under various regulations, as another step in market transformation toward supporting outcome based goals like the Passive House approach.” said Rob Bernhardt, CEO of Passive House Canada.
�



PHPP and Energy Codes
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And in California? Not yet…

Residential:
• CBECC-Res
• EnergyPro
• Right-Energy Title 24

Commercial:
• CBECC-Com
• IES Virtual Environment
• EnergyPro

Presenter Notes
Presentation Notes
As of 2020, PHPP cannot be used yet for demonstrating energy-code compliance in the State of California. This means practitioners need to create a duplicate model just for compliance purposes.

There are several key differences between the Title 24 compliance model and the PHPP, including how the tools assess:
Shading
Windows
Assemblies and Materials
Thermal Bridging
Airtightness and Infiltration
Fresh-Air Ventilation, Heat Recovery efficiencies
Heat-Pump efficiencies
Hot-Water generation and distribution

In general, the accuracy and level of detail used by the PHPP is not matched by the Title 24 modeling and so finding equivalencies can be challenging in some circumstances. 



Thermal Bridge Simulations
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Presenter Notes
Presentation Notes
While the PHPP forms the ‘core’ of the modeling done for Passive House Certification, there are several other platforms which are used to feed in particular elements or data. One of these are tools for ‘Thermal Bridge’ simulations. These specialist computer programs are able to simulate the flow of thermal energy through 2 or 3D models, being useful for determining overall heat flow, surface temperatures (important for condensation and thermal comfort) and thermal bridging. Thermal Bridge simulations are typically carried out for key construction junctions such as steel beams or concrete footings, as well as window and door installations. 



Thermal Bridge Free Detailing

Source: bldgtyp , llc : Chatham, NY PHI ‘Low Energy Building’. 2019

Presenter Notes
Presentation Notes
Thinking about airtightness continuity and sequencing is critical when developing detals. As shown here, the detailing teams needs to keep in mind effectiveness, buildability, thermal bridging, finishes, structure and cost. 



Airtightness Tools: ‘Red Line Test’
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• Draw one single airtight layer around the entire plan or 
section drawing. 

• Anyplace there is confusion or ambiguity about the 
airtightness connection, mark that clearly for further 
development

Presenter Notes
Presentation Notes
A tool which does not require a compute at all is the ‘Red Line’ test. In this process, a designer takes a plan or section drawing and, using a maker or highlighter, traces the entire airtight layer from around the entire drawing. If the design ever has to pick up the marker, or is unsure of where the airtight layer is, a note is made and follow-up design is required to clarify the airtightness. In the end, there should be one, single continuous airtight layer (there can be more than one, but at least one).



Airtightness Tools: Detailing

Levenson Park Slope, BKSource: bldgtyp , llc : Jersey City EnerPHit. 2019

Presenter Notes
Presentation Notes
In depth detailing for airtightness and thermal bridge free design is critical to the success of a Passive House. The team should determine, well ahead of construction, how the airtightness will be accomplished and what products are to be used. If any special training or preparation is required, be sure to note that on drawings as well.



Airtightness Tools: Blower Door Testing

Presenter Notes
Presentation Notes
Lastly, the Blower Door test is a critical tool for the Passive House designer. This is the only way to truly know if the building is airtight. In general, for a Certified Passive House there there should be at least 3 rounds of testing:
The first test should occur after the primary envelope is complete (walls up, windows in) but the airtight layer is still accessible (no finishes applied). Careful leak-tracing at this point is recommened. 
The second test should occur after rough-in for MEP is completed. Evaluate all penetrations through the envelope (ducts, conduit, etc..) for leakage
The final test, for certification, is carried out a the completion of construction with all airtightness elements in place (appliances, dampers, flaps, etc..)

It may be required to carry out more than three, but at the minimum three tests should be executed. Though it should be noted that for Certification only the final test is required. 



Let’s take a break.



CASE STUDY #1

Retrofit | Sunnyvale, CA
Single Family Home

FOCUS: 
Fresh-Air Ventilation + Systems



Sunnyvale, CA

TEAM:
Architect: Passive House BB
Passive House Consultants /Builder: One Sky Homes

Presenter Notes
Presentation Notes
This project, designed by Bronwyn Barry and One-Sky Homes is located in the bay area. While mild compared to some other climates, it can still be a challenging place to build a home that will be reliably comfortable all year round.




