Importance of the Building Enclosure in Meeting Sustainable Building-Performance Goals
By H. Jay Enck

Building enclosures are often underappreciated for their role in meeting building-performance goals.
The design and quality of building-closure construction have a direct effect on occupant satisfaction,
occupant productivity, energy efficiency, and low-maintenance-cost goals. The measure of how
sustainable or green a specific building is depends on its performance from people, planet, and profit
perspectives over its lifetime. Achieving these performance goals requires a collaborative effort. Holistic
Commissioning® that begins during predesign of a new facility (or a major refurbishment) is one way of
helping to ensure that the goals established by the owner are met.

The commissioning process starts with defining the Owner’s Project Requirements (OPR), a statement
that documents the Owner’s goals and objectives. From a building-enclosure perspective the Owner
defines the image the building will portray, weather events the building must withstand, the desired
energy efficiency, the occupant mission the building will support, expected useful-service life, annual-
maintenance cost, project budget, and commissioning scope, to name a few of the more important
criteria. Each of these specific documented conditions governs the design, construction, and operation
of the facility as well as the team members who will fulfill the various project-team roles and
responsibilities.

It is essential that the Owner include in the project team’s scope of work the commissioning-process
roles and responsibilities for each team member. Incorporating the specific responsibilities that support
the commissioning process into team members’ agreements with the Owner helps the entire team
deliver a building that meets the Owner’s goals and objectives. Without these agreements in place, the
resulting building may not meet the Owner's goals for supporting occupants and maintaining target
operating/maintenance costs. To assist Owners, the American Society of Heating, Ventilation,
Refrigeration, and Air Conditioning Engineers (ASHRAE) developed ASHRAE Standard 202, The
Commissioning Process for Buildings and Systems.

ASHRAE Standard 202 defines the minimum commissioning process, roles and responsibilities, and the
minimum set of deliverables required from the commissioning process from each team member in
enforceable language. ASHRAE 202 was developed to support many other standards and programs
without focusing upon specific building types, systems, or assemblies or on specific project sizes.
Supplementary technical guidelines have been and continue to be developed to provide specific and
detailed information on how to implement the Commissioning Process for each major building/facility,
system, or assembly, and for various stages of facility development and operation. ASHRAE 202 will
facilitate entities in utilizing the commissioning process to deliver better buildings through a better
understanding of the process.

ASHRAE 202 supports ASHRAE 90.1 Energy Standard for Buildings (which in the 2010 version includes
minimum day-lighting and air-barrier criteria), National Institute of Building Science (NIBS) Guideline 3,
and ASTM Standard Practice for Building-Enclosure Commissioning. NIBS published the first Building-
Enclosure-Commissioning Guideline (Guideline 3) in 2006 and an updated version in 2012. The American
Society of Testing Materials (ASTM), in agreement with NIBS, has taken over NIBS Guideline 3 to support
ASTM’s Standard Practice for Building-Enclosure Commissioning. In addition, green-rating systems such
as the U.S. Green-Building Council's (USGBC) LEED rating system for New Construction Version 4
(LEEDv4) requires that the Owner’s Project Requirements (OPR) contain the goals, objectives, and
criteria for the building enclosure. LEEDv4 also requires the design team to include building-enclosure
Basis of Design (BOD) information and a commissioning review of the OPR, BOD, and project design. In
addition, LEEDv4 gives two credits for construction-phase commissioning in accordance with NIBS
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Guideline 3—2006, Exterior-Enclosure Technical Requirements for the Commissioning Process, as they
relate to energy, water, indoor environmental quality, and durability.

Beyond the aesthetic appearance of the building exterior, the enclosure’s design and construction
determine the noise from outside entering the building, the quantity and quality of natural light entering
the building (i.e., the depth of daylight penetration into the building’s interior), thermal efficiency, and
control of air and moisture entering the building, all of which have energy and indoor-environmental-
quality effects. The complexity of the building enclosure requires a diverse team of specialists working
together to achieve the Owner’s Project Requirements, and the body of the knowledge required
exceeds the knowledge of any one person. The minimum Commissioning Process (CxP) applied in
accordance with ASHRAE 202 provides the format to help ensure that the OPR is met.

