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Zoom Orientation

» Please be sure your full name is
displayed

* Please mute upon joining

» Use "Chat® box to share questions or
comments

yanoverfieldshaw (Me)

m Room G-207 (Host)

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

verbally vy v e o o

go slower

* 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.




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
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ENERGY
Y CODE
REN CONNECT

= Serves all building professionals

= Three services —
= Energy Code Coach
= Training and Support

= Regional Forums

= Makes the Energy Code easy to follow

Energy Code Coach: Event Registration:
3c-ren.org/codes 3c-ren.org/events

805.781.1201



) BUILDING
3C9 PERFORMANCE
REN| TRAINING

= 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



3C 1 Ell\(l)llz\f?EGY

REN] SAVINGS

Multifamily (5+ units)
= No cost technical assistance

= Rebates up to $750/apartment plus additional
rebates for specialty measures like heat pumps

Single Family (up to 4 units)
= Sign up to participate!

= Get paid for the metered energy savings of
your customers

Enrollment:

3C-REN.org/contractor-participation
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The
Building Electrification,  Passive House PER & California 4 Passive House

Network

Description:

An introduction to Passive House with a deeper look at

how Passive House design considers the California electrical
grid, renewables, and building electrification in making
climate -specific optimized designs - with local case studies.

Learning Objectives: Instructor:
Ken Levenson, Executive Director, The Passive House Network.
1.  Explain Passive House principles and benefits. Ken was a practicing architect for over three decades, completing
2.  Describe the Passive House strategy of Primary early Passive House projects in New York City. Committed to
Energy Renewable and how it supports electrification . accelerating Passive House growth and knowledge sharing, he co -
3. Outline how Passive House optimization is influenced founded 475 High Performance Building Supply, was a founding
by current and future power supply. member of the Phius Passive House Alliance, a co -founder of New
4. Describe case studies of homes that achieve all - York Passive House and of NAPHN, which would become The Passive
electric Passive House outcomes and the strategies House Network (PHN). Today, as Executive Director of PHN, Ken
and outcomes. continues to focus on driving building industry culture change with

Passive House education.
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Agenda ‘ 7 -

Network

The Electrification Imperative
Passive House Overview
PER & Certification Classes
Electrified Systems
Examples

Resources

Building Electrification, Passive House PER & California www . passivehousenetwork.org



The Electrification Imperative



Electrify Everything

R .
ggneratlon o scton s comaston oo wvo () QU The key to tackling climate change:
= electrify everything

| ify Everything

Electrify every energy flow that is currently
powered by fossil fuels, including buildings,
transportation, and manufacturing

Tackling limate change is a complicated undertaking, to say the least. But
here's  good rule of thumb for horw to get started:

Electrify everything.

s cveral eneeay oy

Building Electrification, Passive House PER & California

YaleEnvironment360 Eptors Search  Abot E340
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The
Passive House
Network

ENERGY

ortcoor
ENERGY EFFICIENCY &
"RENEWABLE ENERGY.

From Homes to Cars, It's Now Emissions Building

Time to Electrify Everything
o o Part 1: Operational Emissions from Energy Use, Version 1
P June 2024

1. Energy efficient.
2. Free of on-site emissions from energy use.
3. Powered solely from clean energy.

www . passivehousenetwork.org



T —————
The Grid is decarbonizing & Elec Systems Improving A s e
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Electric Grid Emissions in Massachusetts

Systems Improvements:

2025 2030 2035 2040 2045 2050

Photo credit: Geograph, labeled for reuse
Data Credit: National Renewable Energy Lab
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Network

Cold Climate Heat Pumps
Domestic Hot Water Heat
Pumps

Induction Cooktops
Other systems

www . passivehousenetwork.org



The

Gas is Going Away s s

Building gas bans and electrification reach codes adopted in California

Natural gas utility service areas as defined by California Energy Commission

Southwest
Gas Oorp.; -
Davis a3

Pacific Gas
& Electric

Luis Southern
.a“w California Gas
Santa Southwest

Barblnum" Gas Corp.

« 54 California cities have enacted
gas-reduction/ban policies

Carlsbad g San Diego
Solana Beach M Gas &
Encinitas’ giocirie

Pacific Gas
& Electric

d C
Half Moon BayTe  «
. Los

Son M

Approach to limiting gas use:
@ Gas ban

Modifies building code to prohibit gas infrastr
M Electric-required reach code

Reguires all-electric systems,

exceading minimum state energy standards

@ Electric-preferred reach code
Map credit: Ciaralou Agpalo Palicpic N B g e /M D achieg
7 / . Multi-: ch
PUb//Caf/On by spg/Oba/' com Aduopl:dp:;::reach code types or a gas ban and reach code

Data as of April 17, 2022
Map credit: Ciaralou Agpalo Palicpic
Sources: S&P Global Market Intelligence; Building Decarbonization Coalition; Slerra Club; California Energy Commission
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Health (combustion and pre -combustion) 4 Chetwork

Combustion

*Air pollutants
* Gaseous pollutants (CO, NO2, formaldehyde, etc.)
* Ultrafine particles and PM2.5
* Metals
* Moisture, odors
* Increased asthma symptoms
* Increased upper respiratory diseases in children

Pre-Combustion Appliance Leakage

*Harvard T.H. Chan School of Public Health report found that gas
used in homes throughout the greater Boston area contains at least
21 different hazardous air pollutants that may impact air quality and
health. Before combustion.
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More than doubling electrical power infrastructure

Estimated U.S. Energy Consumption in 2022: 100.3 Quads

Net Electricity
Imports
014

LLg Lawrence Livermore
National Laboratory

Nuclear
8.05

Energy
Services

33.0

Petroleum
358
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The

Network

U.S. energy consumption by source and sector, 2023
quadrillion British thermal units (Btu)

source* end-use sector®

percentage of sources percentage of sectors

petroleum
354

(38%)

natural gas
336
(36%)

residential

11.3 (15%)

commercial
renewable energy 9.3 (13%)
8.2 (9%)

coal total = 74.7

81 (9%) A quadrilion Btu

nuclear i

electricity sales to

5.1(8%) X ultimate consumers.
total = 936 132 (41%)

quadrillion Btu

electrical system

energy losses

total = 32.1 quadrillion Btu

www . passivehousenetwork.org

Passive House


Presenter Notes
Presentation Notes
MUCH MORE THAN DOUBLING IF WE DON’T USE LESS POWER.