Sunnyvale House

Source: Matt Bowers

Presenter Notes
Presentation Notes
The home is a detached one-story ranch style home in a suburban development. Very typical for this part of California. The team here completely updated this home to create an all-electric sustainable net-zero building by including on-site PV panels on the roof. 



Location & Orientation

Source: Matt Bowers

• 1 story SFR 1,408 ft2 + attached garage, 3 BR, 2 BA
• Heat pump heating/cooling, induction cooking, CO2 HPWH
• Video tour: 

https://www.youtube.com/watch?v=HwZu_EoDBag

Modeled Peak Loads
• Heating load: 

• 9.0 kBtu/h (CA Code/ASHRAE)
• 4.7 kBtu/h (PHPP)

• Cooling load: 
• 9.8 kBtu/h (CA Code/ASHRAE)
• 2.6 kBtu/h (PHPP)

CA Energy Code Margins
• 2013: 55% (permitted code)
• 2016: 56%
• 2019: 100% (including solar)

Presenter Notes
Presentation Notes
The home is a detached one-story ranch style home in a suburban development. Very typical for this part of California. The team here completely updated this home to create an all-electric sustainable net-zero building by including on-site PV panels on the roof. 

https://www.youtube.com/watch?v=HwZu_EoDBag


Sunnyvale House

Presenter Notes
Presentation Notes
Inside, the home feels spacious thanks to the high ceilings. But we are here to talk about the Ventilation first and foremost. Notice that up near the ceiling we can see both two fresh-air ‘supply’ nozzles, as well as a large stale air return grill.



Step 1: Make Room for Mechanicals

Source: Bronwyn Barry, 
PassiveHouseBB

Presenter Notes
Presentation Notes
Ductwork is best located within the insulated envelope in order to minimize air leakage and heat losses (heat gains in a cooling context) through the ductwork. By insulating at the roof rather than at the ceiling plane, the ductwork can be run above dropped ceilings and remain within the building envelope.  Careful planning in the early design phase leads to more efficient mechanical systems by eliminating tight ductwork bends.  



HVAC?

Heating, Air -Conditioning Fresh -Air Ventilation

Presenter Notes
Presentation Notes
It is important to understand that in a high-performance home, in almost all cases it will work better if you SEPARATE the heating and air-conditioning system from the fresh-air ventilation system. These systems operate at different times, at different flow-rates and have different goals. While it is ‘possible’ to combine them into a single system, it requires carefully engineering and commissioning. It is MUCH easier to separate them and allow each system to run independently in most cases.



‘Cascade’ Ventilation

The distribution of ventilation (fresh 
air supply and stale air extraction) 
should use as little ductwork as 
possible but still provide airflow 
throughout the entire building:

BEDROOM HALLWAY BATHROOM

Openings for 
transferred air

In the transfer zone – not supplying, not 
extracting – just ‘passing through’

SUPPLY ZONE TRANSFER ZONE EXTRACT ZONE

Presenter Notes
Presentation Notes
This home, as with most Passive Houses, uses a ‘Cascade’ ventilation approach where ducting and drop-ceilings or soffits are minimized. By supplying fresh-air to one room, extracting from another room, and allowing a ‘transfer’ pathway between them we can reduce the system complexity and cost while making sure that we still provide excellent indoor air quality and health. This approach also allows us to keep flow-rates down which helps us save on electricity costs and energy usage.



Dedicated Fresh -Air Ventilation Layout

EXTRACT

SUPPLY

Bath

Laundry

Bath

Ki
t.

Source: Bronwyn Barry, 
PassiveHouseBB

Presenter Notes
Presentation Notes
In this case, stale air extract points in the bathrooms and laundry room exhaust air continuously through the HRV, while tempered fresh, filtered air from the HRV is injected into the return air stream of the indoor air handling unit.  The kitchen has a range hood that exhausts to the outdoors.  Care should be taken with exhaust-only appliances not to depressurize the building envelope.  In most cases, tempered makeup air will need to be provided to maintain the pressure balance of the building.



