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Beyond Energy - Passive House For California

» Energy Efficiency + Future Proofing
* Thermal Resilience: Shelter from sudden weather events
* Indoor Air Quality: Protect from exterior pollution

* Thermal Comfort: there's a grandman in each of us

mmu www.emupassive.com



Who's Emu?

* Former Architects

 #1 hands-on Passive House

training in the US

* Project consulting - |

"teaching hospital”

mmu www.emupassive.com



Who Are You?

Raise your hand if:

* You work in construction, and you are
1. Architect / Designer?
2. Builder / Contractor?

3. Specialty (product rep, engineer, HVAC,
MEP, windows...)

4. Permitting, inspections, testing?
5. Something else?

* You don't work in construction, and
you're here because

6. You're here by mistake, and regretting it
7. You want to improve your own house
8. Have a general interest in green building

#emu

www.emupassive.com




Why Do We Care About Buildings?
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Master Bedroom CO2 Monitoring
2 Adults, 3rd Floor Apartment
€02 ppm Conventional Building, Aug 25-27, 2021
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How Long Does A Family Stay In A House
They Just Moved Into,
Before They Move Out Again?

How long hbv¥ 888%7ed in the house Y25/iveciarey?







Location Of Projects

\f\ / | By Climate (Warm/ Mild/ Cold)
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Heating vs Cooling

Heating Cooling
Site Energy Site Energy
Title 24 vs PHI Passive House Title 24 vs PHI Passive House

8000 Air-source Heat Pump

Assumptions: Efficiency For Heating And Cooling nptions:

Setpoint For Heating: 70°F 1 int For Cooling: 74°F

Heat Pump Efficiency: 8.8 HSPF Sample: - s Pump Efficiency: 15 SEER
2000 California Title-24 minimum performance

For split HP systems
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Heating + Cooling Demand, Final Energy (Site Energy)
20181IRC/ | 20211IRC/ | 2024 IRC/ | California | Energystar| DOE 2021 2018 privss | PO o passive
® Prj Ig:n':i IECC IECC IECC Title 24 32 zerRHv2 | oM c::l:- ch P';'::’ 2021 Core Bi';zﬁ‘yg House
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IT€é Enel Ol +
1 3B 1300 900 900 1300 800 800 800 600 600 1100 800
2 4C 4100 3700 3700 3200 3000 2600 1200 2300 1200 800
3 | 6B 5600 | 5500 | 5500 4700 | 4700 | 3700 | 2500 | 100 | 2700 | 1000 | 700
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Site EUI Per Building
Standard

* Including EV charging on site

California Projects California Projects
Energy Use Intensity By Building Standard Energy Use Intensity By Building Standard And Use
Excluding Charging One Electric Vehicle Including Charging One Electric Vehicle
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Assumptions (all standards):
- Heat pump heating+cooling by Title 24 requirements 4.5
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Keep Your Cool

ICE
BOX Building Code Built

challenge

CodevBox:

817 lbs

gy  60% loss
ﬁ vs L}
~Passive House Box:

St W PO 1524 lbs
29% loss

after two weeks in Denver, CO, where the
average high has been 66°F




—Keep Your Warmth
mwat tha nla S EE%?

Emu Passive Pod Workshop
Thermal Resiliency Test
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Where's The Difference?

Title 24

Little insulation

Thermal bridging allowed
Low quality windows + doors
No limit on air leaks

Less resilient when the power

goes out

#emu

Passive House in California

More insulation

Avoid thermal bridging

High quality windows + ext. doors
Airtight

More resilient when the power

goes out

www.emupassive.com







Indoor Air Quality

Metrics Preventative Measures
* Fresh air flow rate per occupant * Remove source of pollution (e.g. remove
 Pollutants Concentration gas cooktop)

« CO2 * Continuous fresh air supply

e PM2.5 (also, PM1, PM10...) * Filtration (also, UV treatment)

+ VOCs * Air sealing building

* Radon

* Etec.