Power grids under stress A o o

Network

CALIFORNIA AREAS
AFFECTED BY
ROLLING BLACKOUTS
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Home Electrification Landscape

The
Passive House
Network
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BayREN Home Energy Score Electrification Checklist Pilot Report
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Shifting to Electric per Code = 4x Winter Peaks! g

Network

Load on Electric Grid due to Heating/Cooling

School
250
S 200
=
-
(]
&
E 150
g
-‘s_n 100 Gas heating (0 kW)
£
-
T 50 I I
Model Code Model Code .
(Gas Heating) (Electric Heating) Here is the
study!
. Summer Peak . Winter Peak

https://www.mass.gov/info-details/final-stretch-code-guideline-materials?auHash=cyHdJ0-aKeSKJLbQxVafyg KhfAQT_ONW7kiF-sgWGMk#stretch-energy-code-study-report

If you build to model codes (IECC/ASHRAE) and swap from gas to electric
heat pump space heating, the result is x4 new winter peak (woops!)

Credit: Massachusetts DOER
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Is “Net Zero” Building the Answer? Ay e e

Network

Problems with Net Zero:
1. Focused on supply rather than
demand reduction.
2. Favors low -rise buildings.
Encourages inefficient land use.
4. False sense of accomplishment.

w

ASHRAE’s recently installed photovoltaic (PV) system.

Building Electrification, Passive House PER & California www . passivehousenetwork.org



“Net Zero” is generally a Misnomer \ A recse o

. 1000
Based on mismatch of supply Net zero single family house -
& demand. 12 800
z10 700
£ 600
It doesn’t include storage 2 -
E 5 400 |
losses. s ;‘ é ey
§ 200 -
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The

Performance Gap + Seasonal Mismatch = passve House

3000 16 solar
—

2000
1000 9000
0 8000
Current Situation 2020 with an ASHP Generation
7000
Heating M Hot Water MLighting M Aux Electricity ™ Unregulated Energy M Generation 2500
e " 6000 28 solar
igure 1 - Average new build energy demand - current situation and from 2020 with an ASHF
5 000 panels
. . 1]
Net Zero as Typically Designed 2000 2
Z 4000
2 -
1500 3000
g 2000
2
1000 1000
Performance Gap of Typical Designs 0
2020 ASHP with Storage Losses Generation
6000 500
Heating W Hot Water W Lighting
5000 Aux Electricity Unregulated Energy M Storage Losses
0 W Generation
4000 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
- - Figure 3 - Average new build energy demand - impact of storage losses
3 ——Total Demand kWh  ===Generation Profile kWh
<3000
3 .
2 . Zero Energy with Storage Losses
5000 - Supply & Demand Mismatch Demands Long- 9y g
Term Storage
1000
0
2020 ASHP, NoPerfGap 2020 ASHP with Perf Gap Generation 40% increase in solar required to hit “Net zero”
Heating ™ Hot Water M Lighting Aux Electricity Unregulated Energy M Generation
Credit: PassivhausTrust UK

Figure 2 - Average new build energy demand - impact of the Performance Gap
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Passive House Enables Optimized Alignment g o

Net zero single family house Passive House Plus
12 12 12
> 10 =10 10
S g
- 8 £ 8 8
Q Q
[} [} E/
~ 6 —~ 6 Cty; 6
i t & pfo fc"tlf
= i = = I@c&_’. . ('tlon 4
= c (7ty
E 2 E 2 Usq, %’ 2
0 0 0 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
——Low energy house final energy demand PV generation ——Passive House final energy demand PV generation

Passive House reduces demand and tunes it to the power supply.

Credit: Passive House Institute
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Presenter Notes
Presentation Notes
TUNING IN REDUCTION AND TIMING


Passive House Overview



L
What is Passive House? q

» 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.

Building Electrification, Passive House PER & California www . passivehousenetwork.org



L
How we use fundamental elements matters 45

#1 NEW YORK TIMES BESTSELLER

“I was working as a physicist. I read that

theconstructon industryhad R%“LFEAET

new buildings and that energy
consumption had failed to reduce. This

offended me — it was counter to the basic I }‘3 ShQr S el v
laws of physics. I knew that they must be S TERING HE ELEMENTS o 200 cooRIN
doing something wrong. So I made it my H'SAMIN NOSRAT ¢
mission to find out what, and to establish RN —
what was needed to do it right.” s

- Wolfgang Feist

Passive House uniquely masters the elements of high  -performance building.

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Compelling 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 the
builders and
designers to deliver
high -performance
core solutions.

Building Electrification, Passive House

PER & California

A

The
Passive House
Network

www . passivehousenetwork.org



Project Types — Not Just Houses! g

‘ £
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s

The House at
Cornell Tech

Star Garment Betances V
Factory
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Presenter Notes
Presentation Notes
IT’S IMPORTANT TO ESTABLISH THAT PASSIVE HOUSE APPLIES TO ALL BUILDING TYPES, IN ALL CLIMATES, BOTH NEW AND RETROIT.

FOR EXAMPLE THE STAR GARMENT FACTORY IS A RETROFIT IN SRI LANKA.