Fresh -Air: Energy Recovery Ventilator (ERV)

Zehnder ComfoAir 350
• 24/7 Balanced, Filtered Fresh Air
• Heat and Moisture Recovery
• Quiet
• Low-Energy

MERV 13 Filter >75% Heat Recovery

Presenter Notes
Presentation Notes
The lungs of the home are the ERV which brings in fresh filtered air 24/7 and extracts stale air 24/7 all year long. This machine is quite simple – hardly more than an insulated box, but the sophisticated ‘core’ is where the passive energy recovery happens and is what makes it possible to properly ventilate this home without incurring huge energy costs or over-drying the space in winter.



Electric induction cooktop with
dedicated exhaust hood

Continuous (24/7) balanced extract (high) 
and filtered fresh-air supply (low) 

Source: Bronwyn Barry, 
PassiveHouseBB



Heating, Cooling, and Dehumidification
• Electric Heat Pump ‘outdoor’ unit
• Chlorine-free non-ozone depleting 

refrigerant

• Electric Heat Pump ‘indoor’ unit
• Peak Heat Load: 4.2 kBtu/h
• Peak Cooling Load: 2.7 kBtu/h 

Source: Bronwyn Barry, 
PassiveHouseBB

Presenter Notes
Presentation Notes
All of the heating and cooling are done using an electric air-source heat pump. This machine uses an exterior unit coupled to an interior unit via refrigerant lines to provide all of the heating and cooling needed throughout the year.



DHW

Electric Heat Pump
Stiebel Eltron
Accelera 300 
80gallon HPWH

• Programmable
• Fits in the garage
• (Needs room to ‘breathe’)

Source: Bronwyn Barry, 
PassiveHouseBB

Presenter Notes
Presentation Notes
In addition to the electric heating and cooling, this home uses and electric heat pump hot-water tank as well. This efficient machine provides all the domestic hot water for the home and fits easily in the garage.



7.7 kW Sunpower PV Array

Presenter Notes
Presentation Notes
In order to balance out the home’s consumption,  a 7.7 kW PV array was installed on the roof. This means that over the course of a year this home easily meets a net-zero energy balance.



Measured Data: 2017 -2018
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Presenter Notes
Presentation Notes
We can see here measured energy consumption (top) and production (bottom) for the home during 2017-2018. Note that production ramps up during spring as we would imagine but consumption stays relatively flat all year long. 



And Add an Electric Car?
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Presenter Notes
Presentation Notes
Even when we add in the consumption of an electric car, the on-site PV more than satisfies the consumption level over the year.



+$195 +$75

-$230

Measured Data: 2018 -2019
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Presenter Notes
Presentation Notes
Like all homes in CA however, being net-zero over the course of the year does not mean it is net-zero 24/7. This home pulls significant energy from the grid during the winter period when solar radiation is lower, before feeding back into the grid over the summer months. 



CASE STUDY #2

PH-Plus | San Francisco, CA
Townhouse Retrofit

FOCUS: 
Airtightness and Windows

Presenter Notes
Presentation Notes
 Let’s look now at two important Passive House topics: Airtightness and High-Performance windows. And lets see how these technologies are used on a Passive House ‘Plus’ townhouse in San Francisco, CA.




San Francisco, CA

TEAM:
Architect: 450 Architects, Inc.
Builder: Rinaldi Construction Co.
Passive House Consultants: PH Academy

Presenter Notes
Presentation Notes
San Francisco’s climate is notoriously fickle and can be challenging for even experienced design teams. High variability in solar loads and temperatures mean that buildings here need to be able to adapt to changing weather very quickly.




Location & Orientation
• 4 story SFR w/au pair apartment, 3,012 SF, 4 BR, 3 BA
• Electric resistance heating
• Gas cooking
• CO2 Electric Heat Pump Hot Water
• Zero lot lines east and west
• LEED Platinum

Modeled Peak Loads
• Heating load: 

• 13.1 kBtu/h (CA Code/ASHRAE)
• 7.4 kBtu/h (PHPP)

• Cooling load: 
• 37.0 kBtu/h (CA Code/ASHRAE)
• 3.9 kBtu/h (PHPP)

CA Energy Code Margins
• 2013: 41% (permitted code)
• 2016: 68% better + ZNE
• 2019: 85% better + ZNE

Presenter Notes
Presentation Notes
In a typical row house renovation, most of the attention is focused on the front and rear walls.  Party walls need to be made air tight, but don’t normally need to be insulated (although you might want to or acoustic reasons).  This project, however, was exposed on five sides, making the air sealing and insulation more challenging than usual.




