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Project Objectives

To train building officials, inspectors, builders,
subcontractors, suppliers, engineers and architects in
the revised Michigan energy code for the purpose of:

Increasing understanding
Improving compliance
Reducing administrative time

Improving customer relationships MICHIGAN STATE
UNIVERSITY
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* Need For Energy Codes

Energy Standard for
Buildings Except Low-Rise
Residential Buildings

|-P Edition

* Michigan Code Status

e 2009 MUEC! and ASHRAE 90.1
* Compliance Tools?!

* COMcheck Software?

* Additional Resources

1As adapted from U.S. DOE provided instructional
resources on ASHRAE 90.1—2007 with Ml amendments
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2Based on U.S. DOE COMcheck training case study S ———— e e
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What Do Building Energy Cod -
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For both residential and commercial: .‘_—;‘..
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U.S. DEPARTMENT OF Enefgy Efﬂciency &

ENERGY Renewable Energy
Building Energy Codes Program

ABOUT BECP WHY BUILDING ENERGY CODES RELATED LINKS

Go To: www.energycodes.gov

Less Energy. Less Cost. Less Carbon. EERE Information Center 7

Er.uo«»mwusmﬂ

POWER TOOLS

gl Status 3, Helpline

Desktop Tools
m REScheck &i COMcheck

LEARN MORE ABOUT...
Measuring Compliance

Compliance Evaluation

BROWSE...

Publicaticns Online Tools

Events Calendar

(& REScheck Qj COMcheck

Job/internship Oppertunities

BEEBEAR»>

To leam more zbout 3 featurad item, click on the corresponding image. RECENT UPDATES &)
QUICKLINKS FOR...

2010 Building Energy Codes Annual

Architects/Engineers
/Designers

Builders/Contractors

Code Enforcement Officials
State & Local Code Adopters
Codes Advocates

Students

FOLLOW US!

Status of Energy Codes

Software & Tools

S =0

> RESIDENTIAL
Energy Codes

Solutions & Help Center

Building Enerqgy

Codes University

Report Released

~cao O3 02 011
posad 0o .04 2011

Store + Scors Application Released

posted 03.04.2011
DOE proposed changes to IgCC PV
20

revised 03.10.2011

CODES IN THE NEWS

Notice of Fublic Mesting: Presenting
and Receiving Comments to DOE
Proposed Changes to the IgCC

posed 03.10.2011

A Chance Encounter with the
Mass3achusetts Stretch Ensrgy

..... NG 3022071

Energy Efficiency key to Zero
Energy Commercial Buildings ™
Source: Energy Saving Association
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Michigan Code Status
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Michigan

LEARN MORE....

Status of State Energy Codes

State-Level Technical
Assistance

Status of State-Level
Technical Assistance
Requests

State-Level Technical
Assistance Sample

State-Level Technical
Assistance Reports

Energy Efficiency Partnerships
DOE Building Technologies
Application Centers

ALSO ON THIS WEBSITE...

Status of Codes
Solutions & Help Center
Software & Tools

Building Energy Codes
University

Publications

Events Calendar

Code Status

Status of State Energy Codes
Michigan
as of 2011-03-09

Do you know of updates to the information on this page?
If 50, please 7] st us know!

CURRENT NEWS

The energy code in Michigan has been finalized. The new code will be the 2009 International Energy
Conservation Code for residential dwellings and ASHRAE 90.1-2007 for commercial buildings. The
code will go into effect in March 2011.

RESIDENTIAL

Residential Code

Ml Amendments
Approved Compliance
Tools

MI-Specific Research

Approximate Stringency
Effective Date

DOE Determination/State
Certification

COMMERCIAL

2009 IECC

Can use REScheck

Impacts of the 2009 IECC for Residential Buildings in the State of
Michigan (BECP Report, Sept 2009) -

As stringent as the 2009 IECC

March 1, 2011

Commercial Code

Ml Amendments
MI-5pecific Research

Approved Compliance
Tools
Approximate Stringency

Effective Date

DOE Determination/State
Certification

ASHRAE 90.1-2007

Impacts of Standard 90.1-2007 for Commercial Buildings in the State of
Michigan (BECP Report, Sept. 2009} -

Canuse COMcheck

As stringent as ASHRAE 80.1-07

March 1, 2011

POWER TOOLS

@ Helpline

e status

Desktop Tools
g REScheck

ﬁ COMcheck

Online Tools

(f REscheck (¥ COMcheck

CUSTOMIZED MAPS

Commercial Status at-a-glance
Residential Status at-a-glance
State Compliance Activities

States that can use REScheck
States that can use COMcheck
Commercial Energy Code Adoption
Activity

Residential Energy Code Adoption
Activity

& Download all map&*ﬂ]

Date visited: 3/15/2011
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Code Status: Commercial

Commercial State Energy Code Status
AS OF MARCH 9, 2011

Il NH
VT

-l'ﬁ-— g
‘...-‘ prs ;i

j meets or exceeds ASHRAE Standard
L_EY

.1-2007 or equivalent

meets or exceeds ASHRAE Standard
I ©0.1-2004 or equivalent

meets or exceeds ASHRAE Standard
11 90.1-1999-2001 or equivalent

no statewide code or precedes
I ASHRAE Standard 90.1-1999

state has adopted a new code to
be effective at a later date

NOTE:
g BCAP Dedicated to the adoption, implementation. These maps reﬂecton|y

and advancement of building energy codes mandatory statewide codes

currently in effect.
Get all the most up-to-date code status maps and other valuable resources at www.bcap-ocean.org Y
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Code Status: Residential

Residential State Energy Code Status
AS OF MARCH 9, 2011

b

EEEECEE
ZNxX
2592925

meets or exceeds 2009 IECC or
M cquivalent

meets or exceeds 2006 IECC or
= equivalent

meets or exceeds 1998-2003
I IECC or equivalent

no statewide code or precedes
I 1998 [ECC

state has adopted a new code
to be effective at a later date

NOTE:
i-Li B(:AP Dedicated to the adoption, implementation, These maps reflect only
“ri and advancement of building energy codes mandatory statewide codes
currently in effect.

Get all the most up-to-date code status maps and other valuable resources at www.bcap-ocean.org
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Michigan Code Status

|
Home | About | Getting Started

: - Follow Us On n | |

CODE STATUS COMMUNITY

Online Code Environment
& Advocacy Network

OCEAN

Home » 2002 Michigan Uniform Energy Code Effective fMarch 9, 2011

Uzer Login

Username: * 2009 Michigan Uniform Energy Code Effective March 9, 2011

Password: * Fosted in Adoption, Commercial, Implementation, Michigan, Michigan Uniform Energy Code, MUEC, Residential on
Movember 15, 2010 by Paul Karrer

Fules to update the 2009 Michigan Uniform Energy Code {(MUEC), Part 10 {Residential) and Part 10a {Commercial)
were filed with the Seoetary of State on Movember 8 and will be effective March 3, 2011. The rules will adopt the
2009 IECC with Michigan amendments and ASHRAE Standard 90.1-2007 {the MUEC is cumently based on the
2002 IRC and ASHRAE 20.1-185%). The new codes were originally approved on July 20 by the Department of
Energy, Labor & Economic Growth {DELEG) Bureau of Construction Codes.

Create new account

Reguest new password

A web link will b2 added to the Bureau's web site at www.michigan.gow'boo, via the Codes and Standards Crder
Form to allow customers to purchase the code book directly from the International Code Council {ICC) for

338.00. Books are now available.

More infomation: MUEC: Residential & Commercial | Bureau of Construction Codes

e

BCAP Michigan Code Status

Date visited: 3/15/2011 13
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2009 Michigan Uniform Energy Code (MUEC)

Michigan Department of Labor & Economic Growth
Bureau of Construction Codes

Y
d

Y ASHRAE STANDARD

Energy Standard for
Buildings Except Low-Rise
Residential Buildings

|-P Edition

Ry

/
1
[

L1
[ L 17
HENg

Broviding for Michigan’s Safery in tha Builr Environmeny
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2009 Michigan Uniform Energy Code (MUEC)

DEPARTMENT OF ENERGY. LABOR. AND ECONOMIC GROWTH
DIFECTOR'S OFFICE
CONSTRUCTION CODE

Filed with the Secretary of State on November 8, 2010
These rules take effect March ©, 2011

(By authority conferred on the director of the department of energy. labor, and economic
growth by section 4 of 1972 PA 230, MCL 125.1504, and Executive Reorgamzation
Order Nos. 2003-1 and 2008-20, MCL 445 2011 and MCL 445 2025)

F. 408 31087, R 408 31088, R 408.31089, and R 408 31090 of the Michigan
Administrative Code are amended and R 408.31087a 1s added to the code as follows:

PART 10a
MICHIGAN UNIFORM ENERGY CODE

R 408.31087 Applicable code.

Rule 1087. Rules governing the energy efficiency for the design and construction of
buildings and structures, not including residential buildings, shall be those contained in
the infernational energy conservation code, 2009 edition. section 501.1 and the ASHRAF
energy standard for buildings except low-rise residential buildings,
ANSIASHRAETESNA standard 90.1-2007 (hereafter the standard). including
appendices A B. C, and D. With the amendments noted. Section 501.1 of the
international energy conservation code and the standard are adopted in these mles by
reference. The Michigan uniform energy code 1s available for inspection or purchase at
the Okemos office of the Michigan Department of Energy, Labor and Economic Growth,
Bureau of Construction Codes, 2501 Woodlake Circle, Okemos, Michigan 48864, ata
cost as of the time of adoption of these rules of $38.00 or may be purchased from the
International Code Council, 500 New Jersey Avenue, NW | 6 Floor. Washington, D.C.
20001. The ASHRAF 90.1-2007 standard is available for inspection at the Okemos
office of the Michigan Department of Energy, Labor and Economic Growth, Bureau of
Construction Codes. The standard may be purchased from the American Society of
Heating, Refrigeration and Air-Conditioning Engineers, Inc.. 1791 Tullie Circle, NE,
Atlanta, Georgia 30329, at a cost as of the time of adoption of these rules of $119.95
each. Copies may be obtained from the Michigan Department of Energy. Labor and
Economic Growth, Bureau of Construction Codes, 2501 Woodlake Circle, Okemos,
Michigan 48864, at a cost as of the time of adoption of these rules of $119 95 each plus
the department’s cost for shipping and handling.

Date Visited: 2/11/2011

Presenters Note:

Part 10a dependent

on Part 10

15


http://www.energycodes.gov/becu/trainers.stm
http://www.michigan.gov/documents/dleg/dleg_bcc_2007_053lg_muec_commercial_337937_7.pdf

2009 MUEC Prescriptive Approach

{1

Training Module

School of Planning, Design
& Construction

Michigan State University
MICHIGAN STATE ' K East Lansing, Michigan

UNIVERSITY
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ASH nnE Home | About Us | Bookstore | Press Room | My ASHRAE | contact Us | Site Map

Advancing HVAC&ER rve humanity - -
A 2y R e - 1

and promote a sustainable worid Enter your search Go! Take the Shorbcut! | Ke

Membership _ Technology Certification Education Events StudentZone Careers

Horme = Publications =

E-mail Superior
efficiency
- (2 (2]
Password Free Download of Standard 20.1-2007 Now Closed = e rules the
vater.
Subimit Thank you for yaur interest in the free download of Standard 90.1-2007,

ANSLASHRALISNA Scassard 9002007
which was made available by ASHRAE through funding from the LS. (Vepeniades ANSIMIHUALIESMA, Sturdurd 50 |- 30040

Iumindes ANNLAYHPAT B EMA Lrtarws Bwed i Apparsn 7
Crepartment of Energy.

| Lpms,
25,000 copies of the standard are now in circulation as a result of the (a ASHRAE STANDARD

I.I" .s"m‘ [ free download promotion, and the promotion has now come to a close.

Heed a login®
Can't login®

Energy Standard for

To continue to advance ASHRAE and the Department of Energy's goal to

reduce huilding energy use, ASHRAE is now offering the digital version of Butldmgs Except Low-Rise
the standard at a reduced price of $19.00 for a limited time. This standard R s 2 QPN
B R : esidential Buildings
ASHRAE Insights ;;rgt;nally sells — both digitally and in print —for $119 (ASHRAE Member: A,
ASHRAE Indexes '
ASHRAE Subscriptions To purchase your digital copy of Standard 90.1-2007 (-P edition) atthe s -
Bookstore reduced price please click on the link below. R s

Comment on Publications
Educators’ Resources L Click here to purchase J - pren
eMewsletters 13k et 8 et

Digital Journal Purchase Standard 90.1-2010
Handbook

Furchase the User's Manual for Standard 90.1-2007

High Performing Buildings

ASHRAE 90.1—2007 available for Bl ==

Amencan Secety of Meaong, Refrigerating
and Air-Conddtioning Engineers, Inc,

download at a discounted rate made e
possible by the U.S. Dept. of Energy:

Date visited: 3/23/2011
17
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Code Compliance Software Tools

Prescriptive

Total Building
“UA” Trade Off

Energy Analysis

None Needed

COMcheck Software

(Web-based &
Desktop)

Residential Requirements of the 2009 IECC. U.S. DOE Building Energy Codes Program. (2010)

COMcheck”

Software
For example:
DOE-2 Software
Carrier H.A.P.

eQuest

-2

18
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Why Is Standard 90.1-2007 Important?

* Itreplaces ANSI/ASHRAE/IESNA Standard
90.1-1999, used in Michigan until 9 March 2011

* Itis the professional “standard of care” set by
ASHRAE consensus

Date visited: 2/11/2011 19
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Standard 90.1-2007

* Section 1 - Purpose

* Section 2 - Scope

* Section 3 - Definitions, Abbreviations, and Acronyms
* Section 4 - Administration and Enforcement

* Section 5 - Building Envelope

* Section 6 - Heating, Ventilating, and Air Conditioning
* Section 7 - Service Water Heating

* Section 8 - Power

* Section 9 - Lighting

* Section 10 - Other Equipment

* Section 11 - Energy Cost Budget Method

* Section 12 - Normative References

Date visited: 2/11/2011 20
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Standard 90.1-2007 Appendices

* A Rated R-Value of Insulation and Assembly U-Factor, C-Factor, and
F-Factor Determinations

* B Building Envelope Climate Criteria

* C Methodology for Building Envelope Trade-Off Option in
Subsection 5.6

* D Climatic Data

* E Informative References

* F Addenda Description Information (Informative)

* G Performance Rating Method (Informative, LEED®)

Presenters Note:
Appendices E,F, and G have not been adopted by Michigan

Date visited: 2/11/2011 21
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Purpose (Section 1)

* To provide minimum
requirements for the energy-
efficient design of buildings
except low-rise residential
buildings

* MUEC residential provisions
cover all low-rise (1-3
stories) houses, condos,
townhouses, and
apartments [R-2, R-3, R-4],
but not hotels/motels [R-1]

Date visited: 2/11/2011

ARSUASHRALNSNA Scaseard 002007
(Saperiades AMSASHLLLIEENA Strdere %) 12004
Iunindes ANNLAYHPALREMA Cedorstn Fed by Apparss 7

(£Y) ASHRAE STANDARD

Energy Standard for
Buildings Except Low-Rise
Residential Buildings

I-P Edition

Amaonican Secety of Meatng, Refrigerating
and Air-Conditioning Engineers, inc,

79 Tale Orcde NE. Atars, ©A 3000

i ]
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Scope (Section 2)

(Section 2.1.a)

* New buildings and
their systems

* New portions of
buildings and their
systems (additions)

* New systems and
equipment in
existing buildings
(alterations)

Date visited: 2/11/2011
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U.S. Department of Energy (2010)
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Scope (Section 2)

* Envelope (Section 2.2.a)

— If heated by a heating system with an output
capacity
> 3.4 Btu/h-ft? (1 watt/ft?) OR

— If cooled by a cooling system with a sensible output
capacity > 5 Btu/h-ft?

* Virtually all mechanical, power, and lighting
systems are covered (Section 2.2.b)

Date visited: 2/11/2011 24
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Scope Exceptions (Section 2.3)

* Too little heating or cooling

* Single-family, multifamily of three stories or less,
manufactured or modular homes

* Buildings that don’t use electricity or fossil fuel

* Equipment and portions of building systems that
use energy primarily for industrial, manufacturing,
or commercial processes

Date visited: 2/11/2011 25
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Definitions, Abbreviations, and Acronyms (Section 3)

* 10 pages of definitions
— some added, some deleted, some revised from 90.1-1999
* 1 page of abbreviations and acronyms
* Defined terms are italicized in text of standard

Date visited: 2/11/2011 26
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Administration and Enforcement (Section 4)

"7 New buildings (Section 4.1.1.1), additions to
- existing buildings (Section 4.1.1.2), and
alterations to existing buildings (Section 4.1.1. 3)

t' Replacement of portions of existing bundmgs 3H
~ (Segction 4.1.1.4) HEH

1 Cha ges In space conditioning (Section 4.1. 1 5) \

E _'—h"' -‘*‘J,

| ?r#:
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Administration and Enforcement (Sectlon 4)

. Comdliance documentation (Section 4.2.2.1)

- — all the pertinent data of the building, systems, and equipment | ’ '»

p Labe ing of materials and equipment (Section :
4.2.

