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• Add an introduction in the chat. 
Be sure full name is displayed.

• Did you call in? Please share first and last name 
with us.

• Please mute upon joining

• Use the "Chat“ to share questions or comments

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

• Session may be recorded and posted to 
3C-REN's on-demand page 
 

• Slides/recording are shared after most events

• 3C-REN does not allow AI notetakers, 
unless used to accommodate a disability.

Zoom Orientation



Tri-County Regional 
Energy Network

3C-REN is a collaboration 
between the tri-counties 
Our programs reduce energy 
use for a more sustainable, 
equitable and economically 
vibrant Central Coast 
Our free services are funded via 
the CPUC, bringing ratepayer 
dollars back to the region



Our Services
TrainingIncentives Technical Assistance

3c-ren.org/for-residents
3c-ren.org/multifamily

3c-ren.org/commercial

3c-ren.org/events
3c-ren.org/building

3c-ren.org/code 

3c-ren.org/agriculture

3c-ren.org/assurance

Contractors can enroll at 
3c-ren.org/contractors

View past trainings at 
3c-ren.org/on-demand





Typical Audience
• Builders, General Contractors
• Architects, Designers
• Construction Professionals

Registration
• Upon approval, tuition fees are covered by 3C-REN for 

professionals operating in the counties of Santa Barbara, 
San Luis Obispo, and Ventura (scan QR code for more 
info)

• Some spots available for purchase for participants from 
outside the 3C-REN territory ($2490/person)



Format: In-person

Typical Schedule:

• Building Science Course - Sep 29+30

• Hands-on Workshop - Oct 1+2

• Passive House Certification Exam - 

Oct 3

Application Deadline: Sep 19

In-person days are 8am-5pm

Lunches are provided (Mon-Thu)



Format: Hybrid

Typical Schedule:

• Building Science Course – 16hr 

self-paced on-demand, before coming 

in for the hands-on workshop

• Hands-on Workshop - Oct 1+2

• Passive House Certification Exam - 

Oct 3

Application Deadline: Sep 1
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Introduction to Passive House Trades

Sendero Verde, Handel Architects
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The Network Global Knowledge. Regional Context. Local Applications
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Climate Disaster Support
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Submission Deadline, September 30th Tuesday, November 4th

…to develop a groundbreaking catalog of high-performance homes 
to inspire and inform the rebuilding efforts in the aftermath of the 
Eaton and Palisades Fires.

Design Competition
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Certified Professionals

Financial incentives available.
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Agenda

1. Intro to Passive House
2. Passive House Criteria
3. Team & Process Overview
4. Enclosure
5. Mechanical Systems
6. QA/QC
7. Resources

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

2 AIA LUs Credit,  #IntroTrades2hr 

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.

PHN's Introduction to Passive House Trades course is a 
comprehensive dive into constructing residential and 
commercial Passive House buildings, specifically at the 
enclosure and mechanical trades. 

There will be a brief introduction to Passive House about 
the basic principles and the drivers of Passive House 
performance that most concern builders’ work.

The enclosure section will look at typical construction 
types, windows and installation, air barriers and 
insulation, and new, innovative PH products. The 
mechanical will look at the ventilation heating, cooling 
systems, and domestic hot water.

The work of the trades will be clearly placed in the 
context of Passive House performance, the role of each 
aspect of construction, its sequencing -  and the 
importance of the tradesperson’s work in achieving the 
target goals.
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Introductions

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

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

experience? If so, what?
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Personal Start: A Townhouse Retrofit

Brooklyn, NY



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.
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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.
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Project Types – Not Just Houses!

The House at 
Cornell Tech Star Garment Factory Betances V
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Goals of Passive House

• Thermal Comfort
• Hygienic conditions

○ No mold
○ Healthy indoor air quality

• Energy Efficiency
• Durability

+
• Affordability

Greater 
Comfort 
& Health

Greater 
Energy 
Efficiency
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Wildfire Resilience

Plus: 
Class A fire Spread rated materials
Vulcan Vents at eaves
Landscaping

Andrew Michler, Hyperlocal Workshop
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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.
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Energy Modeling: Calculating Predictable Performance 

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

https://passivehouse.com/04_phpp/04_phpp.htm
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Predictable Performance is THE thing.
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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.
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Single Family: Los Angeles

