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. Learning Objectives

1. Learn about the changes in the updated lllinois Energy
Conservation Code (2015 IECC to 2018 IECC).

2. ldentify the 40 most important lllinois Energy Conservation Code
compliance issues in the commercial and residential provisions

3. Understand how to comply with the current lllinois Energy
Conservation Code for commercial and residential building design
and construction
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Who We Are

The Smart Energy Design Assistance Center (SEDAC) is an applied
research program at University of lllinois.

Our mission: Reduce the energy footprint of lllinois and beyond.
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. SEDAC is the lllinois Energy
Conservation Code Training Provider
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This training program is sponsored by lllinois State Energy Office
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. Energy Code Training Program

ATechnical support
energycode@sedac.org

800.214.7954

AOnline resources at
sedac.org/enerqy-code

AWorkshops
AWebinars

AOnline on-demand training modules




lllinois Energy Conservation Code

lllinois Energy Conservation Code

Energy Code Training

llinois Energy Conservation Code | e
The updated lllinois Energy Conservation Code based on the EDIB |[ECC with

lllinois Amendments became effective on July 1, 2019. For permit applications

started on or after July 1, 2019, this code applies.

In accordance with the Energy Efficient Building Act, the Capital Development

Board (CDB) is required to review and adopt the most current version of the

International Energy Conservation Code (IECC) within one year of its publication
date. The Code will then become effective in lllinois within & months following its
adoption by the CDB. The CDB, in conjunction with the lllinois Environmental Protection Agency and the lllinois Energy

Conservation Advisory Council, initiates the cycle for the lllinois Energy Conservation Code to be updated every three

years.

The 2018 lllinois Energy Conservation Code can be accessed here:

« 2018 IECC
¢ [llinois amendments

For permit applications started on or after June 1, 2019, the Chlcugo Energy Conservation Code (Title 14N of the Municipal
Code), based on the 2018 edition of the International Energy Conservation Code applies. Solar requirements for roof
coverings are still applicable and can be found in Section 1515 of the Chicago Building Code (Title 14B). For more details on
the Chicago Energy Conservation Code and required Energy Conservation Compliance Statement, please visit the

Department of Buildings, City of Chicago website.
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Illinois Energy Conservation Code

The Illinois Energy Conservation Code requires design and construction professionals to follow
the latest published edition of the International Energy Conservation Code (IECC) and the
American Society of Heating, Refrigerating and Air-Conditicning Engineers (ASHRAE) Standard
90.1 “Energy Standard for Buildings except Low-Rise Residential Buildings” including
amendments adopted by the_Cap|taI Development Board.

| State Funded Facilities must comply with ASHRAE S0.1 per 20 ILCS 3105/10.09-5. See
I Subpart B of the Illincis Energy Conservation Code for more information.The 2013 edition of
\ASHRAE 90.1 went into effect on 1/1/16.
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Privately Funded Commercial Facilities must comply with IF@: per 20 ILCS 3125.5ee
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CDB Business with CDB Illinois Codes
Illinois Energy Conservation Code

ILLINOIS CODES

The Illinois Energy Conservation Code requires design and constructicn professionals to follow
the latest published edition of the International Energy Conservation Code (IECC) and the
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) Standard
90.1 "Energy Standard for Buildings except Low-Rise Residential Buildings" including
amendments adopted by the Capital Development Board.

B

{State Funded Facilities must comply with the IECC per 20 ILCS 3125. See Subpart B of the
|III|n:||a Energy Conservation Code for more infermation. The 2018 edition of the IECC went into
leffect on 7/1/19.
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Privately Funded Commercial Facilities must comply with IECC per 20 ILCS 3125. See
Subpart C of the Illincis Energy Conservation Code for more information. The 2018 edition of the
IECC went inte effect on 7/1/19.

Building Codes &
Regulations

Illinois Accessibility
Code

Illinois
Administrative Code

|
: Illinois Energy
) Conservation Code

State Building Code
Information

Residential Buildings must comply with IECC per 20 ILCS 3125. See Subpart D of the Illinois
Energy Conservation Code for more information. The 2018 edition of the IECC went into effect
on 7/1/19.

