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We Make 
Buildings 
Perform 

Better

By providing a whole-building 
approach to design and 

construction

Since 1972, Steven Winter Associates, Inc. has 

been providing research, consulting, and advisory 

services to improve the built environment for private 

and public sector clients. 

Our services include:

We have over 125 staff across three office locations:

New York, NY | Washington, DC | Norwalk, CT

For more information, visit 

www.swinter.com

 Energy Conservation and Management

 Sustainability Consulting

 Green Building Certification 

 Accessibility Consulting



Steven Winter Associates is a Registered Provider with The American 
Institute of Architects Continuing Education Systems.  Credit earned on 
completion of this program will be reported to CES Records for AIA 
members.  Certificates of completion for non-AIA members are available 
on request.

This program is registered with the AIA/CES for continuing professional 
education.  As such, it does not include content that may be deemed or 
construed to be an approval or endorsement by the AIA or any material of 
construction or any method or manner of handling, using, distributing or 
dealing in any material or product.  Questions related to specific materials, 
methods, and services will be addressed at the conclusion of this 
presentation

This presentation is protected by US and International copyright laws.  
Reproduction, distribution, display and use of the presentation without written 
permission of the speaker is prohibited © Steven Winter Associates, Inc. 2019
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You will receive the following items 
via email:

• AIA Certificate of completion-can 
also be used for:

• NYS PE CEUs

• PDF of final presentation

• Link to the webinar recording

Upon Completion of 
Module
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Learning Objectives
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Look at 
issues, how 
to correct, & 

tracking 
corrections

Examine
suggested 

processes for 
project 

success

Review key 
important 
concepts 

from modules 
8.1 & 8.2

Understand
net zero 

carbon goals 
for SUNY



Quick intro of “why 
are we here”

Review key highlights 
from modules 8.1 and 

8.2

Review 
documentation 

requirements and 
what gets submitted

1 2 3

• QA/QC

• Identify what’s 
wrong images and 
discuss corrections

Review final blower 
door testing plan

4

10 min break 

~9:40 AM

10 min break 

~12:00 PM

6

Overview of Presentation
5 min break 

~10:25 AM

5





HINT: use an underscore between words to keep them linked together



Why we are here: 
Directive 1B-2
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• 2018 Chancellor calls for all new 
buildings to be zero-net-carbon & deep 
energy retrofits for existing buildings

• 2018 SUCF issued Directive 1B-2

• Purpose: define and identify goals for 
Net Zero Carbon (NZC) new buildings 
and Deep Energy Retrofits (DER) of 
existing buildings. 

• Function: outlines the project target 
goals and provides direction for project 
designs. 

• Metrics: Site Energy as the measure of 
performance and energy consumption. 

Coykendall Science Building



Why we are here: Directive 1B-2

• Design and construct highly energy efficient 

buildings which significantly reduce energy 

consumed below an energy code standard for 

new buildings or energy usage for an existing 

building.

• In the case of insufficient project funding, the 

design goal will be to design the building as 

NZC “capable” where: the design achieves the 

energy use intensity (EUI) limit using HVAC 

equipment and systems that can be electrically 

powered from renewable energy sources.
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New Building Performance goals: 
Site Energy Use Intensity (EUI) limits

Classroom building 50 kBTU/ft2/year

Office building 50 kBTU/ft2/year

Laboratory building 150 kBTU/ft2/year

Residence Hall 32 kBTU/ft2/year



These Trainings
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• Module 1: Overview of PH and Net Zero

• Module 2: Construction Methods and High-Performance Products and Details

• Module 3: Air Barrier Development & Implementation

• Module 4: Net Zero HVAC Strategies and Controls + DHW

• Module 5: Construction Documents and Bidding

• Module 6: Deep Energy Retrofits

• Module 7: Refrigerant Management in Design, Construction, and Operations

• Module 8.1: Building Envelope

• Module 8.2: Net Zero Mechanical, Electrical, and Plumbing

• Module 8.3: QA/QC Techniques for Ensuring Success

• Module 8.4: Field Training & Mock-Up



Clarifications
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We may use Passive 
House and Net-Zero 

interchangeably

Passive House 
principles are a great 
pathway to achieving 

Net-Zero



Questions?
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Modules 8.1 and 8.2 Highlights Review
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Typical Construction Types – Steel Studs 
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• Despite steel studs thermally 
conductive properties, they are still 
used on some high-performance 
buildings 

• Steel studs are a back up wall 
alternative to CMU in large buildings 

• It is possible to reach Passive House 
insulation levels with steel studs



Typical Construction Types – Steel Studs 
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Typical Construction Types – Steel Studs 

17

• Steel studs

• Exterior grade gypsum

• Fluid applied air barrier

• Sheet applied air barrier

• Exterior insulation

• Assumed finish of brick 
and EIFS

• PTACs



Typical Construction Types – CMU
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Typical Construction Types – CMU
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Typical Construction Types – CMU
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Not So Typical Construction Type – AAC Block

21

• Autoclaved aerated concrete 
(AAC): a lightweight, precast, 
foam concrete building material 
suitable for producing concrete 
masonry unit (CMU) like blocks.