¥ Passive House

Power of a simple idea g died

‘A Passive House is a building, Greater
for which thermal comfort Comfort
(1SO 7730) can be achieved & Health

solely by post -heafting or
post -cooling of the fresh air Greater
mass, which is required to Energy

achieve sufficient indoor air Efficiency

quality conditions — without
the need for additional
recirculation of air.”

— Passive House Institute

www . passivehousenetwork.org
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5 Principles of Construction (the drivers) ‘ Ay sesive s

Network

55_ High Efficiency 1 . Coqtinuous o
Heat Recovery N / Cllmite.Specﬁlc
Ventilation a Insulation

C

Levels
3 A1rt1ghtness®

High-Performance "ﬂ
Windows & Doors w/ "
Solar Protection

Thermal Bridge
» Free Connections

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


Right size Heating & Cooling Systems ‘ A s e

75% equip sizing reduction

Efficient distribution (Pulled away
from perimeter)
Often all -electric, heat pump based.

Building Electrification, Passive House PER & California www . passivehousenetwork.org


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


The

Energy Modeling: Calculating Predictable Performance

Network

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

o > ] -

Solar irradiation
{main arisniations) reduction factor
) X
14 ) X 0.26
a3 . 0.40
South 62 . 0.49
west 34 . 0.41
Horizontal 53 0.00
Total or average value for all windows. . 0.43
Bo to glazing list B to window frames list
Heating degree hours. 7440
PFdayty; Window rough ope Installed in Glazing Frame g-Value U-value Glazing
edge
aua X Angle of . Perpen-
n- Description Deviation from | incinaton | orign. tation [ wietn Haight Selecton fram "Areas’ | giection from ‘Components’ workshest | Selection from 'Components’ worksnest | aicular Guazing | Frames | Wamnga
& nerth from the worksheat S (ave) avg)
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- 0 - T-Sorting: LIKE LiST Sort: AS LIST - o I
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Presenter Notes
Presentation Notes
AN ESSENTIAL PART OF UNDERSTANDING PASSIVE HOUSE IS TO UNDERSTAND THAT ALL THE KEY DRIVERS OF PERFORMANCE ARE ENTERED INTO THE PASSIVE HOUSE PLANNING PACKAGE ENERGY MODEL OR PHPP.

OPTIMIZING THE DESIGN IN THE ENERGY MODEL ASSURES THAT THE RESULTING BUILDING WILL HIT THE CRITERIA AND MAKES FOR VERY PREDICTABLE OUTCOMES.  

ALL SUBSEQUENT DECISIONS NEED TO BE RUN THROUGH THE ENERGY MODEL TO MAKE SURE IT STILL MEETS THE REQUIREMENTS.

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

e
Decouple power & performance with fixed target A recse o

Energy Balance

350 - Leaky House
300 - Heat Gains
250 - w Solar
200 - Modern House ® Internal
150 - m Heating
1 -
00 Passive House
50 -
0 -
Heat Losses
50
100 - m Walls o
150 ® Roof Q
200 - ] F[c?or ¥ cenified
= Windows Passive House
250 DOOrS Pasiive Haude Institute
300 Ventilation
350 - . . .
Data: typical values for Northern European climates shrinkthatfootprint.com NOt relatlve Improvement to a base“ne
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Problem with codes... g

Network

HRV
Envelope Low Air Ventilation Thermal bridge

. U-value infiltration energy recovery mitigation
Title 24 Res Code:
a credit given when
the rate of the Man
envelope air leakage Unlimited Only recently . ¥ Completely
. L exceptions, low B
is less than five air tradeoffs added g missing
changes per hour at expectations
50 pascals. \

Model codes (IECC/ASHRAE) have no (or low) standards w/r/t the four
pillars. States must add these as adopting amendments

Credit: Massachusetts DOER

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Massachusetts adopts Ay pascvs e

Network

The four pillars that crush space heating

Envelope Low Air Ventilation Thermal bridge
U-value infiltration energy recovery mitigation

These are the four pillars of a thermal code and enable grid-friendly gas
to electric swap — these will look familiar to PH experts

2024-07-25 14

Credit: Massachusetts DOER
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Net Zero Passive House = 50% reduction in solar A recse o

9000

8000

7000

6000

1%}
(=]
(=3
(=3

4000

kWh fyear

3000
14 solar

2000 panels

1000

2020 ASHP with Storage Passivhaus with ASHP Generation
Losses

W Heating W Hot Water M Lighting W Aux Electricity
Unregulated Energy i Storage Losses W Generation

Figure 4 - Average new build energy demand vs Passivhaus
Credit: PassivhausTrust UK
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Back to our school... Ay sesive s

Network

=T
Load on Electric Grid due to Heating/Cooling
School
250
200
150

100 Gas heating (0 kW)

% I \ I I Is grid mod required if
: I the peak is unchanged?

Heating/Cooling Peak (kW)

Model Code Model Code MA Thermal Code
(Gas Heating) (Electric Heating) (Electric Heating)
. Summer Peak . Winter Peak

Crushing heating with thermal codes is essential to accomplish
electrification of space heating — there is no new winter peak

Credit: Massachusetts DOER
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PER & Certification Classes



e
Shift Focus: Analysis to fit our all renewable future g

Network

Traditional look at source energy and
emissions is not effective in analyzing
efficiency of an all -renewable system.

So, how can we properly
assess the power supply?

e i I — Hint: PER
aas LA X J LE X3 L]
@ TRANSMISSION 'GrCCAL PLANT r MNING & I n )
EFFICIENCY @@ CONVERSION (@) TRANSPORT
. @@ EFFICENCY EFFICIENCY
934 357 91%

Credit: Bronwyn Barry/PassiveHouseBB
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Shift Focus: Analysis to fit our all renewable future

The
Passive House
Network

Passive House jettisons the
anachronistic emissions analysis and
looks at renewable production &
utilization.