The commissioning process correctly applied forms the foundation for integrated design, construction,
and operation needed to deliver sustainable, high-performing buildings. In contrast, taking short cuts or
failing to utilize the minimum CxP as outlined in ASHRAE 202 significantly reduces the benefits of
commissioning and integrated-project delivery. In fact, going beyond AHSHAE 202 and following ASHRAE
Guideline 0 of The Commissioning Process (Best Practices) can yield great financial, social, and
environmental benefits resulting in higher occupant satisfaction and lower utility consumption,
greenhouse-gas generation, and operation and maintenance costs. Maintainability is a key tenet of
persistent performance that is part of the vision for a sustainable building that is grounded in using
ongoing and monitoring-based commissioning.

Achieving the Owner’s end goals requires continuous performance measurement and identification and
correction of issues affecting the Owner’s goals as defined in the OPR as well as continuous evaluation
throughout the CxP. Achieving the OPR requires starting the commissioning process in predesign to
benefit construction from the foundation through complete construction and into operations for the life
of the building. Holistic Commissioning® provides the integration of sustainable, viable, high-performing
buildings for the life of the building, providing the continuous thread of evaluation from the beginning of
a project through the many modifications and repurposing to support changing missions of the building
occupants over the entire life of the building.
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National Institute of Building Sciences Provider #G168

BEST4 Conference
Nibsbest4 o April 13-15, 2015

Credit(s) earned on completion of this course will be reported to AlA
CES for AIA members. Certificates of Completion for both AIA
members and non-AlA members are available upon request.

This course is registered with 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 AlA of 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.
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Learning Objectives

Participants will :
1. Learn how to link the performance of individual building
enclosure components in a holistic framework to achieve

high-performance buildings.
2. Explore, through built case studies, how building

envelope design determines overall energy conservation
and sustainability capabilities

3. Learn innovative practices for avoiding heat loss as well
as moisture and air infiltration in enclosure design for

healthy new and existing buildings.
4. Understand the role of building enclosure commission-

ing in the design, construction, and operation and

maintenance of commercial facilities.
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Building Enclosure Impact and
High Performing Building

Energy Efficiency
 Thermal Resistance

— Fenestration
e Glazing Characteristics

— Roof and Walls
e Skylight to Roof Ratio

Occupant Satisfaction

e Acoustical
— Privacy
— External Noise

e Daylight & Views

— Visual Acuity
_  Window to Wall Ratio
— Connection _
e Thermal Resistance

e Thermal Comfort

— Radiant, Sensible and
Latent temperatures i i
e Air Barriers

e |Indoor Air Quality
— Moisture Intrusion

— Subterranean Walls
— Slab on Grade
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Building Enclosure Impact and
High Performing Building

Durability/Service Life Maintainability
* Movement  Maintenance and Repair
— Expansion & Contraction Access
— Wind loads ,
e Cleaning

— Snow & Stormwater loads

e Material Compatibility  Warranty Requirements
— Dissimilar materials

, e Training O&M Staff
e \Water and Moisture

Control e Evaluation of O&M Staff
— Exterior Moisture Understanding of
Intrusion into Dry Zone Building Systems

— Interior Moisture
Generation






BEST# | Building Enclosure Impact on
Occupant Satisfaction

2011 PROJECT INNOVATIONS AWARDS

BUILDINGS

Lighting the
Way to Healing

S Hospital infuses green designiinto
a welcoming environment
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Building Enclosure Impact on
ant Satisfaction

Occup

Typical north facing space

Typical south facing space

September 21, 12:00pm
Clear Sunny Skies

December 21, 12:00pm
Overcast Skies
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September 21, 12:00pm

Clear Sunny Skies

December 21, 12:00pm
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Building Enclosure Impact on
Occupant Satisfaction

e Indoor Air Quality

EXTERIOR

AIR PRESSURE DIFFERENCE

>

SOLAR RADIATION
DIRECT AND ,:> B e OOn ot
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WIND-DRIVEN RAIN »
VAPOR EXCHANGE —
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AR
GROUNDWATER
Fig. 1 Hygrothermal Loads and Alternating Diurnal or

