
We will be starting soon!
Thanks for joining us



The Role of Building Science 
in High Performance Building
Peter Yost, Building - Wright

May 17th & 19th



• 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 



3C-REN 
Staff Online





§ 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



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

3C-REN.org/home



§ 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



Introducing 3C-REN’s new 
High-Performance Fundamentals 
(HPF) Program



Context

• “High performance” refers to buildings that are 
designed, built, and commissioned to achieve 
above-code, optimized performance.

• Specialized companies offering high-
performance design and construction services 
in many parts of the State experience high 
demand, ongoing backlogs, and difficulty 
finding qualified new hires.



Goals

• Prepare aspiring building practitioners 
to for competitive job opportunities.

• For those in the industry, provide a 
refresher or supplement prior building 
science knowledge



Content

• Developed in consultation with 
dozens of national experts in 
high-performance building businesses 

• Based on the foundational knowledge they are looking for in 
new hires

• Rooted in the fundamentals of building science and the design, 
construction, and business practices that distinguish high-
performance practitioners from their conventionally-trained 
competitors



Classes

1. High-Performance Buildings and Careers: June 21

2. The Role of Building Science in High-Performance Buildings: May 17 & 19

3. Enclosure Best Practices: Air Sealing, Insulation, Testing & Metrics: July 12

4. Heat Pump Fundamentals: Space Conditioning and Water Heating: 
Coming in September

5. Water Heating Distribution Best Practices: Coming in October

6. How To Assess a Home for Electrification: Coming in November

https://www.3c-ren.org/event/introduction-to-high-performance-buildings-careers/
https://www.3c-ren.org/event/the-role-of-building-science-in-high-performance-buildings-2-day/
https://www.3c-ren.org/event/crafting-high-performance-enclosures-roofs-walls-and-floors/


Other HPF Program Elements
3C-REN's plans for further program 
development include:

• Formal certificate of completion

• Field-based, hands-on classes to 
complement initial series of lecture classes

• Mentorship and/or peer learning activities 
to support participants’ learning process



How Buildings Work
Part II

SCIENCE IN BUILDINGS



Science IN Buildings

§ Some perspectives on buildings
§ Architect
§ Engineer
§ Philosopher
§ Your Instructor

§ Managing water
§ Managing air
§ Managing vapor
§ Managing heat

§ Buildings as systems
§ Integrating enclosures & mechanicals
§ The importance of windows/glazing
§ Climate-tuning
§ High performance building case studies
§ Resources



Homework...

How/ why is foil faced OSB considered a radiant 
barrier when the foil is attached to the OSB?

There is no air space on one side of the 
foil. Although foil has low emittance doesn't it have 
very high conductance?

So if it is touching anything it will be conducting 
heat readily?

Is this just a misuse of the term radiant barrier?



Attics, climate, and radiant barrier sheathing



Vented attic Houston TX 3:30 pm July 2018



Vented attic Houston TX 3:30 pm July 2018

Building supply bar code sticker



Linda Brock (architect):
The exterior wall is a complex system that includes –
§ the cladding and the structure
§ windows and doors
§ a series of barriers and retarders that mediate the environment. 

§ These must be evaluated in terms of function, durability, appearance and cost.”

Modern buildings can be divided into four parts: 
1. the form-giving structure
2. the equipment and systems that help control the interior environment and 

deliver services
3. the partitions and finishes defining interior function
4. the building envelope...(enclosure)



Stewart Brand (philosopher)

§ “The whole idea of architecture is 
permanence…architecture means unchanging 
deep structure.”

§ “My approach is to examine buildings as a 
whole—not just whole in space, but whole in 
time.”

§ “And they [buildings] are wonderful to study. All 
dressed up in dissimulation, buildings are so 
naked.”



Brand (philosopher)

§ An expansion on 
Frank Duffy’s 
perspective

§ For Brand, building 
enclosure = Skin?

§ It’s not just about 
change, but rates of 
change.

From Brand’s How Buildings Learn, 
Chapter 2, pg 13



John Straube (Engineer)

§ [Enclosure] “That part of any building, above 
or below grade, that physically separates the 
outside or exterior environment from the 
interior environment(s). Environmental 
separator is another term used.”

§ Four parts: “superstructure, enclosure, 
service systems, fabric”

§ “…each enclosure component is a 3-D, 
multi-layer, multi-material assembly…”



§ Heat flow through building enclosures dries them out.

§ Energy efficiency measure reduce heat flow through building enclosures.

§ Energy efficiency measures can and often do reduce drying potential.

§ If you reduce drying potential you probably need to reduce wetting.

THEREFORE: Manage energy and moisture with equal 
intensity.

Just Three Things (My Perspective):
How are the two—heat & moisture–related?



My Perspective: manage energy & moisture 
with continuous control layers

Image credit: Weichert Realty



The 
“Pen” 
Test



1 – manage water

§ Ground water

§ Surface water

§ Building water



Ground water

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm


Site surface water



Site surface water – 1802 Cass Ave Cayucos



Building water

Front entryway

Front entryway



Building water

Image Credit: Fine Homebuilding

Flashing a house to the 
ground ... 



What about wicking?



Capillary breaks...
free-draining space & non-porous materials

Energocell Building America Solutions Center



CONFOUND IT!

Do we want to make things in buildings continuous 
or with breaks?



