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Pennsylvania Housing Research Center

« The Pennsylvania Housing Research Center serves the home |
building industry and the residents of Pennsylvania by improving the
quality and affordability of housing.

« We conduct applied research, foster the development and
commercialization of innovative technologies, and transfer
appropriate technologies to the housing community.

« The PHRC is housed within the Department of Civil & Environmental
En%n]eer_mg at Penn State. For more information about the PHRC
(phu Ilcatlogs, webinars, conferences), check out our website,
phrc.psu.edu.

Description

The Passive House design standard is a voluntary above code program for both new
construction and retrofits that focuses on significantly reducing a home’s energy usage.
Primary design principles involved in this standard are continuous insulation, strict air
tightness limits, reduction of thermal bridging, and a focus on thermal comfort via
balanced ventilation and heat recovery, resulting in homes that can use up to 90% less
energy than a conventional home.

This webinar will provide an introduction of this standard for Pennsylvania’s residential
construction industry, including an overview of the international Passive House
standard (PHI) and the Passive House Institute of the US (PHIUS) standard, the design
principles behind each of them, and details on Pennsylvania case studies built to these
standards. It will also include an overview of the certification process for the homes, as
well as Passive House designers, builders, raters, and verifiers, to inform the residential
construction industry of the logistics of building to the Passive House standarq;r
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Learning Objectives

1. Gaininsightinto the energg reduction and comfort principles
and requirements of each Passive House standard

2. Review the general design and building science details of each
standard for significant buijlding energy reductions and
increased occupancy comfort and safety

3. Review Pennsylvanija case study homes built to these .
standards and which have the thermal comfort and indoor air
quality provisions set out by the standard

4. Understand the PHIUS certification process for homes, as well
as deaﬁners, builders, raters, and verifiers, to know how to
enter the Passive House industry

Code Change: 50+ Speaking Engagements!

Webinar Outline

+ Overview of Passive Buildings
- Introduction to Passive Buildings
- History of Passive Buildings
- General Characteristics of Passive Homes
- Benefits of Passive Homes
- Costs of Passive Homes

+ 15 minute introductions to the:
- PHI - International Passive House Institute Standard
- PHIUS - Passive House Institute of the US Standard

Ditsburgh-Magazine/January:2016/Anything-But-Passive:




Webinar Outline

* 15 minute introductions to the:
- PHI - International Passive House Institute Standard
- PHIUS - Passive House Institute of the US Standard

Landscape/Basics

Tools of Certification
Certification Details

Start to Finish Expectations
Pennsylvania Case Study

Next Steps/Training Resources

L o
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Brief Introduction to Passive Buildings

. Passive Buildings c s
Superinsulated
Ultra low energy usage

Brief Introduction to Passive Buildings

. PaSSiVe Buildings The Value of a Well Insulated Home
10 LeskyHouse
300 Heat Gains
Maximize Gains, Minimize Losses = Soler
200 Ve Hase aicnemal
150 mheatiog

hitpishrinkthatfootprint com/house-insula
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Brief Introduction to Passive Buildings

Five Elements of Passive Solar Design

NOT Passive Solar Design | -- e

- “Mass and Glass”

History of Passive Buildings

Pioneers - North America Formalized Standard - Germany  United States Examples
Saskatchewan Conservation House (1977) +  Darmstadt-Kranichstein (1991) + Smith House (2002)
Biohaus (2006)
lllinois Lo-Cal House (1975) « Passive House Institute (PHI) b assive House Institute of the
Massachusetts Leger House (1978) US (PHIUS)
Saskatchewan
Conservation House (1977) Darmstadt-Kranichstein (1991) Smith House (2002)

Characteristics of a Passive House

HIGH INSULATION

1. Optimized Solar Orientation
2. High Insulation

3. High Performance Windows
4. Airtight Construction

5. Balanced Ventilation

AIR TIGHT
CONSTRUCTION
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Optimized Solar Orientation

1. Optimized Solar Orientation

High Insulation: High R-Values + Continuous

m PASSIVE HOUSE

2. High Insulation WALL SECTION A

4

High Performance Windows
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Airtight Construction

