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PH 201 Statement

• Summary: This is an introductory course to provide rudimentary 
knowledge of Passive House design considerations.  It assumes 
familiarity with the PH101 presented by PHCT.  It is not a formal 
training under PHIUS+ or PHI.

• Audience: Those interested in why Passive House works, but 
not yet engaged in a certification course through PHI or PHIUS+

• Topics: 

– Basic massing, shading and solar control

– Air barrier, weather barrier and thermal control layers

– Balanced ventilation,  efficient heating, cooling and 
domestic hot water systems

– Modeling used to guide the design



Learning Objectives

1. Learn more about what has been called the most energy 

efficient building standard in the world, Passive House.

2. Understand how Passive House provides an ideal path to 

achieving Net Zero Energy / Net Zero Carbon buildings.

3. Understand how the building enclosure design is critical to 

meeting the Passive House certification criteria.

4. Learn how mechanical systems design can work with 

envelope design to reduce energy loads.
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Why Passive House?

Focus on fundamental principles of building 

physics to reduce energy loads at their 

source.



Net-Zero Energy               Passive House

• Rigorous standard for primary energy 
reduction (before renewable energy)

• Significant GHG emissions reductions

• Net-Zero energy or net-zero energy ready

• Source-Positive energy capable

• Total source energy demand is roughly 
equal to site energy production

• May offset large fossil fuel energy use 
with renewable source electricity, 
resulting in high GHG emissions

vsvsviavia



PHIUS+ 2021: Varies / person / yr

PHIUS+ 2018:  3,840 kWh / person / yr

PHIUS+ CORE:  5,500 kWh / person / yr

PHI Premium: 9.51 kBTU / sf / yr

PHI Plus: 14.26 kBTU / sf / yr

PHI Classic: 19.02 kBTU / sf / yr

Source Energy Limits



WUFI DesignPH/PHPP

Modeling



Complementary Programs



Passive House

Products and Technologies
≠



Energy Flow 

Climate & Context

Massing & Envelope

Mechanical, Electrical, & Plumbing

Passive House

Whole Building Systems Analysis
=



Credit: Createrra



Credit:  Jamie Wolf, Wolfworks, Inc. 

vs.vs.Conventional               Passive House



Impacts on Users and Co-Benefits

• Healthy indoor environmental quality

– Draft-free

– Comfortable 

– Surface temperatures well above dew point 

– Reduced mold risk

– Paired with low VOC, low toxin materials

– Filtered fresh air

• Passive survivability

– Minimal temperature drift during extreme weather conditions 
even with system shutdowns or power outages

– Longer, slower heating and cooling loss times

• Minimized noise

– Insulation



Passive House whole building energy flow

GAINS: 

• Solar energy through windows, assemblies

• Occupant heat

• Equipment energy loss inside envelope (lights, computers, misc.)

• Equipment Outputs and Efficiencies

• Renewable energy system inputs if present (PV and Solar Thermal)

LOSSES:

• Thermal & Moisture transfer through: 

• Air Infiltration and Leakage

• Assemblies and Components

• Ventilation



Climate Data

USDA hardiness map



WUFI modelling

Climate Data

Credit: Fraunhofer IBP



Massing, Orientation, Glazing, Shading

SOLAR EXPOSUREMASSING &

ORIENTATION

WINDOW AREA 

& ORIENTATION



Credit: PHIUS & Pembina Institute 



Enclosure

Credit: Hammer & Hand



WUFI modelling

Assemblies

Credit: Fraunhofer IBP



WUFI modelling

Assemblies

Credit: Fraunhofer IBP



Air Leakage

Credit: Wolf & Tyler (2013)

PHI:     0.6 ACH50

0.033 cfm50 / ft2 for ≥10,000sf

PHIUS: 0.08 cfm75 / ft2 for 1-4 stories

 0.11 cfm75 / ft2 for ≥5 stories

 0.30 cfm50 / ft2 dwelling units

US Army Corp of Engineers (v3, 2012):     

0.25 cfm75 / ft2

Mass Save UDRH 2019 Baseline:     

0.4 cfm75 / ft2



Air Barrier Details

Air barrier continuity

– High attention to all exterior details

Insulation continuity

– Thermal bridge mitigation 

wherever possible

Credit: Steven Winter Associates



Thermal Bridging

Thermal Bridges are common at structural interfaces:

• Columns and beams at facade

• Slab & floor edges at facade

• Window and door frames and supports

• Cantilevers

• Penetrations

Perkins+Will Research Journal

2017 / VOL 09.01



AND

• Anchors for curtain walls, rain screen panels, and masonry

• Rainwater drains

• Waste pipes

• Electrical

• Ventilation

• Intakes and exhausts

• Kitchen extraction hoods

• Dryer exhaust

Perkins+Will Research Journal

2017 / VOL 09.01

Thermal Bridging



Total : 18,904

= 6 % of the total heat loss through the envelope.