Credit: Paravant Architects

• 1791 SF
• Heating load – 1850 BTU/540 watts
• Cooling load – 5400 BTU/1580 watts
• Net Zero with 9kW Solar PV
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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
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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.
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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.
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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.
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Access what’s available: Project documentation, Certified Components, Manufacturer Directory
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Books and more

https://issuu.com/lafamillecar
bonic/docs/passive_architectu
re_en 

https://issuu.com/lafamillecarbonic/docs/passive_architecture_en
https://issuu.com/lafamillecarbonic/docs/passive_architecture_en
https://issuu.com/lafamillecarbonic/docs/passive_architecture_en
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And more…



The Passive House Criteria
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Criteria: Goals

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



www.passivehousenetwork.orgIntroduction to Passive House Trades

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
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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
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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.
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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.
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Criteria: Energy (energy limits drive health & comfort)
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Renovation Energy Criteria: EnerPHit

or

plus
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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/upload
s/2023/01/NACC-Brochure-Jan-2023.pdf

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

edited/01_accredited.html

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://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/

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/

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
+    Affordable

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



Team & Process Overview
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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

● Builder & Trades

● Verifier/Verification
○ Inspectors
○ Ventilation Commissioning
○ Blower door testers

● Certifier
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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, make submissions 
for Certifier’s final review. 

●As-built PHPP energy model and 
plans per PHI certification protocols

●Photo documentation per PHI 
certification protocols.

●Blower door test results per PHI 
certification protocols.

●Ventilation system commissioning 
report per PHI certification protocols.

●Executed Builder Assurance 
Certificate that building has been 
constructed to the as-built plans and 
energy model per PHI certification 
protocols.

2. If your building meets all certification 
criteria, you will receive the building 
certificate. 
3.Post the certificate on your website 
and attach the plaque to your new 
Passive House building. 
4. List your newly certified building in 
PHI’s online international project 
directory.Think about what makes quality control 

easier or harder each step of the way.



Enclosure
Principles 1-4
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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

https://passipedia.org/basics/what_is_a_passive_house
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Any Construction Type Can be Passive House
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Passive House is enclosure system agnostic

● Wood
● Metal 
● Concrete 

Build with what your teams know.

Wood Framed Walls

Concrete Walls

Metal Framed Walls
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Enclosure systems

Ecocor



Continuous Climate Specific Insulation
Principle #1
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Element #1: Climate Specific Insulation

1.
like a climate rated sleeping bag.
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Any Insulation is possible too - just be continuous!
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Boards: Mineral Wool, Foam, Wood Fiber
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Spray Insulation: Dense Pack Cellulose is a Favorite



www.passivehousenetwork.orgIntroduction to Passive House Trades

Batt Insulation (not continuous) Can play a part.
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Quality Control of Batt Insulation is a Concern
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Bad Installations Samples of Rigid Insulation
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Problems with Spray Foam
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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.
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Avoid Vapor Barriers in Walls & Roofs
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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
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Brick, Panels & Siding on Masonry & Framing Walls
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STRUCTURAL INSULATED PANELS (SIPS)
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Double Stud Walls
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Larsen Truss or I-Joist Outrigger on Stud Wall

For 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
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Element #2: Thermal Bridge Free Construction

2.
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Element #2: Thermal Bridge Free Construction

2.
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Thermal ‘Shortcuts’ Through the Envelope Insulation
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What’s a Thermal Bridge?
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The Quality & Lengths of Joints Add Up!
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Repeating Thermal Bridges (clear field)
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Point Thermal Bridges at Structure & Attachments
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Identify all the locations of possible thermal bridges
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fRsi helps guide insulation levels at weak points.



www.passivehousenetwork.orgIntroduction to Passive House Trades

Advanced Framing
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Double Stud Window Detail
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Thermal Bridge Free Attachments
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Brick Ties
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Facade Clips
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Brick Shelf 
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Parapet Improvement



www.passivehousenetwork.orgIntroduction to Passive House Trades

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)
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Balconies
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Structural Breaks
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Thermal Bridge Free Eaves
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Don’t undermine insulation w/ metal parts



www.passivehousenetwork.orgIntroduction to Passive House Trades

Foundation Edge: Slab on Grade
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Thermal Break Materials: Armatherm



Airtightness
Principle #3
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Element #3: Airtight/Smoke Tight  Enclosure

3.