Additional information including training ocpportunities, interpretations and frequently asked

questions can be found on the Illincis Environmental Protection Agency's web site.

Upcoming Training Opportunities for the 2018 Illincis Energy Conservation Code are being
provided by the Smart Energy Design Assistance Center. For more information, please use the

following link, https://smartenergy.illincis.edu/upcoming-energycode-events.
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https://codes.iccsafe.org/public/document/iecc2018 https://www?2.illinois.gov/cdb/bu

Access to 2018 IECC, lllinois Amendments &
Chicago Energy Conservation Code
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CHAPTER 1 [CE]
SCOPE AND ADMINSTRATION

SECTION C101

SCOPE AND GENERAL REQUIREMENTS

C10

1.1 Title. This code shall be known as the

Lllinois Energy Conservarion Code or "this Code”

and

shall mean:

With respect to the State facilities covered by
71 11l Adm. Code 600.Subpart B:

This Part. all additional requirements
incorporated within Subpart B (including
the 2018 International Energy Conservation
Code, including all published errata but

excluding  published supplements that
encompass ASHRAE 90.1-2016), and any

statutorily authorized adaptations to the
incorporated standards adopted by CDB
are effective July 1. 2019.

With _respect to the privately funded
commercial facilities covered by 71 11l Adm.
Code 600.Subpart C:

This  Part. all additonal requirements
incorporated within Subpart C (includin,
the 2018 International Energy Conservation
Code, including all published errata and
excluding  published supplements that

SEOTTTY AT s 1 A ]

C101.1.3 Adaptation. The Board may appropriat
adapt the International Energy Conservation Code
apply to the particular economy, populati

distribution, geography and climate of the Sate a
construction within the State. consistent with |

public policy objectives of the EEB Act.

C101.5 Compliance. Besidentiel buildinge ch

) IECC  Residential Provisi
Commercial buildings shall meet the provisions
IECC Commersial—Provisions—the Mlinois Ener
Conservation Code covered by 71 1l Adm. Ce
600.Subpart €. The local authonty havi
jurisdiction (AHJ) shall establish its own proceduw

for enforcement of the Illinois Energy Conservati

Code. Minimum compliance shall be demonstrated
submission of:

1. Compliance forms published in the ASHR/
90.1 User's Manual: or

2. Compliance Certificates generated the U
Department of Energy’s COMcheck™ Cgo

compliance tool: or

3. Other comparable compliance materials tl
meet or_exceed, as determined by the AHJ. |

compliance forms published in the ASHR.
90.1 User's Manual or the U.S. artment

Energy's COMcheck™ Code compliance tool:

4. The seal of the architect/engineer as required
Section 14 of the Illinois Architectural Pract

Act [225 TLCS 305]. Section 12 of the Structu

ARTICLE XIil.
CHICAGO ENERGY CONSERVATION CODE

SECTION 1. The Municipal Code of Chicago is hereby amended by inserting a new Title
14N, as follows:

TITLE 14N ENERGY CONSERVATION CODE

PART | - COMMERCIAL PROVISIONS

CHAPTER 14N-C1  SCOPE AND PURPOSE

14N-C1-C001 Adoption of the commercial provisions of the International Energy
Conservation Code by reference.

The commercial provisions of the International Energy Conservation Code, 2018 edition, second
printing, and all erratum thereto identified by the publisher (hereinafter referred to as “IECC-
CE"), except Appendix CA, are adopted by reference and shall be considered part of the
requirements of this title except as maodified by the specific provisions of this title.

If a conflict exists between a provision modified by this title and a provision adopted without
medification, the modified provision shall control.

14N-C1-C002 Citations.

Provisions of IECC-CE which are incorporated into this title by reference may be cited as
follows:

14N-C[IECC-CE chapter number]-[|[ECC-CE section number]

14N-C1-C003 Global modifications.