- Fe estration, doars, insulation, mechanical equipment, and
pa kaged terminal air conditioners

* Alternative materials and methods of constru _ f"'
(Section 4.1.3)

* Inspections (S

.4

Date visited: 2/11/2011 28
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Administration and Enforcement (Section 4)

Sect| on 4 merely provides the overall statement
that ew buildings, additions, alterations, E
replacements, and changes in space condltlonlng
fall u der the requirements of the Standard B

* Detalls of which requirements the building must
actu lly meet in various situations are dlscussect
in the technical sections 5, 6, 7, 8, 9, 10, an

- in the X.1 section named “General”

e ;

R/ S
Rl /0 e

Date visited: 2/11/2011 29
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Exceptions for Alterations

W Buildipgs that are specifically designated as
S historjc (Section 4.2.1.3.a)

» — by the adopting authority or

' - on the National Register of Historic Places or

— eligible for listing by the U.S. Secretary of Interior

* If the building’s annual energy consumption Is
the Same as a building that meets the 1
reqt firements of Sections 5-10 (Section (&8 -a‘z\

i

4.24.3.b) v a

— verified by a design professional using methods \ N
afceptable to thesauikority having jurisdiction

vt ARG el e R S

Date visited: 2/11/2011 30
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Compliance Approaches

uilding System Compliance Options
Prescriptive
Envelope Option
Mandatory
HVAC
Provisions Trade Off Energy‘ Code
(required for most Option Compllance
SWH compliance options)
Power Energy Cost
Budget
Lighting
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Envelope Compliance

3uilding System Compliance Options

Prescriptive

Option

Mandatory
Provisions

(required for most
compliance options

Energy Code
Compliance

Energy Gost
Budget

Simplified

Lighting

/trainers.stm
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Building Envelope (Section 5)

* General (Section 5.1)
— Scope
— Space-Conditioning Categories
— Envelope Alterations
— Climate

* Compliance Methods (Section 5.2)
* Simplified Building (Section 5.3) Not Used

* Mandatory Provisions (Section 5.4)
— Insulation
— Fenestration and Doors
— Air Leakage

Date visited: 2/11/2011 33
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Building Envelope (Section 5)

* Prescriptive Building Envelope Option (Section 5.5)
— Opaque Areas
— Fenestration

* Building Envelope Trade-Off Option (Section 5.6)
* Submittals (Section 5.7)

* Product Information and Installation Requirements
(Section 5.8)

Date visited: 2/11/2011 34
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Scope

* Envelope components that enclose (Section
5.1.2.1)
— Conditioned space

— Semi-heated space

« Has a heating system with a capacity > 3.4 Btu/h-ft? of
floor area but is not conditioned space

* Requirements apply to three types of spaces
(Section 5.1.2.1)

— Nonresidential
— Residential
- Semi-heated

* EXxceptions

Date visited: 2/11/2011 35


http://www.energycodes.gov/becu/trainers.stm

Building Envelope

- Exterior Envelope

Ventilated Attic

Semi-Exterior Envelope %

Semiheated Storage

Conditioned Space

Unconditioned
Space

Ventilated
Crawlspace
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(Figure 5.5)
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Space-Conditioning Categories and Basis

Envelope Requirements Are Specified by Space-
Conditioning Categories

* Each space to be included in a category (Section
5.1.2.1)
— Nonresidential conditioned space
— Residential conditioned space
— Semi-heated space
* Spaces in climate zones 3-8 assumed to be conditioned
space unless (Section 5.1.2.3)
— Space will only be semi-heated or unconditioned and
— Approved as such by the building official
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Semi-heated Space

* Has a heating system with a capacity > 3.4
Btu/h.ft% (1 W/ft?) of floor area but is not
conditioned space (Section 3.2 Definition)

* Space Is not cooled at all
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Envelope Alterations

* Alterations to the building envelope shall
comply with the requirements of Section 5
(Section 5.1.3)

— Exceptions are allowed if they don'’t increase energy
usage of building

* Installation of storm windows * Replacement of roof
- membranes
* Replacement of glazing in
existing sash and frame » Replacement of existing
« Alterations to envelope cavities (B
provided they are insulated to * Replacement of existing
full depth with a nominal R-3.0 fenestration, provided area of
per in. replacement is ho more than

. 25% of total fenestration area
» Roof and floor alterations where :

no new cavities are created
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Climate Zones (Section 5.1.4)

* Zones based on several climatic parameters

— Locations listed in Appendix B on county-by-county
basis for United States
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Climate Zones—ASHRAE 90.1—2007

V4|
N
Marine (C)

Moist (A)

A4

Below White Line

......

Al of Alaska in Zone 7
except for the following
Boroughs in Zone 8!

Bothel Northwest Arclic

Dellingham Southeast Fairbanks -

Fairbanks N. Star ~ Wade Hampton Zone 1includes

Nomme Yukon-Koyukuk Hawaii, Guam,

North Slope Puerto Rico, 1
and the Virgin Islands
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2009 MUEC Climate Zones

The State of Michigan is divided into 3 climate zones:

Table 301.3(2)
Climate Zone Defimnitions

Zone Thermal Criterta

Number [P Units ST Unifs

SA 5400 < HDD65F<T7200 3000 < HDD18§°C<4000
0A 7200 < HDD65°F<9000 4000 < HDD18°C<5000
] 9000 < HDD65°F<12600 5000 < HDD18§°C<7000

For SI.°C = [F)-32]/1 8
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Figure 301.1A: Climate Zones

2009 Michigan Uniform Energy Code
Figure 301.1a
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Table 3011

Table 301.1: Climate Zones by County

Climate Zones by County

Zones
Sy G4

Allegan Alcona Baraga
Barry Alger Chippewa
Bay Alpena Gogebic
Berrien Antrim Houghton
Branch Arenac Iron
Calhoun Benzie Keweenaw
Cass Charevoix Luce
Clinton Cheboygan Mackinac
Eaton Clare Ontonagon
Seneses Crawford Schoolcraft
Gratiot Delta
Hillsdale Dickinson
Ingham Emmet
lonia Gladwin
Jackson Grand Traverse
Kalamazoo Huron
kKent losco
Lapeer Isabella
Lenawes Kalkaska
Livingston Lake
Macomb Leslanau
Midland Manistes
Monroe Marquetie
Montcalm Mason
Muskeqgon Mecosia
Oakland Menomines
Ottawa Missaukee
Saginaw Montmorency
Shiawassee MNewaygo
St Clair COceana
St Joseph Ogemaw
Tuscola Osceola
“Wan Buren Oscoda
WWashtenaw Otsego
WVWayne Presque Isle

Roscommon

Sanilac

Wextord

Key: A — Moist. Absence of moisture designation indicates moisture regime is imelevant.

Date Visited: 2/11/2011
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Envelope Compliance Paths
Section 5.2.1

* You have to follow Sections
- 5.1 (General),
- 5.4 (Mandatory Provisions),
- 5.7 (Submittals), and
— 5.8 (Product Information and Installation Requirements),

* and THEN you can either follow
— Section 5.5 (Prescriptive) or Section 5.6 (Trade-off)

* |If you use the Energy Cost Budget method in Section
11, Section 5.4 is mandatory (Section 5.2.2)

— However, Section 5.4 merely refers to Section 5.8
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Mandatory Provisions

* Insulation (Section 5.8.1)
— Labeling (Section 5.8.1.1)

— Substantial Contact (Section
5.8.1.5)

— Recessed Equipment (Section
5.8.1.6)

— Insulation Protection (Section
5.8.1.7)

— Insulation Above Suspended
Ceilings (Section 5.8.1.8)

* Fenestration and Doors (Section
5.8.2)

* Air Leakage (Section 5.4.3)

Date visited: 2/11/2011

U.S. Department of Energy (2010)
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Air Leakage

* Seal, caulk, gasket,
or weather-strip
(Section 5.4.3.1)

— Openings and joints
In building envelope
— Fenestration and

doors per NFRC 400
(Section 5.4.3.2)

— Loading docks in
climate zones 4-8
(Section 5.4.3.3)

- Vestibules and doors
separating
Cond |t| Oned Space U.S. Department of Energy (2010)
from exterior (Section
5.4.3.4)
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Air Leakage - Building Envelope Sealing
(Section 5.4.3.1)

* Joints around fenestration and door frames (a)

* Junctions between walls (b)
— and foundations
— at building corners
— and structural floors or roofs
— and roof or wall panels

* Openings for utility services through roofs, walls, and
floors (c)

* Site-built fenestration and doors (d)

* Building assemblies used as ducts or plenums (e)

* Joints, seams, and penetrations of vapor retarders ()
* All other openings in the building envelope (9)
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Air Leakage - Fenestration and Doors
(Section 5.4.3.2)

* NFRC 400

* Labeled and certified by
manufacturer

* Glazed swinging entrance doors
and revolving doors — not to
exceed 1.0 cfm/ft?

* All other products — not to
exceed 0.4 cfm/ft?

* EXxceptions

— Field-fabricated fenestration and
doors

— Garage doors — ANSI/DASMA 105

Date visited: 2/11/2011

World's Best
Window Co.

Millennium 2000%

VIIIdWrwiFrN 1
[ uble Glazing + Amon Fill + Lo E:

| Product Type: Vartical $lider !

ENERGY PERFORMANCE RATINGS

U-Factor {US/-P) Solar Heat Gain Coefficient

0.35 0.32

ADDITIONAL PERFORMANCE RATINGS

Visible Transmittance Air Leakage (US.J1-F)

0.51 0.2

Condensation Regstance

51

\(! LDCHIIO ERCURNE LGl Mada (igE o l( nle(IKOMILD ( -mt Cd ll 1(
ek Fial e dria

unbsct jrebateanes ...,..u '
n 1K COOTCE 6% COMIR PIARURCLrs srmn-)ludr-:( tu unm |lt
Alﬂllll.l'll

U.S. Department of Energy (2010)

49


http://www.energycodes.gov/becu/trainers.stm

Air Leakage - Loading Dock Weather Seals
(Section 5.4.3.3)

In climate zones 4-8:

* Cargo doors and
loading dock doors
equipped with
weather seals

— To restrict infiltration
when vehicles are
parked in the
doorway

U.S. Department of Energy (2010)
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Air Leakage — Vestibules
(Section 5.4.3.4)

* Required in
Climate Zones 5-8 for entrances in
buildings > 1000 ft?
* Vestibules must have:
— Self-closing doors

— Interior and exterior doors not open at
the same time

— Distance between interior and exterior
doors not < 7 ft when in closed
position (remember ADA!) (>10 ft for
LEED IEQ 5.3 entrance mat)

Date visited: 2/11/2011

7 foot
Minimum

4-Story
Building

LA LA

Self-Closing Doors

LA LA

U.S. Department of Energy (2010)
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Air Leakage - Vestibule Exceptions
Section 5.4.3.4

* Non-entrance doors

* Building entrances with
revolving doors

* Buildings < 1000 ft? in
climate zones 5-8

* All doors that open from
spaces < 3000 ft? (separate
from building entrance) OR
from dwelling units

U.S. Department of Energy (2010)
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Prescriptive Building Envelope Option
(Section 5.5)

WWR = 40% of gross wall area
Skylight-roof ratio < 5% of roof area
Each envelope component must separately meet requirements

8 criteria sets for different climate types
* Set = single page that summarizes all
prescriptive requirements

— Insulation levels for roofs, walls, floors
— Fenestration criteria
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Building Envelope Requirements
(Tables 5.5-1 through 5.5-8)

Requirements for Nonresidential, Residential,
and Semiheated spaces

* Opaque Elements
— Roofs, Wallls, Floors, and Doors

- Assembly maximum values or insulation minimum
R-values

* Fenestration
— Vertical Glazing and Skylights

— Assembly maximum U-values or assembly
maximum SHGC
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Building Envelope Requirements
(Table 5.5-5)

Climate Zone 5

* Nonresidential Examples

— Roofs: insulation entirely above deck = R-20.0 c.i. (R-15.0 c.i.)

— Roofs: Attic and other = R-38.0 (R-30.0)

— Above-Grade Walls: mass = R-11.4 c.i. (R-7.6 c.i.)

— Above-Grade Wallls: steel-framed = R-13.0 + R-7.5 c.i. (R-13.0 + R-3.8 c.i.)
— Above-Grade Walls: wood-framed = R-13.0 + R-3.8 c.i. (R-13.0)

— Below-Grade Walls: below-grade wall = R-7.5 c.i. (No Requirement)

— Floors: mass = R-10.4 c.i. (R-8.3 c.i.)

— Floors: steel joist = R-30.0 (R-19.0)

— Slab-On-Grade Floors: heated = R-15 for 24 in. (R-10 for 36 in.)

— Doors: nonswinging = U-0.500 (U-1.450)

Presenter’'s note: ( ) = 1999 ASHRAE 90.1 values
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Designers

* Specify:
— R-values for walls,
floors, and roofs

— U-factors for opaque
doors

— U-factor and SHGC
for fenestration, OR

* Use:

— Pre-calculated
assemblies from
Appendix A

U.S. Department of Energy (2010)
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Opaque Areas (Section 5.5.3)

Compliance:

* Meet or exceed minimum R-values in table
— Only R-value of insulation, not to include air films, etc
OR

* Meet maximum U-factor, C-factor, or F-factor for the entire
assembly

OR

* Perform area-weighted average U-factor, C-factor, or
F-factor

— Only if there are multiple assemblies within a single class
of construction for a single space-conditioning category
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Roof Insulation (Section 5.5.3.1)

* Meet or exceed minimum R-value in table for
climate zone (Table 5.5-1 thru 8)

* Skylight curbs insulated to level of roofs with
Insulation entirely above deck or R-5, whichever
IS less

* Three types of roofs are defined:

— Roofs with insulation entirely above deck
» R-value is for continuous insulation

« Interruptions for mechanical equipment < 1% of surface of the
total roof area
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Roof Insulation (Section 5.5.3.1)

* Metal building roofs

— First value Is for insulation

 draped over purlins and then compressed when metal
spanning members attached or

* hung between purlins'provided there's a min. of 1"
thermal break between purlins and metal spanning
members

— Second value is for double-layer installations with
iInsulation installed parallel to the purlins

* Attics and other roofs

— R-value Is for insulation installed both inside and
outside the roof or entirely inside the roof cavity
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High Albedo Roofs (Section 5.5.3.1)

Roofs with a minimum total solar reflectance of
0.70 and a minimum thermal emittance of
0.75 or a minimum Solar Reflective Index of P
82, other than roofs with ventilated attics or
roofs of semiheated Spaces or roofs over
conditioned spaces that are not cooled
spaces shall comply with the values in Table
5.5:.5M K

Basically, “cool roofs” are allowed to have less
_Insulation = RN
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Above-Grade Wall Insulation
(Section 5.5.3.2)

* Meet or exceed R-value in appropriate
table for climate zone

* Four types of walls are defined:
— Mass walls:

* heat capacity determined from
Table A3.1B or A3.1C

» R-value is for continuous
Insulation or when uninterrupted
by framing other than metal clips
no closer than 24 in. o.c. i
horizontally and 16 in. o.c. U.S. Department of Energy (2010)
vertically

— Exception — requirement of U-0.151
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Above-Grade Wall Insulation
Section 5.5.3.2

Metal building wall R-value

* for insulation compressed between
metal wall panels and the steel
structure

Steel-framed wall R-value

* for uncompressed insulation installed
In the cavity between steel studs

U.S. Department of Energy (2010)

Wood-framed and other R-value

* for uncompressed insulation installed
In the cavity between wood studs; also
acceptable to be continuous insulation
uninterrupted by studs

Date visited: 2/11/2011 62


http://www.energycodes.gov/becu/trainers.stm

Below-Grade Wall Insulation
(Section 5.5.3.3)

* Meet or exceed values in appropriate table for
climate zone

* R-value iIs for continuous insulation

* If framing is used, compliance is based on
maximum assembly C-factor

)

U.S. Department of Energy (2010)
Date visited: 2/11/2011 63


http://www.energycodes.gov/becu/trainers.stm

for
climate zone

* 3 classes of floors over unconditioned
space are defined:

— Mass floors
 R-value is for continuous insulation

« If framing is used, compliance is based on
maximum assembly U-factor

— Steel-joist floors

on insulation, but is also acceptable for
continuous insulation

- Wood-framed and others

also acceptable for continuous insulation
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Floor Insulation (Section 5.5.3.4)

* Meet or exceed values in appropriate table

Carpet and Pad

Cawity Insulstion \ ymoed

N

Ventilxted Space
Wooa Framing

« R-value is for uncompressed insulation, but is

U.S. Department of Energy (2010)

* R-value is for uncompressed insulation or spray-
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Slab-on-Grade Floor Insulation
(Section 5.5.3.5)

* Meet or exceed values In appropriate table for
climate zone (includes R-value and depth or
width of insulation)

* Be installed around the perimeter to the

distance specified

— Inside foundation wall — extend downward from top of slab a
minimum distance specified or to the top of the footing,
whichever is less

— Qutside foundation wall — extend from top of the slab or
downward to at least the bottom of the slab and then
horizontally to a minimum distance specified
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Slab Edge Insulation (Section 5.5.3.5)

Slab-on-Grade Floors
Can use R factor or F factor from 5.5-5 thru 7
When using the F factor must refer to Table A6.3

— Downward from top of slab a minimum of 24”
— R-10 for unheated floors, R-15 for heated floors
— No requirement for insulation in CZ5 for unheated floors

- Insulation can be vertical or extend horizontally under the slab or out from the
building (must be under 10 inches of soil) But only with computer based
methods and not with prescriptive

Figure 2 <

Figure 3

slab

= rigid

insulation

insulation

U.S. Department of Energy (2010) no | on g er al | Owed
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Opaque Doors (Section 5.5.3.6

* Meet or exceed maximum U-factors in appropriate table

for climate zone

* Example: Climate Zone 5

— Nonresidential

« Swinging = U-0.700 (U-0.700)

* Non-swinging = U-0.500 (U-1.450)
— Residential

« Swinging = U-0.500 (U-0.700)

* Non-swinging = U-0.500 (U-0.500)
- Semiheated

« Swinging = U-0.700 (U-0.700)

* Non-swinging = U-1.450 (U-1.450)

Date visited: 2/11/2011

Presenter’s note:
() =1999 ASHRAE 90.1 values
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Fenestration (Section 5.5.4)

* Criteria apply to fenestration,
Including windows, glass doors,
glass block, plastic panels, and
skylights

* Compliance

- Meet or exceed maximum U-
factors in table

- Meet or exceed minimum SHGC In
table

— Use NFRC ratings or default
values in Appendix A

U.S. Department of Energy (2010)
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Fenestration Area

* Total vertical fenestration
area to be < 40% of gross
wall area (Section 5.5.4.2.1)

— Including both fixed and
operable vertical
fenestration

* Total skylight area to be
< 5% of gross roof area
(Section 5.5.4.2.2)
— Including glass skylights,

plastic skylights with a
Curb, and a.” Sky|lghtS U.S. Department of Energy (2010)

without a curb
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Fenestration U-Factor (Section 5.5.4.3)