1. Reduces drafts
2. Reduce moisture damage
3. Reduce heat loss
4. Control humidity
5. Keep outdoor pollution out
6. Get control of interior air
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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.
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Airtightness is a SYSTEM

Membranes, tapes, caulks and sprays.
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Air Barrier: Fluid Applied
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Air Barrier Materials: Membranes 

Inboard, Outboard / Reinforced, Self-Adhered / Vapor Control
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Airtightness:  Sheathing, Plaster and Concrete



www.passivehousenetwork.orgIntroduction to Passive House Trades

Air Barriers?

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

Don’t Use Sacrificial layers as air barrier.
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Protect Airtight Layer & Minimize Penetrations!
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Ducts, Pipes, Wires:   Flexible & Long Lasting
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Connections: Use flexible materials/connections
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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.



High Performance Windows & Doors
Principle #4
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Element #4: High-Performance Windows w/ Solar Protection

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  
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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
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PH Windows
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Certified Window Example Certificate

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

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
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Traditional vs Passive Windows

Traditional Double Hung Tilt and Turn
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PH Comfort and Hygiene Criteria

1. Comfort Criterion- The minimum average window surface temperature can be no lower than 7.6°F 
than the average interior surface temperature. Based on the installed U value of a window. 

2. 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 (fRsi).
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Install Conditions

Recommended 
Installation

Poor
Installation

Poor
Installation

Uw-installed = 0.151 Btu/hr.ft2.ºF
(Rw-installed = 6.62 hr.ft2.ºF/Btu)

Uw-installed = 0.148 Btu/hr.ft2.ºF
(Rw-installed = 6.76 hr.ft2.ºF/Btu)

Uw-installed = 0.215 Btu/hr.ft2.ºF
(Rw-installed = 4.65 hr.ft2.ºF/Btu)

Tsi = 59.1 ºF
𝝭install = 0.006 Btu/hr.ft.

ºF

Tsi = 59.0 ºF
𝝭install = 0.010 

Btu/hr.ft.ºF

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

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

ºF

Tsi = 58.9 ºF
𝝭install = 0.010 

Btu/hr.ft.ºF

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

ºF
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Double Stud Window Detail
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Window in Masonry Layer
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Window External to Masonry Layer
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Window Placed Outboard in Insulation Layer

Retrofit example
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Pre taping for tight conditions.
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Window Air Sealing Example
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No Metal Sill Pans!
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Window Install Testing: Sometimes Necessary
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Many manufacturers to choose from
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Examples from…

Secret: You can use the details and substitute the specs.
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Mass Timber and Control Layers
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Across Construction Types…
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Steel



Mechanical Systems
Principle 5 + Other Systems



Ventilation
Principle #5
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Element #5: Hygienic Ventilation w/ Heat Recovery

5.
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Passive House Ventilation

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

Heating, cooling & 
domestic hot water 
systems are important but 
come after addressing the 
enclosure and ventilation 
performance. 

High Efficiency
Heat Recovery 
Ventilation

5.
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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.
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Heat Recovery Ventilation Unit
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Balanced Ventilation
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ERV/HRV – Single Unit

Source: Zehnder, Lunos, Renewaire
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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
– ≤ 30 db(A): rooms in non-residential 

buildings and exhaust air rooms in 
residential buildings

• Filtration for both supply and exhaust 
air.
– MERV 13-14 to filter incoming air pollutants
– MERV 6 to filter  Extract return (only needed 

to protect heat exchange  core)
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Intake and exhaust duct insulation
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Single Family Ventilation Layout
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Recirculating Kitchen Venting
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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)
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Ventilation Balancing & Report



Heating & Cooling Systems
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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.
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Single Family: Heating, Cooling & Dehumidification

Much smaller load and 
great flexibility in locating 
distribution outlets: 
surface mounted, 
recessed, ducted.

Commissioning is critical.
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● If ducted, must keep ventilation duct 
work completely separate from 
heating / cooling system ductwork.

○ Very difficult to properly balance air 
flows.

○ Increased fan energy penalty from air 
handler running 24/7

○ More wear and tear on equipment

Keep Ventilation Separate from Cooling

Exhaust air: kitchens and baths (red)
Supply air: living room and bedrooms (blue)
Heating/cooling (yellow)
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Duct and Refrigerant Piping & Insulation
• Insulate all air conditioning ducts.
• Insulate all refrigerant lines.