The following modifications shall apply to each provision of IECC-CE incorporated into this title:
1. Replace each occurrence of “International Codes” with “Chicago Construction Codes.”
2. Replace each occurrence of “International Building Code” with *Chicago Building Code."

3. Replace each occurrence of “ASME A17.1" or “ASME A17.1/CSA B44" with “the
Chicago Conveyance Device Code.”

4. Replace each occurrence of “NFPA 70" with “the Chicago Electrical Code.”


https://codes.iccsafe.org/public/document/iecc2018
https://www2.illinois.gov/cdb/business/codes/IllinoisAccessibilityCode/Documents/2018%20Illinois%20Specific%20Amendments%20with%20Modifications%20Shown.pdf
https://www.chicago.gov/content/dam/city/depts/bldgs/general/Energycode/Title%2014N%20ordinance.pdf

SEDAC TOP 10 Series Webinars

Top 10 Requirements You Should Know: 2018 IECC
AResidential: September 12 (Archived)
ACommercial Envelope: October 16 (Archived)
ACommercial Lighting: December 18 (Archived)
ACommercial HVAC: January 29 (Archived)

ACOMcheckE & REScheckE Walk-through: May 6

Registration: https://smartenergy.illinois.edu/energy-code-training/webinars
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https://smartenergy.illinois.edu/energy-code-training/webinars

. Top 40 Requirements: 2018 IECC Commercial Envelope
Building Exemptions from IL Energy Code [600.310]
Roof Assembly [C402.2.1]
Above & Below Grade Walls [C402.2.2, C402.2.5] |
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Fenestration T Assembly U-factors [C402.4]
Floor/Slab Insulation [C402.2.3, C402.2.4]
Air Leakage i Thermal Envelope [C402.5]
Air Barrier Compliance [C402.5.1.2]
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Component Performance Alternative [C402.1.5]

Air Barrier Materials [C402.5.1.2.1]
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10. Air Leakage of Fenestration [C402.5.2]



http://www.wbdg.org/resources

#1. 600.310 Building
Exemptions from IL

Energy Code
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. Exempt From Locally Adopted Building Code
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n Conditioned Spac
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- Buildings Without Comfort Conditioning

APresumed no comfort
conditioning If electric service
<100 amps

ACode official may determine
service required for other
purposes and exempt the building
If 100+ amps.




. Listed Historic Buildings

AListed on National Register
AListed on IL Register

ADesignated by authorized
personnel as historically
significant




Buildings Specified in IECC

C501.6 Historic Buildings. Provisions of this -
O2RSXakKlftf yz2id 6S YI N N a2 N :
buildings provided a report has been

adz0 YAUUGSRXRSY2yauNY Ga
the provision would threaten, degrade, or destr
the historic form, fabric, or function of the
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#2. C402.2.1 Roof
Assembly T

Insulation
Requirements
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-Insul ati on Canot Sit on Suspen

Alnsulation counts Alnsulation does not count




. Continuous Must be Minimum of 2 Layers

New 2018 IECC: Continuous insulation needs to have 2
layers with joints staggered

, ”""‘ “,\ 1




. Skylight Curbs Minimum of R-5 or NFRC 100

R-5 minimum curb insulation is new requirement if not NFRC 100-labeled
skylight assembly.

W ot = ‘ -
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#3. C402.2.2, Above-
Grade & C402.2.5

Below Grade Wall
Insulation
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. Wall Insulation T Chicago Title 14N Modification

AChicago Title 14N Deletes Section
402.2.2 In its entirety, leaving only
the requirements in Table C402.1.3
for above-grade wall assemblies.

AEssentially simplifies down to
walls have to meet Table C402.1.3
R-value requirements if following
the R-value compliance method.
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. Below Grade Walls, Beware Water Vapor

New 2018 IECC: C402.2.5 Below
grade walls: C-factor and R-value |

must follow Tables C402.1.4 or g’
C402.1.3 values, and insulation 2 e
used to meet values must extend R M | moistura inthe vl

~ can dry readily to
O10ft below gradef OFEESG" | ko[ o v el
of lowest conditioned floor, i
whichever iIs less.