Air Barrier + Insulation Layer

Garage

Presenter Notes
Presentation Notes
Each circle represents a challenging air barrier detail.  Transitions from horizontal to vertical surfaces, between floor framing, and to windows and doors are all challenges in interior renovations.  



Presenter Notes
Presentation Notes
On all the exposed sides, the home uses a ‘Exterior’ air barrier approach where the high-quality WRB (Weather Resistive Barrier) doubles as the air barrier. This approach does mean that the design team needs to carefully detail the WRB at all junctions and corners, but it is usually a very economical and effective way to air seal a building.



Presenter Notes
Presentation Notes
In a close up we can really see the layers here. Each layer has a critical role to play: water and air control, fireproofing, and insulation. 



Presenter Notes
Presentation Notes
On the roof, the typical roof membrane works great as an air barrier. Extra care must be taken where the roofing connects to the wall WRB and in this case that meant taking the membrane right up and over the parapet walls.



Presenter Notes
Presentation Notes
The key to air sealing is all in the details. Careful attention to each and every penetration is critical to hitting the rigorous Passive House targets for air sealing. Notice here how even the smallest gaps are sealed with care. 



0.57 ACH@50Pa

Presenter Notes
Presentation Notes
Thanks to all this hard work, the team here scored an impressive 0.57ACH@50 on their blower-door test. Remember that this test is the only way to verify that the home’s airtightness actually meets the limits – this cannot be simulated or wished away – it must be tested. Commonly, we recommend that teams do several ‘interim’ blower-door tests during construction in order to be sure that they will get a good result on the final evaluation. 



Maximum W-INSTALLED  by Climate Zone

Climate Zone

U-value 
(installe

d) 
Btu/hr·ft 2·

F

1. Arctic 0.08

2. Cold 0.11

3. Cool Temperate 0.15

4. Warm 
Temperate 0.18

5. Warm 0.22

6. Hot 0.22

7. Very Hot 0.18

(Ug×A glass)  +  (Uf×A frame)  +  (Ψspacer × Lspacer)  +  (Ψinstall× Linstall) 

A window

Uw-installed =  

HIGH QUALITY COMPONENTS… … INSTALLED WELL

Presenter Notes
Presentation Notes
In order to ensure thermal comfort, Passive House windows must meet maximum U-value requirements.  These requirements will vary by location depending the winter design temperatures for your project – the lower the winter temperature, the lower the U-value requirement for your windows will be.  A unique U-value is calculated for each window on the project based on the thermal properties of the glass, frames, glazing spacer and window installation.  In order to meet these rigorous criteria, Passive House designers need to specify high-quality components and create thermally optimized installation details.



High -Performance Windows

Zola Classic Wood
Frame:
Tilt-Turn Operation
U-0.245 Btu/hr-ft2-F

Glass:
U-0.176 Btu/hr-ft2-F
SHGC ~0.6
Double-Pane

Presenter Notes
Presentation Notes
For the project in this case, Zola all-wood double glazed windows were used which feature ‘tilt-turn’ operation for extra reliability when it comes to the airtightness. 

These high-performance units feature outstanding U-Values for both the frames and the glazing, and are durably airtight when closed.



Airtightness Gasketing

Presenter Notes
Presentation Notes
The airtightness of windows is critical to a successfully Passive House. If you rigorously air seal all the walls and roofs, just to put leaky windows in the walls you will never hope to achieve the stringent airtightness limit of the Passive House standard. 

Notice here the windows feature heavy-duty gaskets with multiple points of contact to ensure that when the windows are closed, they are truly closed.