Seasonal Directions Acting on Building Envelope
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Energy Efficiency

.Energﬁ .
47% of Energy Consumption is Related to Building Enclosure

» -
Heating 16.00%
Cooling 13.00%
Lights 28.00%
Water Heat 7.00%

Ventialation 7.00%
Office Equip 7.00%
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7
o

v,
'709 ®

WUy,






Building Enclosure Impact on
Durability

CONFERENCE

Building Enclosure Science & Technology

IS '






Building Enclosure Impact on

Durability

MU,

— - O‘LAT






BEST| Building Enclosure Impact on

Durability
 Maintainability






Why Commissioning: Design
Phase

— Find Issues During Design

e Air barrier discontinuities

e Vapor transmission

Rain Water intrusion

Negative pressurization

Insufficient design information






Why Commissioning:
Construction Issues

— Find Issues During Construction

* Incorrect contractor interpretation of
design

* Not following manufacturers’ installation
instructions

e Poor workmanship
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Cx Guidelines & Standards

ASHRAE Guideline 0-2005

ASHRAE GUIDELINE

The Commissioning
Process

ANSIASHRAEIES Standard 202-2013

Commissioning Process
for Buildings and Systems

Approved by the ASHRAE Standards Commitiee on February 9, 2005, and by the ASHRAE Board of Directors on
March 11, 2005.

ASHRAE Guidelines are updated on a five-year cycle; the date following the guideline number is the year of
approval. The latest edition of an ASHRAE Guideline may be purchased from ASHRAE Customer Service, 1791
Tullie Circle, NE, Atlanta, GA 30329-2305. E-mail: orders @ ashrae.org. Fax: 404-321-5478, Telephone: 404-636-
8400 (worldwide) or toll free 1-800-527-4723 (for orders in U.S. and Canada).

Epmd&dnmmim&mmmmﬂmllhyhmm Begrd of Directors on june 23, 1013 by the.
Board of Diroctors on juna 28, 2013; and by tha Magiora] Standards kstitube on july 1, 2013,

©Copyright 2005 ASHRAE, Inc.

1SN 1048-834X This stardard b under comtiuous manterance by 2 Smnding Sandard Projc: Commitss (S5PC) for which the Sandsrds Com-
mitese bas extabilshed 3 documentod program for reguber publication of addends or reviions, inchuding procedures for timeky,
docurmanted, consanss ation on requests for change to any part of the sndend. Tha change submittal Sorm, instructions, and
dkadlines may bo cbtained in cketronic form from the ASHRAS websks (www.ashrag.org) or In pagsr form froe the Managor of
Smndards. The latest ediion of an ASHRAE Saindard mey be pundhased from the ASHRAE webste (www.ashme.org) or fom
ASHRAE Cusomer Sarvice, 1791 Tl Cirda, MNE. khln. a# 30329-2308. E-muit ordersi@ashrae org. Foc 4M4-311-5478.
Telaphone 404-635-3400 (worldwide], or toll froe 1-800.517-4713 (for anders in US and Camads). For reprint parmission, go o
Wwwashrag org/permisions.

% 1013 ASHRAE EEM 10412335

ASHRAE % Iluminating

ENGINEERING SOCIETY

American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc.

1791 Tullie Circle NE, Atlanta, GA 30329

www.ashrae.org

Thes e b5 bomrmes i Hamy Enck (encofioages.com). Downkoss Deter 9052013






T | Commissioning Overview

* Pre-Design
— Owner’s Project Requirements
— Design Phase Commissioning Plan

e Design Phase
— Commissioning Design Reviews
— Specifications

e Commissioning of Construction
— Construction Phase Commissioning Plan
— Checklists
— Acceptance Evaluation

* Post-Occupancy
— 1 Year Evaluation of Performance
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Presentation Notes

The presentation will provide a brief overview of the commissioning process from pre-design through construction. 