R Expansion joint sealed
vvvvv ! with polyurethane caulk

IL Amendment allows interior e
Il nsul ation to stojp

Best practice is to insulate
exterior to allow for interior drying.



#4. C402.4

Fenestration

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



. Fenestration labeling

ENF | Pre-built window assemblies are easy 1
S| e | window label tacked to glazing
What about site-built (curtain wall)

ENERGY PERFORMANCE RATINGS

U-Factor (U.S./I-P) Solar Heat Gain Coefficient aSsem b I | eS?
0.1 0.22 NFRC has a site-built program and

ADDITIONAL PERFORMANCE RATINGS component modeling program to create
Visible Transmittance Air Leakage (U.S./1-P) .o .
0.42 0.1 label certificates for fenestration
Condensation Resistance assem b I | es.

/70

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for determining whole T t d I 1 I b I t b
product performance. NFRC ratings are determined for a fixed set of environmental conditions and a O I I I e e C O e C O I I I p I a n C e y a e S I I I u S e
specific product size. Consult manufacturer's literature for other product performance information.

=t available to AHJ for verification.

Actual test sample .03 air leakage.
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#5. C402.2.3 Floors
and C402.2.4 Slab-on-

Grade Insulation
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Left method is partially compressed

Note all three are in contact with the subfloor per
code

Requires full depth insulation

ISEDAC
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. Examples of attachment
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Continuous insulation
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. Slab insulation options

~— Viny! or aluminum — 48

Rigit insusation . = Cavity insulation
Polymar medified —»{{
[PM)} or tracitional = ~ Cavity insulation _ Gypsum board
cement stucco e Rigid insulation
- Gypsum board (taped or seaked joints) Sill gaskit
Lath - Sill paske Sealant, aghesive or gasket
Drainage plane - oy paskal Concrete slab
Weep screed Sealant, adhesive or gasket Sealan!. adhesive
— Protective mamorane also acls or gasket
as capitary break

Ig" libarcernent — Plr:wclwe membrang ——
| 0 acts
gaegldall su@s ™ A ST S i W ;uuz,y.f.iax o
&wndslopasmay] o /
(6 in, par 10 #1.) away from
wall at 5% Granutar capillary
(6 in.per 1011.) break and drainage
pad (no fines)
S v <+—+———— Concrete foundation wall
\b/
extended under grade beam <«t— Concrete footing
where it alse acts as a capliary below frost depth
break
Images courtesy of Building Science Corporation Image courtesy of Natural Resources Canada

Depth+Lengthmust equal depth listed in
R-value and factor Tables.
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#6. C402.5 Air
Leakage I Thermal

Envelope
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- C402.5 Air Leakage i Thermal Envelope

| Sockets

8,

at a
me t

/The thermal envelope of buildings shall comply with Sections
C4025.1-C402. 5.
ASTM E7709

equi val ent

or eshall

h

res swg @5 Ra)jofaner e
déwhen t

~

be pressur e

n
t he tested

Lift shafts

Recessed lighting

| Plumbing

| Shower tray

| Wall/roof junctions

L Windows

Exposed block work
above suspended cellings |

IT cabling |

Steel beams |

Kichen plumbing |

Intermediate floors |

Service risers |

Sliding doors

Skirting board

© EPS Group 2017

A Rare for commercial buildings

A Larger buildings can be pressure
tested using HVAC systems

A Must seal all intentional openings
(vents, fans not used for pressurization
test, gravity dampers, etcé )

A On-site built fenestration particularly
susceptible to air leakage testing
oversight or failure (curtain walls)
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#7. C402.5.1.1 Air
Barrier Construction

and C402.5.2 Air Barrier
Compliance Options
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- C402.5.1.1 Air Barrier Construction

A continuous air barrier for the opaque building envelope shall comply with Section
C402.1.5.2.1 (Materials) or C402.5.1.2.2 (Assemblies).