Source: Armaflex



DHW
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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
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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
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Minimize Pipe Runs in Design & Installation
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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.



www.passivehousenetwork.orgIntroduction to Passive House Trades

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: typically 1” 
insulation for smaller pipes, 1.5” 
insulation for larger pipes.

Source: Johns Manville
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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. 



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

● Builder & Trades

● Verifier/Verification
○ Inspectors
○ Ventilation Commissioning
○ Blower door testers

● Certifier



www.passivehousenetwork.orgIntroduction to Passive House Trades

Construction Schedule: Passive House line items…
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Passive House Specific Verification Plan

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

● Have explicit clarification of QA/QC procedures
○ Who’s responsible for what and when.
○ Identify ventilation commissioning agent and 

blower door tester.
○ Where will reports be compiled for the certifier?
○ What’s the proposed substitution review 

procedure for Passive House relevant items? 
What are those items?

○ Make a formal Verification Plan

https://passivehousenetwork.org/wp-content/uploads/2024/07/Vancouver-Passive-House-Verification-Plan-Checklist-2023.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
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Common Difficulties & Frustrations

1. Design review open items remain open.
2. Proposed changes during construction are not vetted in the PHPP. 

(And maybe the PHPP was never really completed. See #1)
3. Construction changes are not brought to the Certifiers attention 

delivering unintended consequences.
4. Not certified components substituted in – not vetted – more 

unintended consequences.
5. Thermal bridge calculations are not completed.
6. Work is out of sequence and air barrier is covered before testing.
7. Photographs are not organized, for expeditious review.
8. Approved submittals and as-built documentation are not submitted to 

the Certifier in a timely fashion.
9. Special conditions are not resolved early.

10. Team loses focus on whole building airtightness and ventilation.
11. Team doesn’t appreciate their impact on performance results.
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Submittals for Certification
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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.
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Airtightness Plan & Culture
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Protect Ventilation Performance

a. Accommodate adequate space early 
in design

b. Use high-quality units & size 
sufficiently

c. Aim for PHI recommendation of <2% 
leakage

d. Aeroseal ducts.

Industry standard specs for sealing can result 
in 30%+ leakage.
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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!
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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

https://passipedia.org/_media/picopen/construction_manager_declaration.pdf
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Recommendations
1. Meet early with the Certifier and 

identify all critical items and develop a 
Verification Plan.

2. Include all necessary verification work in 
construction schedule.

3. Insist on training for the construction 
staff.

4. All subs should be aware of the project 
goals even if not directly related to 
Passive House.

5. Do mockups and preliminary blower 
door testing.

6. Do ventilation duct leakage testing and 
Aeroseal the ventilation ducts. (MF)

7. Maintain a dedicated inspection log for 
all on-site Passive House items for 
Contractor to address and close out.

8. Stay aware of what’s outstanding and 
keep on schedule with the work.

9. Make submissions to Certifier in a timely 
manner.

10. Organize the photos as you go address 
all items outlined by the Certifier.

11. If you’re not sure about something, ask 
the Certifier.

12. Hire a Certifier to coach team as needed.
13. Develop a culture that connects 

construction work to high-performance 
outcomes, including specialized training.

14. Empower the team.

✔
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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.



Resources
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Resources
1. A Comparison of Canadian and European Energy Standards for Household Appliances - https://passivehousenetwork.org/featured/appliance-modeling-guide/ 
2. BC Hydro Building Envelope Thermal Bridging - https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/power-smart/builders-developers/building-envelope-thermal-bridging-guide-v1-6.pdf
3. Building Certifier Scope of Services - https://passivehousenetwork.org/wp-content/uploads/2024/07/Building-Certifier-Scope-of-Services-JULY-2024-UPDATE.pdf
4. Building Database - https://passivehouse-database.org/index.php?lang=en
5. Building for People - https://islandpress.org/books/building-people#desc 
6. Certification Criteria - https://passivehouse.com/03_certification/02_certification_buildings/08_energy_standards/08_energy_standards.html
7. Certification Guide - https://passivehouse.com/03_certification/02_certification_buildings/09_guide/09_guide.html
8. Certified Components - https://database.passivehouse.com/en/components/
9. Certifiers Globally - https://passivehouse.com/03_certification/02_certification_buildings/03_certifiers/01_accredited/01_accredited.html