U-factor not greater than specified in Tables 5.5-1
through 5.5-8 For example:

Zone 5 and 6 vertical glazing metal framing
U=0.45 and SHGC 0.40

Zone 7 vertical glazing metal framing
U=0.40 and SHGC 0.45

Unit U value rather than glass only (must include frame)
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Fenestration SHGC

* Vertical fenestration (Section 5.5.4.4.1)

— SHGC values < Table value for appropriate
total vertical fenestration area

* Skylights (Section 5.5.4.4.2)

— SHGC values < Table value for appropriate
total skylight area
* No SHGC requirements for semi-
heated spaces

* No criteria for Visible Light
Transmittance in Prescriptive Building
Envelope Option, but there are
minimum criteria in the Trade-Off
Option (Details in Appendix C)

* Exceptions

U.S. Department of Energy (2010)
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Overhangs

* Standard credits permanent | «—— A=12

overhangs by adjustment to
SHGC g y J gmﬁg Supermarket
A
* Size of overhang is Stor:::ont f
determined by projection window
9 B=¥
factor 10 AB=15
L J Y

vy Sidewalk !iz’

U.S. Department of Energy (2010)

U.S. Department of Energy (2010)
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Building Envelope Trade-Off Option

Building complies if:
* |t satisfies the provisions of 5.1, 5.4,
5.7, and 5.8 (Section 5.6.1a)

* Envelope performance factor (EPF)
of proposed building is < EPF of
budget building (Section 5.6.1Db)

— EPF considers only the building
envelope components (Section 5.6.1.1)
and is calculated using procedures in
Normative Appendix C (Section 5.6.1.3)

— Schedules of operation, lighting power,
equipment power, occupant density,
and mechanical systems to be the
same for both the proposed building
and the budget building (Section
5.6.1.2)

U.S. Department of Energy (2010)
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Product Information and Installation Requirements

* Labeling of Building Envelope Insulation (Section 5.8.1.1)

* Compliance with Manufacturers’ Requirements
(Section 5.8.1.2)

* Loose-Fill Insulation Limitation (Section 5.8.1.3)
* Baffles (Section 5.8.1.4)

* Substantial Contact (Section 5.8.1.5)

* Recessed Equipment (Section 5.8.1.6)

* [nsulation Protection (Section 5.8.1.7)

* Location of Roof Insulation (Section 5.8.1.8)

* Extent of Insulation (Section 5.8.1.9)
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Insulation Installation

* Per manufacturer’s instructions
(Section 5.8.1.2)

* Achieve rated R-value (Section
5.8.1.2)

* No open-blown or poured loose-fill
insulation when ceiling slope is > 3/12
(Section 5.8.1.3)

* |If eave vents installed (Section
5.8.1.4)

— Provide baffling of air vents to deflect
incoming air above the surface of the
insulation

* Exception (Section 5.8.1.2)

— Metal buildings — if roof and wall
insulation is compressed between roof
or wall skin and the structure

Date visited: 2/11/2011
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Insulation - Substantial Contact
(Section 5.8.1.5)

* Install insulation in a permanent
manner in substantial contact
with inside surface

* Flexible batt insulation o ouiion \ Piywood
In floor cavities

— Supported in a
permanent manner by
supports no more than
24 in. on center (0.cC.)

N

Ventilated Space
Wood Framing

U.S. Department of Energy (2010)
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Recessed Equipment (Section 5.8.1.6)

* Do not recess equipment to affect insulation
thickness
— Lighting fixtures

— HVAC equipment (includes wall heaters, ducts, and
plenums)

— Other

* Except when

— Total combined area affected (include necessary
clearances) is

< 1% of opaque area of the assembly, OR

— Entire roof, wall, or floor is covered with insulation to the full
depth required, OR

— Effects of reduced insulation are included in area-weighted
calculations
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Insulation Protection

RETAINER

Insulation Protection:

* Cover exterior insulation
with protective material

(Section 5.8.1.7)

— Sunlight

— Moisture

— Landscaping operations

— Equipment maintenance
— W|nd U.S. Department of Energy (2010)

LOOSE FILL ATTIC

ATTIC HATCH INSULATED
T0 SAME R-YALUE AS
CEILNG

WEATHERSTRIP

®* Access to attics and mechanical rooms without
damaging or compressing insulation (Section 5.8.1.7.1)

* Insulation materials in ground contact to have a water
absorption rate < 0.3% (ASTM C272) (Section 5.8.1.7.3)
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Suspended Ceilings

Roof Insulation:

* Not installed on a suspended
ceiling with removable celling
panels (Section 5.8.1.8)

U.S. Department of Energy (2010)
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Fenestration and Doors

U-factors (Section 5.8.2.4)
* NFRC 100 or

* Assemblies listed in Appendi
A

SHGC (Section 5.8.2.5)
* NFRC 200 or

* Assemblies listed in Appendi
A .

Visible Light Transmittance
(Section 5.8.2.6)

* NFRC 200 when building
envelope trade-off option is
used

U.S. Department of Energy (2010)
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U-Factor (Section 5.8.2.4)

* Skylights — Manufacturer to determine at a slope of
20° above the horizontal

* Labeled and certified by manufacturer (Sections
5.8.2.1 and 5.8.2.2)

* Limited to max 5% of roof for prescriptive applied to
each space categories (Tables 5.5-1 through 5.5-8)

* U Factor depends on skylight class 1.e. glass with
curb, plastic with curb and without curb

* EXxceptions

— Glazed wall systems in vertical fenestration and skylights —
may use U-factors in A.8.1

— A8.2 acceptable for other vertical fenestration
— A7 acceptable for opague doors
— ANSI/DASMA 105 acceptable for garage doors
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Solar Heat Gain Coefficient (Section 5.8.2.5)

* The glazing’s effectiveness in rejecting solar
heat gain

* NFRC 200
* Exceptions

— SC x 0.86 Is acceptable for overall fenestration area
(NFRC 300)

— SHGC of center-of-glass is acceptable (NFRC 300)
for overall fenestration area

— SHGC from A8.1 for glazed wall systems in vertical
fenestration and skylights

- SHGC from A8.2 for other vertical fenestration
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SHGC

* Part of a system for rating

window performance

— used by the National
Fenestration Rating Council
(NFRC)

* Gradually replacing shading
coefficient (SC) in product
literature and design standards

— convert SC to SHGC by
multiplying the SC value by 0.86
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Visible Light Transmittance

* A measure of the amount
of visible light that passes
through fenestration

* Affected by:
— composition of the glass
— coatings
— Internal shading devices

* Relationship between VLT
and SHGC
— Day-lighting without
excessive solar gain— VLT
at least 1.2 x SHGC
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HVAC Alterations (Section 6.1.1.3)

* Equipment - New equipment shall meet the
minimum efficiency requirements (Section
il .3.1)

* Cooling Systems

— New cooling systems installed to serve previously un-
(éololle(:j3 Sép))aces shall comply with this section (Section

— Alterations to existing cooling systems shall not
decrease economizer capacity (unless economizer
tradeoff is used) (Section 6.1.1.3.3)

* Ductwork - New and replacement ductwork
shall _comé)lf with applicable requirements
(Section 6.1.1.3.4)

> PipinP - New and replacement piping shall
gom %/V\slth applicable requirements (Section

gL 155"
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HVAC Alterations (Section 6.1.1.3)

Alterations to the building HVAC system shall
comply with the requirements of Section 6

* Exceptions that are allowed:

— Equipment being modified or repaired (not replaced)

* Provided such modifications will not result in an increase In
the annual energy consumption

— Equipment being replaced or altered which requires
extensive revisions to other systems and such
replaced or altered equipment is a like-for-like
replacement

— Refrigerant change of existing equipment
— Relocation of existing equipment

— Ducts and pipes where there Is insufficient space or
access to meet these requirements

Date visited: 2/11/2011
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HVAC Compliance Paths

(Section 6.2.1)

* You have to follow Sections
— 6.1 General,
— 6.7 Submittals, and
— 6.8 Minimum Equipment Efficiency,

* And then you can follow either
— Section 6.3 Simplified Approach OR
— Sections 6.4 Mandatory Provisions and 6.5 Prescriptive Path

Alternatively, you can follow Section 11 (ECB), in
which case Section 6.4 is mandatory (Section 6.2.2)
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Simplified Approach Option

(Section 6.3.1)
Limited to:

* Buildings with 1 or 2 stories
* Buildings < 25,000 ft?

(Section 6.3.2)

* Single-zone systems (unitary or split) Can
have several single-zone systems in building

* Air-cooled or evaporatively cooled
* 15 paragraphs cover Simplified Approach
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Simplified Approach Option (Section 6.3.2)

The system shall have an
economizer, unless the
economizer Trade-off Option [}
s used (c)

(Table 6.3.2)
— Limited to unitary systems

— Requires higher minimum cooling
efficiency (EER)

—_— Trade-Oﬁ: EER by U.S. Department of Energy (2010)
» System size

* Climate zone
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Simplified Approach Option (Section 6.3.2)

* Manual changeover or dual set-point thermostat (f)
* Heat pump supplementary control (g)

* No reheat or simultaneous heating and cooling for
humidity control (h)

* “Time clocks” (except hotel/motel guest rooms and
systems requiring continuous operation) (i)

(In reality: programmable thermostat)
* Piping and ductwork insulated (j and k)
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Simplified Approach Option (Section 6.3.2)

* Balancing of ducted systems (l)

* Interlocked thermostats for separate heating and
cooling of same zone (m)

* Exhaust > 300 cfm: gravity or motorized
dampers unless operated continuously (n)

* System > 10,000 cfm: optimum start controls (0)
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HVAC Mandatory Provisions

* Minimum Equipment Efficiency (Section 6.4.1)
* Load Calculations (Section 6.4.2) |

* Controls (Section 6.4.3)

* HVAC System Construction and Insulation
(Section 6.4.4) | |

* Completion Requirements (Section 6.4.5)
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Equipment Covered

Package air conditioners and condensing units
(Table 6.8.1A)

Heat pumps (air, water, and ground source) (Table
6.8.1B)

Packaged terminal and room air conditioners (Table
6.8.1D)

Chillers including absorption chillers (Table 6.8.1C)
Furnaces and unit heaters (Table 6.8.1E)
Boilers (Table 6.8.1F)
Heat rejection equipment (Table 6.8.1G)

U.S. Department of Energy (2010)
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Mechanical Equipment Efficiency

* Tables 6.8.1A -6.8.1G

* Tables 6.8.1H-6.8.1J used for water cooled centrifugal chillers
that operate at non-standard rating conditions

* Combination HVAC and water heating systems to meet all
requirements for appropriate space heating or cooling category

* Gas-fired and olil-fired forced air furnaces with input ratings =
225,000 Btu/h to have intermittent or interrupted ignition device
and have either power venting or a flue damper (Table 6.8.1E
footnote h)

* All furnaces with input ratings = 225,000 Btu/h, including electric
furnaces, not located in conditioned space, to have jacket losses
< 0.75% of the input rating (Section 6.4.1.1)
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Verification of Equipment Efficiencies
(Section 6.4.1.4)

Equipment efficiency information from manufacturers verified as follows:
* EPACT equipment — to comply with DOE certification requirements (a)

* |If certification program exists for covered product and includes
provisions for verification and challenge of equipment efficiency ratings,
product listed in program OR (b)

* If product not listed in program, ratings verified by an independent
laboratory test report OR (c)

* If no certification program exists, equipment efficiency ratings
supported by data furnished by manufacturer OR (d)

*  Where components from different manufacturers are used, system
designer specifies components whose combined efficiency meets
Section 6.4.1 (e)

* Products in Table 6.8.1G shall have efficiency ratings supported by
data furnished by manufacturer.
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Labeling

* Mechanical equipment — equipment not covered
by NAECA shall carry a permanent label stating
equipment complies with 90.1 (Section 6.4.1.5.1)

* Packaged terminal air conditioners — packaged
terminal air conditioners and heat pumps with
sleeve sizes < 16 in. high and 42 in. wide shall
be factory labeled as follows: (Section 6.4.1.5.2)

— Manufactured for replacement applications only:
not to be installed in new construction projects
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Load Calculations (Section 6.4.2)

* Must calculate
heating and cooling
system design loads

* Must base
calculations on
generally accepted
engineering
standards and
handbooks

Date visited: 2/11/2011
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Controls — Zone Thermostatic and Dead Band

Required for each zone (Section 6.4.3.1.1)
* Perimeter can be treated differently

Dead band controls (Section 6.4.3.1.2)

° 'tl)'he&mostats must have at least a 5°F dead
an

* Exceptions

— Thermostats that require manual changeover
between heating and cooling modes

— Special occupancy or applications where wide
temperature ranges aren’t acceptable (e.g.,
retirement homes) and approved by adopting
authority

U.S. Department of Energy (2010)
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Controls — Setpoint Overlap Restriction
(Section 6.4.3.2)

If limit switches, mechanical stops, or software
programming for DDC systems are used

— Means will be provided to prevent the heating set point
from exceeding the cooling set point minus any
applicable proportional band
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Controls — Off-Hour

* Automatic shutdown (Section 6.4.3.3.1)
* Setback controls (Section 6.4.3.3.2)

* Optimum start (Section 6.4.3.3.3)

* Zone isolation (Section 6.4.3.3.4)

* Exceptions, HVAC systems (Section 6.4.3.3)
— with heating/cooling capacity < 15,000 Btu/h
— intended to operate continuously
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Controls - Automatic Shutdown
(Section 6.4.3.3.1)

* Automatic 7-day/week time clock with 10-hour battery
backup

— Exception: 2-day/week thermostat for residential applications

* Each control to have
— Occupant sensor, OR
— Manually-operated timer with maximum two hour duration, OR
— Security system interlock

* Exception

— Residential occupancies allowed to operate with only 2 different
time schedules/wk
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Controls — Setback (Section 6.4.3.3.2)

Climate Zones 2-8
* Lower heating set point to 55°F or less
Climate Zones 1b, 2b, 3b (hot/dry)

* Automatically restart, temporarily operate

— Raise cooling set point to 90°F or higher OR
— Prevent high space humidity levels
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Controls - Optimum Start
(Section 6.4.3.3.3)

Individual heating and cooling air
distribution systems with

* Total design supply air capacity
> 10,000 cfm

* Served by one or more supply
fans

Control algorithm to at least be a
function of

* Difference between space
temperature and occupied
setpoint and amount of time
prior to scheduled occupancy

U.S. Department of Energy (2010)
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Controls - Zone Isolation
(Section 6.4.3.3.4)

* Applies to:
— Each floor in a multistory
building
— Maximum 25,000 ft? zone on
one floor

* Requirements:

— |solation devices to shut off
outdoor and exhaust airflow
when > 5,000 cfm

— Central systems shall be
capable of stable operation with
one isolation zone

— Capable of separate time
schedules for each isolation
zone
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Controls — Ventilation System

* Motorized dampers for:
-Stair and Shaft Vents (Section 6.4.3.4.1)

-Gravity Hoods, Vents, and Ventilators
(Section 6.4.3.4.2)

Exceptions: - <3 stories high
-CZ 1-3
-unconditioned spaces
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Stair and Shaft Vents (Section 6.4.3.4.1)

Motorized dampers:

* Can be automatically closed during normal
building operation

* Interlocked to open as required by fire and
smoke detection systems

U.S. Department of Energy (2010)
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Gravity Hoods, Vents, and Ventilators
(Section 6.4.3.4.2)

* Motorized dampers to automatically shut when
spaces served are not in use

* Exceptions:
— Gravity dampers okay in buildings
« < 3 stories in height above grade
« Of any height in climate zones 1 - 3

— Ventilation systems serving unconditioned spaces

U.S. Department of Energy (2010)

Date visited: 2/11/2011 108


http://www.energycodes.gov/becu/trainers.stm

Controls - Shutoff Damper
(Section 6.4.3.4.3)

* Motorized dampers for outdoor air supply
and exhaust systems
* Ventilation outside air dampers to be capable

of automatically shutting off during
— Preoccupancy building warm up, cool down, and

setback

(Except when ventilation reduces energy costs or when
ventilation must be supplied to meet code requirements)

109
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Controls - Shutoff Damper
(Section 6.4.3.4.3)

* EXxceptions:
— Gravity dampers okay in buildings
» < 3 stories in height
« Of any height in climate zones 1-3

— Qutdoor-air intake or exhaust < 300 cfm

* Table 6.4.3.4.4 provides maximum leakage
rates for outdoor air supply and exhaust
dampers (Section 6.4.3.4.4)
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Dampers (Section 6.4.3.4.4)

Where OA supply and exhaust air dampers are
required by Section 6.4.3.4
* They shall have a maximum leakage rate

when tested in accordance with AMCA
Standard 500 as indicated in Table 6.4.3.4.4
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Ventilation Fan Controls
Section 6.4.3.4.5

* Fans with motors > 0.75 hp shall have
automatic controls complying with Section
6.4.3.3.1 that are capable of shutting off fans
when not required

* Exception:
- HVAC systems intended to operate continuously
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Heat Pump Auxiliary Heat Control
(Section 6.4.3.5)

* Controls to prevent supplementary heat when
heat pump can handle the load

* Exception:
— Heat pumps
« With minimum efficiency regulated by NAECA

« With HSPF rating meeting Table 6.8.1B
(Includes all usage of internal electric resistance heating)

U.S. Department of Energy (2010)
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Controls - Humidifier Preheat
(Section 6.4.3.6)

Automatic valve to shut off preheat when
humidification is not required
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Controls - Humidification and Dehumidification
(Section 6.4.3.7)

Provide means to prevent simultaneous operation of
humidification and dehumidification equipment

* Limit switches, mechanical stops, or software
programming (DDC systems)

Exceptions:

* Zones served by desiccant systems, used with direct
evaporative cooling in series

* Systems serving zones where specific humidity levels are
required and approved by jurisdiction
— Museums and hospitals
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Controls - Freeze Protection and Snow/lce
(Section 6.4.3.8)

Automatic controls for:

* Freeze protection systems

— outside air temperatures > 40°F or when conditions
of protected fluid will prevent freezing