C402.5.1.1 Air Barrier
Construction to be

)L
1. Continuous for all @,E gég & ?
assemblies 8 “
2. Joints to be sealed so that ~ “§
seals canot b ; | i
dislodged/broken 5 NTTHREE P . .
3. Penetrations are to be A gips " D, Y A8
sealed, as are associated Sealed and Taped Boards or Building Wrap
joints S————

4. Recessed lighting or other
envelope penetrations to
have provisions to maintain
the air barrier continuity.




- C402.5.1.2 Air Barrier Compliance Options

APay particular attention to
complex/hidden details and building joints

AWalls surrounding exterior overhangs
with perforated roof often left open.

AOdd angles for rooflines and wall
joints, difficult to reach joints.

APenetrations made by other
contractors after envelope
completion.

ADrywall stopping just above dropped
cellings, leaving open cavities
connected to outdoors.



#8. C402.1.5
Component

Performance
Alternative
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. C402.1.5 Assembly U-Factor Undesirable Results

UA trade-off provides some flexibility to energy code, but important to
consider impacts of some trade-offs

Example: Removing continuous insulation from metal stud wall and
compensating with cavity insulation. Met code, but condensation issues.

C402.1.4.1 Thermal resistance of cold-formed steel walls.

U-factors of walls with cold-formed steel studs shall be permitted to be determined in accordance with Equation 4-1

U= IR, +(ER)] (Equation 4-1) B 7
where: -
F:‘s = The cumulative R-value of the wall COI'TIpOI’]erItS along the path of heat transfer, excluding the cavfry insulation and steel studs. - 5
ER = The effective R-value of the caw‘i‘y insulation with steel studs as speciﬁed in Table C402.1.4.1. ¢ > ! '; D
-
TABLE C402.1.4.1 > ‘ { >
EFFECTIVE R-VALUES FOR STEEL STUD WALL ASSEMBLIES E N “ } :
» 4z. 5 .
NOMINAL STUD DEPTH SPACING OF FRAMING CAVITY R-VALUE CORRECTION FACTOR EFFECTIVE R-VALUE (ER) / ; L 5
(inches) {inches) (insulation) (Fe) (Cavity R-Value x F) . ; 4
13 0.46 598 : .
31, 16 S .
15 0.43 6.45 : 3 i
13 0.55 7.15 4
37, 24 g
15 0.52 7.80 i
19 0.37 7.03 ; -
5 16
21 0.35 7.35 : B
19 0.45 8.55 —
5 24 \ =
21 0.43 9.03
. 16 25 0.31 7.75
24 25 0.38 9.50




. C402.1.5 Assembly U-Factor Undesirable Results

Dew point calculations can help
avoid condensation risk in
building assemblies.

A\

A\

Maintaining a thermal break
helps mitigate condensation risk.

B T O ) ) O B

1

Increased surface temperature el
will help prevent occupant
radiant cooling to surfaces,
Improving occupant comfort.

Prevent nghost | i




#9. C402.5.1.2.1
Materials (Alr

Barriers)
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. C402.5.1.2.1 Inadequate material installation

di fferential of O0.3o0ow.g. when test

Materials with air permeability not greater than 0.004cfm/sf under a pressure
eld 171
comply. .. o0

AC402.5.1.2.1 lists acceptable air barrier
materials.

AUngrouted CMUs, felt paper, fibrous
Insulation, thin coatings of spray

i nsul ation (<1.50 c
cell), and brick are not air barriers.

ACorrugated roof deck often not properly
sealed. Gap between deck and wall often
filled with fibrous insulation/fire-stop
iInstead of air seal material.