During the blower-door test a ‘smoke pencil’ is used to assess the integrity of the air seals – if the smoke shows a clean ‘trail’ then we know we have a leak. If we see nothing but a gentle puff of smoke with no clear movement, then we know we are airtight.



Window Installation Details

Presenter Notes
Presentation Notes
Ideally, windows are installed in-plane with the insulation layer, but this is not always possible, especially on historic retrofits or when the windows are very large and need the structural support of the main framed wall.  No matter where they are installed, window details should be carefully developed to bring the insulation layer to the window and minimize thermal bridging as much as possible given the location of the window.



Window Inputs in the PHPP

(Ug×A glass )  +  (Uf×A frame )  +  (Ψspacer × Lspacer )  +  (Ψinstall × Linstall )

A window
Uw-installed =  

Quantity Description Glazing Frames 
(avg.)

PSI Glazing 

edge (Avg.)

PSI 
Installation
(Avg.)

Window 
Area

Glazing 
area

Uw
installed

Glazed 
fraction per 

window
Comfort Energy balance

BTU/hr-sf-F BTU/hr-sf-F BTU/hr-ft-F BTU/hr-ft-F m2 m2 BTU/hr-sf-F % Exemption kWh/a

1 N0.1 0.06 0.19 0.023 0.023 1.6 1.05 0.16 65% -88
1 N0.2 0.06 0.19 0.023 0.028 1.6 1.05 0.16 65% -84
1 N0.3 0.06 0.19 0.023 0.023 1.6 1.05 0.16 65% -88
1 N1.1 0.06 0.19 0.023 0.023 2.0 1.31 0.16 67% -79
1 N1.2 0.06 0.19 0.023 0.028 2.0 1.31 0.15 67% -75
1 N1.3 0.06 0.19 0.023 0.028 2.0 1.31 0.15 67% -75
1 N1.4 0.06 0.19 0.023 0.023 2.0 1.31 0.16 67% -79
1 N1.5 0.06 0.19 0.023 0.023 3.4 2.06 0.16 60% -147
1 N1.6 0.06 0.19 0.023 0.023 3.4 2.06 0.16 60% -147
1 N2.1 0.06 0.19 0.023 0.023 1.8 1.21 0.16 67% -67
1 N2.2 0.06 0.19 0.023 0.023 1.8 1.21 0.16 67% -67
1 N2.3 0.06 0.19 0.023 0.023 1.8 1.21 0.16 67% -67

1 N3.1 0.06 0.19 0.023 0.028 1.7 1.11 0.16 66% -59

1 N3.2 0.06 0.19 0.023 0.028 1.7 1.11 0.16 66% -59

1 N3.3 0.06 0.19 0.023 0.028 1.7 1.11 0.16 66% -59

Presenter Notes
Presentation Notes
In the PHPP energy model, each window is entered individually.  The U-value for each window is calculated based on the the performance values supplied by the manufacturer and the installation detail performance calculated by the designer.  This is a big difference compared to most energy modeling protocols and means that the PHPP results for windows are much, much more detailed and thorough than in many other systems.



Individual Window Energy Balance

Presenter Notes
Presentation Notes
Window energy balance looks at the difference between heat losses (through the frames, glass, spacer and installation) and the heat gains from the sun over the course of the heating and cooling periods.  Windows that are net energy positive will contribute more energy to the the space than they lose. In a heating-dominated climate, windows with a positive energy balance are beneficial.  In a cooling-dominated climate, windows with a negative energy balance are beneficial.  In mixed climates, we need to strike a balance between optimizing solar gains in the winter and minimizing solar gains in the summer. We do this by specifying the right solar heat gain coefficient (SHGC) glass and providing shading, ideally on the exterior. 



CASE STUDY #3

’PHI Classic’| Berkeley, CA
Single-Family Detached

FOCUS:
Insulation + Thermal Bridging

Presenter Notes
Presentation Notes
Lastly, lets now review the Passive House techniques of super-insulation and reduced thermal bridging. And lets see how they play out on this Berkeley CA single-family home.