Specifically we will cover:
The purpose of the owner’s project requirements
The purpose of the commissioning plan
Commissioning design reviews
And Commissioning of the construction





BEST * Pre-Design: Setting the
Foundation

 Owner’s Project Requirements

— Assisted by Commissioning Authority

* Provide Clear Communication in Pre-
Design
— Integrated Design

e Project high level end-goals
e Road map that integrates and binds team

— Benchmarks of success criteria
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Presentation Notes

The key to success begins in pre-design by setting a strong foundation for the design, construction, and operation that follows. The development of this foundation is the responsibility of the owner, with assistance from the commissioning authority, and begins in pre-design with development of the Owner’s Project Requirements. This first step in clear communications provides the road map that integrates and binds the team, it also provides benchmarks and criteria to measure success in meeting the owner’s defined objectives and criteria. Rick Casault will provide more in-depth detail on development of the Owners Project Requirements in his presentation “A Solid Foundation for Commissioning” after the upcoming round table discussion. 
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Design Phase:
Roles & Responsibilities

e Contractual
Requirements

e Designers
— Participation

>

>

Y V VY

Owner’s Project
Requirements

Commissioning
design checklists

Basis of Design

Design reviews

Commissioning
specifications

Table 2 Summary of Commissioning Eoles and Besponsibilities during Design/Build Fhaze

Parties Invelved
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Presenter

Presentation Notes

Commissioning is a team effort and the entire project team is part of the commissioning process. The commissioning plan defines project team’s roles and responsibilities, communication protocols, commissioning activities, and the schedule of those activities. Success is dependent on each team member’s understanding of what is expected of them and obtaining their buy-in. That is why it is essential that the owner clearly define, contractually, each team member’s roles and responsibilities and their part in the commissioning process and achievement of the defined objectives and criteria defined by the owner’s project requirements.

The commissioning plan is the road map that communicates each team members roles and responsibilities, facilitates integrated project design and delivery which helps improve team efficiency. It is more economical to define these requirements early, before engaging project team members, when they are competing during the proposal process. 
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=11 From Construction to Operation

e Acceptance Testing
e Project Close-Out
 Documentation

* Analysis of Building Performance

e Adjustment




Presenter

Presentation Notes

This presentation will cover acceptance testing, close out of construction, training of O&M staff and the importance of monitoring and evaluating operation of the facility and the needs of the occupants. 
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CONFERENCE

* Provides record of where to
find O&M documents

Contains original project and
current facility requirements

Contains original and current
Basis of Design information

Contains original and updated
commissioning reports .

Contains record of
modifications and reasoning




Presenter

Presentation Notes

The systems manual is the repository of the location of O&M documentation and needs to contain:
 The updated owner’s project requirements. 
The Basis of Design, containing the assumptions of the designers and their intent in developing solutions to achieve the owner’s project requirements
Commissioning reports documenting issues and their current disposition
Record keeping procedures
And most importantly operational modifications made by operational staff





Project Close-Out
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y

e O&M Documentation
— Completeness

e Operator Training
— Based on level of experience & knowledge

— Owner’s maintenance model
e Systems Manual

— Commissioning report
— Final set points and reasoning

— Operational information not in O&M manuals

22




Presenter

Presentation Notes

Project close out is a critical time and requires attention to completeness of O&M documentation, appropriate operator training and commissioning documentation.  





Ongoing Commissioning

— “The Occupancy and Operations Phase of the Commissioning
Process begins at substantial completion.

— As a minimum, the Commissioning Process activities begun at
this point should:
* continue through the end of the contractual warranty/correction
period,
* and ideally continue throughout the life of the facility.

— During the Occupancy and Operations Phase, the on-going
operation, maintenance, and modification of the facility
systems and assemblies, and their associated documentation,
are verified against the updated Owner’s Project
Requirements.”

(Guideline 0-2005, Section 8.1.1)
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e Integrated Design

e Minimum Energy Efficiency (5% Above)
e Fundamental Commissioning

e Enhanced Commissioning

e Building Enclosure Commissioning






Integrated Process

Discovery & Analysis

— While not specifically stated will
require development of the Owner’s
objectives, criteria, and goals
typically contained in the Owner’s

Project Requirements
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Implementing Strategies