. C402.5.1.2.1 Compliance

AUsually compliance verified wE_
through plan review L _1
AMaterials and interfaces Nogees] FHIT
. v s — | 1 %
between materials must be w sowe~_| 1" ULH} |
detailed in plans for continuous air FE®__ ) {1l
barrier. e gt
AMaFe_rials specified must be e ——
verified to be compliant with =~ 1 ——_  F&i—
air permeability o =
requirements. ——— R e

WINDOW FOAM

Alnterfaces must be detailed
with appropriate sealants
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#10 C402.5.2 Missing
Fenestration Labeling
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. C402.5.2 Air Leakage of Fenestration

/The air leakage of fenestration assemblies shall meet the provisions of Table A

402.5.2. Testing shall be in accordance with the applicable reference test standard in
Table C402.5.2 by an accredited, independent testing laboratory and labeled by the

\_manufacturer. Y,
.. World's B

ALabels are often missing from products, A  Windowco.

primarily due to site-built fenestration on ]

. . . Product Type: Vertical Slider
commercial buildings. [ ENERGY PERFORMANCE RATIVGS
AWhole building pressure testing in 035 032
accordance with Section C402.5 does ADDITIONAL PERFORMANCE RATINGS
not require air leakage labeling. ‘“’“b““-‘“f’”’
AWhole building testing also addresses |

probability that an assembly with a ;\
proper NFRC certification is improperly |
Installed, and thus leaks.

‘m to spplicable NFRC procederes for dstermining whole
10d %or 4 flxad sat of esvironmental conditions asd &

1 any product 300 does not warrant the suabilty of aty
‘or's Merature for ofher prodect perforsance information
wcnds org




Top 40 Requirements: 2018 IECC Commermal HVAC

11.Energy Recovery Ventilation Systems [C403.7.4] .
12. Equipment Sizing [C403.3.1]
13. Economizer Fault Detection & Diagnostics [C403.5. 5]

14. Maintenance Info. And System Commissioning [C408] N
15. Shut-Off Dampers [C403.7.7]
16.Duct Sealing & Construction [C403.11.1, C403.11.2] 5
17.Demand Control Ventilation [C403.7.1] S—
18. Protection of Piping Insulation [C403.11.3.1]

19. Circulation Systems & Demand Recirculation Controls
[C404.6.1, C404.7] 4

20. Freeze Protection System Controls [C403.12.3]
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https://hvacresourcemap.net/#/

#11. C403.7.4 Energy
Recovery Ventilation

Systems (Mandatory)
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- C403.7.4 Energy Recovery Ventilation systems

.

/Where the supply airflow rate of a fan system exceeds the values specified
In Tables C403.7.4(1) and C403.76.4(2), the system shall include an energy
recovery system.

Table C403.7.4(1) and (2) CZ 4A and 5A

Operation

Percent (%) Outside Air at Full Design Airflow Rate (CZ 4A and 5A)

X M JEF

<20%

<30%

X H JEF

<40%

X 0 JE

<50%

X N JEF

<60%

Xp IR

<70%

X C JE

<80%

X T JEF

XY JER

<8,000hr/yr

XHC Z

XMC Z

Xp2p

KM 2 P

JK/O 2 P

JKJH 2 ]

JKIM 2.

JIKIM H |

>8,000hr/yr

X H N

M XX MO |

N X H N

N XX H N

N XX H N

N XX H .

N X H N

N X H N

Energy recovery device must recover 50% of enthalpy

difference between outside and return air streams at design

conditions.

Recovery devices need to have bypass or controls to allow

economizer operation as per C403.5

ABypass can be VFD on wheel that stops rotation, or
bypass dampers

Annual energy reduction potential of 25%-50%

Supply
Fan
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. C403.7.4 Energy Recovery Ventilation Limitations

A ERVs prohibited by IMC for
hazardous exhaust fumes (smoke,

chemical s, grease e
A Potential for carry-over of exhaust
to outside air with wheels and EF ;
vapor-permeable exchangers — = i—ﬂ;ﬂ'ﬂ;—,
A Does not prevent the use of heat R z e o
recovery devices! G NI B : "
A Runaround loops L -
A Sensible heat exchangers o ) fﬁw
A Heat pipes N\ C ]

s ENEQY recovery from exhaust air loop
——— Energy recovery fram dehumidification cooling coil loop ("wrap-around loop”)

Exceptions to ERVs don&ﬁﬁgqu



#12. C403.3.1

Equipment Sizing
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- C403.3.1 Equipment Sizing

4 : : : :
The output capacity of heating and cooling equipment shall not be
greater than that of the smallest available equipment size that

\

_exceeds the loads calculated in accordance with Section C403.1.1. |

ACode allows for installation of stand-by equipment (N+1)

ACode allows for multiple units exceeding capacity provided
controls limit operation of units based on load.