4. Airtight Construction

PassIVE

Balanced Ventilation: Continuous Fresh Air

5. Balanced Ventilation 'S F

Benefits of a Passive House

1. Comfort ——
2. Health s
3. Efficiency
4. Durability

PASSIVE HOUSE=BETTE_R_ PER_FORMANCE




Benefits of a Passive House

1. Comfort

‘Conventional
Envelope & Windows
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Benefits of a Passive House

1. COmert Noise Reduction in Passive House

Benefits of a Passive House

2. Health




Benefits of a Passive House

3. Efficiency
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Benefits of a Passive House

final energy consumption measured  kWh/(m’a) ( living space )
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Benefits of a Passive House

4.Durability ¥ o i




Costs for Passive Homes

WHERE THE MONEY IS GOING

ENVELOPE EnvELOPE s $
srsrems srrems
sar‘tmmlm'
ol Jy 34

PASSIVE HOUSE CONVENTIONAL BUILDING
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Webinar Outline

* 15 minute introductions to the:
- PHI - International Passive House Institute Standard
- PHIUS - Passive House Institute of the US Standard

Ditsburgh-Magazine/January:2016/Anything-But-Passi

What’s Needed for Both Standards

+ Trained Professionals ‘r) | ‘r) s
- Homes as systems ESIGNER CONSULIANT Hinaintaine)
- Building science focused “:Ir"fﬂ Q
- Know the standard TRaDEsPERSON

* Integrated Desigh Team

» Goal to Certify Y




Introduction to the PHI Standard

» 15 minute introduction to the:
- PHI - International Passive House Institute Standard

. Landscape/Basics

. Tools of Certification

. Certification Details

. Start to Finish Expectations

. Pennsylvania Case Study

. Next Steps/Training Resources

O hAE WN =

3
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PHI Passive House Standard:
Landscape - Global Applicatio

=

PHI Standard:
Landscape - Global Community

naphn g - maa 4

\,) vesuse  PASSIVE Hous;@

o
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PHI Standard: Basics...a comfort standard

Pass/fail passive building
standard
Performance-based standard
Energy performance criteria:
a. Limits on heating and
cooling/dehumidification
- (peak load OR annual demand)
b. Limits on overall source energy use
c. Airtightness: 0.6 ACH50
- Comfort performance criteria:
a. Thermal Comfort
b. Occupant Satisfaction/Control
c. Ventilation System

3
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PHI Standard: Basics...future proofing

Future extreme weather - Future renewable grid - Future resilience @

PHI Standard(s): History

+ Passive House Standard —
- Developed initially 1990’s
- Adapted as building uses and locations Q 2
warrant Passive House p ~ — .
- In2014 reformulated to address future - 1 9 | 2
electric clean power grid & onsite > el —m |
renewables IQ@ 2 R

+ EnerPHit Renovation Standard l")” s
- Developed in 2000s to deal with unique -
issues of retrofits - launched in 2011

« PHI Low Energy Building Standard
- Developed in 2010s to deal with “near
misses”

11



PHI Standard: Tools of Certification

Passive House Planning Package

- PHI Trained & Certified 1 &
Professionals '7) 5) Thitsrision
- Designer/Consultant (CPHD/C) Zo s
- Tradesperson (CPHT) PassISE NDUSE passifE HOUSE
- Energy Modeler LHER SRISULIANT Teaviseiasow
- Certifier
- Energy Model Software s
- Passive House Planning Package m
(PHPP)
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PHI Standard: Tools of Certification -
Variants for future changes

Variants in PHPP

Future Climate Data
Usage pattern changes
Component upgrades
Future system updates

PHI Standard: Tools of Certification

TN
\‘) Component Database h

= ]
- i e,
- 2 2

- Sy %
Do

Certified Component = - =
Performance . L =
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PHI Standard: Tools of Certification -

Community of Certifiers

Canadian Passive House Institute - Passive House Institute
- info@passivehouse.ca
- CertiPHiers Cooperative -
- info@certiphiers.com

ilding.certificatior

- Herz-Lang -
- ryan.conor@herz-lang.com - mpaulss
MEAD Ltd - Steven Win:

eadconsulting.co.uk .