• Composition: quartz sand, 
calcined gypsum, lime, cement, 
water and aluminum powder, 
cured under heat and pressure



Not So Typical Construction Type – AAC Block
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• AAC Benefits (to name a few)

• Workable with hand tools, 
lightweight, fireproof, thermal 
insulation, less portland cement, 
noise reduction, moisture 
regulation 

AAC + PH = 

• AAC Blocks – Made by YTONG, 
Aercon Florida, etc



Not So Typical Construction Types – AAC Block
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Existing Buildings – Renovations and Retrofits

24

Existing buildings 
present a large 
opportunity to 

incorporate net-zero 
features in pending 

renovations and 
retrofits.

~70% GSF < 40 years old



Existing Buildings 
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• Maintaining an airtight and well 
insulated building envelope is 
very challenging in existing 
structures

• Typically, interior application of 
both insulation and air barrier is 
required to preserve historic 
nature of the building 

https://passivehouseplus.ie/magazine/insight/energiesprong
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• Interior spray foam is a 
viable solution for 
insulating and air sealing 
from the interior 

• Different iterations of 
shop drawings through 
out the design and 
implementation of this 
strategy 

Existing Buildings – The Good 



PH Windows
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Window Shop Drawings 
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Window Installation
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Windows – Mock Ups (AAC & CMU)
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Windows – Testing and More Testing
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Mock Ups are Critical
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Thermally Improved Attachments
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Products Applied – Armatherm 500 
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Ventilation – Balanced
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• Central ERV • Individual ERVs



Ventilation (511)
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• Central Ventilation

• Swegon Gold RX50 on main roof 
serving apartment spaces in main 
tower

• 2x Ventacity VS1000 on roof of 
“sliver” building serving apartment 
spaces

• Swegon Gold RX25 in cellar 
serving commercial space and 
lower amenities

• DCV in main amenity spaces tied 
to occupancy sensors



Ventilation
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511 East 86th Street

Obstacle 1: Building Form

Obstacle 2: Split TCO

Obstacle 3: Cost of CO2 Sensors

Obstacle 1: The building is two large masses connected by a thin corridor. This 

results in long duct lengths on some floors and separation of systems on others.

Obstacle 2: Allowing one part of the building to be occupied 

while construction is still happening in another will make 

balancing the system almost impossible. This is not advised.

Obstacle 3: The cost of integrating CO2 sensors and the required controls can be significant. 

Consider using simple occupancy sensors when granular control is not needed.



Ventilation - Challenges
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• Individual Ventilation

• Cramped ERV closets

• Difficulty in properly 
insulating and air sealing 
exterior wall connections

• 2x wall penetrations per 
apartment

• Future maintenance (filter 
changes)

• What do you see wrong in 
this photo?



Final Air Flow Rates & TAB
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DCV Set Up
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• Demand Controlled Ventilation (DCV) getting properly set up



Duct Sealing - Ventilation
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211 West 29th Street

Obstacle 1: Timing of Aeroseal

Obstacle 2: Final balancing

Obstacle 3: Initial design much 

higher than mechanical code 

Obstacle 1: Due to the sequencing of the project, it is very difficult to 

schedule Aeroseal at a time when all riser and branch ductwork has been 

installed. Scheduling of Aeroseal should be coordinated with HVAC 

contractor early in construction.

Obstacle 2: During balancing, the total CFM measured at the unit 

will likely be higher than the design CFM because of leakage in 

ductwork and higher static to overcome tight mechanical rooms. 

To minimize this, sharp turns in ductwork should be reduced when 

possible and extra fan power should be accounted for in energy 

models.

Obstacle 3: The initial ventilation design included rates in 

BOH and amenity spaces that were much higher than 

required by the IMC. This results in unnecessary fan energy 

use.