* Snow- and ice-melting systems

— pavement temperature > 50°F and no precipitation
Is falling and outdoor temperature > 40°F
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Ventilation Controls for High-Occupancy Areas
(Section 6.4.3.9)

DCV must be provided for each zone with a area
> 500 ft?2 and the design occupancy > 40
people/1000 ftz where the HVAC system has:

* An air-side economizer,

* Automatic modulating control of the outdoor air
damper, OR

* A design outdoor airflow > 3,000 cfm

Demand control ventilation (DCV): a ventilation system capability
that provides for the automatic reduction of outdoor air intake
below design rates when the actual occupancy of spaces served
by the system is less than design occupancy.
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Ventilation: High Occupancy Exceptions
(Section 6.4.3.9)

Exceptions:

" Systems with exhaust-air energy recovery
complying with Section 6.5.6.1

" Multiple zone systems without DDC to the
zone level

" Systems with a design OA airflow <1,200 cfm
" Spaces where supply-exhaust <1,200 cfm
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HVAC System Construction and Insulation

* Insulation installed in accordance with industry-accepted
standards (Section 6.4.4.1.1)

* Insulation protection (Section 6.4.4.1.1)

® Duct and plenum insulation (Section 6.4.4.1.2)
* Piping insulation (Section 6.4.4.1.3)

® Duct sealing (Section 6.4.4.2.1)

* Duct leakage tests (Section 6.4.4.2.2)

U.S. Department of Energy (2010)
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General (Section 6.4.4.1.1)

* Insulation installed in accordance with industry-
accepted standards

* |nsulation:

— Protected from damage due to sunlight, moisture,
equipment maintenance, and wind

— EXxposed to weather to be suitable for outdoor service

— Covering chilled water piping, refrigerant suction piping, or
cooling ducts located outside the conditioned space to
Include a vapor retardant located outside the insulation, all
penetrations and joints of which to be sealed
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Duct and Plenum Insulation
(Section 6.4.4.1.2)

* All supply and return ducts and plenums to be
Insulated per Tables 6.8.2A and 6.8.2B

* EXxceptions:
— Factory-installed plenums, casings, or ductwork furnished as
part of HYAC equipment
— Ducts located in heated, semi-heated, or cooled spaces

— For runouts < 10 ft in length to air terminals or
air outlets, the R-value need not exceed R-3.5

— Backs of air outlets and outlet plenums exposed
to unconditioned or indirectly conditioned spaces
with face areas > 5 ft? need not exceed R-2; those

< 5 ft? need not be insulated
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Piping Insulation (Section 6.4.4.1.3)

* Table 6.8.3

* EXxceptions:
— Factory-installed
— Piping conveying fluids

 design operating temperature range between 60°F-105°F,
Inclusive

 that haven’t been heated or cooled through the use of
nonrenewable energy or where heat gain or heat loss will not
Increase energy usage

— Hot water piping between shut off valve and coil, not > 4 ft
In length, when located in conditioned spaces

— Pipe unions in heating systems (steam, steam condensate,
and hot water)
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Duct Sealing (Section 6.4.4.2.1

* Tables
6.4.4.2A and
6.4.4.2B

* Requirements
of 6.4.4.2.2

* Based on
standard
iIndustry
practice and P
definitions U.S. Department of Energy (2010

Date visited: 2/11/2011
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Duct Leakage Tests (Section 6.4.4.2.2

* Designed > 3 in. w.c.
- Leak tested

— Representative sections
> 25% of the total
Installed duct area shall
be tested

— Ratings > 3 in. w.c. to be
identified on drawings
— Maximum permitted duct
leakage
* Lhax = CLPO'65
Where L, ., = maximum

permitted leakage in cfm/100 U.S. Department of Energy (2010)
ft? duct surface area
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Completion Requirements (Section 6.4.5)

* Refers to Section 6.7 for Submittal and
Completion Requirements including
— Record drawings (Section 6.7.2.1)
— Operating and maintenance manuals (Section 6.7.2.2)
— System balancing (Section 6.7.2.3)
— System commissioning (Section 6.7.2.4)

U.S. Department of Energy (2010)
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Prescriptive Requirements

prescriptive
requirements [
(§6.5)
A0\ mandatory
/(4/’52" provisions p—
T L (§6.4)
proposed 90.1-compliant
HVAC design HVAC system

U.S. Department of Energy (2010)
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HVAC Prescriptive Path (Section 6.5)

* Economizers (Section 6.5.1)

* Simultaneous Heating and Cooling Limitation
(Section 6.5.2)

* Air System Design and Control (Section 6.5.3)

* Hydronic System Design and Control (Section 6.5.4)
* Heat Rejection Equipment (Section 6.5.5)

* Energy Recovery (Section 6.5.6)

* Exhaust Hoods (Section 6.5.7)

* Radiant Heating Systems (Section 6.5.8)

* Hot Gas Bypass Limitation (Section 6.5.9)
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Economizers (Section 6.5.1)

»_Climate and size dependent (Table 6..5‘.*1)
' ®* There are LOTS of exceptions

* Can use air economizers (Section 6.5.1.1)
— 100% of design supply air
— Sequenced with mechanical cooling equipment
— High limit shutoff
— Dampers

* Can use water economizers (Section 6.5.1.2)

— 100% of expected system cooling load at 50°F DB, 45°F
WB

— Maximum pressure drop limitation

W el
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Economizer Exceptions (Section 6.5.1)

Exceptions:

* Cooling capacity - Table 6.5.1

* Systems with gas phase air cleaning per Standard 62
* Where >25% of the air must be humidified >35°Fdp

* Systems with condenser heat recovery per 6.5.6.2

* Residential systems <5X limits in Table 6.5.1

* Systems with a balance point <=60°F

* Systems expected to operate < 20hrs/wk

* Systems serving zones with refrigerated casework

* Where cooling efficiency exceeds Table 6.3.2
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Economizers (Table 6.5.1)

Cooling capacity for which
Climate zone an economizer is required

1a, 1b, 2a, 33, 4a Economizer unnecessary
(Miami, St. Louis, Charlotte)

2b, 5a, 6a, 7, 8 > 135,000 Btu/h
(Yuma, AZ, Michigan, Alaska)

3b, 3¢, 4b, 4c, 5b, 5c¢, 6b > 65,000 Btu/h

(Denver, Lubbock, Vancouver)

U.S. Department of Energy (2010)
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Design Capacity — Air Economizers
(Section 6.5.1.1.1)

System capable of modulating outside air
and return air dampers to provide up to
100% of the design supply air guantity as
outside air for cooling
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Economizer Control Signal (Section 6.5.1.1.2)

* Dampers capable of being sequenced with
the mechanical cooling equipment and shall
not be controlled by only mixed air
temperature

* Exception:
— Systems controlled from space temperature
(such as single-zone systems)
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High Limit Shutoff (Section 6.5.1.1.3)

* Automatically reduce outdoor air intake to
minimum outdoor air quantity when outdoor
air intake will no longer reduce cooling
energy usage

* Control types for specific climates from
Table 6.5.1.1.3A

* Settings from Table 6.5.1.1.3B
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Dampers (Section 6.5.1.1.4)

Return air and outdoor air dampers to meet
the damper leakage specified in Section
6.4.3.4.4 for outdoor air supply and exhaust

dampers.

Presenter’s Note:
This is the second reference to the same table
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Relief of Excess Qutside Air
Section 6.5.1.1.5

* Means to relieve excess outdoor air
during economizer operation to prevent
over-pressurizing the building

* Qutlet located to avoid recirculation into
the building
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Design Capacity — Water Economizers
(Section 6.5.1.2.1)

T | .
il i | ."’ .

* System capable of cooling supply air by ?
Indirect evaporation and providing up to
100% of expected system cooling load at
outside air temperatures of 50°F dry
bulb/45°F wet bulb and below

. * Exception:

— You can also meet this requirement if your
design can meet 100% of expected cooling load
at 45°F dry bulb/40°F wet bulb

S > ih g
| A i f‘l ’

-~

Yind
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Maximum Pressure Drop (Section 6.5.1.2.2)

* Pre-cooling colls e,
and water-to- ; |
water heat
exchangers to
have either

- Water-side ]
pressure drop of -k
< 15 ft of water o
OR

— Bypassed when Figure 60 rom
. 90.1 User’s Manual
not in use

gg;oo
3=25=0
T 5
< 3
L\’ A:

CHWS CHWR

U.S. Department of Energy (2010)
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Integrated Economizer Control
(Section 6.5.1.3)

* Economizers must be integrated with
mechanical cooling systems and be capable
of providing partial cooling even when
additional mechanical cooling Is required

(Generally, 55 dF. O.A - 75 dF. O.A)
* Some exceptions to this
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Economizer Heating System Impact
(Section 6.5.1.4)

* Designed so economizer
operation doesn’t increase |
the building heating
energy use during normal
operation (High enthalpy
O.A)

* Exception:

— Economizers on VAV systems
that cause zone level heating to U.S. Department of Eneray (2010)
Increase due to a reduction in
supply air temperature
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Zone Controls (Section 6.5.2.1)

* Capable of operating in sequence the
supply of heating and cooling energy to
the zone

* Controls prevent
— Reheating
— Re-cooling
— Mixing or simultaneously supplying air
previously heated or cooled

— Other simultaneous operation of heating and
cooling systems to the same zone
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Zone Controls — Exceptions (Section 6.5.2.1)

* Zones for which volume of air that is reheated, recooled,
or mixed is no greater than the larger of the following
— Volume of outside air to meet 6.2 of ASHRAE 62 for the zone
- 0.4 cfm/ft?2 of zone conditioned floor area
— 30% of zone design peak supply

— 300 cfm for zones whose peak flow rate totals no more than 10%
of the total fan system flow rate

— Any higher rate that can be demonstrated to jurisdiction to
reduce overall system annual energy usage
* Zones where special pressurization relationships, cross-
contamination requirements, or code-required minimum
circulation rates are such that the variable air volume
systems are impractical
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Hydronic System Controls (Section 6.5.2.2)

Limit heating and cooling of fluids previously
heated or cooled mechanically per 6.5.2.2.1
through 6.5.2.2.3, which follows.

Date visited: 2/11/2011 142


http://www.energycodes.gov/becu/trainers.stm

Three-Pipe System — NOT APPROVED
(Section 6.5.2.2.1)

Common return system for both hot and
chilled water shall not be used.
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Two-Pipe Changeover System
(Section 6.5.2.2.2)

Common distribution system acceptable if:

* Dead-band from one mode to another Is
= 15°F outside air temperature

* Controls to allow operation of = 4 hours
before changing over

* Reset controls so heating and cooling
supply temperatures at changeover point no
more than 30°F apart
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Hydronic (Water Loop) Heat Pump Systems
(Section 6.5.2.2.3)

* Controls to provide heat pump water supply
temperature deadband of at least 20°F between
Initiation of heat rejection and heat addition by
central devices

* Cooling tower bypass or cooling tower isolation
dampers

* EXxception:

— If system loop temperature optimization controller is used,
deadband < 20°F is allowed

Date visited: 2/11/2011 145


http://www.energycodes.gov/becu/trainers.stm

Dehumidification (Section 6.5.2.3)

Humidistatic controls to
prevent

* Reheating

* Mixing of hot and cold air
streams

* Heating and cooling of
same air stream

U.S. Department of Energy (2010)
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Dehumidification Exceptions (Section 6.5.2.3)

* Systems capable of reducing supply air flow to
50%, or to minimum ventilation

* Systems under 6.67 tons that can unload at least
50%

* Systems smaller than 3.3 tons
* Process applications

* 75% of reheat or recool energy is recovered or
solar
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Humidification (Section 6.5.2.4

Systems with hydronic e,

CO O I i n g an d g \%;S:?&re _ II\E/I%%ZOTZH
I 1Fi " Evaporator
humidification systems o L e 7

Tower

Condenser With
In Heat iable

designed to maintain T B

inside humidity at > _ 3 S

35°F dew point "
temperature shall use a ]
water economizer If an
economizer is required i, [

Pump

by 6.5.1 v4

CHWS CHWR

B

U.S. Department of Energy (2010)

Date visited: 2/11/2011 148


http://www.energycodes.gov/becu/trainers.stm

Air System Design and Control
(Section 6.5.3)

HVAC systems with total fan system power > 5 hp
to meet 6.5.3.1 through 6.5.3.2

* Fan Power Limitation (Section 6.5.3.1)

* VAV Fan Control
— Part Load Fan Power Limitation (Section 6.5.3.2.1)
— Static Pressure Sensor location (Section 6.5.3.2.2)
— Set Point Reset (Section 6.5.3.2.3)
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Fan Power Limitation (Section 6.5.3.1)

* Not to exceed allowances in Table 6.5.3.1.1A

* Allowable fan system power may be adjusted
according to specific conditions listed in Table
6.5.3.1.1B

* Exceptions noted
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Motor Nameplate Horsepower
Section 6.5.3.1.2

* Selected fan motor to be no larger than first
available motor size greater than bhp

* Fan bhp on design documents

* Exceptions:

— Fans < 6 bhp, where first available motor larger
than bhp has nameplate rating within 50% of bhp,
next larger nameplate motor size may be selected

(example: 4 bhp may use 7.5 hp motor)

— Fans = 6 bhp, where first available motor larger
than bhp has nameplate rating within 30% of bhp,
next larger nameplate motor size may be selected

(example: 8 bhp may use 15 hp motor)
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Part-Load Fan Power Limitation
(Section 6.5.3.2.1)

Individual VAV fans with motors > 10 hp

* Must have either:
— Variable Speed Drive
— Vane-axial fan with variable-pitch fan blades

— Other controls and devices to result in fan motor
demand < 30% of design wattage at 50% of
design air volume when static pressure set point
= 1/3 of total design static pressure, based on
manufacturer’s certified fan data

U.S. Department of Energy (2010)
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Static Pressure Sensor Location
Section 6.5.3.2.2)

* Placed so controller set point is < 1/3 the
total design fan static pressure
— Except for digital control systems with zone reset
capabilities where it may be at the fan discharge
* Install multiple sensors in each major branch
If sensor would be located downstream of a
major duct split
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Set Point Reset (Section 6.5.3.2.3)

For systems with direct digital control of
individual zone boxes reporting to the
central control panel

* Static pressure set point reset based on
zone requiring the most pressure
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Hydronic System Design and Control
(Section 6.5.4)

HVAC hydronic systems with total pump system
power > 10 hp shall meet Sections 6.5.4.1 —
6.5.4.4

* Hydronic Variable Flow Systems (Section
6.5.4.1)

* Pump Isolation (Section 6.5.4.2)

* Chilled- and Hot-Water Temperature Reset
(Section 6.5.4.3)

* Hydronic (water-loop) Heat Pump Systems
(Section 6.5.4.4)
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Hydronic Variable Flow (Section 6.5.4.1)

* HVAC pumping systems to include control

valves

— Designed to modulate or step open and close as a function
of load

— Designed for variable fluid flow
— Capable of reducing flow rates to < 50% of design flow rate
* Individual pumps serving variable flow
systems with a pump head > 100 ft and

motor > 50 hp

— Have controls and/or devices resulting in pump motor
demand < 30% of design wattage at 50% of design water
flow
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Hydronic Variable Flow — Exceptions
(Section 6.5.4.1)

* Systems where:

= Minimum flow Iis < minimum flow required by
equipment manufacturer for proper operation
of equipment served by the system

— Total pump system power < 75 hp
* Systems that include < 3 control valves
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Pump Isolation (Section 6.5.4.2)

If chilled water plant has more than one chiller
or boiler plant has more than one boller

* Provide for flow reduction when chiller or
boiler i1s shut down
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Chilled and Hot Water Temperature Reset Controls
(Section 6.5.4.3)

* Affects systems with design capacity >
300,000 Btu/h

— To include controls to automatically reset supply
water temperatures by representative building
loads (including return water temperature) or by
outside air temperature

* Exceptions:
— If controls would result in improper operation
— Hydronic systems with variable flow

Presenter’s note:
O.A. reset controls recommended for all boilers
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Hydronic Heat Pump (Section 6.5.4.4)

For heat pump loops with total pump system
power > 10 hp (Section 6.5.4)

* Two-position valves at each hydronic heat
pump must be provided and interlocked to
shut off water flow to the heat pump when
the compressor Is off

— This basically converts the system into a variable
flow system. As such, these systems must also
comply with Section 6.5.4.1
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Heat Rejection Equipment (Section 6.5.5.1)

* Applies to heat rejection equipment used In
comfort cooling systems such as
— Air-cooled condensers
— Open cooling towers
— Closed-circuit cooling towers
— Evaporative condensers

* Exceptions:

— Heat rejection devices included as an integral part
of equipment listed devices whose energy usage is
Included in Tables 6.8.1A-6.8.1D
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Heat Rejection Fan Speed Control
(Section 6.5.5.2)

* Each condenser or tower fan powered by a motor 2
7.5hp
— Have capability to operate fan at < 2/3 full speed

— Have controls to automatically change the fan speed to
control the leaving fluid temperature or condensing
temperature/pressure of the heat rejection device

* EXxceptions:

— Condenser fans serving multiple refrigerant circuits or
flooded condensers

— |nstallations located in climates zones 1 and 2

— 1/3 of the fans on a multiple fan application speed
controlled
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Exhaust Air Energy Recovery
(Section 6.5.6.1)

Incorporate exhaust air energy recovery in
systems with

* = 70% outside air and = 5000 cfm total
* Minimum 50% energy recovery effectiveness

U.S. Department of Energy (2010)
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Exhaust Air Energy Recovery Exceptions
(Section 6.5.6.1)

* Lab systems meeting Section 6.5.7.2
* Systems serving uncooled spaces that are heated to < 60°F

* Systems exhausting toxic, flammable, paint or corrosive fumes or
dust

* Commercial kitchen hoods used for collecting grease or smoke

* Where > 60% of outdoor heating energy is provided from site-
recovered or site solar energy

* Heating systems in climate zones 1 through 3
* Cooling systems in climate zones 3c, 4c, 5b, 5c, 6b, 7, and 8

* Where largest exhaust source is < 75% of the design outdoor
airflow

* Systems requiring dehumidification that employ energy recovery in
series with the cooling coll
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Heat Recovery for Service Water Heating
(Section 6.5.6.2)