- MIZU Passive House Consulting -
- welcome@mizupassivehouse.com

- Passive House Academy R

- ed

- enquir

naus ltalia
phir.ph

@passivehouseacademy.com

s
exihler
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passiv.de

tichpassivedesign.com

PHI Standard: Tools of Certification

| - tpsipasdvdediourloads/Bulding_Cenifcaton_Guide

PASSIPEDIA

The Passive House Resource huos ipassipedia o

PHI: Certification Criteria

Critoria
for the Passive House,
EnerPHit and
PHI Low Energy Building Standard
(IP Version)

13



1. Passive House Standard Performance

* Added variables

Table 1 Passive House Criteria

include: .
- dehumidification | ™ 10 1
Fastng e @rupeny| | < ][ = Il FX12 1
2
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2. EnerPHit Standard Performance

« Component method - using [Hesing T Cooing
certified components o | ax atng | Max oo
g domand semand
OR e [KBTUAfy)) [RBTURy)
« Energy Demand Method \ LT i)
== oqual o Passive
ot Houss
PLUS s B ot
« Airtightness relaxed to 1.0 ACH50 e b

« General Requirements
« Typical Exemptions

3. Low Energy Building Standard

Performance

+ For “near misses” Table 4 PHI Low Energy Bulkding crtena

Hosting
e —

C 3 1
e | |
e

e I————1

[ Prossureston st e n]
Ronwwatie Brimary Enorgy (PER"

Excestng ma caa 1o
s an 4TS ABTUARY)
— pormites
Rerwatin anergy genarsicn” 0 comperaation o e
2 ove Gavaton oy sasmona
projected bukng tockrnt geecaton

o
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« calculated values
« criteria values
« yes/noresult

PLUS:

« supporting documentation: photos,
reports, drawings, specifications

CFE

Not Required:

« Third party program validation
« BUT can harmonize with third party

programs @

PHI: Start to Finish - Major Phases

1. select a certifier and professionals
a. select certified consultants / get training o o
2. design
a. check assumptions with certifier T ot
b. select assemblies, components, systems Passive House
c. certifier design check with calculations and selections [—
d. runvariants (-] ]
3. construction
a. submit documentation
i. installation photos, specifications, final details, calculations,
and “as-built” plans
ii. third party testing of airtightness and ventilation system
4. designer & certifier confirmation of accuracy

5. issuance of certification @

Case Study: Philadelphia Passive House

1600 SF, single family home
Re:Vision Architects

15
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Case Study: Philadelphia Passive House

Enclosure:
Slab: 3" XPS insulation, R15 (continuous)
11" think double stud, R36 with mineral wool batt

Systems:
Heating & Cooling: Split heat pump system providing
coolingand heatin

insulation Hot Water: Electric Hybrid Heater
Roof: 13" I-Joist structure with mineral wool, deck and Ventilation System: Zehnder ComfoAir 350,
Polyiso above, R75 counterflow heat exchange with distributed supply
Windows: Triple Glazed, PVC frames, tilt-turn, RO center of  and exhaust outlets
glass

! Airtightness: 0.51 ACH50

.. Resources

- www.passivehouse.com

- www.naphnetwork.org

- www.passivehousewpa.com

- www.greenbuildingunited.org

naPhn

2. Training Opportunities

- www.naphnetwork.org

- www.passivehousewpa.com RS TRANINNG VENTE

- www.greenbuildingunited.org

16



Introduction to the PHIUS Standard

- 15

O hA WN =

minute introduction to the:
PHIUS - Passive House Institute of the US Standard

. Landscape/Basics

. Tools of Certification

. Certification Details

. Start to Finish Expectations

. Pennsylvania Case Study

. Next Steps/Training Resources
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PHIUS Standard: Landscape

650+ submitted and certified
projects in North America
- 205 fully certified projects