' TRANSMISSION COAL PLANT
EFFICIENCY @@ CONVERSION
3 @@ EFFICENCY
q3% 357

— A\ CHa

A renewable primary energy

PER-factor =

A final energy

A > Final Energy
@ g ;-‘ direct use Q

— i Y \

— |:f ¥ passive House |

________ classic | plus | premium |

— \ |P P! !
-

Credit: Passive House Institute

Credit: Bronwyn Barry/PassiveHouseBB

Building Electrification, Passive House PER & California

www . passivehousenetwork.org



e
New Paradigm: not carbon emissions but effectiveness

The
# Passive House
~ Network

New approach to all -renewable electric system bring new categories of questions.

1. Climate Specific (production)

How effective is the supply?
(solar, wind, hydro)

How effective are different
methods of renewable supply in
my location?
(climate/region/grid)

2. Use Specific

How well does our demand
match supply? (seasonal
alignment)

How do different demand
profiles differ in matching
supply? (DHW, Heating,
Cooling, Dehumidification)

3. Site Specific (Production)

Best way to contribute to
supply? (on-site, remote)

How to assess effective on -
site use? (floor area or
footprint)

4. Assessment Method

What's the best
assessment method of
supply & demand?
(combined like net zero or
independently?)

No longer a question of carbon emissions, or achieving “net zero.”

Building Electrification, Passive House PER & California

www . passivehousenetwork.org



Table 1 Passive House criteria

Heating

‘ Criteria’ ‘

| | Alternative Criteria’

‘ Heating demand] KBTIy [

‘ Heating |uad3| [BTUI(hr 7] | |

(a5 )

317

Cooling

‘Coo\ing + dehumidification demand|[kBTUl(ﬁ"yr)]| |

‘ ‘ Q.TEH variable a||uwance‘> |

Airtightness

‘ Pressurization test result n50| [1/he]

It

I )

Renewable Primary Energy (PER)® Classic Plus Premium
N +4 75 kBTU/(R%yr)
o
PER demand®| [kBTUI(tyr)] Qa.oz/ 14.26 951 o e
with compensation of]

Renewable energy generation’| o
(with reference to| [KBTUI(i3y )] 19.02 35.04 "'gi ;:r:: ::ﬂi"ﬂ:"’

projected building footprint) generation®

PER is the method.

Building Electrification, Passive House PER & California

We put a cap on total energy consumption, but how do
we best ensure its effectiveness?

Passive House Criteria: Classes & PER

07
Certified

Passive House

Passive House Institute

)
EnerPHi

Certified
Retrofit

Passive House Institute

classic

E Low Energy

Building

The
# Passive House
~ Network

+ increased overall efficiency (PER demand)

+ Renewable energy generation

;)
Certified

Passive House

Passive House Institute

W2
EnerPHi

Certified
Retrofit

Passive House Institute

plus

g

§)
Certified

Passive House

Passive House Institute

www . passivehousenetwork.org



PER Approach: weighting factors to sustainably use renewable energy ‘ ¢

The

Passive House

Network

A renewable primary energy
PER-factor =

afinal energy

Goals: Ea .m‘ engtar rm
1. Maximizing simultaneity = o
2. Minimizing Storage needs s \_'.'-'- k N\ CHg \_from methane  /

——, \ : methane

_ > ;, — Final Energy
- 5 Seasonal storage;
e ; { b’) direct use Q
: "-—___./ Y : :

£ e [ ¥ passive House \"
L el SR RS k classic | plus | premium |
'

Building Electrification, Passive House PER & California
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Mismatch in time of use: Reduce Energy Demand & Gap ‘ A recse o

kWh/{m?3a) electricity

Net zero single family house Passive House Plus
12 12 12
10 210 10
g
8 £ 8 8
Q
6 =6 Elecy, . 6
«° Icip
= 67 llhg '’
YOS A Dy, < ion ‘
S .y
2 x 2 “h —_— 2
0 0 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
——Low energy house final energy demand PV generation ——Passive House final energy demand PV generation

Credit: Passive House Institute
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e
First, Reduce the Loads I P

Network

Significant peak
loads on daily basis

Continuous load on
a much lower level

30 +
20
~—Heating
— Cooling 10
— Dehumidification k,
/ o Dz . _
227.000 237.0:00 247.0:00 257.0:00 26.7.0:00 27.7.0:00 28.7.0:0 227.0:00 23.7.0.00 24.7.0:00 257.0:00 26.7.0.00 27.7.0:00 28.7.0:(
Date Date

Credit: Passive House Institute
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Reducing the demand in California

CA
Climate
Zone

The
g¥ Passive House
" Network

Energy use per kWh

HVAC Energy use (kWh)

% %

T24 PHI Reduction T24 PHI Reduction

cz4 | s210] 6.201- | s890]  3se0] 34w
cz14 | ogs2 5,125 | 7570|2814

2020 CA Building Climate Zones Map

Source: hiips.//gis.data.co.gov/documents/CAEnergy. building-cimate-zones/explore

Building Electrification, Passive House PER & California

Source: PHN study for CPUC - April 2023

Passive House 'Classic’ is
CRUSHING heating & cooling
loads in California in 2023!

Credit: Bronwyn Barry/PassiveHouseBB

www . passivehousenetwork.org



Second: Load Shifting with Thermal Resilience

A

The
Passive House
Network

Because thermal - | :
20 o . W Passive House
temperatures are stable N /F\"\\ an
there is much greater L ;*;atins' ANe ™Y
flexibility in when the - N | dermanbiding cofe (enev)
space conditioning § | . - \\ - 0ld building
& " N
happens. NN A VAT
W Outside[temperafure \ V/ \\ I \\ l \‘ I \‘J
Think thermos. 15 YRR

27.1. 28.1. 29.1. 30.1. 31.1. 1.2 2.2.