Berkeley, CA

TEAM:
Architect: Matthias Oppliger
Builder: Master Builders
Passive House Consultants: Home Energy Services

Presenter Notes
Presentation Notes
Berkeley, CA – right across the bay from San Francisco, might seem at first to have a similar climate. But anyone who has lived in the bay-area knows that the east-bay climate can be quite distinct from San Francisco itself. Taking the specifics of climate into account is core to any successful Passive House no matter where it is located.




Berkeley House

Source: Matt Bowers

Presenter Notes
Presentation Notes
This Passive House ‘Classic’ Certified home is located in suburban Berkeley.



Location & Orientation
• 1 story SFR 1,035 ft2 + attached garage, 2 BR, 2 BA
• Electric resistance heating
• Induction cooking
• CO2 Electric Heat Pump Hot Water
• LEED Platinum
• Video tour: https://vimeo.com/470048016

Modeled Peak Loads
• Heating load: 

• 8.2 kBtuh (CA Code/ASHRAE)
• 2.8 kBtuh (PHPP)

• Cooling load: 
• 10.6 kBtuh (CA Code/ASHRAE)
• 0.4 (PHPP)

CA Energy Code Margins
• 2016: 68% + ZNE (permitted code)
• 2019: 54%, not quite ZNE

Presenter Notes
Presentation Notes
The home is all-electric, including all heating, cooling , DHW and cooking. The home is both LEED Platinum and Certified as a Passive House ‘Classic’ building.


https://vimeo.com/470048016


Presenter Notes
Presentation Notes
As seen here, the home is a one-story ‘ranch’ style building, but with terrific high ceilings and clerestory windows which makes it feel spacious.



TFA: 874 ft2
Ceiling Heights: 9.83 ft
Gross Vol: 8556 ft3
Net Vol: 8294 ft3

Presenter Notes
Presentation Notes
The floor plan here illustrates the simple shifted-volume massing, split down the middle. This compact floor plan and simple design lend itself to the Passive House standard.



Passive House and Building Form

The more surface area, the more heat lost.

Presenter Notes
Presentation Notes
With Passive House design, any form can be built, but the less ‘compact’ the form the more exposure and heat loss a building will see. This means that more insulation will be required to meet the thresholds which mean more cost.



Surface Area to Floor Area Ratio (SAR)

1 story
20’x20’
Gable

SAR = 4.9

1 story
40’x40’

SAR = 3.0

2 story
40’x40’

SAR = 2.0

4 story
80’x80’

SAR = 1.0

8 story
80’x80’

SAR = 0.8

1,600 ft 2 

/ 400 ft 2

1,965 ft 2 

/ 400 ft 2

4,800 ft 2 

/ 1,600 
ft 2

6,400  
ft 2 

/ 3,200 
ft 2

25,600 ft 2 

/ 25,600 ft 2

38,400 ft 2 

/ 51,200 ft 2

1 story
20’x20’
SAR = 

4.0

Surface Area to Floor (SAR) ratio = Total of all 
ext. envelope areas (floor, walls, windows and 
roof) / Treated Floor Area (TFA)

Presenter Notes
Presentation Notes
'Compactness’ can be measured several ways but often the most useful is the ‘SAR’ which should ideally be < 3.0 for Passive House. This is not a certification requirement, but rather a guidepost to help shape and inform projects during the massing phase. The SAR for this project is 1.81.



Climate Specific, Continuous Insulation

Passive HouseStandard

Note! Insulation levels required will 
be climate specific.
Harsh climates require higher R -
values – just like sleeping bags.

Source: mountainwarehouse

Presenter Notes
Presentation Notes
Depending on the ‘Compactness’ of the building, as well as its site and climate, the overall insulation level of the building is determined. Note that with the Passive House ‘performance’ based approach, there is not a simple requirement for the amount of insulation you must use: you just use whatever you need to get to the performance goal. That will depend on your climate, your windows, your solar exposure, your compactness, the efficiency of your ventilation’s system and all the other aspects of your building’s performance. 




Source: Matt Bowers

Presenter Notes
Presentation Notes
In order to achieve the Passive House Classic level in the Berkeley climate, several inches of exterior mineral-fiber insulation were installed on the outside of the typical timber-framed wall. This approach helps to reduce the thermal bridging caused by the studs and also increases the overall insulation level of the walls. 