#emu

www.emupassive.com



Indoor Air Quality - in this presentation

Metrics Preventative Measures

* Fresh air flow rate per » Continuous fresh air supply
occupant * Filtration

* Pollutants Concentration » Air sealing building

* PM2.5 (causes cancer)

mmu www.emupassive.com



IAQ: Air Tightness

Australia Colorado
 Wildfire near Melbourne * Marshall Fire

« PM2.5 monitoring * Interview with Mark Attard on how air tightness

 EnerP IAQ HEs

Source: [m}
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Air Tightness Requirements

California Title 24:
ACHS0 Actually oo Air Leakage Allowed

(volume-related metric) (the only standard considered not to set a limit) § )
27N i
* most common metric in the US i -~ oS i
Volume-related Air Leakage (ACH50) _, = \\ Surface Area-related Air Leakage (q50)
Median Maximum Allowed Valuef’ ~ Median Maximum Allowed Values
. T - ~
* harder to meet in small buildings By Building Stansatd So By Building Standard
-— - -—
- not as indicative in large buildi i 7o 4" - Al'o\\
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IAQ Example

Enrico's House
e 3+2 bedrooms
7 occupants

Air Leakage

Air Filtration

Fresh Air Supply

ERV
HRV

T




Example: Enrico's House

Treated floor area TFA 24776 |m2 2666 |ft2 Per PHI requirements "
: |
Net Air Volume BDT Volume 694 m3 24505 ft3 |
au | =4
Occupancy Bedrooms 5 Occupants 7 ASHRAE 62.2 (2 dw. units) ,‘ ]
e — - < i I
[ PHI pri || Building '*" FET I
I 2021 2022 2021 Low Ener Passive | Standards L ; » ‘
[ iecc Title 24 | Phius Core |~ o " R I - —
| P | %= }lConsidered :
ACHS0 Limint 3 none hone 1 06 e :
surface-related
q50 Limit none none 0.06 none none |
e i e e o e e 32 e ] ;
1| Volume-specific 30 Air Lea koge
Air I|ACH50 Modeled : Calculated for Enrico's house Allowed By B Idg
I surface-specific project size
Leakage 250 Mo de‘l’e p 0.165 0.060 0.055 0.033 Standard
e e
Resulting ACH15 0.2 0.2 0.1 Air Changes Per Hour Resulting Air Leakage in
[ e pp———— i e o el s o i — — — — —————— ——————— " e .
Iair Leakage Airflow In Normal % s 53 £ Sp. normal” conditions (5 Pa
I | conditions (5Pa delta) ¢fmat SPa delta)
|| Fresh Air Supply 130 124 124 cfm
Il¢continuous) * Fresh air supply required
Fresh Air i ired filtrati
1| Fittration none MERV3 MERVS MERVI3 MERVI3 Min. required filtration grade by bldg. standard
Supply I By bldg standard
1 Label filtration grade hone Min PM2.5 Filtration Filtration of resh air
G A —— Per ASHRAE 522 supply required by bldg.
Fresh Air Supply 3 cfm/person standard
Indoor Air Per Bldg Occupant P
Quality I cee ctive Filtration Grade PM2.5 Effective filtration: combo
- 0.0% 19.7% 1.5% 49.6% 59.6%  |Based on supply, filtration, and of ACH5O0, supply rate,
I (weighted average) ACH50 ) ) X
— and nominal filtration
* IECC: bath fans 24-hr avg




IAQ: Minimum Air

Filtration By Standard

Daily average small particulate matter (PM2.5) concentration in 2014

[ |
30 63 76 86 93 99 104 111 197
(national
average
in 2014)

.
Source: Robert Wood Johnson Foundation County Health Rankings THE WASHINGTON POST

Image 21: Daily average concentration of small particulate matter (PM2.5)

Standard

Minimum Air Filtration Required By

Building Standard

Minimum
Filtration
Required

MERV Minimum Required
Filtration Grade

pm (micron)

1.0-3.0

1 3.0-10.0

Yy

----r---

> 85% : >90%

270%

2 70%

270%

270%

250% | 290%

2018 IRC/IECC NR
2021IRC/IECC NR
2024IRC/IECC NR
California Title 24 MERV13
EnergyStar 3.2 MERVé
DOE ZERH v2 MERVS
J '. | Pretty Good House NR
2015 PHIUS+ MERVS
2018 PHIUS+ Core MERVS8
~ |2021PHIUS+ Core Prescr. MERVS8
’ PHIUS+ 2021 Core MERVS
PHI Low Energy Building MERV13 | -
;] PHI Passive House MERV13 |