* Condenser recovery required if

— 24 hrs per day and
— Heat rejection > 6,000,000 Btu/h and
- SWH load > 1,000,000 Btu/h

* Exceptions
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Kitchen Hoods (Exhaust)
(Section 6.5.7.1)

* Hoods > 5,000 cfm to be provided with
makeup air sized for at least 50% of exhaust
air volume that is a) unheated or heated to no
more than 60°F and b) uncooled or cooled
without the use of mechanical cooling

* Exceptions

— Where hoods are used to exhaust ventilation air
that would otherwise exfiltrate or be exhausted by
other fan systems

— Certified grease extractor hoods that require a face
velocity no greater than 60 fpm

Presenter’s note: MMC 508 requires make-up air for all commercial hoods
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Fume Hoods (Section 6.5.7.2)

Hood systems with a total
exhaust rate > 15,000 cfm to
have ONE of the following
features

* Operation to < 50% design
flow OR

* Direct make up at least 75%
of exhaust rate at specified
conditions OR

* Heat recovery for make-up air

Date visited: 2/11/2011
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Radiant Heating Systems (Section 6.5.8)

* Required for unenclosed spaces
except loading docks with air
curtains (Section 6.5.8.1)

* "Radiant heating systems that
are used as primary or
supplemental enclosed space
heating must be In
conformance with the governing
provisions of the standard”
(Section 6.5.8.2) VS Department of Eneroy (2010

Presenter’s note:
“standard” is undefined
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Hot Gas Bypass Limitation (Section 6.5.9)

* Not used (including other evaporator
pressure control systems) unless system is
designed with multiple steps of unloading or
continuous capacity modulation

* Exception:

— Unitary packaged systems with cooling
capacities
< 90,000 Btu/h
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Submittals

* Record drawings (Section 6.7.2.1)

* Operating and maintenance manuals
(Section 6.7.2.2)

* System balancing (Section 6.7.2.3)
* System commissioning (Section 6.7.2.4)
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Drawings (Section 6.7.2.1)

Record drawings of actue n

building owner within 90 days of yste

acceptance and\u:gzlude/ as a minimum
* Location and performance data on each

plqggof equipment 7,
* General configuration of ductfnd pipe
distribution system including sizes

* Terminal air or water design flow rates

Ny Y 4 .
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Manuals (Section 6.7.2.2)

Operating and maintenance manuals to building
owner within 90 days of system acceptance and
iInclude several items

Date visited: 2/11/2011 172


http://www.energycodes.gov/becu/trainers.stm

System Balancing (Section 6.7.2.3)

(Section 6.7.2.3.1)

* Systems shall be balanced in accordance with
accepted engineering standards

* Written report for conditioned spaces > 5000 ft2

(Section 6.7.2.3.2)
* Minimize throttling losses

* For fans with system power > 1 hp
— Adjust fan speed to meet design flow conditions
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Hydronic System Balancing
(Section 6.7.2.3.3)

* Proportionately balanced to minimize throttling
losses

* Pump impeller trimmed or pump speed adjusted to
meet design flow conditions

* Each system to have either the ability to measure
differential pressure increase across the pump or
have test ports at each side of the pump

* EXxceptions:
— Pumps with pump motors < 10 hp

— When throttling results in < 5% of the nameplate hp draw,
or 3 hp, whichever is greater, above that required if the
Impeller was trimmed
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System Commissioning
(Section 6.7.2.4)

* Control elements shall be calibrated,
adjusted, and in proper working condition

* > 50,000 ft* conditioned area requires
commissioning instructions
— Except warehouses and semi-heated spaces
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Minimum Equipment Efficiency Tables

* Equipment Efficiency Tables 6.8.1A t0 6.8.1J
* Duct Insulation Tables 6.8.2A and 6.8.2B
* Pipe Insulation Table 6.8.3

Date visited: 2/11/2011 176


http://www.energycodes.gov/becu/trainers.stm

SWH Compliance

duilding System Compliance Options

Prescriptyve
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HVAC Mandate Energy Code
Provisions Trade Off i
(required for most Option Comphance

compliance options
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Service Water Heating (Section 7)

* General (Section 7.1)
* Compliance Path(s) (Section 7.2)

* Mandatory Provisions (Section 7.4)
— Load calculations
— Equipment efficiency
— Service hot water piping insulation
— System controls
— Pools
— Heat traps

* Prescriptive Path (Section 7.5)
— Space heating and water heating
— Service water heating equipment

* Submittals (Section 7.7)

U.S. Department of Energy (2010)
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SWH Alterations (Section 7.1.1.3)

SWH equipment installed as a direct
replacement shall meet these requirements
unless there Is not sufficient space or access
to meet these requirements
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SWH Compliance Paths (Section 7.2)

* You have to follow Sections
- 7.1,
- 7.4,
- 7.5,
- 7.7, and
- 7.8

* Alternatively, you can follow Section 11
(ECB), in which case Section 7.4 Is
mandatory
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Load Calculations (Section 7.4.1)

In accordance with manufacturer’s
published sizing guidelines or generally
accepted engineering standards and

handbooks

Date visited: 2/11/2011 181


http://www.energycodes.gov/becu/trainers.stm

Equipment Efficiency (Section 7.4.2)

* Refers to Table 7.8 for equipment efficiencies

* Equipment not listed in Table 7.8 has no minimum
performance requirements

* Exception:

— Water heaters and hot water supply boilers > 140 gal
storage capacity don’'t have to meet standby loss
requirements when

» Tank surface is thermally insulated to R-12.5, and
« A standing pilot light isn’t installed, and

» Gas- or oil-fired water heaters have a flue damper or fan-assisted
combustion
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Service Hot Water Piping Insulation
Section 7.4.3

* Table 6.8.3, Section 6

* Circulating water heater
— Re-circulating system piping,
iIncluding supply and return piping (a)
* Non-re-circulating storage system
— First 8 ft of outlet piping (b)

— Inlet pipe between storage tank and
heat trap (c)

* Externally-heated pipes (heat trace or impedance
heating) (d)

U.S. Department of Energy (2010)
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Service Water Heating System Controls
(Section 7.4.4)

* Temperature Controls (Section 7.4.4.1)

* Temperature Maintenance Controls (Section 7.4.4.2)
* Qutlet Temperature Controls (Section 7.4.4.3)

* Circulating Pump Controls (Section 7.4.4.4)

U.S. Department of Energy (2010)
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Temperature Controls (Section 7.4.4.1)

* To allow for storage temperature
adjustment from 120°F or lower to a

maximum temperature compatible with
the intended use

* Exception:

— |f manufacturer’s installation instructions

specify a higher minimum thermostat setting
to minimize condensation and resulting
corrosion
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Temperature Maintenance Controls
(Section 7.4.4.2)

Automatic time switches or other controls:

* Set to switch off usage temperature
maintenance system during extended
periods when hot water is not required
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Qutlet Temperature Controls
(Section 7.4.4.3)

Controls provided:

* To limit maximum temperature of water
delivered from lavatory faucets in public
facility restrooms to 110°F
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Circulating Pump Controls
(Section 7.4.4.4)

To limit operation of a storage tank
circulating pump to a period from the start
of the heating cycle to a maximum of five
minutes after the end of the heating cycle
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Pools (Section 7.4.5)

* Pool heaters to have readily
accessible on-off switch
(Section 7.4.5.1)

* Pool heaters fired by
natural gas can NOT have
continuously burning pilot
lights (Section 7.4.5.1)

* Vapor retardant pool covers
required (unless > 60%
from site-recovered or solar
heat) (Section 7.4.5.2) Time
switches required (Section
7.4.5.3)

Date visited: 2/11/2011
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Heat Traps (Section 7.4.6)

Non-circulating systems to have heat traps
on both the inlet and outlet piping as close as
practical to storage tank (if no integral heat
traps)

— Either a device specifically designed for this
purpose or

— Arrangement of tubing that forms a loop of
360° or piping that from the point of
connection to the water heater includes a
length of piping directed downward before
connection to the vertical piping of the
supply water or hot water distribution
system, as applicable

U.S. Department of Energy (2010)

Date visited: 2/11/2011 190


http://www.energycodes.gov/becu/trainers.stm

Space Heating + Water Heating
(Section 7.5.1)

* (Gas- or oil-fired space heating boiler system (complying
with Section 6) is allowed to provide total space heating

and water heating when ONE of the following conditions
IS met

— Single boiler or component that is heating the service water has
a standby loss in Btu/h not exceeding

* (13.3 x pmd + 400) / n; where pmd is probable maximum demand in
gal/n and n is the fraction of the year when outdoor daily mean
temperature is > 64.9°F

— Jurisdiction agrees use of a single heat source will consume less
energy than separate units

— Energy input of the combined boiler and water heater system is
< 150,000 Btu/h

* Instructions for determining standby loss are included in
this Section
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Service Water Heating Equipment
(Section 7.5.2)

Equipment used to provide the additional
function of space heating as part of a
combination (integrated) system shall satisfy
all requirements for service water heating

equipment
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Service Water Heating Submittals
(Section 7.7.1)

Authority having jurisdiction may
require submittal of compliance
documentation and supplemental
iInformation in accord with Section
4.2.2 of this standard
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Power Compliance
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Power (Section 8)

* Voltage drop (Section 8.4.1)
* Submittals (Section 8.7)
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Voltage Drop (Section 8.4.1)

Two types of conductors:

1. Feeder conductors (Section 8.4.1.1)

« Connect service equipment to the branch circuit breaker
panels

* 2% maximum voltage drop allowed at design load

2. Branch circuit conductors (Section 8.4.1.2)
* Run from the final circuit breaker to the outlet or load
* 3% maximum voltage drop allowed at design load

— These are more stringent than
non-enforceable requirements in the
National Electric Code (NEC)

U.S. Department of Energy (2010)
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Power Submittals (Section 8.7)

Owner gets information about the building’s
electrical system

* Record drawings of actual installation
within 30 days (Section 8.7.1)

— Single-line diagram of electrical distribution
system

— Floor plans showing location and areas served
for all distribution

* Manuals (Section 8.7.2):
— Submittal data stating equipment rating
- O&M manuals for equipment
— Qualified service agency

- Complete narrative Of SyStem as |t,S nOrma”y U.S. Department of Energy (2010)
Intended to operate

U.S. Department of Energy (2010)
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Lighting Compliance

uilding System Compliance Options

Prescriptiyve

Envelope Option

Mandatory
HVAC

Provisions Trade Off Energy‘ Code

(required for mos Option Compllance
SWH compliance options
Energy Gost

Power Budget

Simplified
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Lighting (Section 9)

* General Application (Section 9.1)
- Scope
- Lighting Alterations
- Installed Interior Lighting Power
- Luminaire Wattage

* Compliance Path(s) (Section 9.2)

* Mandatory Provisions (Section 9.4)
- Lighting control
- Tandem wiring
- Exit signs
- Exterior building grounds lighting
- Exterior building lighting power

* Building Area Method Compliance
Path (Section 9.5)

* Alternative Compliance Path: Space-
by-Space Method (Section 9.6)

U.S. Department of Energy (2010)
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Lighting General (Section 9.1)

* Scope (Section 9.1.1):
— Interior spaces of buildings (a)
— Exterior building features (b)
— Exterior grounds lighting powered through building (c)
— EXxceptions
« Emergency lighting
 Lighting required by life safety statute
* Lighting within dwelling units of buildings
« Decorative gas lighting
* Lighting Alterations (Section 9.1.2):

— New lighting and lighting controls must comply with this
section, unless an alteration replaces less than 50% of
luminaires in a space and that alteration does not increase
the installed lighting power
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Lighting General

(Section 9.1.3)

* Installed Interior Lighting Power shall include all
power used by the luminaires, including lamps,
pallasts, transformers, and controls

— Exception: in the case where there are two
Independently operated lighting systems that are
controlled to prevent simultaneous operation

* Include only the higher wattage system

(Section 9.1.4)

* Luminaire Wattage for various systems shall be
determined in accordance with details in this
section
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Basic Lighting Requirements

Space-by-Space

Mandatory Interior Exterior
Requirements , | Lighting Power Lighting Power
(Interlor and Limits Limits
Exterior) :
Tradable
e
Connected I
Controls nnect E Power Exemptions
Allowance
Non-
Switching ‘ Tradable
— |
. : Whole Buildin .
Efficiency Exemptions J Total Exterior
OR Lighting

Connected <
Power —

Power
Allowance

Additional Allowances

U.S. Department of Energy (2010)
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Luminaire Wattage (Section 9.1.4)

* Standard incandescent = maxglabeled wattaéé"’of‘-nthe
luminaire (a)
* Luminaires with ballasts of transformers = wattage of

the maximum lamp/ballast combination OR max.
labeled wattage of the luminaire (b)

* Line voltage track = actual wattage with a min. 30 W
per foot OR wattage limit of system’s circuit breaker
OR wattage limit of other permanent-curtent<limiting
device(s) on the system (c)

* Low voltage track = transformer wattage (d)
* All others as specified on equipment (e)

Date visited: 2/11/2011
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Mandatory: Individual Space Control
(Section 9.4.1.2)

" At |least one for each room or
space enclosed by ceiling-height
partitions

= in spaces < 10,000 ft2, each
control serves 2500 ft?
maximum and in spaces >
10,000 ft?, serves 10,000 ft2
maximum

" Readily accessible to occupants

" Remote location is allowed to
accommodate areas where safety
Or security is a concern

U.S. Department of Energy (2010)
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Mandatory: Additional Space Controls
(Section 9.4.1.4)

Hotel/motel guest room
lighting must be controlled
at room entry (c)

Occupancy sensors are
required In:

" Classrooms (except shop,
lab, K-12)

" Conference/meeting rooms

" Employee lunch/break
rooms

U.S. Department of Energy (2010)
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Mandatory: Individual Space Control
(Section 9.4.1.4)

Additional control required for:
= Display/accent lighting (a)
= Case lighting (b)
= Task lighting (d)
= Non-visual lighting (e)
= Demonstration lighting (f)

U.S. Department of Energy (2010) (all)
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Mandatory: Automatic Shutoff
(Section 9.4.1.1)

" Automatic lighting shutoff control device
required in all buildings larger than 5,000 ft?

" Override of automatic shutoff required for not
more than 4 hours (Section 9.4.1.2)

" EXxceptions to automatic shutoff:
= Lighting for 24-hour operation
= Patient care spaces
= Areas with safety or security concerns
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Automatic Shutoff (Section 9.4.1.1)

— Compliance options: s
— Control lights on a scheduled basis o E s
(automatic time switch) (a) i
« Time-of-day controller
« Controls < 25,000 ft? and not more than one
floor
— Occupant sensor (b)
« Turn lights off within 30 minutes of occupant ‘
leaving the space PP e
— Signal from another control or alarm that  us. vepartment of Energy 010
Indicates the area is unoccupied (c)
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Application of Automatic Shutoff

Intent is to apply to business entities or
structures where whole building control is
practical

Example application:
— Strip mall — individual business unit

U.S. Department of Energy (2010)
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Exterior Lighting Control (Section 9.4.1.3)

* For dusk-to-dawn lighting: astronomical
time switch or photosensor

* For all other: astronomical time switch
OR photosensor + time switch
[REVISED!]

e All time switches must have 10 hour
battery backup

* EXxceptions:
— Covered vehicle entrances

— Exits from buildings or parking
structures

— (where required for safety, security,
or eye adaptation)

U.S. Department of Energy (2010) (all)
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Additional Control (Section 9.4.1.4)

Many special lighting applications must be
controlled separately

* Display/accent lighting (a)

* Case lighting (b)

* Hotel/motel guest room lighting (c)
* Task lighting (d)

* Non-visual lighting (e)

* Demonstration lighting (f)
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Tandem Wiring (Section 9.4.2)

U.S. Department of Energy (2010)
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Tandem Wiring Exceptions (Section 9.4.2)

* Separated surface or pendant luminaires
* Recessed luminaires more than 10 ft apart

* Other luminaires
— With three-lamp ballasts
— On emergency lighting circuits
— With no available pair
— With one lamp, high frequency, electronic ballast
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Exit Signs (Section 9.4.3)

Limited to 5 watts per face

U.S. Department of Energy (2010) U.S. Department of Energy (2010)
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Exterior Lighting Power

" Building grounds lighting luminaires over 100 watts
must have lamp efficacy of at least 60 lumen/Watt.
Exception: motion sensor controls. (Section 9.4.4)

" Exterior Building Lighting Power must meet
prescribed wattage limits. Exterior applications
divided into 2 categories (Section 9.4.5):

Tradable: allowed wattage may
be traded among these applications

Non-Tradable: allowed wattage
cannot be traded between surfaces
or with other exterior lighting

U.S. Department of Energy (2010)
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Efficacy (Section 3 definition)

* The ratio of light output to watts input
— lumens per watt

* The higher the efficacy, the more efficient the light
source

— 40 watt incandescent = 480 lumens (12 L /W)
— 40 watt fluorescent = 2640 lumens (66 L / W)
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Efficacy

Exterior Grounds Lighting and Specific Technologies
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Exterior Building Lighting Power
(Section 9.4.5)

* The total exterior lighting power allowance is
the sum of the individual lighting power
densities [LPD]

..plus an additiefia

of 5% of that sum. Trade offs are allowed'-

y among “Tradable Surfaces” apphcatlb —g,-,?

!\\

i n - II. .' . IO
-5’!" ] s |
L i | !