10. Certified Passive House Designer Training - https://passivehousenetwork.org/designer-training/
11. Certified Passive House Tradesperson Training - https://passivehousenetwork.org/tradesperson-training/
12. Construction Cost Analysis of High-Performance Multi-Unit Residential Buildings in British Columbia - 

https://passivehousenetwork.org/wp-content/uploads/2024/10/CONSTRUCTION-COST-ANALYSIS-OF-HIGH-PERFORMANCE-MULTI-UNIT-RESIDENTIAL-BUILDINGS-IN-BRITISH-COLUMBIA-V3.1.pdf 
13. Details for Passive Housees: New Buildings - 

https://www.thriftbooks.com/w/passivhaus-bauteilkatalog-neubau--details-for-passive-houses-new-buildings-kologisch-bewertete-konstruktionen--a-catalogue-of-ecologically-rated-constructions-german-edition/54431586/item/83148133/
14. Details for Passive Houses: Renovation - https://birkhauser.com/en/book/9783035607543 
15. Easi Guide to Passivhaus Design - https://www.levittbernstein.co.uk/site/assets/files/3553/passivhaus-easi-guide_screen_portrait.pdf 
16. High Performance Walls Study by Steven Winter Associates - http://swinter.com/wp-content/uploads/High-Performance-Walls-2019-reformatted.pdf 
17. Is Cost the Barrier to Passive House Performance? - https://passivehousenetwork.org/wp-content/uploads/2022/10/Is-Cost-the-Barrier-to-Passive-House-Performance-May-2021-PHN.pdf 
18. ISO 9972 - https://www.iso.org/standard/55718.html
19. Legalizing Mid-Rise Single-Stair Housing in Massachusetts - https://www.jchs.harvard.edu/sites/default/files/research/files/harvard_jchs_utile_boston_indicators_single-stair_housing_october_10_2024.pdf 
20. Manager Declaration Sample - https://passipedia.org/_media/picopen/construction_manager_declaration.pdf
21. Manufacturers Directory - https://passivehousenetwork.org/manufacturers-directory/ 
22. National Definition of Zero Emissions Building: https://www.energy.gov/sites/default/files/2024-06/bto-national-definition-060524.pdf 
23. North American Certifiers Circle - https://passivehousenetwork.org/wp-content/uploads/2023/01/NACC-Brochure-Jan-2023.pdf
24. Passipedia - https://passipedia.org/start
25. Passive Architecture - https://issuu.com/lafamillecarbonic/docs/passive_architecture_en 
26. Passive House Certification - https://passivehousenetwork.org/certification/
27. Passive House Criteria for Buildings - https://passivehouse.com/03_certification/02_certification_buildings/08_energy_standards/08_energy_standards.html
28. Passive House Definition - https://passipedia.org/basics/the_passive_house_-_definition
29. Passive House Details - https://www.amazon.com/Passive-House-Details-Solutions-High-Performance/dp/1138958263 
30. Passive House - Historical Review - https://passipedia.org/basics/the_passive_house_-_historical_review
31. Passive House Planning Package (PHPP) - https://passivehouse.com/04_phpp/04_phpp.htm
32. Safe at Home PHN Report - https://passivehousenetwork.org/safe-at-home/
33. Sample Submission Documents - https://passipedia.org/certification/certified_passive_houses/example_documents
34. Summer Comfort - https://passipedia.org/planning/summer_comfort
35. The Greenest Home - https://www.amazon.com/Greenest-Home-Superinsulated-Passive-Design/dp/1616891246 
36. Thermal Comfort - https://passipedia.org/basics/building_physics_-_basics/thermal_comfort
37. Understanding Passivhaus - https://www.firstinarchitecture.co.uk/understanding-passivhaus/ 
38. Unlocking livable, resilient, decarbonized housing with Point Access Blocks - https://www.larchlab.com/wp-content/uploads/2022/01/Eliason_CoV-Point-Access-Blocks-report_v1.2.pdf 
39. Vancouver Passive House Verification Plan Checklist - https://passivehousenetwork.org/wp-content/uploads/2024/07/Vancouver-Passive-House-Verification-Plan-Checklist-2023.pdf
40. Ventilation Duct Leakage Testing - https://passivehousenetwork.org/product/multifamily-ventilation-duct-leakage-targets-strategies-and-lessons-learned/