Discovery & Analysis
* Pre Design Activities - Energy Load Analysis

Form and Orientation
Internal and External HVAC Loads

Lighting Power Density

Operational Parameters

Thermal Comfort Ranges






Integrated Process

Implementing Synergies

— Demonstrate that an integrative team
process

— Commit to the establishment and use
of ongoing feedback mechanisms that
provide information about,

e Building and site performance
e Occupant satisfaction






LEED v4 Energy Efficiency

Requirements ASHRAE 90.1-2010
e Mandatory Daylighting
Requirements \NDARL
e Automatic Daylighting S
Control Energy Standard
ontrols for Buildings

. Except Low-Rise
* Interior surface Residential Buildings

reflectance requirements PEAs
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Energy & Atmosphere

ANSI/ASHRAE/IESNA Standard 90.1-2010
Air Barrier Details

Joints, interconnections, Penetrations through the
and penetrations of the air air barrier in building
barrier components envelope roofs, walls, and

including electrical,
plumbing, lighting, HVAC,
etc.

floors

Building assemblies used as

Joints around fenestration ducts or plenums

and door frames

Joints, seams, connections
between planes and other
changes in air barrier
materials

Junctions between walls
and floors, between walls
and building corners,
between roofs, walls or
ceilings






Energy Efficiency

Requirements ASHRAE 90.1-2010
 Appendix G
— New Construction 10% ANDARL
better shed i
— Major Renovations 7% for Buildi
or Buildings
better Except Low-Rise
— Core & Shell 6% better Residential Buildings

(1-P Edition)
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LEED v4 Energy & Atmosphere
ANSI/ASHRAE/IESNA Standard 90.1-2010
Requirements

Cool roof requirements

In hot climates = Reduced LPD allowances
" Lower luminance = Supply air temperature
requirements in some resets

exterior zones

= Expansion of

= |ower allowable fan Commissioning
power based on specific requirements for
system attributes mechanical and lighting
systems

= (QOccupancy sensor
requirements






LEED v4: Credit Categories

Performance

e Building-Level Energy Metering -
Prerequisite (New)

 Fundamental Commissioning and Verification
- Prerequisite (Similar to LEED NC v3 EAp1 +
revisions)

 Enhanced Commissioning (Similar to LEED
NC v3 EAc3 + revisions: 3 Points)






BES]) LEED v4 Performance

 Fundamental Commissioning and
Verification — Prerequisite

— CxA Design Review of Energy, Water, IEQ,
Durability, Building Enclosure included in
Owner’s Project Requirements and Basis of
Design

— Qualified Member of Design or Construction
Team, not associated with project, Design
Review of Building Enclosure
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LEED v4 Performance

Enhanced Commissioning

In addition to Fundamental Commissioning and Verification,
e Review contractor submittals

 Include systems manual requirements into
construction documents

 Include operator and occupant training
requirements into construction documents

 Verify systems manual updates and delivery






LEED v4 Performance

Deliverables in addition to Fundamental Cx

Enhanced Commissioning

» Systems manual structure; Operator and occupant training
requirements

o Submittal reviews; Submittal review log; Systems manual

« Systems manual evaluation; Document operator and
occupant training

* Operator and occupant training evaluation; Seasonal testing

» Seasonal testing verification; 10 months building operations
review

« Commissioning issue resolution plan; On-going
commissioning process plan






LEED v4 Performance

Deliverables

Initial Owner’s Project

Requirements from pre- « Construction Checklists
design

e Issues and Benefits Lo
Updated OPR and BOD from ! J

SD, DD, CD, Construction,

and Occupancy Phases e System Test Procedures
CxA Qualifications » Verification Test Reports
Commissioning e Commissioning Report

Specifications

Commissioning Plan
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ELECTRICAL
Daylighting,
Lighting & Power

Energy
Consumption

Fire & Life Safety

PLUMBING SYSTEM
. Storm Water

= Water & Sewer
Water Efficiency

B2 Integrated System Approach

STRUCTURAL

. Wind & Seismic
Loads

. Flexibility

. Floor Load

HVAC SYSTEM
Proper Selection &
Sizing

Sufficient Run Time

Adequate
Pressurization
& Ventilation

BUILDING ENVELOPE

. Weather Barriers
. Air Barriers

. Vapor Retarders
. Fenestration
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Questions?

H. Jay Enck
Email: HIEnck@CxGBS.com
Phone: 770 831 6760
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