Credit: Passive House Institute

Building Electrification, Passive House PER & California
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Passive House Crushes Summer Peak & Shifts Loads o

"~ Network

Cooling Season Demand (June, July, August)

Heating Season Demand (November, December, January,
February)

0.0020 | 0.00201 ‘

0.0015 No Summer Peak 0.00151 .
= i =
=3 o
00010 _v_ioomo-‘ -
= = i sk %
= = « Hourly monitoring data:

s Laaa Q@  5ZNE homes vs.

— ‘ A 2 Passive House

1 0.0000 ,
o & 10 1 20 o 5§ 10 15 20 homes
Hour Hour

House Passive ZNE House Passive ZNE

Figure 2. Passive House and ZNE Seasonal Load Comparisons

Credit: Bronwyn Barry/PassiveHouseBB

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Specific Use Demands & Different Climates:

A

The
Passive House
Network

Use Categories

1.

Al

Heating

Cooling
Dehumidification
Hot Water

Other Elec Uses

8 Heating - Potsdam (DE)

1 Domestic hot water + —Passie House

3 o —Domestic electricity . Higher energy demand
o8
o7 5
08 4 | F| J‘ l*
os Hm\l' | '”
04 8 \ u \ ,j|” |
m 2 i
02 % 1 | i
01 %f ¥ " | 18 | |

o 0 2000 4000 6000 8000
Mon  Tues Wed  Thur  Fri Sat Sun Hours of the year
8 Cooling - Phoenix (US) % Dehumidification - Tokyo (JP)
7 Passive House 7 Passive House
-Higher energy demand § —Higher energy demand

5
4
3
2

-
0

0 2000 4000 6000 8000 0 2000 4000 6000 8000
Hours of the year Hours of the year

Top left: Load profile for one week of the household electricity and domestic hot water (cold water
temperature for Mannheim, Germany, Winter). Top right and below: Exemplary useful energy profiles

from different climates for heating, cooling and dehumidification.
Credit: Passive House Institute

Building Electrification, Passive House PER & California
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Match of Supply to Use Determines Storage Need g g

Network

January W Hydro July
ol Wind =
0048 PV o088
1) = Loa_d Qo4+

Short term storage o4

No storage. Need long

n ol . No shortage of short
term storage. J\_/\ i term storage.
% N

] ] £ [ e e w8 oo C-] nio L

Example of hourly load profiles of RE electricity (cumulative) and electricity demand for a Passive House in Stuttgart.
The left represents a week during winter with little RE availability, compared to a week during summer on the right,
with much higher RE supply. The two graphs below show the simultaneous storage level of the short-term storage.

Credit: Passive House Institute
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Different Grids Have Different Potential Utilization ‘ Ay e o

Network

Québec
Interconnection

Western
Interconnection

B nPcc @ FRCC 0 TRE
W rRFC @ MRO || WECC
[ serc M sPP ASCC

---==-=Interconnection
Source: North American Relabi t Carporation

Map of eGRID Subregions

USEPA, eGRID, February 2021
Crosshatching indicates that an area falls within overiapping
eGRID subregions due to the presence of multiple slectric
service providers, Visit Power Profier to definitively determine
the eGRID subregion associated with your location and
electric service provider.
hitp:// v

No building stands alone: regions, grids, nations - it all blends.

Building Electrification, Passive House PER & California

www . passivehousenetwork.org




What your doing and where you’re doing it matters.

Electric Factors are
regionally, climate,
and consumer use
specific

Building Electrification, Passive House PER & California

PER weighting factors different for:
= Electricity use = consumer specific
= Location - climate specific

Seattle
DHWE | 125
Elecricity ]~ 1.20
Heating | 1.55
Cooling 1.00;

The
g¥ Passive House
~ Network

New York

DHW L] 115
Electricity [] 1.20
Heating E 1.50
cooling | 1.55

b @
Map 0y 09 oz

§ 2016 Google, INEGI, ORION-ME ® $3t5% .. . -

Graphs: Passive House Institute

Miami

pHw ]
Electricity [
Heating

Cooling El

1.20]
1.20]
1.00]
1.35]

www . passivehousenetwork.org



e
Still have fossil fuels: converted to renewable equivalent A recse o

Network

enerqy carrier PER-factor

electricity climate and consumer specific

gas 1.75

methane from renewables (power-to-gas efficiency)

biomass 1.1 with limited budget
C H P assessment of system efficiency
district heating compared to alternative power plant

heating oll 2.3

methanol from renewables (power-to-liquid)

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Traditional Weighting vs. PER Al

Figure 1 - Source-Site Ratios for all Portfolio Manager Energy Meter Types

Energy Type

Electricity (Grid Purchase)
Electricity (Onsite Solar or Wind - regardless of REC ownership)

PER factor

1 - 2 depending on use

Natural Gas 1.75
Fuel Oil (No. 1,2,4,5 6, Diesel, Kerosene) 2.5
Propane & Liquid Propane
Steam 1.20 133
Hot Water 120 1.33
Chilled Water 0.91 057
Wood 1.00 1.00
Coal/Coke 1.00 1.00
Other 1.00 1.00

Building Electrification, Passive House PER & California www . passivehousenetwork.org



L
Traditional Conversions vs. PER \ Ay e o

Network

Energy Star source-site
G conversion factors

I W U.S. mCanada EPER

Electricity = Natural Gas Fuel Oil
(grid purchase)