AModular systems are a good example of this compliance
method, providing redundancy and built-in staging control.




. C403.3.1 Equipment Sizing

ANSI/ASHRAE/ACCA Standard 183-2007

| ASHRAE/ACCA STANDARD

AOver-sizing issues
AUnnecessary increased capital costs |rr—
AContinual low part-load can reduce I areuitions i Buikings

equipment life and efficiency

Except Low-Rise
Residential Buildings

AUnder-sizing issues P =
AUnmet loads and comfort issues G

, by emaiing

. -321-5478, of by caling Customer Service at 404-636-8400 (woridwide) or toll

free at 1-800-527-4723 (for orders in US and Canada). From ACCA at www.acca.org, by faxing 7035754449, ot
ling 703-575-4477.

© Copyright 2007 ASHRAE, Inc., and ACCA.

e et
H
R
NV o
E /o ”
-‘" .‘ .uA k & a~ R, Ste 300, v S Amee
& l A

EWM HOURLY ANALYSIS PROGRAM

ARight-size using load calculation software or
sheets

AASHRAE/ANSI/ACCA Standard 183
AeQuest/Energy Plus/Trane Trace/Carrier

and others

eQUEST




#13. C403.5.5
Economizer Fault

Detection and
Diagnostics
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. C403.5.5 Economizer Fault Detection and Diagnhostics

that are equipped with an economizer in accordance with C403.5-C403.5.4

Air-cooled unitary DX units listed in Tables C403.3.2(1) i (3) and VRF units
shall l ncl ude a fault detecti on and di

APrevious code text stated systems shall be
capable of fault detection, 2018 IECC states
shall be configured for fault detection

AMonitor supply, return, and outside air
temperatures

AProvide status on key system operations

AReport air temperature sensor faults, improper
economizing, damper malfunctions, and excess
OA flow.

AFailed economizers can dramatically increase
energy consumption for heating/cooling.




Compliance Methods

A Thermostat with economizer display screen

= DATSP = 0OAT cCcv OAD
100 - 100
90 Bad Operation: Cooling coil valve operatingwhen | g,
50 outdoor-conditions allow for full economizing 50
Discharge-airtemperature =
= 70 gsetpointp Outdoor-air temperature 0 E_
& 60 v/ | 60 ©
™ 2 S
3 N INDOOR
-4 40 - 40 © e e s LAl
5 % Economizer o A
2 30 -30 8 ,
Fault
20 - 20 SETTO
10 Outdoor-airdamper Cooling coil valve 10 45% Humidity 7 2 ’
0 position signal signal 0
: ¥ =z § =z =z =z = ress Torintt
& o &~ = & © & o following schedule
— — — — - o - o~
= 2 & 3z s =2 5 2
2 = 2 = = = = o
= =

Figure 7: Cooling coil valve opening when outdoor conditions allow for full economizing, wasting cooling energy.

A BAS Trending and Diagnostic Reporting Image sourcetioneywell

&I SMART ENERGY DESIGN ASSISTANCE CENTER


https://customer.honeywell.com/resources/Techlit/TechLitDocuments/31-00000s/31-00122.pdf

#14. C408 Maintenance
Information and System

Commissioning
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. C408 Maintenance Information and System Commissioning

A 2018 IECC controls shall be configured
with:

AThermostat deadbands

AUnoccupied setback and optimized
start/stop

AEquipment modulation to match loads
(fan speed, pressure, & temperature
resets, etceé)

AEconomizers and energy recovery
ADemand control ventilation

AAnd More!

Many missed without early commissioning

Commissioning often cut from
construction budgets as other line-
items exceed projected costs, or
delays occur.