1
2 50% 2 90%




Air Leakage

IAQ Exq m p I e Air Filtration

Enrico's House

T—=

|
il

d PHI Low 2 PHI Passive
ACH50 < 0.6

Energy Bldg . Filtration: MERV 13

ACHS50 < 1.0 g
Supply: PHI's req.
Filtration: MERV 13 a1 i

Supply: PHI's req. -

Title 24

* ACHS50 s noreq.
Filtration: MERV 13
Supply: ASHRAE 62.2

2021 IECC

ACH50 < 3
Filtration: no req.
Supply: bath fans

2021 Phius

ACHS50 < 1.1

Supply: Phius' req.




Air Leakage

IAQ Exq m p I = Air Filtration

Enrico's Home Air Exchange i ‘* Enrico's Home Air Filtration
Depending On Building Standard PM2.5 Filtration Grade
- 100% T - 1 Nominal vs Effective /
5 . 1 100% I
I'-‘:I' 90% I Nominal: per required MERV filtratfitlm gr:de, aclcording to IAS:(-{RAE 52.2 | i y o :w
. Effective: weighted average cont. filtered ventilation + air leakage in normal conditions (ave a delta A
§ PHI + Phius I T TR e e |
- 0% . . 1 85% I 8% 85% i 8
5 - | Most air flow is [} [ L
& . . 80% i ‘
: . |intentional : = PHI ensures |, 1|
> o
& : & 70% greatest : : i
+ o o .
g % I B on effective 1 co% |
I 1 o . . . |
SE— I c air filtration | - [
$F 1 ) 2 so% 1 a— 1
~ I V 5 y E Requirements By Building Stan*:rd
& 40% I & £ 00| MERV:NoReq. MERV 13 MERV8 |  MERV® MERV13 |
5 - i ACHS0s3  ACHS0:NoReq.  ACHS0s11 | ACH50s10 ACH505 0.6 ||
2 | . 1
5 30% | fl S so% : |
z : 5 I |
= 4 20% 20%
. % 20% 1 N 20% I :
| | . ne | I
o 10% | 10% | |
C I ™y 1 '
I 2 0% | ) » 0% 0% i = i :
g 2021 2022 1 2021 PHI [ 2021 2022 2021 : PHI PHI 1
o IECC Title 24 Phius Core Low Ener Passivg ; IECC Title 24 Phius Core j Low Energy Passive |
gy r |
Bldg Housel o Be i Bldg House |
BAir Leakage Airflow In Normal Conditions (5Pa delta) - ¥ mNominal Filtration Grade Required

oFresh Air Supply (continuous) 1" ! nEffective Filtration Grade (weighted average)

—_—









° Thermal Comfort
Tltl e 24 ¢ C mfo rt Avg. Surf. Temperature On Windows + Ext. Doors

By Building Standard And Project Location
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Beyond Energy - Passive House for California

* Regardless of certification goals, Passive House provides tools to

enhance durability and resilience of the building stock

* Well insulated and air-sealed buildings remain considerably more

livable when the grid fails

* Filtered fresh air supply + air sealing protects people from exposure

to exterior pollutants (e.g. PM2.5, wildfire smoke, etc.)

* Even in sunny California, windows and exterior doors impact the

thermal comfort level inside buildings

ﬁému www.emupassive.com



Want To Learn More?

Passive Design/Build™ Boot Camp
San Luis Obispo, CA, Sep 30 - Oct 4
(funded by 3C-REN)

“~ DESIGN/BUILD™ 'm:.
BOOT CAMP Illll'ii““. II

~_San Luis Obispo, CA
Sep 30-Oct 4, 2024

Passive Design/Build™ Boot Camp
Berkeley, CA, Oct 21-25
(PH California scholarships available)

' )IN e |: e
BOO'I' CAMP i i ||.@
g?::tglgry 21(595, 2024 7 .l"l':. |l:|'- l.l!'""

| @b

www.emupassive.com



ThankcYou!