Credit: Passive House Institute
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. - The
Results in PER numbers adjusted to place & use
Network
PER Assesment for California's Largest Cities
Utility PG&E | sMuD | LADWP | SDG&E
City San Francisco| SanJose | Fresno | Sacramento | Los Angeles | San Diego
Energy demand Primary Energy Renewables (PER) factor
Reference: Treated floor area kBTU/kBTU

Heating
Electricity 1.70 1.70 1.75 1.80 1.50 1.30
District heating: 20-Gas CGS 0.85]1.32| 0.85|1.32| 0.85|1.36] 0.85]/1.39] 0.85|1.16| 0.85|1.01]|
70% PHC 0.97 0.97 0.97 0.97 0.93 0.93
Wood and other biomass 1.10 1.10 1.10 1.10 1.10 1.10
Natural gas / RE gas 1.75 1.75 1.75 1.75 1.75 .75
0il, Coal, Methanol / RE methan 2.30 2.30 2.30 2.30 2.30 2.30
Cooling and dehumidification
Electricity cooling - 1.00 1.05 - 1.15 1.25
Electricity dehumidification 1.05 1.10 1.15 1.00 1.40 il
DHW generation

Electricity (heat pump) - 1.25 25 1.20 1.20
District heating: 20-Gas CGS 0.85|1.32] 0.85|1.32|] 0.85|1.36| 0.85]/1.39| 0.85|1.16| 0.85|1.01]|

70% PHC 0.97 0.97 0.97 0.97 0.93 0.93
Wood and other biomass 1.10 1.10 1.10 1.10 1.10 1.10
Natural gas / RE gas 1.75 107 1.75 [ Py 1.75 1.75
Heating oil / Methanol 2.30 2.30 2.30 2.30 2.30 2.30
Solar thermal system 0.27 0.28 0.29 0.28 0.30 0.30

Other building energy uses

Electricity lighting, etc.) 1.25 1.25 1.25 1.25 1.20 1.20
Auxiliary electricity (other) o2l 1.25 1.25 1.25 1.20 1.20
Gas / RE gas dry/cook 1.75 1.75 1.75 1.75 1.75 1.75
Credit: Bronwyn Barry/PassiveHouseBB
Energy generation PER

Reference: Projected Footprint Area PER factor

kBTU/KBTU
PV electricity 1.00 1.00 1.00 1.00 1.00 1.00
Solar thermal system 0.27 0.28 0.29 0.28 0.30 0.30
User determined energy carrier 0.00 0.00 0.00 0.00 0.00 0.00

Source: PHPPv.9

Credit: Bronwyn Barry/PassiveHouseBB
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PER makes fossil use difficult in Berkeley CA g

Network

Eﬂﬂ P |
50 B PER demand B PE demand '

45 = ~PER limit (PH classic) = =PE limit

Based on certified Passive House project in Berkeley, California
ID 6064 on www.passivehouse-database.org

PE/PER demand [kBTU/(ft? yr)

Gas furnace Direct electric Heat pump

Credit: Passive House Institute

Building Electrification, Passive House PER & California www . passivehousenetwork.org




e
Supply : Shifts to Independent Assessment o

Network

The question is how to most effectively contribute to the power supply?

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Supply: Shift to Independent Assessment \ A oo o

Network

Net Zero goes away. Instead: How are we utilizing the building footprint?

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Supply: Shift to Independent Assessment \ A oo o

Network

Consequently, we don’t penalize tall buildings.

Calculation of the projected building footprint

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Electrified Systems



What are the systems & options for electrification? A i

Occupancy: PER Use Categories
1. Singlle Fgmily 1. Heating - Heat Pumps
2. Multifamily Cooling - Heat Pumps

Dehumidification - Heat Pumps
Domestic Hot Water - Heat Pumps
Other Elec Uses

a. Ventilation

Cooking (induction)

Clothes Drying (resistance or heat pump)
LED lighting & misc plug loads.

Car

Al S

©®ooo

Hot, Hmh-,/’/,’ L
Pressu;e Gas Compressor

Heat Pumps!

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Single Family: Heating, Cooling & Dehumidification

Much smaller load and
great flexibility in

locating distribution
outlets: surface mounted,
recessed, ducted.

Building Electrification, Passive House PER & California
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The
¥ Passive House
~ Network
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Single Family: Domestic Hot Water \ A recse o

Much smaller load and

great flexibility in locating ) /
distribution outlets: surface =
mounted, recessed, ducted. |

[ 3
. ) CA
Considerations: N
e Heat pump inside is ' §
‘ N\
loud. . A\
e I[fheat exchange is not \ -
ducted, will likely Packaged unit with heat pump on Split unit with heat pump outside
top of tank & ducted to exterior. similar to AC.

cause thermal
discomfort.

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Other Electrical Uses

Ventilation Units: Efficiency is
critical - both heat recovery & fan
power.

i
¥
CERTIFIED g A\
COMPONENT $ zeh
Passive House Institute always the

best climate

Building Electrification, Passive House PER & California

Induction Cooktops
& Elec Ovens:

ENERGY STAR

The
Passive House
.~ Network

Unvented
Condensing or Heat
Pump Clothes Dryer

www . passivehousenetwork.org




The
Car ‘ ¢ Passive House

Network

Cars are not calculated in
the home energy demand
of a Passive House.

HOWEVER, the reduction in
energy demand Passive
House provides, can
effectively deliver free car
charging.

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Multifamily Ventilation

The
Passive House
Network

Systems can be centralized or
decentralized.

Decentralized - unit by unit,

:,) e L

1 VENTACITYSYSTEMS
i

Making Buidings Healthy - Efficient - Smarter
CERTIFIED
COMPONENT

Passive House Institute

can use the residential

systems.

Centralized are higher
capacity, often roof mounted,
with duct risers delivering to
whole building.