Ventilation
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IF YOU REMEMBER ANYTHING, REMEMBER 

THIS LIST

• Ductwork must be Aerosealed in order to achieve 
balancing and  ALL DUCTWORK SHOULD BE 

INSTALLED

• Constant airflow regulating (CAR) dampers must 
be used at all registers and must be ACCESSIBLE

• Ductwork behind registers must be CLEARLY 
connected to drywall 

• Do not combine AHU and ERV ductwork

• Account for buffer on top of design flowrate in 
energy model

CAR Damper: CAR dampers must be used at all 

registers to achieve proper balancing. Make sure to 

use CAR dampers like the one pictured here, with a set 

screw to adjust the flap.

https://eflowusa.net/product/constant-air-flow-

regulators-3/

Well sealed ductwork to drywall: If ductwork is not 

properly sealed to drywall behind registers, air will 

dump into ceiling or wall cavities, drastically increasing 

total fan power required to achieve proper balancing. 



Plumbing - DHW
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• Follow P-001.00 for DHW, including 
crotons

• Insulation to be continuous at all hanger 
locations (kindorf & clevis) 

• Runout piping



Pipe Insulation Sizes
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• http://www.pi-piper.com/



Light Fixtures – Verification 
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Lighting Controls - General
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• Interior and exterior 
controls on the electrical 
plans



Questions?
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10 Minute Break
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Documentation Requirements for PH
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Final Submissions – Field Documentation PHIUS

50

• Project Photos

• Contractor Declaration

• PHIUS+ Onsite Verification Folder

• PHIUS+ Multifamily Quality Assurance Workbook.xlsx

• Inspection Reports

• Final Energy Model

Note: This particular project was certifying under PHIUS+ 2015



Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos

54



Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Project Photos
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Field Documentation PHIUS – Contractor Declaration
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PHIUS Onsite Verification Folder
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PHIUS Onsite Verification Folder

64



PHIUS Onsite Verification Folder
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PHIUS Onsite Verification Folder
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PHIUS Onsite Verification Folder

67



Final Submissions – Energy Model PHIUS
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Final Submissions – Field Documentation PHI
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• Project Elevations

• Duct Insulation & ERVs Info

• Appliances

• Envelope Assemblies

• MEP Equipment, DHW Equipment

• Site Visit Reports

• Whole Building BD Test Report

• TAB Report

• Contractor Declaration



Field Documentation PHI – Elevations Images
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Final Submissions – Field Documentation PHI
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• Duct Insulation & ERVs Info, 
Refrigerant Insulation



Final Submissions – Field Documentation PHI
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• Appliances – refrigerators, washers, dryers, dishwashers, induction cooktops



Final Submissions – Field Documentation PHI
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• Remaining Items – similar to PHIUS



Questions?
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5 Minute Break
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Process for Project Success

76



Quality Control & Quality Assurance 

77

Inspection 
Checklists & 
Personnel

PH 
Construction 

Schedule

QA/QC 
Concepts



Quality Assurance vs Quality Control
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https://www.workpack.in/2018/06/27/difference-quality-assurance-qa-quality-control-qc-construction/
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The planned and systematic 
activities implemented in a 

quality system so that quality 
requirements for a product or 

service will be fulfilled.

Quality Assurance 
Defined 

79

http://www.buildingprofessionals.com/quality-assurance/what-is-quality-assurance-2/
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Quality control is the part of quality 
management that ensures products 

and service comply with requirements. 

It measures the quality characteristics 
of a unit, compares them with the 

established standards, and analyses 
the differences between the results 
obtained and the desired results to 

make decisions which will correct any 
differences.

Quality Control 
Defined  

80

https://www.designingbuildings.co.uk/wiki/Quality_control_for_construction_works



Quality Assurance vs Quality Control
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https://www.sam-solutions.com/blog/quality-assurance-vs-quality-control-the-difference-and-comparison/

QA QC

A management tool A corrective tool

Process-oriented Product-oriented

Proactive strategy Reactive strategy 

Prevention of defects Detection of defects 

Everyone’ responsibility Testing & verifications team’s 

responsibility 

Planned then performed in parallel 

with a project 

Preformed after final product is 

ready



Quality Assurance vs Quality Control
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• To measure construction quality both QA and QC are essential to 
ensure the project is executed according to the standards

• It is critical to define quality with the owner

• If Passive House certification or net zero is required by the owner 
a baseline of acceptable quality for high performance is required 

• Factors include schedule, budget, fulfillment of specifications, 
ensuring final product preforms the intended purpose



Early Engagement
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• Front loaded design

• Project team needs to 
work very closely together

• Design decision making 
during pre-construction

• Many projects succeed 
with first time PH team 
members if the owner & 
architect are committed 



Integrating Net Zero
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DEFINE

CONSTANTS





Integrating Net Zero
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Value Engineering – Be Careful
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Who should be included from the beginning?