https://passivehousenetwork.org/featured/appliance-modeling-guide/
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/power-smart/builders-developers/building-envelope-thermal-bridging-guide-v1-6.pdf
https://passivehousenetwork.org/wp-content/uploads/2024/07/Building-Certifier-Scope-of-Services-JULY-2024-UPDATE.pdf
https://passivehouse-database.org/index.php?lang=en
https://islandpress.org/books/building-people#desc
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://passivehousenetwork.org/wp-content/uploads/2024/10/CONSTRUCTION-COST-ANALYSIS-OF-HIGH-PERFORMANCE-MULTI-UNIT-RESIDENTIAL-BUILDINGS-IN-BRITISH-COLUMBIA-V3.1.pdf
https://www.thriftbooks.com/w/passivhaus-bauteilkatalog-neubau--details-for-passive-houses-new-buildings-kologisch-bewertete-konstruktionen--a-catalogue-of-ecologically-rated-constructions-german-edition/54431586/item/83148133/
https://birkhauser.com/en/book/9783035607543
https://www.levittbernstein.co.uk/site/assets/files/3553/passivhaus-easi-guide_screen_portrait.pdf
http://swinter.com/wp-content/uploads/High-Performance-Walls-2019-reformatted.pdf
https://passivehousenetwork.org/wp-content/uploads/2022/10/Is-Cost-the-Barrier-to-Passive-House-Performance-May-2021-PHN.pdf
https://www.iso.org/standard/55718.html
https://www.jchs.harvard.edu/sites/default/files/research/files/harvard_jchs_utile_boston_indicators_single-stair_housing_october_10_2024.pdf
https://passipedia.org/_media/picopen/construction_manager_declaration.pdf
https://passivehousenetwork.org/manufacturers-directory/
https://www.energy.gov/sites/default/files/2024-06/bto-national-definition-060524.pdf
https://passivehousenetwork.org/wp-content/uploads/2023/01/NACC-Brochure-Jan-2023.pdf
https://passipedia.org/start
https://issuu.com/lafamillecarbonic/docs/passive_architecture_en
https://passivehousenetwork.org/certification/
https://passivehouse.com/03_certification/02_certification_buildings/08_energy_standards/08_energy_standards.html
https://passipedia.org/basics/the_passive_house_-_definition
https://www.amazon.com/Passive-House-Details-Solutions-High-Performance/dp/1138958263
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://www.amazon.com/Greenest-Home-Superinsulated-Passive-Design/dp/1616891246
https://passipedia.org/basics/building_physics_-_basics/thermal_comfort
https://www.firstinarchitecture.co.uk/understanding-passivhaus/
https://www.larchlab.com/wp-content/uploads/2022/01/Eliason_CoV-Point-Access-Blocks-report_v1.2.pdf
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/
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Questions about Title 24?

Energy Code Coaches are local experts who 
can help answer your Title 24 Part 6 or Part 
11 questions. 

They can provide code citations and offer 
advice for your res or non-res projects.

Call:
805.781.1201

3C-REN offers a free Code Coach Service 

Online:
3c-ren.org/code



Closing

Continuing Education Units Available

○ Contact dresurreccion@co.slo.ca.us for AIA LUs

Coming to Your Inbox Soon!

○ Slides & Recording

Get Passive House Certified!

       (FREE for Ventura, Santa Barbara, & San Luis Obispo County)

○ Certified Passive House Designer/Consultant Pacific Fall 2025 Cohort

○ 5-Day Passive Design/Build Bootcamp in Ventura (Sept 29 – Oct 3)

Upcoming Courses:

○ Aug 20 – Best Practices for Hot Water Distribution

○ Aug 26 – Ask The Experts : Enclosures

○ Sep 9 – Emu Passive | Building The Future: High Performance Construction in CaliforniaAny phone numbers who joined? Please share your 
name!

mailto:dresurreccion@co.slo.ca.us
https://www.3c-ren.org/event/certified-passive-house-designer-consultant-cphd-pacific-fall-hybrid-cohort-2/
https://www.3c-ren.org/event/passive-design-build-boot-camp-with-emu-passive-hands-on-training-and-exam-free-3/
https://www.3c-ren.org/event/best-practices-for-hot-water-distribution/
https://www.3c-ren.org/event/ask-the-expert-enclosures/
https://www.3c-ren.org/event/building-the-future-high-performance-construction-in-california/


Thank you!

More info: 3c-ren.org

Questions: info@3c-ren.org
Email updates: 3c-ren.org/newsletter