Centralized Certified Units

Building Electrification, Passive House PER & California

www . passivehousenetwork.org



Multifamily Heating & Cooling & Dehumidification A issve o

Network
Also heat pump dominated.

Systems can be centralized or
decentralized.

e
To limit refrigerant lines | :J) L"""-
distribution may be through
hydronic piping to local
distribution coils, OR,

by using Package Terminal Heat
Pumps.

% ephoca

Decentralized Through -Wall Package Terminal Heat Pumps (PTHP)

Building Electrification, Passive House PER & California www . passivehousenetwork.org




Multifamily Domestic Hot Water

The
Passive House
Network

Systems can be centralized or
decentralized.

Also heat pump dominated. r]a‘g _

® I o ®
Roof
el I®
FI7 : s
EImE
—4 A HE 4 A
o w
FI 2 S H
[=}
v
FI 1 —— - © °
. L

Building Section - "3-Pipe" Design

Credit: Steven Winter Associates

Building Electrification, Passive House PER & California
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Multifamily Domestic Hot Water A B

Also heat pump dominated.

Systems can be centralized or
decentralized.

— s>
® 1 © ©

Roof

»

>
_| 7 DHW Send 4

-~
F S

el I®
FI7 = FI7
g2
r £ 3 4 S g - r A
z z
Fl2 e
Q

<

\
N £
z Fl 2
/ 4 T Y Y Y
FI1 l' i o Fl1
Building Section - "3-Pipe" Dé@\ e

Credit: Steven Winter Associates
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The
Passive House
Network

Multifamily Domestic Hot Water: Decentralized

Efficient piping runs.
Corridor
Individual Hot Water Heat 6_\T[:
P um pS . Bath Kitchen
A :
Duct to, and access from the &
corridor, for best performance. Bedroom Living §
|

Credit: Steven Winter Associates

www . passivehousenetwork.org
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Case Studies in California & Beyond



Sunnyvale CA Retrofit g e

« 1500 SF

* Heating load —4795 BTU/1405 watts
« Cooling load — 2650 BTU/775 watts

* Net zero — 9 kW solar PV system

Credit: Bronwyn Barry/PassiveHouseBB
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Equipment 7 -

80 GA SE ACCELERA 300 HEAT
PUMP WATERHEATER

Q 4
A
EV-CHARGER, INVERTH = ZEHNDER COMFOAIR 350 HEAT FUJITSU COMPRESSOR
FOF§\9 kKW ARRAY \ RECOVERY VENTILATOR (VERY LOW DBRATING)

>

Credit: Bronwyn Barry/PassiveHouse BB
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S —————
Crushing Heat Demand (& Total Energy) g

Network

2017-2018 Energy Use TOTALS:
Av. Home in Same Zip, PHPP Predicted Av. Home in Same Zi p:
& Measured
15,788 kWh

Passive House:

2000

6,125 kWh
= 38% of standard
: DIFFERENTIAL AT
WINTER PEAK:
W Av. Home in Same Zip:
2,516 kWh
Passive House:
° Jan Feb Mar Apt May Jun Jul fug Sep Dt v Dee 597 kWh
T“"'M“"M"‘:s;:'ﬂ 563 480 550 471 483 431 516 562 516 439 467 597 = 23% Of Standard

Credit: Bronwyn Barry/PassiveHouseBB
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s
Tuned Performance for “True Net Zero” w/ car i P

2017-2018
Total Measured Energy Use & Generation
Balsam Ave

726 kWh monthly av. used

500 l .
Total House Usage

;E Solar PV Generation
-

797 kWh monthly av.

-1000
produced
-1500
Jan reb Mar Apr May Jun Jul Aug Sep Oct Nav Dec
Solar PV Generation ~478 -769 -879 -1060 -1168 ~1229 756 643 756 786 -495 -546
WEleclic Vehiclke Charging 244 250 306 272 204 212 159 101 139 257 240 187
“Total Measured (1ousc only) 563 480 550 471 483 431 516 562 516 489 467 597

Credit: Bronwyn Barry/PassiveHouseBB

Building Electrification, Passive House PER & California www . passivehousenetwork.org



L
Single Family: Los Angeles g divde

« 1791 SF

+ Heating load — 1850 BTU/540 watts
* Cooling load —5400 BTU/1580 watts
* Net Zero with 9kW Solar PV

Il
M g

Credit: Paravant Architects

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Equipment A P

* Induction cooktop
« Condensing dryer
* Heat pump water heater
*  Mini-split heating/cooling
« Heat recovery ventilation
Exterior shades

= 0"

Building Electrification, Passive House PER & California www . passivehousenetwork.org



Hotel Marcel: Certified Retrofit, New Haven CT A issve o

Network

90,000 SF
* 165 Guest Rooms, Conf Center, Restaurant
* 1.5 MWh microgrid with over 1,000 solar panels

Hiiilllllllllmm
IIIIIII||||||||||m
RRRRRRI L

2
EnerPHit\~

Certified
Retrofit

Credit: Becker + Becker Architects
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e
All Electric Hot Water I P

Network

Mitsubishi Heat20 air
source heat pumps

Credit: Becker + Becker Architects
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Commercial Electric Dryers & Kitchen! A revie e

Network

Electrolux Heat Pump Dryers

Building Electrification, Passive House PER & California www . passivehousenetwork.org




60% Reduction in Energy Use A e

FIGURE 5
Total Site Energy Use and Intensity by Building Sector, 2019

Data: LL84 20]9 filtered for data quality, emissions, energy and property type; N = 18,039