' "i.' lt ﬂ ! i .
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Exterior Building Lighting Power
(Section 9.4.5)

Lighting used for the following exterior applications is exempt when
equipped with a control device independent of the control of the
nonexempt lighting:

— specialized signal, directional, and marker lighting associated with
transportation;

— lighting that is integral to advertising signage or directional signage;

— lighting that is integral to equipment or instrumentation and is installed by
its manufacturer;

— lighting for theatrical purposes, including performance, stage, film, and
video production;

— lighting for athletic playing areas;

— temporary lighting;

— lighting for industrial production, material handling, transportation sites, and
associated storage areas;

— theme elements in theme/amusement parks;

— lighting used to highlight features of public monuments and registered
historic landmark structures or buildings
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Exterior LPDs: 90.1-2007 (Table 9.4.5)

Example:

Applications

‘ Lighting Power Densities

Tradable Surfaces:

Uncovered Parking Areas

Parking lots and drives

‘ 0.15 W/ft2 (12 fc @ 80 L/W)

Building Grounds

Walkways less than 10 feet wide

1.0 W/linear foot

Walkways 10 feet wide or greater, Plaza areas and
Special feature areas

0.2 W/ft2 (16 fc @ 80 L/W)

Stairways

1.0 W/ft?

Date visited: 2/11/2011
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Exterior LPDs: 90.1-2007 (Table 9.4.5)

Example:

Applications

| Lighting Power Densities

Non-Tradable Surfaces

Building facades

0.2 W/ft2 for each illuminated wall or surface or 5.0
W/linear foot for each illuminated wall or surface
length

Automated teller machines & night depositories

270 W per location plus 90 watts per additional ATM
per location

Entrances and gatehouse inspection stations at
guarded facilities

1.25 W/ft? of uncovered area (covered areas are
included in the Canopies and Overhangs section of
Tradable Surfaces)

Date visited: 2/11/2011

U.S. Department of Energy (2010)
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Interior Lighting Power (Section 9.2.2.3)

* Lots of exemptions

* Calculation methods
— Building aréa (Section 9.5)
= Space—by—spé\ce (Section 9.6)
— Trade-offs of ir\i‘i;erior lighting power allowance

s
s ] o

among portions jof the building forwhick
different calculatiop-method has Beemsused is not
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Lighting Power Allowance Exemptions
(Section 9.2.2.3)

* Theatrical, stage, film, and video
production

* Medical and dental procedures

* Exhibit displays for museums,
monuments, and galleries

* Plant growth or maintenance

* Integral to equipment or
instrumentation installed by
manufacturer

* Integral to both open and glass-
enclosed refrigerator and freezer
cases

* Retail display windows, provided
the display is enclosed by ceiling-
height partitions

* Food warming and food
preparation equipment

Date visited: 2/11/2011

Interior spaces specifically
designated as registered interior
historic landmarks

Integral part of advertising or
directional sighage

Exit signs

Sale or lighting educational
demonstration systems

Lighting for television broadcasting
In sporting activity areas

Casino gaming areas
Furniture-mounted supplemental
task lighting controlled by automatic

shutoff and complying with
9.4.1.4(d)

For use in areas specifically
designed for occupants with special
needs

223
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Exemption Example

Display
Lighting

<— Parking Lot

Display
Windows

U.S. Department of Energy (2010)
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Building Area Method of Calculating Interior
Lighting Power Allowance (Section 9.5.1)

* Used for projects involving
— An entire building
— A single, independent, and separate occupancy in a multi-
occupancy building
* Gross lighted area is multiplied by allowance from
Table 9.5.1
* Limitations:
— Insensitive to specific space functions and room
configurations
— Generally is more restrictive

— Does not apply to all building types - but “selection of a
reasonably equivalent type” is permitted
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Gross Lighted Area (Section 3 definition)

* Sum of total lighted area
of a building

— Measured from the exterior
faces of the exterior walls or
from the centerline of walls
separating buildings, but
excluding a long list of
areas. (See Standard).

* Used in the building area
method of determining

Interlor Ilghtlng power U.S. Department of Energy (2010)
allowance
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Building Area Allowances

Table 9.5.1

Presenter’s note:
() = 1999 ASHRAE 90.1 values

Date visited: 2/11/2011

Building Type Iblg::::? ('\D,\‘,’l‘;‘;f)r
Court House 1.2 (1.4)
Dining: Bar Lounge/Leisure 1.3 (1.9)
Dining: Cafeteria/Fast Food 1.4 (1.8)
Dining: Family 1.6 (1.9)
Dormitory 1.0 (1.9)
Exercise Center 1.0 (1.4)
Office 1.0 (1.3)

U.S. Department of Energy (2010)
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Space-by-Space Method of Calculating Interior
Lighting Power Allowance (Section 9.6.1)

* I|dentify different building types in your project

* Divide gross lighted area of the building into
each of the space types

* Calculate lighting power allowance by multiplying
area of space type by lighting power density for
that specific space type

e Sum all the allowances

* Advantages:
— More flexible
— Applicable to all building types

— Accounts for room geometry (e.g., lighting needs of
enclosed office vs. open office)
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Space-by-Space LPD

Table 9.6.1

Presenter’s note:
() =1999 ASHRAE 90.1 values

Date visited: 2/11/2011

i o
Court House 1.9 (1.5)
Dining: Bar Lounge/Leisure 1.4 (1.9)
Dining: Cafeteria/Fast Food 2.1 (1.5)
Dining: Family 2.1 (1.5)
Dormitory 1.1 (1.9)
Exercise Center 0.9 (1.3)
Office, Enclosed 1.1 (1.5)

U.S. Department of Energy (2010)
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Additional Interior Lighting Power
(Section 9.6.2)

An increase in the ILPA is allowed for
specific space functions when using
the space-by-space method.
Applications must be automatically
controlled, separately from the general
lighting, to be turned off during non-
business hours

* Decorative in addition to general
lighting — 1.0 W/ft? in space used

[ ) Retall dlsplay Ilghtlng U.S. Department of Energy (2010)
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Retail Display Lighting (Section 9.6.2)

Additional Interior Lighting Power Allowance = 1000 watts +
(Retail Area 1 x 1.0 W/ft2) +
(Retail Area 2 x 1.7 WI/ft2) +
(Retail Area 3 x 2.6 W/ft2) +
(Retail Area 4 x 4.2 W/ft2),

Where:

Retail Area 1 = the floor area for all products not listed in Retail Area 2, 3
or4

Retail Area 2 = the floor area used for the sale of vehicles, sporting
goods and small electronics

Retail Area 3 = the floor area used for the sale of furniture, clothing,
cosmetics and artwork

Retail Area 4 = the floor area used for the sale of jewelry, crystal, and
china

Exception: Other merchandise categories may be included in Retalil
Areas 2 through 4 above, provided that justification documenting the
need for additional lighting power based on visual inspection, contrast,
or other critical display is approved by the authority having jurisdiction.
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Submittals (Section 9.7)

There are no submittals associated with the
lighting requirements
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Other Compliance

uilding System Compliance Options
Prescriptive
Envelope St
Mandatory
HVAC
Provisions Trade Off Energy‘ Code
(required for most Option Compllance
SWH compliance options
Energy Cost
Power S
Lighting

Simplified
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Other Equipment — Motors (Section 10)

Motor efficiency levels correspond to Energy Policy Act
of 1992 manufacturing standards (Section 10.4.1)

Mandatory provisions are for General Purpose Design
A and Design B motors only (Section 10.8)

Motors in new buildings, additions to existing buildings,
and alterations to existing buildings must comply
(Sections 10.1.1.1 through 10.1.1.3)

— Relocated or reused existing motors do not have to meet these
requirements (Section 10.1.1.3.2)

No small building option, no prescriptive compliance

path, no alternative compliance paths, no submittals

(Sections 10.3 and 10.5 through 10.7)
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Energy Cost Budget Method (Section 11)

* The ultimate trade-off method allowing
you to trade-off across building
systems through the use of annual,
hourly simulation tools and a baseline
building

* The only real way to deal with unique
designs, renewables, high-efficiency
equipment, etc.

* The basis of the energy portion of the
LEED rating

* Limits allowable energy costs of the
design to those of a building meeting
the Standard

¢ BU|Id|ngS mUSt St”l meet a” mandatory U.S. Department of Energy (2010)
requirements (Section X.4)
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Energy Cost Budget Method

* Tradeoff limited to building permit (Section 11.1.2)

* You have to have an approved building envelope
design prior to ECB submittal (Section 11.1.3)

* You must meet all the X.4 sections AND the design
energy cost cannot exceed the energy cost budget
AND the energy efficiency level of components must
meet or exceed the levels used to calculate the
design energy cost (Section 11.1.4)

* You must document all this in great detail (Section
11.1.5)
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Energy Cost Budget Method

* Use a good and approved simulation program
(Section 11.2.1)

* Use appropriate and approved climate data
(Section 11.2.2)

* Use appropriate and approved purchased
energy rates (Section ff.Z.B)

* Use the same simulation program, climate
data, and purchased energy rates for both the
design ener%y cost and energy cost budget
(Section 11.2.4)

* Get approval to deal with exceptional
calculations that aren’t covered in the
simulation program (Section 11.2.5)
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Energy Cost Budget Method

* Develop your proposed building design and
budget building design in accordance with
Table 11.3.1 (Section 11.3.1)

— This table “locks down” a number of building
design parameters

* Choose your budget building HVAC system
from Figure 11.3.2 and Table 11.3.2A

(Section 11.3.2)
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Energy Cost Budget Method

If you are attempting to show that your building
goes “above code” (say, for instance, for
LEED energy points) as opposed to simply
using ECB as a very flexible and complex
code compliance tradeoff option,

* Be sure to see Informative Appendix G, which
contains many of the same elements as
Section 11, but with modifications to
accommodate the needs of “above code”
programs
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Normative References (Section 12)

* Normative (read "mandatory”) reference
documents

* Includes test methods, rating procedures, and
other standards

Date visited: 2/11/2011
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Rated R-Value of Insulation and Assembly
U-Factor, C-Factor, and F-Factor Determinations
Normative Appendix A

Includes pre-calculated U-factors, C-factors,
and F-factors:

* Above-grade walls (Section A3)

* Below-grade walls (Section A4)

* Floors (Section A5)

* Slab-on-grade floors (Section A6)
* Opaque doors (Section A7)

* Fenestration (Section A8)
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Building Envelope Climate Criteria
(Normative Appendix B)

* Defines which of the envelope criteria tables
(Tables 5.5-X) to use for your location

* General (Section B1):

* Climate Zone Map

« U.S. Climate Zones (by County)

« Canadian Climatic Zones (by City)
* International Climate Zone (by City)

* Major Climate Type Definitions U:5-Deparmentof Energy (2010
(for use with non-U.S. locations) (Section B2)
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Methodology for Building Envelope
Trade-Off Option in Subsection 5.6
Normative Appendix C

* The detalls of how the envelope trade-off
option referenced in Section 5.6 Is
Implemented

* This methodology is implemented in the
ENVSTD software distributed with the 90.1
Users Manual
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Climate Data (Normative Appendix D)

* Climatic data for a number of US, Canadian,
and international locations
- HDDG65 and CDD50
— Heating and cooling design temperatures

- “number of hours between 8 am and 4 pm with
Tdb between 55 and 69”

* Used exclusively for HVAC calculations
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Informative References
(Informative Appendix E)

®* Other useful references that are not
mandatory, but are useful as examples for
_ the user of Standard 90.1-2007

~ * In general, these are not consensus
documents so ASHRAE procedures do not
allow them to be mandatory references

:
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Addenda Description Information
(Informative Appendix F)

* Information on addenda to
ANSI/ASHRAE/IENSA Standard 90.1-2004
(the predecessor to Standard
90.1-2007)

* ASHRAE issued 44 addenda to Standard
00.1-2004

* Standard 90.1-2004 plus these addenda
forms the basis of Standard 90.1-2007

Date visited: 2/11/2011 246


http://www.energycodes.gov/becu/trainers.stm

Performance Rating Method
(Informative Appendix G)

Instructions for using the
ANSI/ASHRAE/IESNA Standard 90.1- 2007 |
Energy Cost Budget Method in conjunction
with the U.S. Green Buildings Council i
(USGBC) Leadership in Energy and

iz Environmental Design (LEED) program

il R
1§

£ i
f BETIRIE
Voed IEsg
FhLn i
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Compliance and Implementation Tools
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Training Module

School of Planning, Design
& Construction

Michigan State University
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What Does This Mean to Me?

ARRA 2009 = American Recovery and Reinvestment Act
of 2009 (The Recovery Act)

Target Codes:

* Residential: 2009 IECC
* Commercial: ASHRAE 90.1-2007

90% compliance within 8 years

One time demonstration of 90% compliance
required

Measuring State Energy Code Compliance Report. PNNL for U.S. DOE. (2010)
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Transitional Period

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Building Energy Codes Program
I

BECP is developing guidelines and
tools to use in measuring compliance
with building energy codes, which:

« Foster uniformity and
objectivity in measuring
compliance rates

« Eliminate need for each
state to develop its
own procedures and tools

* Provide tools that states can
adapt for their own preferred use

 Collect additional data and
support related activities.

Residential Requirements of the 2009 IECC. U.S. DOE Building Energy Codes Program. (2010) 251
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PNNL Topic Briefs

* Brief 1. Measuring 90% Compliance
» Brief 2: Sample Size

%) ENERGY

» Brief 3: Onsite Compliance Evaluation e

» Brief 4. Above-Code Programs

 Brief 5: Sample Distribution and Makeup MAeqirie 0% ol
« Brief 6: Evaluation Checklists

* Brief 7: Compliance Roadmap

* Brief 8: Renovations

» Brief 9: Alternative Codes

» Period of Evaluation

« Annual Measurement Requirements
« Approaching Jurisdictions

« Training and Tools

* Related Outcomes

Pacific Northwest

Date visited: 11/22/2010 252
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Compliance Report

Measuring State Energy Code Compliance Report:

* Aggregate of previously released |l e
energy Code Comp“ance t0p|C ENERGY H;fgfm% Building Technologies Program
briefs and additional information

on remaining topics Measuring State Energy

e 74 page document Code Compliance
— Code adoption and equivalency
— Annual measurement
— Planning for compliance

— Evaluation

— Onsite compliance evaluation
procedures (includes generating REPORT released March 2010
the Sample SetS) subject to further development

— Evaluation checklists

Date visited: 11/22/2010 253


http://www.energycodes.gov/becu/trainers.stm
http://www.energycodes.gov/arra/compliance evaluation.stm

Compliance Evaluation
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Evaluated buildings are each assigned a compliance rating of
0—100% based on the proportion of code requirements that
each has met, and the evaluated buildings’ scores within a
state are averaged to derive an overall compliance metric
with an associated confidence.

Commercial Evaluator Training. Building Energy Codes University. (2010) 254
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Compliance Evaluation

*
*
*

*
* *

Date:

Building Name & Address:
Building Contact: Name;

Compliance Approach: [ Prescriptive [ Trade-Off (Section 5.6) [ Performance (ECB Section 11)

State:

Commercial Building Data Collection Checklist

ANSI/ASHRAE/IESNA Standard 90.1-2007

Name of Evaluator(s):

Conditioned Floor Area: ft?

Phone:

Email:

Jurisdiction:

Building Use: [] Office [ Retail [] Storage []Education []Lodging [ Dining

Item
Number

Pre-Inspection/Plan Review

Project Type: [ New Construction (] Addition [ Renovation
Item Compl
Number Plan Review Y N

PR1 Plans and/or specifications provide all information with U ]
[42.2] which compliance can be determined for the building

envelope and delineate and document where exceptions

to the standard are claimed.
PR2 Plans and/or specifications provide all information with U U
[4.2.2] which compliance can be determined for the mechanical

systems and equipment and delineate and document

where exceptions to the standard are claimed.
PR3 Plans and/or specifications provide all information with [l U
[4.2.2]1 which compliance can be determined for the service

water heating systems and equipment and delineate

and document where exceptions to the standard are

PR1
[103.2)"

Documentation. Determine if a complete set of plans/construction drawings, specifications,

and energy code compliance documentation is available in the building department. If there is

no building department or the locality does not conduct plan review, this information should

be obtained from the registered design professional or builder having responsibility for the

project. If documentation indicating a trade-off or performance approach is not provided, a

prescriptive approach must be assumed for verifying compliance. Construction documents

should sufficiently demonstrate energy code compliance, including but not limited to the

following information:

o The location and R-values of insulation materials

o U-factors and SHGC values for windows, doors, skylights, and other fenestration
products

+ Information related to duct and piping location, insulation type and R-value, and means of
sealing

Under the assumption that only state or local government with a responsible enforcement
and/or permitting agency are included in compliance evaluations, plans and documentation
are expected to be held by the responsible agency. If this is not the case, mark this code
requirement and the next (PR1 and PR2) as non-compliant, unless there is another entity
responsible for enforcement identified (e.g. utility, contractor licensing board, etc.) in which
case they should be contacted to review PR1 and PR2 information.

PR2
[403.6]*

HVAC Load Calculations. Verify that HVAC load calculations have been completed and
submitted. Verify the methodology used in the load calculations. List the resultant heating
and/or cooling loads as applicable in the Verified Value column.

Commercial Evaluator Training.

Building Energy Codes University. (2010)

RECOVERY.GOV
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Step-by-Step Companion Guide ENERGY | 5oy Effciency &

Renewable Energy
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Code Officlals Companion Guide ‘l"_rl|\/

Building Energy Codes Resource Guide:
Code Officials Edition

View or download:

Plan review and
Inspection resources

REScheck and
COMcheck reference
guides

Case studies

Sample checklists

Download the PDF or flip through the online version
Register for automatic updates

Commercial Evaluator Training. Building Energy Codes University. (2010) 257
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Code Officlals Companion Guide

U.5. DEPARTMENT OF

ENERGY

ABOUT BECP

BROWSE PUBLICATIONS...

Advanced Energy Design
Guides

Annual Reports/Brochures
Code Boaks

Code Motes

Federal Rules

Falicy Briefs

Presentations

Fesearch

Resource Guides

Setting the Standard
Technical Assistance Reports

Technical Support Docurnents

ALS0O ON THIS WEBSITE...
Status of Codes
Solations & Help Center
Software & Tools

Building Energy Codes
University

Energy Efficiency &
Renewable Energy

Building Energy Codes Program

Y/HY BUILDING ENERGY CODES

RELATED LINKS HOME

Less Energy. Less Cost. Less Carbon.

Building Energy Codes Resource Guide:
Code Officials Edition —
Now Available!

To suppor greater compliance with energy codes, the LS.
Department of Energy's Building Energy Codes Program (BECP) and
the International Code Council (1CC) have collaborated to publish a
collection of each organization's most useful resources for code
enforcement officials.