Credit: Steven Winter Associates / PHI

PHPP

Thermal Bridge Modeling



WUFI

Thermal Bridge Modeling

Credit: Fraunhofer IBP



Credit: Meip Keller, Payette 2015

Insulating AROUND Parapet Insulating UNDER Parapet

Thermal Bridging



Credit: Meip Keller, Payette 2015

Thermal Bridging



CAVITY INSULATION:

DENSE PACK MINERAL WOOL OR 

FIBERGLASS WITH VAPOR OPEN 

AIR BARRIER – ALL SEAMS TAPED

ELASTOMERIC SEALANT BETWEEN 

SHEATHING AND STUDS, AT ALL 

SHEATHING EDGES, AT ALL JAMB, 

HEAD, SILL AND TOP PLATES AS 

SPECIFIED

Credit: The Architectural Team

Enclosure - Walls



Enclosure – Windows & Doors

Credit: The Architectural Team



Enclosure - Walls

Credit: The Architectural Team



Enclosure - Roof

Credit: The Architectural Team



Enclosure – Wall to Roof

Credit: The Architectural Team



Enclosure – Interior over Exterior

Credit: Utile Inc.

Challenges

• Heat Tape for plumbing

• Access to plumbing traps

• Inspection of insulation for effectiveness, codes, and PH compliance

• Managing moisture risks at interior spaces

• Location / control of Air Barrier

Interior

Exterior

Interior

Exterior

Interior

Exterior

Insulation Under Deck Insulation At Ceiling Insulation Above Deck



Credit: PHIUS & Pembina Institute 



Mechanical Systems
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Mechanical Systems – Central Heating/Cooling 

Credit: Petersen Engineering Inc.



Mechanical Systems – Individual HVAC 

Credit: Petersen Engineering Inc.

Ducted Units Wall Units

ASHP



VRF
Performance

+ Ventilation ductwork minimized

+ Heat recovery option allows for  

simultaneous heating and cooling

Design
- Extra piping required

Wall Units

+ No additional ceiling space required

- Additional power for each unit per room

- No units on market for very small loads

Ducted Units

+  Hidden equipment

- Requires additional ceiling space

- Requires sealing of ductsDucted Ceiling Units

Wall unit

Credit: Steven Winter Associates

Mechanical Systems – Central / Semi-Central HVAC 



Ventilation

Continuous Balanced Ventilation: 

– Exhausting Stale Air

from point sources (kitchen, bathroom ...)

+ Intake and Filtering of Fresh Air

to living areas (bedrooms, living room …)

With Heat / Energy Recovery



Credit: SummerAire

or energy recovery coreCross Flow Heat or 

energy recovery core

> 50-70% efficiency

Sensible and Latent Energy Transfer



Credit: Michael LeBeau & Barry Stevens

Counter Flow Heat 

or energy recovery core

> 70-99% efficiency

Sensible and Latent Energy Transfer



Credit: doas-radiant.psu.edu

Sensible and Latent Energy Transfer

> 60-80% efficiency



Decentralized

Each unit has their own ERV

Centralized

One ERV ventilates several apartments

Credit: Steven Winter Associates

Heat/Energy Recovery Ventilator
Mechanical Systems – Balanced Ventilation



Centralized

Benefits

• Less horizontal duct > Less ceiling depth

• No exterior through wall penetration

Challenges

• Loss of floor space for vertical shafts

• Large floor and roof penetrations

• Fire rated shafts & dampers needed

• Critical to seal duct

• Higher floor to floor at horizontal  

distribution floor requires coordination

Decentralized

Benefits

• No floor and roof penetrations

• Better apartment compartmentalization

Challenges

• Sealing 2 penetrations per apartment

• Horizontal duct at every apartment  

requires detailed coordination and 

increases ceiling depth

Mechanical Systems – Balanced Ventilation

Heat/Energy Recovery Ventilator
Design / Constructability

Credit: Steven Winter Associates



Centralized

Benefits

• Fewer units to maintain

• ERV more accessible to maintenance

Challenges

• Cost of ventilation on owner

Heat/Energy Recovery Ventilator
Maintenance and Operation

Decentralized

Benefits

• Power for ERV on tenant panel

Challenges

• Filters need to be replaced in every  

apartment every 3 months

• Requires access to exterior louvers for  

cleaning

Mechanical Systems – Central vs Distributed

Credit: Steven Winter Associates



Mechanical Systems - DHW

Domestic Hot Water

• Hot water used for drinking, food prep, sanitation, and personal hygiene

• NOT for heating, swimming pools, commercial cooking, etc.