2 – Manage air

§ Stack effect

§ Wind

§ Mechanical (fans)



Stack Effect (winter)

(Cold dry air 
is more 
dense than 
warm moist 
air…)



Stack Effect in Winter



Wind Effect





Mechanical Effect (Fans…)

§ Bath exhaust
§ Kitchen range hood
§ Gas/fuel oil 

boiler/furnace
§ Gas water heater
§ Clothes dryer
§ (Fireplace/woodstove)



Bunch of fans exhausting...who cares?



Spiders and air leakage...



Measuring building airtightness: blower door

Relates pressure and air flow at 50 Pascals (20 mph wind) and is a true performance test...

Image Credit: NACHI



Wait...isn’t venting INTENTIONAL air flow?



CONFOUND IT!
Does moving (or leaking) air get things wet or dry 
them out?

Image Credit: Fine Homebuilding



3 – Manage vapor

§ Vapor moving through air (straight diffusion)

§ Vapor moving through materials (vapor permeability)

§ Vapor retarders?



Vapor diffusion in buildings

Warm moist air 
outside

Warm moist air 
inside

Cold dry air 
outsideCold dry air inside

+ moisture + moisture



CONFOUND IT!
Does vapor 
diffusion get 
things wet or 
dry them out?

Alexandra Baczek

Vapor Profile



4 – Manage heat

§ Thermal bridges - thermal breaks

§ Insulation: continuous exterior - cavity

§ Straight economic vs resilience approach to how much insulation? 



Insulation – thermal bridges and breaks



High Performance Timber frame:
Rob Myers from GreenBuildingAdvisor blog series



High Performance Timber frame:
Rob Myers from GreenBuildingAdvisor blog series



Insulation – exterior continuous & cavity



CONFOUND IT!
How the heck do we determine how much 
insulation to use; what R-value should we aim 
for?
§ Straight economics and payback – energy modeling (such as 

BEopt)

§ Thermal comfort – ASHRAE Standard 55 & Center for the Built 
Environment (CBE) Thermal Comfort Tool

§ Resilience – How long can any home maintain livable 
conditions without power?



Buildings as systems:
Integrating building enclosures & mechanical systems



Issues of “Cost”

From 
Straube’s 
Building 
Science for 
Building 
Enclosures, 
Chapter 1, 
pg 21



Building “loads”



Building “loads”

Enclosure-dominated 
performance 
§ Space heating
§ Space cooling
§ Humidification
§ Dehumidification
§ Ventilation 

Occupant-dominated 
performance
§ Domestic hot water (DHW)
§ Appliances 
§ Lighting
§ Plug load



CONFOUND IT!
Why make a home so airtight that then we 
need to introduce mechanical ventilation?

§ It’s about control or management, not by happenstance
§ The right amount
§ From the right place
§ At the right time



Designing for high performance integrating
HVAC and building enclosure: architect

FRAMING:
Floor joists

FRAMING:
Carrying beam

HVAC:
FA supply ducts

ENCLOSURE:
Windows

HVAC:
Forced air supply trunk

HVAC:
FA supply registers
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Designing for high performance:
Integrating HVAC and building enclosure



CONFOUND IT!
Seriously: you mean the architect and engineer 
need to cooperate/speak each other’s language?



CONFOUND IT!
What are our priorities In 3C-REN climate zones?



The importance of windows, glazing, shading

https://efficientwindows.org

https://efficientwindows.org/




The importance of windows, glazing, shading

https://efficientwindowcoverings.org

https://efficientwindows.org/


HP Case Study: 18870 Barnhart Ave. Cupertino



Energy Use Intensity (EUI) –
kBtu/sf/yr

(1 kWh = 3,412 Btu)

4.5 kWh/sf/yr = 15.36 
kBtu/sf/yr



High Performance Case Study: 9 Eastlake, Pacifica



9 Eastlake, Pacifica

Energy Use Intensity (EUI) – kBtu/sf/yr

35,635 kBtu/yr ÷ 1,745 ft = 20.4 kBtu/sf/yr



Bye for now—take home resources
§ Building America Solutions Center: https://basc.pnnl.gov
§ Building Science Corporation: https://www.buildingscience.com
§ Building-Wright: 

§ Assessment form – https://building-
wright.com/2019/02/24/hygrothermal-building-assessment-available-as-
a-pdf/

§ YouTube series on assessments –
https://www.youtube.com/playlist?list=PL2pL2KVsx9SCcqQBdEjbiYfI3A
ouC1CoL

§ GreenBuildingAdvisor: https://www.greenbuildingadvisor.com

https://basc.pnnl.gov/
https://www.buildingscience.com/
https://building-wright.com/2019/02/24/hygrothermal-building-assessment-available-as-a-pdf/
https://www.youtube.com/playlist?list=PL2pL2KVsx9SCcqQBdEjbiYfI3AouC1CoL
https://www.greenbuildingadvisor.com/


§ Continuing Education Units Available
§ Contact ian.logan@ventura.org for AIA HSW|LUs

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

§ Upcoming HPF Courses:
§ The Role of Building Science in High Performance Buildings: Session 2 (5/19) ***ZOOM LINK GOOD FOR BOTH DAYS

§ Introduction to High Performance Buildings & Careers (6/21)

§ Crafting High-Performance Enclosures: Roofs, Walls, and Floors (7/12)

§ Regularly Scheduled Programming:
§ Home Performance: Tools of the Trade (5/24)

§ All Electric Construction: Part 2 HPWH's (6/7

§ Healthy Homes for Healthier Living – A Webinar for Households (6/8)

Closing

mailto:ian.logan@ventura.org


Thank you!

For more info: 
3c-ren.org

For questions:
info@3c-ren.org