The guide includes practical plan review and inspection resources,
including BECP's REScheck™ and COMcheck™ guick reference
guides, case studies, and sample inspection checklists; as well as
excerpts from CC's cammentaries, warkbooks, and code companian
materials.

This collection also includes many other helpful items and points to
further resources availahle on the web. Residential and commercial

EERE Infarmation Center 7

Physical wersions of the Resource Guide are being diszseminasted in
Cctober 2010 through local I2C chapters, advocacy organizations, and
regional energy efficiency partnerships. You may also flip through our
online wversion or dovenload the entire Resource Guide az a PDF for
in-house printing.

building officials can easily add state and local guidance in order to use this hinder as a one-stop resource to support compliance in the

field.

Take a Tour!

Keep your guide current!

Download a copy!

Flip thraugh the online wersion of Buiicing Energy Codeas Resowrce Guide: Cooe Officials Edition nowl

Eegisteryour copy of the Buiiding Energy Codes Resource GFuice to receive email notices of updated guide materials.

Download a POF copy ofthe Builking Ensrgy Codes Resolrcs Glide for in-house printing.

Date visited: 11/22/2010
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Next Step - Data Submission

Checklist Consolidation and Scoring

* BECP will provide an online database and web
form

* BECP will provide services to states for
converting paper checklists to the electronic
format.
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U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

PNNL Survey:

Better understand compliance rates
* Jurisdictional practices
* Identify training needs

* Attempt to coordinate best practices
with measured compliance rates

* Confidential results

m ‘State Energy Code Jurisdictional Survey

a
Please review the survey and gather the needed information before continuing.

Questions About Your Jurisdiction

Jurizdictional infarmation
AQency name:

Other jurisdiction nat listed abaove (please specify):

|

Jurisdiction served: | {Click here for choices) j
|
|

Estimate of the population served:

Date visited: 12/15/2010 260
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COMcheck Compliance Software

{1

Training Module

School of Planning, Design
& Construction

Michigan State University
MICHIGAN STATE ' K East Lansing, Michigan

UNIVERSITY
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Demonstrate Compliance

Prescriptive Trade-off Performance

“Prescriptive “Trade-off “Performance
Packages Approach” Approach”
Approach”

COMcheck” DOE-2

Residential Requirements of the 2009 IECC. U.S. DOE Building Energy Codes Program. (2010) 263
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COMcheck Introduction ‘l"\_p|/

* Based on UA tradeoff

* COMcheck Software Options

- Web-based Version
« Automatically updates
* Save files online or download

— Desktop Version COMcheck”
* No internet connection required

* Must check for updates
— COMcheck package generator

» Design your own code-compliant insulation and window
packages based on regional requirements

REScheck Software: Case Study. Building Energy Codes Program. (2003) 264
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COMcheck Basics \'n\_p|/

Before Using COMcheck, You Will Need:

« Basic understanding of Windows-based programs

« Basic information about the builder and building to be
constructed

* Plans including:

— Areas of exterior walls, glazing, roof/ceiling, basement walls,
doors, crawl walls and floors

- R-values, U-values, wall heights and insulation depths
— Heating and cooling system efficiencies

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 265
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COMcheck Online Tool

\'n_p]\/ COMcheck-Web’

COMcheck-Web simplifies commercial and high-rise residential
energy code compliance.

It performs just like COMcheck, the desktop version, but you don't need to download or
install any software on your computer.

COMcheck—Web has been updated!
» Start COMcheck-Web Learn what's new. (January 2011}

Contact: Technical Support
Security & Privacy

266
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COMcheck Project Screen

§
e —
| ' https://energycode.pnl.gov/COMcheckWeb/index. html

\/COMChECk WEb e Register &) | Forgotten Password?
90.1 (2007) Standard S -

| g New Project | PROJECT ENVELOPE INT. LIGHTING EXT. LIGHTING MECHANICAL | 5 Reports | | Help |

Code/Location Building Use
Code: 1901 (2007) Standard L ) Building Area Method @ Area Category (Space-By-Space) Method
State: Michigan
9 v [ Add Area Category ] [ 6/’ Edit l [ X Delete l
City: East Lansing -

. L . Area Catego Area Descriptic
If your location is not included here, choose a nearby gory P

location with similar weather conditions.
n Unknown Category

Project Type

m

@ New Construction ) Addition ) Alterations

[[] semiheated Building (all spaces are semiheated with no cooling)

Il 1 | 3
Project Details (optional) Total Area: 0
This information will appear on the Edit Project Details...
compliance report. Exterior Lighting Areas
Notes: Add Exterior Area ] [ L™ Duplicate l l X Delete ]

Exterior Lighting Area Area Description Quantity

v CHECK COMPLIANCE 4 To display compliance results, click the Check Compliance button.

Done S

267
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b2l 4

6¢'

el

| 955 WNDOW MEADER

|ldentifies assembly
type and insulation
R-value

Wall Assembly:

* Steel Frame

* 16" oc

* R21 Cavity Insulation

Roof Assembly:
* Single membrane

* R30 Continuous
Insulation
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|us oesaRTMENTOF  Enargy Efficiency &

ENERGY rencanie trers

(eajCase Study.cok- COM Hheck 3, 8.0 Ce de: 009N ECE
File Edit View Options Cod

@ EH X am

i Project | Envelope | Interior'\ighting | Exterior Lighting = Mechanical !\

[ RrRoof || sSkyiight |[ Ext.wall |[\window || Door ][%sement | Floor ]l ‘
Component Assembly Cmof:::bn Gross Area Inim{hn ﬁﬁms
R-Value R-vValue

Buildin

T Roof 1 {Insulation Entirely Above.,. ¥ 11570 = ___30.0
2 | = Front Exterior Wal Steel-Framed, 16" o.c. - 6075  |f2| 21.0 0.0
3 L Window 1 Metal Frame wlth Therma... ¥||Glazing: Ti... = 21§5 ft2

gfront Window __|Metal Frame:Double Pan... v||Glazing: Ti... e i

S | . Entrance A ! i —id tz
6 | =-Back Exterior Wall Steel-Framed, 16" o.c, - 6075 ftz 21.0 0.0
r& R Window 1 Metal Frame with Therma.,. ¥ ||Glazing: Ti... * 2183 ft2
8 - Storefront Window Metal Frame:Double Pan.., w||Glazing: Ti... 27 ft2
9 ~-Entrance Door Glass (= S0% glazing):M.., | Type: Entr.,. 47 ft2
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Envelope — Window Schedule
WINDOW SCHEDULE
WINDOW DIMENSIONS DETAILS TENPERED QASS
rree || wiorw | keieur| mick || seap | uame | st GLAZING REMARKS L TE

-5 1/2 6-@° | 41/2 || 7/A64| 3/A64| VAG3 || IINSWATED W/ LOWE _|| 27X 4 /2" ALUM STOREFRONT Wi/ T-BREAK
%g 6~ | 41/2° || 7/Ab4 | 3/A64| VA6 || I INSULATED W/ LOWE || 2 X 4 1/2° ALUM STOREFRONT W/ T-BREAK
B-a" | 62" | 4 172° || 77464 | 3/A6.4| 1/A63 || " INSLATED W/ LOWE || 2° X 4 I/2° ALUM STOREFRONT W/ T-BREAK
790" | 6-@° | 4 172" || 7/A6.4 | 3/A64| /A3 || I INSLATED W/ LOWE || 2° X 4 1/Z° ALUM STOREFRONT W/ T-BREAK
16-8° @ | 42" || 7/A64 | 3/A64| I/A63 || I'INSULATED w/LOWE || 2° X 4 I/2° ALLM STOREFRONT W/ T-BREAK
9-5 /27| 8-6" | 4 /2" || 9/A6.4| 3/A64| 2/A6.3 || I INSLATED W/LOWE || 2°X 4 /2" ALUM S W/ T-BREAK
92" | 8-6" | 4 172" || 9/A6.4| 3/A6.4| 27263 || riNnstLaTED w/LowE || 2° X 4 1/2° ALUM STOREFRONT W/ T-BREAK
15-0° | 8-6" | 4 /2" || 9/A6.4 | 3/A6.4 | 2/A6.3 || I'INsLATED W/ LOWE || 2°X 4 /2" ALUM STOREFRONT W/ T-BREAK
o) 12-2° | 86" | 4 177" ||[Io/A64| 4/A64 | I/A6A4 || " INSULATED W/ LOW E || 2 X 4 I/2" ALUM STOREFRONT W/ T-BREAK
{ 17-10° | 8-6° | 4 172" || 9/4A6.4 | 3/A6.4| 2/A6.3 || 7 INSULATED W/ LOWE || 2 X 4 1/2° ALUM STOREFRONT W/ T-BREAK
& 16-8" | 8-6" | 41/7 || 9/A64 | 3/A64| 2/A6.3 || I INSLLATED W/ LOWE || 2' X 4 /2 ALUM STOREFRONT W/ T-BREAK
$-5 /2| 6-@° | 4172 || 9/A64| 5/A6.4| 3/A6.3 || I INSLATED W/ LOWE || 2 X 4 /2’ ALUM STOREFRONT W/ T-BREAK
( -2 | 6-@ | 4 /7 || 9/A64| 5/A6.4| 3/A6.3 || I INSLLATED W/ LOWE || 2' X 4 I/Z' ALUM STOREFRONT W/ T-BREAK
( 152" | 6-@" | 41/2" || 9/A6.4| 5/46.4| 3/A63 || I INSULATED w/LOWE || 2°X 4 1/2° ALUM STOREFRONT W/ T-BREAK
12-2° | 6-@° | 4 172" \[1g/A6.4| 7/A64 | 2/A6.4 || I INSLATED W/ LOWE || 2 X 4 1/2° ALUM STOREFRONT W/ T-BREAK
1790 | 6-@ | 4 172" || 9/A6.4 | 5/A64| 3/A63 || I WNSULATED W/LOWE || 2 X 4 1/2° ALUM STOREFRONT W/ T-BREAK
S 16-8" | 6-@° | 4172 || 97464 | /464 | 3/A63 || I INSULATED W/ LOWE || 2° X 4 I/2° ALUM STOREFRONT W/ T-BREAK

&

{
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(cs | Case Study,cok. COMcheck 3,8 0

Code: 2009 JECC

jhtirly | Exterior Lighting | Mechan
(e ) e mp[ oo«Jr_a_«s-_»-pL_J /
Cavity Continuous
Component S Grosskn Insuation | Insustion | U-Factor | sac | PTERen
R-Vakie R-Value
~(5ad
&) Insulation Entrely Above... 11570 [f2 30.0 0.032
. Front Exterior Wall SteelFramed, 16*0.c. ¥ 6075  ftz2| 210 0.0 0.106
3| wndow 1 |Metal Frame with Therma... v | Glazing: Ti... 2185 Rz 0500 | 040 | 000
< - Storefront Window | Metal Frame:Double Pan... v Glazing: Ti... 46 fe2 0.500 | 0.40 0.00
5™, Entrance Door Glass (> S0% glazng):M... ~| Type: 47 f2 0500 | 040 | 000
6 ' - 6075  |ft2| 210 0.0 0.106
7 - Window 1 Metal Frame with Therma,.. «| Glading: Ti... v|| 2183 [tz 0500 |040 | 0.00
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BUILDING ENVELOPE SUMMARY

Total Building Area 34,710 ft?
| INumber of Floors 3
Total Finished Cut Area 2,014 #t*
Assembly Type Description Area R-value

Roof Single Ply Membrane Roof | 11,570 fi? R-30
on 4.75" Rigid Insulation on
1 %" Steel Deck

Exterior Walls 6" Steel Studs @ 16" O.C. 10,152 f* (Gross) R-10
w/R-19 unfaced Batts

Floor Slab-on-grade — R-5 447 Linear feet R-5
perimeter insulation down 2
fi

Glazing Storefront Window 6,436 f* U-0.50
Metal Frame with Thermal SHGC - 0.40
Breask, Double Glazad Low
E
Storefront Window Metal 294 12 U-0.50
Frame with Thermal Break, SHGC -0.40
Double Glazed Low E

Exterior Doors All Glass Metal Frame 188 ft2 U-0.80
Entrance Doors SHGC — 0.40
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Packaged Rooftop Unit Schedule

(eni]

DESCRIPTION

COOLING.

SUFFLY BLOWER:

UNIT WIRING.
FILTERS:

MANFACTURER,

PACKASED ROCFTOP MOUNTED VARIASLE AR VOLU'E AR
CONDITIONING INIT nTH
INDOOR BLOWER WITH VARIABLE

BLOWER WiTH

APPROX. aﬂuumsm 10500 LB,

S50 N1 TONS 1214 MBH TOTAL COOLING CAPALITY 586
GROSS SENSIBLE AT OUTFUT AT BOO DES. F.

ENT. RS 9TOSG.F A8, 22000 CMIAT 554 OBS F LOB 338
DES. E LiWB ALL AT 4400 FT_ELEVATION THREE &

4400 FT ELEV 100 WP 460 V 3PH SINGLE

Fee 450 A MINIMUM RECOMMENDED ROE FUSE AT 208
VOLTS, 3

20 - 20" X 25" X 3" DISPOSASLE PLEATED GLASS MEDIA FLTERS
N ERAE

TRANE CO. MODEL SXHRCESL OR ENSINEER APPROVED BQUAL

)
ENT.DE, 64 OES.F.

_Packaged Rooftop Unit Schedule

(en-2]

DESCRIFTION,

COOLING

SUPPLY BLOWER,

UNIT RIRING,

FILTERS,

MANJFACTURER.

INDOOR BLOWER CRIVE, 100/
EXHAUST SLONER M TH TABLE V-BELT DRIVE, MGk
gmwmwﬂrumm TED i
ACKAGED OX COLS AND COMPRESOORS
MATIMLE STES AND LOW A BIENT
OPERATION CAPASILITY VAV CONTROLS, FILTER RACKS WITH
FLTERS, FULL ABILITY WITH FIXED
POSITION QUTSOR AR O FACTORY ROOF
CRBPFRAT HEIGHT, 6,190 LB.

300 NOM TONS 3635 M TOTAL COOLING CAPACITY, 3048

SROME SENSEBLE AT OUTPUT AT 820 DS, P, ENT. OB, 64 DEG P,
ENT. W8, 41 DEG P &8, 12000 CFM1 AT 56.1 DES. F. LDB, 545
DEG. F L8 ALL AT 4400 FT ELEVATION TWO 8 TON
COPRESSORS 48 B8R

12000 CR1SA_ 1500 CA1MN OA AT 175 IN. WS, EXTERNAL 31
IN RS TOTAL STATIC. 1230 RFM VARIABLE SPEED BLOWER, 133
BP_ ALL AT 4400 FT BLEV. B0 WP 460 V 3PH VFO
COPATIELE BLOWER MOTOR.
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Mechanical — VAV Terminal Unit

VAY Termindl Unit Schedule
DseN | MN | MIN FD PRIM | UNIT FAN
UNT | TRANE CO INET| 66 | cL6 |HTG | eDESiGN |HTG |HTG | FaN | FAN | MoTor| coll | mater| coL | Bes
TAG | MODEL NO DIA | FLOW | FLOW | FLOW | CLG FLOW| FLOW | FLOW | FLOW |sPEED | POWER| HEAT | FLow | weo | CIRC,
(IN) | crv | (cRo | (CRY | (INWG) | (CRo | (R | (CRY (WP | MW | (ePrv | (FT) | SET.
v-iol | vPWF-12035Q 2 |woo | 240 | 240 00| 240 | 800 | 560 | VAR | 13 WP |3605 | 288 | 255 2"
V-i02 | VPWF-10035a 0 |12oo | O | 18O 003 80 | 600 | 420 |VAR |13 wP | 1834 | 147 | 051 2
V-I03 |VPWF-08025a | 8 | 8oo | 120 | 120 0l4 20| 500 | 280 |vAR ‘1B WP | 1653 | 132 126 2
NOTES: | FANMOTORS FOR VAV BOXES SHALL BE II5 V. SINGLE PHASE

2 COIL HEAT CAPACITIES FOR FAN POWERED UNITS ARE BASED ON 175 DEG. EIWT, 65 DEG. EAT.
|05 DEG. LAT, APFROX 30 DEG. WTD. ALL COILS SHALL BE HIGH CAP.

COIL HEAT CAPACITIES FOR RE-HEAT UNITS ARE BASED ON |15 DEG. EWT, 55 DEG. EAT.

ALL CAPACITIES SHOWN ARE BASED ON ACTUAL AIR, DERATED FOR ALTITUDE

W
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Heating Water Beoiler Scheduie.

PACKAGED ATHOSPHERIC PRESSURE, NATURAL GAS FIRED WATER
TUBE STYLE HEATING WATER BOILER COMPLETE WITH:
OPERATING CONTROLS; ATMOSPHERIC BURNERS; MAIN AND PILOT
GAS COCKS; GAS PRESSURE REGULATOR(S): BAROMETRIC
DAMPER; LOW WATER CUT-OFF. 60 LB. ASME RELIEF VALVE: HIGH
LIMIT CONTROL; PRESSURE AND TEMPERATURE GAUGE.

1250 MBH INFUT, 10375 MBH OUTPUT AT SEA LEVEL, 850 MBH
OUTPUT AT 4500 FT. ELEVATION, 13 GAL CAPACITY; I6! SQFT.
HEATING SURFACE; RATED AT UP TO 2015 GPH AT 60 DEG. F,
TEP RISE. I-6" DIA. VENT COLLAR. APPROX. 3510 LBS
OPERATING WEIGHT.