Non-combustible mineral-fiber insulation is a great solution for urban settings or any condition which requires a fire-rated wall assembly. This insulation is highly moisture resistant and durable in addition to its excellent thermal performance. 



Source: Matt Bowers

Presenter Notes
Presentation Notes
Note the continuity of insulation in the detail here. The sub-slab insulation is effectively connected to the wall insulation with a minimum of bridging elements. The exterior wall  insulation continues down to fully cover the footing of the building as well which also helps to reduce heat loss at this junction.

Well insulated details of this sort dramatically reduce the risk of cold surfaces, mold and condensation at these corners over time, as well as reducing the energy consumption of the home. 



Source: Matt Bowers

Presenter Notes
Presentation Notes
Similar continuity of insulation is found at the roof where the continuous insulation runs up and ‘over’ the rafters. 

The cladding for the home is attached over 1x3 wood battens which are fastened through the mineral fiber insulation panels. 

While these fasteners are small thermal bridges, they are much less severe than the effect of an entire stud and so overall the home still seems very good thermal performance. 



Reducing Thermal Bridges

Passive HouseStandard

Passive House
< 0.006 Btu/hr. ft .ºF

‘Typical Construction’
~ 0.300 Btu/hr. ft .ºF

Presenter Notes
Presentation Notes
In order to the get the most out the insulated shell, the insulation layers need to be free of ‘thermal bridges’ to the greatest extent possible. Thermal Bridges are ‘breaks’, gaps or disruptions in the insulation layer. Elements like steel or wood studs, steel fasteners, concrete balconies or other elements which penetrate all the way through the insulation layer should be designed out to the greatest extent possible.




Thermal Bridges: Condensation, Mold

Presenter Notes
Presentation Notes
Not only do thermal bridges increase the home’s overall heat loss, they cause a higher risk of cold surface temperatures, condensate formation and mold growth over time. Designing out thermal bridges is key to a successful Passive House home.




Thermal Bridges: Heat Loss

“We have R-11 radiant barrier 
paint on the projecting slabs…”
-BSI-062: Thermal Bridges Redux

Presenter Notes
Presentation Notes
Thermal Bridges are endemic throughout construction in the US. If we build buildings that look like fin radiators, we shouldn’t be surprised if they act like fin radiators. 
In the project shown here, a tower in Chicago IL, the un-thermally-broken balconies represent a site of significant additional heat losses. This could have been mitigated through better design and detailing. The team elected not to use real thermal breaks and instead to rely on ‘radiant barrier paint’ to try and mitigate against the balcony heat losses. Unfortunately this does not work and comfort and durability problems for the occupants result.



Typical Outside Corner

Source: Matt Bowers

Presenter Notes
Presentation Notes
For this Berkeley home, all the construction details were carefully assessed using specialist simulation software. This is a core tool in the Passive House toolkit and allows Passive House designers to create details which will be free of mold or moisture over the long term. 

In the example here, for this typical ‘outside corner’ we see the construction detail on the right and the thermal simulation on the left. Note the ‘Psi-Value’ (pronounced ”sigh”) which is what Passive House designers use to quantify the magnitude of each thermal bridge.



Roof Eave

Source: Matt 
Bowers

Presenter Notes
Presentation Notes
For any Passive House project, many details will undergo this thermal simulation process. All junctions are assessed: walls, roofs, floors, balconies, windows, doors, parapets and in particular any steel and concrete elements are reviewed very carefully for their effect on the building’s overall heat loss and the mold/moisture risk they pose.



Window Details are Critical

Source: Matt Bowers



Source: Matt Bowers



PASSIVE HOUSE RESULTS

COMFORTABLE



PASSIVE HOUSE RESULTS

HEALTHY



PASSIVE HOUSE RESULTS

ULTRA-LOW ENERGY USE



PASSIVE HOUSE RESULTS

PREDICTABLE 
& RESILIENT



PASSIVE HOUSE RESULTS

COST EFFECTIVE



Published Resources

Source: Matt Bowers

The Passive House Designer’s Manual
Christina J. Hopfe and Robert S. McLeod

Passive House Design
Gonzalo Roberto and Rainer Vallentin

Passive House Details: Solutions for High -Performance Design
Donald Corner, Jan Fillinger, and Alison Kwok

The Passivhaus Handbook
Janet Cotterell and Adam Dadeby

PHPP Illustrated
Sarah Lewis



Passive House International

Source: Matt Bowers

passivehouse-database.org
passivehouse.com



Passive House California

Source: Matt Bowers

PassiveHouseCAL.org

Presenter Notes
Presentation Notes
Join our local ally Passive House California to learn more specifically about Passive house in the region.