88

Architect

Owner

Facilities

Staff

Cx Agent
PH 

Consultant

Façade 
Consultant

General 
Contractor, 
if feasible



PH Overview Construction Timeline
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Mock Up – PMU Testing
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Why performance test a pre-construction mock-up?

• Great tool to verify design intent meets performance requirements 

• Identify the logistics and sequencing of complex PH details

• Assist in working out sub-contractors responsibilities and provides 
hands on experience to subs responsible be fulfilling the design details

• Used to QC sub contractor workmanship 

• Must use same contractors that will be on site 

• Costs associated issues with details during construction mock up 
testing can out weigh the cost of the PMU



Pre-Construction Window mockup test

91



Construction Schedule
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Verification for Large Projects
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• Foundations

• Abutting neighbor(s) 

• Staging of foundation

• Under slab / stem walls

• Above Grade Walls

• Wall construction type: CMU, wood 
framed, etc.

• Sequencing for hoistways, upper vs. 
lower floors

• Roof

• Thermal breaks and roof membrane 
penetrations 

• Bulkheads, louvers & dampers



Verification for Large Projects
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• Air Barrier 

• Window mockup testing

• Interim guarded blower door testing

• Compartmentalization (if 
applicable)

• Unique component testing

• Whole building blower door test 

• MEP

• In unit heat/cool duct testing

• Ventilation

• Fan power 

• TAB process

• Pipe insulation

• Lighting wattages & controls



PH Construction and QA/QC Process
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Project Team Kickoff (Review Checklists) Below Grade Inspections

Mockup Testing and Contractor Training Interim Testing and Inspections

Final Blower Door TestGuarded Blower Door Test



Airtightness
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• Air barrier install

• Window details & 
installation

• Interim and spot testing

• Guarded BD Test

• Whole building BD Test

Planning during design 
and the integrated design 
approach

Training for contractors 
and subs

Inspections and testing



Contractor Trainings
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• Typically two sessions: one for Envelope trades, one for MEP trades



Contractor Trainings
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SWA Checklists for QA
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• To help both SWA and the contractors understand what is to be 
verified during the construction process and the quality expected, 
two checklists are developed and review with the construction team 
during kickoff (typically at foundation stages)

• Typical Checklist – outlines repetitive items throughout construction

• Unique Checklist – outlines “one-off” items but are important for PH



Typical & Unique Checklists
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Start of 

Construction

Prior to 

Drywall / 

Start of 

Drywall 

Installation

Construction 

Completion



Typical Checklist – Start of Construction
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Typical Checklist – Prior to Drywall
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Typical Checklist – Construction Completion
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Unique Checklist – TOC
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Unique 
Checklist –
Example 1
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Unique 
Checklist –
Example 2
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Unique 
Checklist –
Example 3
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Unique 
Checklist –
Example 4
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Unique 
Checklist –
Example 5
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Dedicated Onsite Personnel
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• Dedicated air barrier supervisor 
from CM team overseeing 
installation and continuity 

• Dedicated air barrier 
contractors

• Supplemental air barrier 
consultant / tester hired by the 
GC for their own quality control



Dedicated Onsite Personnel
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• The more eyes on the air 
barrier, the better.

• Don’t forget about the other 
trades though – although they 
won’t be “graded” with an air 
barrier test, their quality of work 
is important for achieving PH 
goals



Questions?
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What’s wrong with this photo?
(hint: there can be more than one thing)
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What do you see wrong with this photo? Image 1
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What do you see wrong with this photo? Image 2
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What do you see wrong with this photo? Image 3
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What do you see wrong with this photo? Image 4
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What do you see wrong with this photo? Image 5
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What do you see wrong with this photo? Image 6
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What do you see wrong with this photo? Image 7
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What do you see wrong with this photo? Image 8
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What do you see wrong with this photo? Image 9
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What do you see wrong with this photo? Image 10
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What do you see wrong with this photo? Image 11
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What do you see wrong with this photo? Image 12
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What do you see wrong with this photo? Image 13
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What do you see wrong with this photo? Image 14
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What do you see wrong with this photo? Image 15
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What do you see wrong with this photo? Image 16
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Seriously?