K-12 School Office College  Multifamily Hotel
69.6 716 80.2 94.5 107.4

Midsize
Buildings

MEDIAN WN SITE EUI

0 KBTU/SF 125

Large
Buildings

MEDIAN WN SITE EUI
0 KBTU/SF

. . 125

10 BILLION
KBIU HOTEL RQQBCEL

CIRCLE SIZE REPRESENTS : K-12 School Office Multifamily College Hotel

TOTAL ENERGY USE 65.7 74.3 82.4 105.5 n2.8
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Resources



L
Resources A oo

Building Database - https://passivehouse-database.org/index.php?lang=en

Certification Criteria - https://passivehouse.com/03_certification/02_certification buildings/08 energy standards/08 energy standards.html
Certification Guide - https://passivehouse.com/03 certification/02_certification buildings/09 guide/09 guide.html

Certified Components - https://database.passivehouse.com/en/components/

Certifiers Globally - https://passivehouse.com/03 certification/02_certification_buildings/03_certifiers/01_accredited/01_accredited.html

Certified Passive House Designer Training - https://passivehousenetwork.org/designer-training/

Certified Passive House Tradesperson Training - https://passivehousenetwork.org/tradesperson-training/

1ISO 9972 - https://www.iso.org/standard/55718.html

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

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

Passipedia - https://passipedia.org/start

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

Passive House Definition - https://passipedia.org/basics/the passive house - definition

Passive House - Historical Review - https://passipedia.org/basics/the passive house - historical review

Passive House Planning Package (PHPP) - https://passivehouse.com/04 phpp/04 phpp.htm

PER-Factors for electricity use: Location & application specific decarbonization - https://passipedia.org/certification/passive _house categories/per
Primary Energy Renewable PER - https://passipedia.org/basics/energy and ecology/primary _energy renewable per

Safe at Home PHN Report - htips://passivehousenetwork.org/safe-at-home/

Sample Submission Documents - https://passipedia.org/certification/certified passive houses/example documents

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

Thermal Comfort - https://passipedia.org/basics/building physics - basics/thermal comfort

Vancouver Passive House Checklist - https://passivehousenetwork.org/wp-content/uploads/2024/07/Vancouver-Passive-House-Verification-Plan-Checklist-2023.pdf
Ventilation Duct Leakage Testing - https://passivehousenetwork.org/product/multifamily-ventilation-duct-leakage-targets-strategies-and-lessons-learned/

Building Electrification, Passive House PER & California www . passivehousenetwork.org


https://passivehouse-database.org/index.php?lang=en
https://passivehouse.com/03_certification/02_certification_buildings/08_energy_standards/08_energy_standards.html
https://passivehouse.com/03_certification/02_certification_buildings/09_guide/09_guide.html
https://database.passivehouse.com/en/components/
https://passivehouse.com/03_certification/02_certification_buildings/03_certifiers/01_accredited/01_accredited.html
https://passivehousenetwork.org/designer-training/
https://passivehousenetwork.org/tradesperson-training/
https://www.iso.org/standard/55718.html
https://passipedia.org/_media/picopen/construction_manager_declaration.pdf
https://passivehousenetwork.org/wp-content/uploads/2023/01/NACC-Brochure-Jan-2023.pdf
https://passipedia.org/start
https://passivehousenetwork.org/certification/
https://passipedia.org/basics/the_passive_house_-_definition
https://passipedia.org/basics/the_passive_house_-_historical_review
https://passivehouse.com/04_phpp/04_phpp.htm
https://passipedia.org/certification/passive_house_categories/per?s%5B%5D=primary&s%5B%5D=energy&s%5B%5D=renewable&s%5B%5D=assessment
https://passipedia.org/basics/energy_and_ecology/primary_energy_renewable_per
https://passivehousenetwork.org/safe-at-home/
https://passipedia.org/certification/certified_passive_houses/example_documents
https://passipedia.org/planning/summer_comfort
https://passipedia.org/basics/building_physics_-_basics/thermal_comfort
https://passivehousenetwork.org/wp-content/uploads/2024/07/Vancouver-Passive-House-Verification-Plan-Checklist-2023.pdf
https://passivehousenetwork.org/product/multifamily-ventilation-duct-leakage-targets-strategies-and-lessons-learned/

Thank you.

www . passivehousenetwork.org
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Questions about Title 24~ 3Cs

3C-REN offers a free Code Coach Service LS\ J¥mronizd

Online: Call:
3c-ren.org/codes 805.781.1201

L

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

plans and forms earn approval the first time.
=/ IJ.I




Closing

= Continuing Education Units Available
= Contact info@3c-ren.org for AIA LUs

= Coming to Your Inbox Soon!

= Slides, Recording, & Survey — Please Take It and Help Us Out!
= Upcoming Courses:

= September 30 — October 4 - Passive Design/Build Boot Camp with Emu Passive — Hands On Training and Exam

October 9- All-Electric Retrofits with Electrical Panel Constraints

October 10 — Certified Passive House Designer/Consultant (CPHD) Pacific Fall Hybrid Cohort

October 15 — A Builder’s Perspective on Zero Net Energy

October 18- Building the Future: Electrification Strateqgies for Electricians

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



mailto:info@3c-ren.org
https://www.3c-ren.org/event/passive-design-build-boot-camp-with-emu-passive-hands-on-training-and-exam-free-2/
https://www.3c-ren.org/event/all-electric-retrofits-with-electrical-panel-constraints/
https://www.3c-ren.org/event/certified-passive-house-designer-consultant-cphd-pacific-fall-hybrid-cohort/
https://www.3c-ren.org/event/zero-net-energy-for-builders/
https://www.3c-ren.org/event/building-the-future-electrification-strategies-for-electricians/
http://www.3c-ren.org/events

Thank you!

For more info:
3c-ren.org

For questions:
info@3c-ren.org

3Cs
REN

TRI-COUNTY REGIONAL ENERGY NETWORK
SAN LUIS OBISPO + SANTA BARBARA + VENTURA
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