Credit: Steven Winter Associates



Source Energy

PASSIVE HOUSE 

HIGH RISE: NYC

PLUG LOADS

13%

LIGHTING

29%

PUMP & AUX ELEC

DHW DEMAND

5% 

6% 

34%

13%

COOLING ENERGY

HEATING ENERGY

Credit: Steven Winter Associates



Domestic Hot Water – Central

Benefits

• Reduced pumping power

• Can use gas boilers

• Potential to switch to HP in future

• Could utilize demand controlled 

to  reduce recirc loop losses

Challenges

• Loss of floor space

• On owner's meter

Mechanical Systems - DHW

Credit: Steven Winter Associates



Domestic Hot Water – Semi-Central
Per Floor

Benefits

• Heat Pump-ready now

• Reduced pumping power

• Beneficial electrification

• Could utilize demand control to 

reduce recirculation loop losses

Challenges

• Loss of roof area

• On owner's meter

Mechanical Systems - DHW

Credit: Nyle Systems, Colmack Waterheat



Domestic Hot Water – De-centralized
Per Unit

Benefits

• Heat Pump-ready now

• Can easily meet PH criteria

• Beneficial electrification

• Could utilize demand control to 

reduce recirculation loop losses

• On tenant meter

Challenges

• Requires maintenance closet

• Hybrid units require venting

• Split units require outdoor area

Mechanical Systems - DHW

Credit: Sanden, Rheem



WUFI modelling

Mechanical Systems

Credit: Fraunhofer IBP



PH Pre-certification
Reviewing Reports

Credit: Fraunhofer IBP



3rd Party Verification

• Engaged during Design

• Verification Team should understand & comment on the 

design prior to start of construction

• Responsible for enforcing implementation of Design 

during Construction

• Must have authority through Owner / Architect

• Critical to Passive House performance and certification

Construction Phase Support 



Commissioning  &  Verification

• Testing 
Assemblies

• Checking critical 
connections

• Verifying specs

• Documenting 
issues

• Suggesting 
resolutions

Credit: Steven Winter Associates



Quality Control

Credit: 475 Building Supply



The following items must 

be inspected and/or 

tested before being made 

inaccessible:

Site Inspection Checklist

Phase Description

B
E

LO
W

 G
R

A
D

E

Sub-Slab Insulation

Sub-Slab Air/Vapor Barrier

Below Grade Wall Insulation

Below Grade Air/Vapor Barrier

Gas Meter Room - penetrations

Trash Room

Laundry Room

Waste / Misc. penetrations

A
B

O
V

E
 G

R
A

D
E

Perimeter conditions at Grade

Building Corners, Expansion Joints

Canopies - 1st inspection

Above Grade Wall Insulation

Above Grade Air/Vapor Barrier Transitions

Trash Chute Doors

Roof Surfaces - Insulation

Roof Surfaces - Air/Vapor Barrier Transitions

T
O

P
 O

U
T

Mechanical Bulkhead - Insulation

Mechanical Bulkhead - Air/Vapor Barrier

Elevator Shaft - Smoke Dampers

Storefront - Air Sealing

Canopy - Final Inspection

Mezzanine - Final Inspection

Credit: Steven Winter Associates



Item # Inspection Detail Date

U3 Below Grade Wall – Insulation 100% CD – 08/25/17

Description

See Wall Type 9; 6” (approved by ZHA) or 5” of Owens Foamular 400; insulation continuous at  

benched area; must be inspected before Preprufe is installed.
Images

Cellar Plan – A-100.01

Benched Area: A-315.00

Rigid insulation install: all seams are tight – can’t fit a beer coaster.

5” of XPS

@ West

6” of XPS

@ S, N, E

Too large Too large

Tight

9

9 EXTERIOR WALL (BELOW GRADE)

4 HR FIRE RATED TABLE 720.1.(2) 

#4-1.1
BENCHED AREA: A-

315.00

Instructions provided to 

inspector for items to inspect

Details provided to assist  

on-site inspection

Photos annotated to help  

guide visual inspection

Checklist developed during  

construction documents

Site Inspection Checklist: Unique Conditions

Credit: Steven Winter Associates



Mid-Point Testing 

• Whole Building / 

Guarded blower 

door test

- focus on one floor

• Individual 

apartment  

blower door 

tests

• Individual 

components  & 

Unique Conditions

Credit: Steven Winter Associates



Final Blower Door Test

PHIUS - Pressurize whole building / zones

0.11 cfm75 / ft2   ≥ 5 stories

0.08 cfm75 / ft2   all others

PHIUS - Pressurizing dwelling

0.3 cfm50 / ft2

PHI - Pressurize whole building

0.033 cfm50 / ft2

Credit: Steven Winter Associates



Passive House + Renewables = “Net Zero”

Renewable Energy Systems

plus storage 

• Reduce source energy

• May contribute heat (reduce heating loads, 

increase cooling loads)

Credits:  PHMA, AleSpa, SolarEdge



It CAN be done

Zero Energy Design 

Tighthouse Passive House, 

Brooklyn 



Kaplan Thompson 

Bayside Anchor, Portland 

Portland Housing Authority (PHA) and Avesta Housing



Christine Benedict 

Knickerbocker Commons

RiseBoro Community 

Partnership



Icon Architecture

Finch Cambridge

HomeOwner’s Rehab, Inc.



It IS BEING done!

Handel Architects 

Cornell Tech Residences 

Roosevelt Island

Cornell University



Luke McKneally AIA, LEED AP, CPHC

ICF Account Manager

luke.mckneally@icf.com

Questions  &  Further Discussion

For more information, please visit EnergizeCT.com/passive-house    
or email PassiveHouseTrainingCT@icf.com

mailto:luke.mckneally@icf.com
mailto:PassiveHouseTrainingCT@icf.com
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