130



SWA Reports and Tracking
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• Reporting Field Conditions

• Remedial Work

• Confirmation

• Issues Log



Photos & Sharing
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• Take photos in 3 views

• Overview photos to give context

• Middle range photos to show more detail

• Close up photos to show small details (e.g. air barrier 
around brick ties)

• Sharing photos on Procore or by email



Site Visit Reports
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Site Visit Reports
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Additional Support - When Needed
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Addressing In-Field 
Conditions 

136

• Check with PH 
consultant before 
doing anything which 
may impact the overall 
R-value

Example: blind side 
conditions

• excavation support 
lag wall to be used 
as foundation 
formwork



Remedial Work & Confirmation
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• Inspector to reinspect, or GC to provide photos

• Judgment call – severity of issue

• Need to establish a good working relationship before being comfortable 
accepting photos



Issues Log
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Do NOT Do This 
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• Be wary

• Assume if the GC has done a PH / Net-Zero 
project that the second will automatically 
pass 

• Keep going without passing the window 
mockup

• Depend on subs understanding contract 
docs without communication

• Allow the GC to exclude meeting PH 
requirements from the contract

• Ignore your PH Consultant!





Do This
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• Insist on 

• Training for construction staff

• Mockups & don’t stop until the window mockup 
passes

• Interim blower door testing if possible

• Advanced Planning

• Typical and Unique checklists

• Blower door testing plan

• Quality Control

• Typical details readily available on site for all subs

• Communication between GC and PH verifier

• Panelized construction, if an option





Questions?
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5 Minute Break
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Blower Door Test Plan
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Blower Door Testing
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• Basic Components

• Gauge (manometer)

• Shroud

• Frame

• Fan



Whole Building Blower Door Test
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Whole Building Blower Door Test
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Air Tightness
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• Requirement:  < 0.6 ACH@50 or 0.08 CFM/SF enclosure (PHIUS large bldgs)

• What does this mean? 

• @50 refers to 50 pascals pressure difference between indoors and out 
during a blower door test, ≈ 20mph wind on all sides of house

• 0.6 ACH50 = 5 times tighter than ENERGY STAR®

• Method A and Method B Testing 

• A: Configures building to operation during the heating and cooling seasons 

• B: Any intentional openings in the building envelope are sealed 



Blower Door Test Conditions
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Whole Building Test Logistics
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• Enough fans, cruise manometers, frames, shrouds, tubing, CAT5 cabling, 
people?

• Is building access limited to avoid people opening and closing doors, 
windows, etc.?

• Thorough walkthrough the day prior to test date to confirm prep has taken 
place?

• GC and appropriate subs on site to help with building prep and issues that 
come up on the test day?

• Saturday work permits active?

• COVID concerns?



Whole Building Prep Work
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Central ERVs and Blower Door
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• Need to seal off ERVs for the test

• Wrap rooftop ERVs and/or seal exterior intake and exhaust louver ports



Individual ERVs and Blower Door
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• Typically can’t reach all vents to seal from outside

• Tape off both outdoor connection ports inside every ERV

• Some ERV’s can’t be sealed inside the cabinets



Whole Building Test Logistics and Execution

153

• A great resource is Blower Door Applications Guide: Beyond 
Single Family Residential PDF (Brennan, Clarkin, Nelson, Olson, 
Morin)



Whole Building Test Resources
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• https://www.airbarrier.org/technical-information/whole-building-air-tightness-testing-2/



Test Day
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• Plan all equipment needed in advance

• Keep testing team small: 3-4 people

• Restrict building access for duration of test to essential people

• Have extra tape, caulk, foam on hand for any last minute air sealing 
efforts needed

• Construction crew on standby*



Some Successful Blower Door Tests
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• Star Garments (Sri Lanka) passed on 5/1/2018

• 211 W 29th Street (NY, NY) passed on 10/12/2019

• Beach Green II (Far Rockaway, NY) passed on 10/18/2019

• 511 E 86th Street (NY, NY) passed on 08/31/2020



Questions?
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HINT: use an underscore between words to keep them linked together



Questions & Final Discussion
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Join Us for More Trainings!
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• Module 8.4 - Field Training & Mock-Ups

Register here: https://www.newpaltz.edu/sustainability/view-programs-and-
progress/zero-net-carbon-training/workshop-schedule-registration--details/



Steven Winter Associates, Inc. 

307 7th Ave., New York, NY 10001

www.swinter.com

Contact Us
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Michael O’Donnell 

Senior Building Systems Consultant | 
CEM, BPI MFBA 

modonnell@swinter.com 

212.564.5800 x1360



Resources
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• https://www.imiweb.org/masonry-detailing-series-3/masonry-detailing-
series-main-list/

• https://www.workpack.in/2018/06/27/difference-quality-assurance-qa-
quality-control-qc-construction/

• https://www.airbarrier.org/technical-information/whole-building-air-
tightness-testing-2/