Get Trained Online

Education Is the Key

Architects, Engineers, Consultants, Owners, Contractors, Real Estate Brokers, Policymakers & More 

Introductory

Learn the basic principles of 
Passive House design and 
construction. An ideal entry point 
for anyone interested in the high-
performance building standard, 
these courses range from 30 
minutes to one day in length and 
are available live and on-demand.

Core Certified Courses

These courses provide 
professional certification for 
those working on Passive 
House buildings who want a 
recognized credential. This 
includes the CPHD course for 
architects, consultants & 
engineers, and the CPHT 
course for builders.

Specialized Courses

These courses provide expert 
training as particular roles may 
require. This includes the 
design and energy modeling 
software like PHPP, Therm, and 
Design PH, and includes 
deeper dives into retrofits, 
windows, and more.

Presenter Notes
Presentation Notes
Education is Key - talk about getting trained via Intro course, Certification courses and then Specialized courses - read from slide.



PHN Certified Passive House Training

Presenter Notes
Presentation Notes
3C-REN is proud to offer PHN’s Certified Passive House Designer/Consultant course for FREE (normally a $1,900 value) for tri-county professionals. The 5-day training will be held in-person in Santa Barbara. The exam is included. The exam often occurs a number of weeks after the course to allow for further review and study. The exam is only offered remotely online.
This course is for all building professionals in the tri-county region: architects, MEP and structural engineers, builders and construction managers working in the design and construction of new build and retrofit Passive House buildings.
Complete the interest form ASAP to apply for your space. Space is limited. Registration is first come, first serve with equal spaces reserved per Ventura, Santa Barbara, and San Luis Obispo County. Confirmed registrants will be sent a link to enroll with PHN’s training portal.




www.naphnetwork.org

Join Us



Seize the power of 
Passive House.



Closing
 Continuing Education Units Available

 Contact shuskey@co.slo.ca.us for AIA LU/ HSW

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

 Upcoming Courses:

 May 4 – 2022 CALGreen Codes for Residential and Non-Residential

 May 18 – Water Heating Distribution Best Practices – Class 4: High Performance Fundamentals Series

 May 23 – Targeting Zero Net Carbon Design – Class 1: ZNCD Series

 June 1 - Heat Pump Fundamentals: Space Conditioning and Water Heating – Class 5: HPF Series

 June 15 - Home Assessments for Decarbonization – Class 6: High Performance Fundamentals Series

 June 20 - Energy Performance for ZNC Operations – Class 2: Zero Net Carbon Design Series

 June 26 - June 30 – Passive House Designer/ Consultant Certification – Submit an Interest Form! 

mailto:shuskey@co.slo.ca.us
https://www.3c-ren.org/event/2022-calgreen-codes-for-residential-and-non-residential/
https://www.3c-ren.org/event/water-heating-distribution-best-practices-class-4-high-performance-fundamentals-series/
https://www.3c-ren.org/event/zero-net-carbon-design-series-class-1-targeting-zero-net-carbon-design/
https://www.3c-ren.org/event/heat-pump-fundamentals-space-conditioning-and-water-heating-class-5-high-performance-fundamentals-series/
https://www.3c-ren.org/event/home-assessments-for-decarbonization-class-6-high-performance-fundamentals-series/
https://www.3c-ren.org/event/zero-net-carbon-design-series-class-2-energy-performance-for-znc-operations/
https://www.3c-ren.org/event/certified-passive-house-designer-cphd-training/


Thank you!

For more info: 
3c-ren.org

For questions:
info@3c-ren.org

Presenter Notes
Presentation Notes
With that,

Thank you. You can learn more at 3C-REN.org or contact us at info@3C-REN.org.
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