International applicability

- Projectsin Japan, China, and
S.Korea

- PHIUS+ 2018 aligned with
ASHRAE global climate zones

450+ SUBMITTED&CERTIFIED PROJECTS IN N. AMERICA

PHIUS Standard: Basics

PH

Passive House Institute US

Performance-based passive
building standard

Includes prescriptive quality
assurance requirements

Pass/fail passive building standard

Three pillars:
a. Limits on heating/cooling loads (peak &
annual)
. Limits on net source energy demand
. Airtightness & other prescriptive quality
assurance requirements

oo

Heidelberg, PA - Heidelberg Passive

17



PHIUS Standard: Basics

PHIUS+ 2018
+ PHIUS+2018
- Fully enforced as of April 1, 2019 e ol e
- Currently on Version 2.1| June 2019 .

us.org/PHIUS:

6/18/2019

PHIUS Standard: Basics

« PHIUS+2018

- Builds on groundwork laid with PHIUS+
2015 standard
« Developed with the Building Science
Corporation under a Department of
Energy Building America Program

grantin 2014 k= e

« PHIUS+ 2015 standard marked the e
distinction between PHI and PHIUS miwer it
standards e wowm mcs wwm  wcmm

P
==
Thaes m

cation-for-bulldings-products/project-

EEILEN

PHIUS Standard: Basics

« PHIUS+2018

Effective

Date R P [P PP PP (Y P P e

or-buidings-products/project:

- PHIUS plans to update standard every
three years (2021, 2024, etc.)

18



PHIUS Standard: Tools of Certification

e Trained Professionals
o Certified Passive House:
= Consultant
= Builder
m Rater
m Verifier
o PHIUS organization

anti-PH-CASE STUDY-reduced pdf

Scranton, PA - Scranton Passive House

6/18/2019

PHIUS Standard: Tools of Certification

e Software
o WUFI Passive

. Performance Requirements
. Prescriptive Requirements
. Design Recommendations

PH - Single Family Detached homes
- Attached homes will follow the
Passive House Instiute s Multifamily Guidelines

PHIUS+ 2018: Components

PHIUS+ 2018
PASSIVE BUILDING STANDARD
CERTIFICATION GUIDEBOOK

19



PHIUS+ 2018: Performance Requirements

1. Limits on heating/cooling > = — =
loads (peak AND annual) — e

2. Limits on net source energy

6/18/2019

PHIUS+ 2018: Performance Requirements

Seranton Passive House Duclose method test chart

.
09 H

053 1
s -~ . ]
o M\“-‘ 0.43

03
02
a

Test1 Test2 Testd Final

PHIUS+ 2018: Space Conditioning Requirements

. PHIUS+ 2015 Climate Map
Peak and annual heatingand =3

cooling usage limits based on:
- Climate
- Location

- Building size
(new for PHIUS+ 2018)

- Occupant density
(new for PHIUS+ 2018)

20



PHIUS+ 2018: Specific Location Performance Targets

At start of design: Estimated Targets Lancaster, PA (CZ5) Erie, PA (CZ5
g
Space Condrioning Citeria Calculator Space Condrtoning Criteria Calcuiator
METHOG: ESTWATOR - Mmoo ESTAMIOR 5
Estimator Method —> wras: RS waTs: WPERAL ()

. [Ea— [rr—
Location ——— i iy

1. Floor Area
2. Total Occupancy

Output:

Estimated
Space Conditioning Criteria

e
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PHIUS+ 2018: Estimator vs. Calculator

In design: Calculated Targets Lancaster, PA - ESTIMATOR

Lancaster, PA -

q
PHIUS+ 2018 PHIUSe 2018

Space Conditioning Criteria Cakculator
‘METHOO:

Calculator Method —> wnaTs:

. [rp— =
Location ——

an asth . e

1. Envelope area per interior = g W AW, B e

Conditioned Floor Area (iCFA) — o © & oo [ ——
2. iCFA/Person el — .

Output:

Official Certification Targets for
Space Conditioning Criteria

PHIUS+ 2018: Net Source Energy (SE) Demand Limits

« Climate-Independent Performance
Requirement

« Three certification tiers

- PHIUS Core
+ Net SE Limit = 5,500 kWh/yr/person
+  Only allows on-site renewables
- PHIUS 2018+
« Net SE Limit = 3,840 kWh/yr/person l
: rerrrs.