120 VOLT CONTROL CIRCUIT.
AJAX CO. MODEL WRN-1250 OR ENGINEER APPROVED EGUAL.

,:- 2 ”:5;4.;%‘“.:-,‘,

aa

'apie
'

Sy S
ciency &

E=n _S\“l AR
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LIGHT FIXTURE SCHEDULE
TYPE MANUFACTURER CATALOG NUMBER LAMPING DESCRIPTION
iy CAY-BIRITE LIGHTING | ZLPIGSI323I6ALUNV-1/3- 333w T8 FLUORNSCHNT 254" LAY-N 18 CELL PARABOLIC
o LOUEVE It
ZLPIGSIIZICALUNV-1/3- SAME A5 A BUT WITH ONE LAMP ON EMERGENGY
Atina DAY-BIIITE LIGHTING (3) 32w T8 e
o CAPIRI LIGHTING CME-FV2ZE/32/42U-VES (1) 26W CFM  |COMPACT FLUORESCENT RECGESSED DOWNLIGHT
P CAP IR LIGHTING CME-FV2E/32/42UERVES | (1) 26W CFM m AS B BUT WITH AN EMERGENCY BATTERY
< DAY-ERITE LIGHTING CANIZUNV-1/2-E8 (2) 32w T8 NARROW FLUORESCENT WRAPAROUND
o T80 rTeo 8.0 BATHROOM VANINTY LIGHT (5200.00 ALLOWANGE )
T 0O MmN
E TBO TBO EFFIGACY: 69 %x:g:uunv WALL SCONCE (3200,00
LUME NS/VWATT )
A N MG RN SAME AS E BUT WITH AN EM IRGENCY BATTERY
U5 ARCHITE CTUIRAL OSSR
v oty AUGUOR o gt CUEA 260W MH PARKING AREA LIGHTS MOUNTED ON 200" POLE
o T 8.0 T8.0. TO.0 LOBOY CEILING CHANDELIER ($300.00 ALLOWANGEH)
Ex1 DAY-BRITE LIGHTING VEGWEM LED GREEN LED EMERGENGY X7 LIGHT
Ik L A GRANAY Pl DOUBLE SIDED GREEN LED EMERGENCY EXT
GREEN LED EMERGENGCY EXIT LIGHT WITH
Ex3 DAY-LHRITE LIGHTING COTaAGWLH LED A N RO LT

10
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(s Case Study,cok. - COMcheck 3,8.0
Fle Edt View Options Code Help

Lode: 2009 JECE

DEE Ll X &

| Project | Envelope | InteriorLighting  Exterior Lighting = Mechanical |

[[ Linear Fhaorescent || Compact Fluorescent

(_Hio_J{_Incandescent J{ Halogen )| Trackightng |

vt | orem | mammonn | TSR e | " | v | "™
Buiding Allowed wattage = 2014 Proposed wattage = 1765

1 | = Office (2014 5q.ft.) Allowed wattage = 2014 Proposed wattage = 1765

2 - Linear Fuorescent 2 [Type A 32w 18 48" T8 32w 10 95

3 - Compact Fluorescent 1 Type B AL Triphe 4-pin 26W 10 29

4 ~Linear Fluorescent | Type C 32W T8 48" T8 32W 5 65

5 Incandescent 1 Type D |Bathrooe Fan Lighting | Incandescert 100W 2 100
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Exterior Lighting Applications

Description Area
Uncovered Parking Areas - Parking Lots and Drives 40,360 ft2
Building Grounds - Walkways (<10 ft wide) 355 ft
Building Grounds - Walkways (= 10 ft wide) 4,320 ft?
Building Entrances - Main Entries 121t
Building Entrances — Other Doors 1211
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r?i",_(_iqsc__ study.cck - COMcheok 3.8.0 Code: 2009 JECC
_Fle Edit View Options Code Help

FH P RE XE &

lmiectJlawdoneﬂmmwmi Ughting | Mechanical |

| Linear Floorescent || Compact Fluorescent || HID || Incandescent || Halogen

Companent Ficture ID |  Fixture Description m meker | LemRerc] hompmoefic| Tte
Exterior Lighting Areas: Tradable Wattage: Allowed = 3754 Froposed = 3480 Supplemental wattage: 600 (see Help for details)

1 | = Parking area (40360 ft2) Tradable Wattage: Allowed = 2421 Proposed = 2040
2| LHD1 T [MetalHalde 250w v|Pusestat vf| 1 ] 8 | 255
3 | = Wakway < 10 feet wide (355 ft of wé Tradable Wattage: Allowed = 248 Proposed = 320
4| THD2 [ [MetalHalde 75w wllPusestat w1 o] ¢ [ 80
S | 5 Walkway >= 10 feet wide (4320 ft2) | Tradable Wattage: Allowed = 604 Proposed = 800
6| ' HDZcopyl | |MetalHalide 75w w|lPusestat w| 1 +|| 10 | &0
7 | = Main entry (12 ft of door width) Tradable Wattage; Allowed = 240 Proposed = 160
8|  HIDZcopy2 | [Metal Halde 75W  w|Pusestat ] 1 || 2 | 80
9 | = Other door (not main entry) (12 ft of | Tradable Wattage: Allowed = 240 Proposed = 160
10| " HID2copy3 | [MetalHabde 75W  wllPusestat v 1 ¥ 2 | 80
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Commercilal Plan Review

Db T LI Energy Efficiency & BUILDING TECHNOLOGIES PROGRAM

EH ER‘GY Henawable Energy

COMcheck™
COMMERCIAL PLAN REVIEW @’
QUICK REFERENCE GUIDE COMcheck”

Plan review for energy code compliance can be conducted quickly and efficiently. The U5, Department
of Energy’s CDMcheck""ﬂnmpiance Software is designed to create simplified compliance cerificates
that can be easily reviewed by enforcement personnel. The Quick Reference Guide identifies the
objectives of plan review and code compliance responsibilities, and will take you step-by-step through a
typical plan review of a COMcheck™ submittal.

Plan Review Objectives: There are three objectives in conducting a building energy code plan review,
verify:

A the documentation has been correctly prepared

B. the levels of efficiency shown on the plans meet or exceed that shown in the documentation

C. all information needed to conduct a field inspection is included in the plans or documentation for
the inspector to use on site

Code Compliance Responsibilities: Successful compliance requires the cooperation of many
individuals involved in a building project: designers, engineers, architects, building owners, eic.
Compliance also requires the efforts of certain individuals to whom the code gives specific
responsibilities:

Applicant

Building Official

Plans Examiner or Special Plans Examiner

Inspector or Special Inspector

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 282


http://www.energycodes.gov/becu/trainers.stm

Commercial Plan Review \'n\_r‘|/

COMcheck Software Version 3.8.0
Envelope Compliance Certificate

Step 1:  Verify the Project
2009 |ECC Information matches the
information on the building
Section 1: Project Information plans. The code, location,
) ) and project type will impact
F'rnJ.Ede_fpe. W Eun51:ruc1:|u:n. compliance.
Project Title : Fample Office Building
Construction Site: OwnerfAgent Designer/Contractor:
227} Redwood Road ABC Property Company Designs Are Us
Salt Lake City, UT 22262 1877 2nd Streat 1453 McMinnion Strest
Permit No. 10-463 Salt Lake City, UT 22311 Park City, UT 22422

Permit Date: August 18, 2010

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 283
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Commercilal Plan Review \/

otep 2: Venfy the Building Type or Activity Type(s) and Floor
Area match the project type. Verify the floor area does not exceed
the project floor area shown on the building plans.  Single
occupancy buildings should always use Whole Building Method
unless each Activity Type within the building is identified
separately.

Section 2: General Informaton

Building Location thar Salt Lake City, Utah
Climate Zone ab
ical Glazing! Arza Prt 26%

Activity Type{s) Floor Area
Office 2014

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 284
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Commercilal Plan Review

Step 3: Venfy the exterior Step 4: Verify the

building thermal envelope
complies with the code by
+0% or greater.

construction assemblies listed
under Component
Mame/Description match the
construction assemblies
shown on the plans.

Section 3: R

s2auirements Checklist

Envelope PASSES: Design 0.4% betier than code.

step 5

project.

Verify the Gross
Area or Perimeter values
represent the proposed

YYerify the
fenestration is calculated
comectly (rough opening).

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 285

limate-Specific Requirements: I l I I i
omiponent HameDescription Gross Cawvity | Cont. Prup-usedl Budget
or PerinjeterR-Value ~ R-Value JJU-Factor ® U-Factony i

Roof 1: Insulation Entirely Above Deck 11570 I - 300 II].'!}IE-E I 0.0458 l
Front Exterior Wall: Steel-Framed, 16" c.c 80T 21.0 I 0.0 010 I 0. 084
Window 1: Metal Frame with Thermal Break:Double Pane with | 2125 | — — fos00 D.550 I
Low-E, Tinted, SHGC 0.40 l I I I 1 0
Storefront Window: Metal Frame:Double Pane with Low-E, 45 - I - 0_500 I 0.550
Tinted. SHGC 0.40 I I i
Entramce Door: Glass (» 50% glazingj-Metal Frame, Enfrance g 47 - - 0800 §o.s00 I
Dhoor, SHGC 040 I I I I I
Back Extenior Wall: Steel-Framed, 16" o.c. 80T | 21.0 0.0 |I]-1D'Ei 0. 084 |
Window 1: Metal Frame with Thermal Break:Double Pane with g 2153 I — I - IEIJE-DIJ I 0.550 I
Low-E, Tinked, SHGC 040 I I I
Storefront Window: Metal Frame-Double Pane with LowE, | 27 | — - o500 0.550 i
Tinted, SHGC 0.40 | | I
Entramce Door: Glass (» 50% glazing) Metal Frame, Enfrance I 4T [ - 1~ II]_.E-D:I 1 0. B0
Door, SHGC 0.40 | | | |
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Commercilal Plan Review

|l Entrance Door Glass (> 50% glazing)Metal Frame, Entrance 147 1 - Bo.200 i 0.800 .
I Dwoor, SHGEC 040 I | |
Left Exterior Wall: Steel-Framed, 167 oue 2501 21.0 loo 0108 j D.0564 I
| Window 1: Metal Frame with Thermal Break:Double Pane with I 44 [ - I --- IILE!DIJ I 0550
i Low-E, Tinted, SHGC 0.40 | I I |
Storefront Window: Metal F “Double Pane with Low-E, i1 - 0500 | 0.550 I
| Tinted SHGC 040 | I | |
I Entrance Door: Glass (= S0% glazingMyjetal Frame, Entrance I 47 | --- J 0-800 0 0. B |
Door, SHGEC 040 |
| Right Exterior Wall: Steel-Framed, 16" o.c. I aspt | 210 I 0.0 lo.tos 0.DéE4 I
I Window 1: Metal Frame with Thermal Break:Doulbg Pane with I 44 | --- j 0-500 0 0.550 I
Low-E, Tinted, SHGC 040 | 0
| Storefront Window: Metal Frame-Double Pane with Low I = loso0 g 0550
Tinted, SHGC 0.40 |
i Entramce Door: Glass (» 50% glazing)-Metal Frame, Enfrancs - I - II],E-DIJ jj 0800 0
] Door SHGGC 04D | | 1,
: Slab-0n 1 . Werti . - _ -- -
0 Floor 1: Slab-On-Grade:Unheated, WVertical 2 ft I-H-? 5.0 I |
[ |
IaEu:E-t LI-factors are used for software baseline calculations OMNLY. argl are ot requifements. | — I

I Il I DD I S S S S S S S - R —— s s oes oes bes il Eee Es

Step 6:  Verify the insulation R-values shown
on the building plans meet or exceed the values
in the Cawvity R-Value and Continuous
R-Value section. Verfy the insulation will fit
uncompressad in the framing cavity.
Continuous R-values are for insulation installed
over the face of framing; insulation installed
with no thermal breaks.

Step 7. Venfy the fenestration and door
U-Factors shown meet or exceed what is
provided on the building plans. If shown, SHGC
and Projection Factor (PF) should alzo be
verified.

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 286
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Commercilal Plan Review

Air Leakage, Component Certification, and Vapor Retarder Requirements:

O 1. Al joints and penetrations are caulked, gasketed or covered with a moisture vapor-permeable wrapping material installed
in accordance with the manufacturer’s installation instructions.

O 2. Windows, doors, and skylights certified as meeting leakage reguirements.

O 3. Component R-values & U-factors labeled as certified.

O 4. Mo roof insulation is installed on a suspended ceiling with removable ceiling panels.

O 5. "Other’ components have supporting documentation for proposed U-Factaors.

O &. Insulation installed according to manufacturer's instructions, in substantial contact with the surface being insulated. and in
a manner that achieves the rated R-value without compressing the insulation.

O 7. Stair, elevator shaft vents, and other outdoor air intake and exhaust openings in the building envelope are equipped with
motorized dampers.

O 8. Cargo doors and loading dock doors are weather sealed.

O 8. Recessed lighting fixtures installed in the building envelope are Type IC rated as meeting ASTM E2B3, are sealed with
gasket or caulk.

10. Building entrance doors have a vestibule equipped with closing devices.

Exceplions:

Building entrances with revolving doors.

Droors that open directly from a space less than 3000 sq. ft. in area.

Sectlpn 4: Compliance Statement

Sfatement: The proposed envelope design represented in this document is consistent with the bulding plans, specifications and
other cal ions submitted with this permit application. The proposed envelope system has been designed to meet the 2000 IECC
requirementiin COMcheck Version 2.8.0 and to comply with the mandatory requirements in the Requirements Checklist.

Name - Tithe Signature Ciate

Project Motes:
Core and Shell Ex . Enengy Code Compliance is for the building envelope. mechanical system and ighting for the Floor 1 finished out
Core area.

Step 82 Checklist items:  Insulation, Fenestration and
Doors, and Air Leakage and Component Certification
should be reviewed to ensure these mandatory reguirements
will b2 met or are exempt (not applicable). For example,
review documentation as to whether a vestibule is required.

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program

. (2010) 287
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Commercilal Plan Review \/

COMcheck Software Version 3.8.0

Interior Lighting Compliance
Certificate

Step 1: Verfy the Project

2009 |[ECC Information matches the
informaticn on the building

=ction 1: FrﬂjEﬂt Information plans. The code, location,
Hew Construction and project type will impact
o

compliance.

B Nitle @ Sample Office Building

Construction Site: Crwner/Agent: Cesignen'Confractor:
p-Blacianodfhes ABC Property Company Ciesigns Are Us

Salft Lake City, UT 22262 1577 2nd Strest 1453 McMinnion Strest

Permit Mo, 10453 Saft Lake City, UT 22311 Park City, UT 23422

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 288
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Commercilal Plan Review

Step 2: Verify the Building Type or Area Category(s) and Floor
Area match the project type.  Verfy the floor area does not exceed
the project floor area shown on the building plans. Single
occupancy buildings should always use Whole Buikding Method
unless each Area Category within the building is identified
separately.

Section 2: Interior Ligfiting and Power Calculation
A B L D
Area Category Floor Area Allowed Allowed Watts
(ft2} Watts | fi2 B xC)
Ciffice 2014 1 2014

Total Allowed Watts = ﬁ

Step 3: Verify the Lighting
Power Calculation is consistent

with the lighting plans.

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 289
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Commercilal Plan Review \/

Step 4: Verify the Fixture Description,
Lamps per Fixture, Ballast Type, and
Number of Fixtures shown in the
documentation iz consistent with the lighting
plansifixture scheduls.

Step 5. Verify the Fixture Wattage is accurate.
Default values can be used in COMcheck or
from the manufacture literature. However,
careful attention to overall wattage inzstalled
against the proposed should be reviewed.

Section 3: Interior Lighting Fixture Schedule l l l l
-----rl----q- ---I B iC D E
Fixture ID : Descriptiol/ Lamp | Wattage Per Lamp § Ballast Lamps! # of Fixture (C X D)

Fixture Fixtures Watt.

Office (2014 sqft.)
Linear Fluorescent 2: Type A- 32 W T3/ 487 TE 32W § Electronic 3 10 BS BED
Ciompact Fluorescent 1: Type B: CFL J Triple 4-pin 268W ! Electronic 1 10 28 280
Linear Fluorescant 1: Type C: 22 W TB [ 487 T& 32W [ Electronic 2 5 G5 325
Incandescent 1:- Type O: Bathroom Fan Lighting / Incandescent 100W 1 2 100 200
Total Proposed Watts = 1765

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 290
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Commercilal Plan Review \/

Step 6:  Verify the
Proposed Wattage is less
than or equal to the
Allowed Wattage.

Section 4: Requirements Checklist

Lighting Wattage:
O 1. Total proposed watts must be less than or

al i total allowed watts.
Allowed Proposed Watts Complies

2014 1785 YES

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 291
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Commercilal Plan Review

Step 7. Venfy all mandatory requirements
have been met. For example, verify
switching for each interior space is shown on

the lighting plans and is applicable to the
space type.

Controls, Switching, and Wiring:

O 2. Daylight zones under skylights more tham 15 feet from the perimmeter have lighting controls separate from daylight zones
adjacent to vertical fenestration.

O 3. Daylight zones have imdividual lighting controls independent from that of the general area lighting.

Excepfions:
Contiguous daylight zones spanning no more than two onentations are allowed to be conirolled by a single comtrollimg
device.
Craylight spaces enclosed by walls or ceiling height partitions and containing bao or fewer light fixtures are not required
fo have a separate swiich for general area lighting.

O 4. Independent controls for each space (switch/occupancy sensor).

Excepfions:
Areas designated as security or emergency areas that must be continuously llumimated.
Lighting im staimways or comdors that are elements of the means of egress.
O 5. Master switch at enfry to hotel'motel guest room.
O &. Individual dwelling units separately metered.

O 7. Medical task lighting or arthistory display lighting claimed to be exempt from compliance has a confrol device
independent of the control of the nonegempt lighting.

O &. Each space required to have a manuwal control also allows for reducing the connected lighting load by at least 50 percent
by either controlling all luminaires, dual switching of altemate rows of luminaires, alternate luminaires, or altemate lamps,
switching the middle lamp luminaires independently of other lamps, or switching each luminaire or each lamp.

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 292
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Commercilal Plan Review

Section 5: Compliance Statement

Complance Siatement. The proposed lighting design in this docement is consistent with the building plans, speciications and
other calculations submitted with this permit application. The lighting system has been designed to meet the 2002 IECC
requirements in COMcheck Version 2.8.0 and to comply with the datory requirements in the Reguirements Checklist.

Mame - Tite Signzﬁ Diate

Step 8: Verify the Interior Lighting
complies with the code by +0% or
greater.

Building Energy Codes Resource Guide: Code Officials Edition. Building Energy Codes Program. (2010) 293
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Commercilal Plan Review \/

COMcheck Software Version 3.8.0

Exterior Lighting Compliance
Certificate

Step 1 Ve