Allows on-site & off-site renewables
- PHIUS+ Source Zero
Source energy used = Renewable energy generated
Updated criteria as of June 2019 v phivs org PHIUS +2018/PHIUS +%20Certfcaton®420Guldebook:

20v2.1.06

21
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3. Airtightness Requirements

« Climate-Independent Performance
Requirement Scranton Passive House Duclose method test chart
+ 0.06 CFM/ft2 envelope @ 50Pa for
residential buildings
Measures air leakage of envelope vs.
air volume loss (ACH50)
+ Verified with a final blower door test

041 . —= 0.43

imago e Ricnard Pk |

PHIUS+ 2018: Prescriptive Requirements

1. Moisture Design Criteria
a. Climate-Appropriate Wall & Roof Assemblies
b. Thermal Bridge Mold Risk Assessment m
c. Window Comfort & Condensation Risk Assessment s

WINDOW SILL DETAIL

mape Crt: R Paan |

PHIUS+ 2018: Prescriptive Requirements

From the PHIUS+ 2018 Certification Guidebook

2. QA/QC for Designer: Prescriptive Design Elements
a. Envelope, Heating & Cooling, Water Management, etc.

22
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PHIUS+ 2018: Prescriptive Requirements

2. QA/QC for Designer: Prescriptive Design Elements

b. Whole House Ventilation

supply e emnctae |
rabveg oo o tchen
ﬂ
sy
reser
ol
tip/passivehouse com.aulpage/u

PHIUS+ 2018: Prescriptive Requirements

2. QA/QC for Designer: Prescriptive Design Elements

c. Third Party Standard Requirements
g
ouctin
condn some
A @ woac ol AT O
2 o =
waer er water
R Mansgome
it ] [
ey i =
200 ez e
iosre e A e
phius cerfcation-or s s = HEE
e “Ts 545 sy
ENERGY .
m

€1 Compr. &
20 Disr

A EPAmdoor

PHIUS+ 2018: Prescriptive Requirements

3. QA/QC for Rater/Verifier: Field Inspections

Heating, Cooling & DHW
PHIUS+ On-site Quality Control
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PHIUS+ 2018: Design Recommendations

g i e

aams o -

Sample R-Value Guidelines

Example Window Specs

arnmenditions 1o Windiow Pertemancs

%ﬁﬁm
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PHIUS+ 2018: Start to Finish

1. Assemble Your Team

In Pennsylvania, there are currently ...

e 64 Certified Passive House Consultants
e 28 Certified Passive House Builders

e 9 Certified Passive House Raters

e 10 Certified Passive House Verifiers

phius.org/find-a-
professional

CPHC®

PHIUS+ 2018: Start to Finish

1. Design & Pre-Certify

a. Energy model matches plans & specifications

Heidelberg, PA - Heidelberg Passive
House

24



PHIUS+ 2018: Start to Finish

Heidelberg, PA -
Heidelberg
Passive House

1. Build, Verify, & Certify

a. Final building matches plans & specifications

6/18/2019

Case Study: Scranton Passive House

PROJECT INFORMATION MECHANICAL SYSTEMS
Locaton

Scranton Passive House: Orientation

nago o i Pceas |
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Scranton Passive House:
Strategies

6/18/2019

Scranton Passive House:
Window Details

WINDOW $ILL DETAIL

Scranton Passive House:

Wall Assembly Photos

RPA PASSIVE HOUSE WALL ASSEMBLY

26



Scranton Case Study: Resources

Scranton Passive House eBook & Website

www.richardpedranti.com/projects/scranton-passive-house,

2015 North American Passive House
Conference Presentation

www.phius.org/NAPHC2015/pedranti-PH-CASE-STUDY-
reduced.pdf

6/18/2019

.. Resources

www.phius.org

www.phius.org/alliance
(PHAUS)

www.passivehousewpa.com

www.greenbuildingunited.org

2. Training Opportunities

www.phius.org/become-a-professional

27



Passive buildings have key characteristics
to significantly reduce building energy loads

- Optimized solar orientation

- High Insulation

- High Performance Windows

- Airtight Construction

- Balanced Ventilation
Passive buildings are attainable, practical &
affordable in Pennsylvania
There are Pennsylvania resources for both
the PHI and PHIUS passive building
standards
Work with the professionals, tools, and
resources available to you
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Questions?

www.phrcipsu.edu
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