Often leads to long-term energy

ILLUSTRATION: JASON SCHNEIDER WSJ Let the Thermostat Wars Begin



https://www.wsj.com/articles/let-the-office-thermostat-wars-begin-1465319614

- C408 Maintenance Information and System Commissioning

A Commissioning costs range from
$0.25 to $1.25 per sf (aceee.org)

ALBL report found that
commissioning new construction
reduced energy $0.18/sf-yr at a cost
of $1.16/sf

A Also improves building durability,
prolongs service life, reduces
comfort complaints from occupants. Image courtesy WBDG.org

Example from field experience:

A HVAC fans turned off on schedule,
but back on at midnight instead of
morning start-up.
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http://cx.lbl.gov/documents/2009-assessment/lbnl-cx-cost-benefit.pdf

#15. C403.7.7 Shut-

off Dampers
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. C403.7.7 Shut-off Dampers

provided with Class 1 motorized

\tested iIn accordance with AMCA 500D for this purpose.

[Outdoor air intake and exhaust openings and stairway and shaft vents shall be
damper |
damper sur f awgandshalae lab¢led hycan approved agency when

\

AThis section is for pressurization/ventilation
dampers.

AFire dampers are covered in the fire code.

ACommonly find these dampers are not
sealed, and leak more than code requirements.

ALow-rise buildings can have non-motorized
gravity dampers with leakage rates <20cfm/sf if
>240 1 n either di mensi
either dimension




Torque values are given in in_-lbs. and (Mm)

1z 24"
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]
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-
n

— az z 5

s [ m |
3
o

pavg | m | @

(e7&y | (1) 121

Abovevalessbased
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= (3 [} | 4 {17
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metalic compression seals

cther facewvelocities. differential pressures, ot the jamibs.
Face Velacity = Ciff. Pressure
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1500 (8] 2.25 102500 1 see page o

- for multi-panel

2000 (10) 4.00 21200 z jackshafting
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3000 (15 .00 4(1000] 4

Mesteksa.com

. Maintaining Damper Closure

Common Shut-off damper/economizer
problem that linkage geometry Is incorrect to
maintain closure seal or provide full range of
motion.

Some RTUs only have gravity closure
dampers, which donot

EconomizersThe Physics of Linkadggy/stemsDavid Sellers,

Facility Dynamics Engineering

&I SMART ENERGY DESIGN ASSISTANCE CENTER


https://av8rdas.wordpress.com/2015/10/04/economizersthe-physics-of-linkage-systems-2/

#16. C403.11.1 Duct
and Plenum Sealing

and Insulation
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. C403.11.1 Duct and Plenum Insulation and Sealing

[Supply and return dusts and plenums shall be insulated with not less than R-6 A
Insulation where located in unconditioned spaces and where located outside the
buil ding with-1In2oti nlseuslsa ttihoannééDRuct s, air |[hanc
\Shall be sealed. y

AResidential testing commonplace, not for
commercial, though.

AParticularly bad for unducted returns
above ceilings where return depressurizes
surrounding space, amplifying supply
leakage.

ADuct joints often covered by insulation and
left unsealed, or sealant applied over
Insulation, which still allows leakage and
condensation risk as well.

IRights Reserved; Mi | Stuart, Thermographer
bl

g ac
&l EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



- C403.11.1 Duct and Plenum Insulation and Sealing

AGasketed joints are ideal, e | €3y [ |

but not always used or Lit, i . iff Ji%m
properly applied. T[S | e |
AUngasketed joints should e e I R T

be sealed with UL-181
mastic or tape.

AGasketed joints should be
applied to duct surface, not - -
Insulation wrap. ’f e
Tk O LR A
ATransitions between duct o e M‘M‘“ =

materials often failure point. j ek stk oam Gaske
DONOT USE DUCT g Ve




#17. C403.7.1
Demand Control

Ventilation

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



- C403.7.1 Demand Control Ventilation

"DCV shall be provided for spaces larger than 500 sf and with an average occupant A
| oad of 25 people or greater per 1, 000)| sf
(1.) air-side economizer, (2.) automatic modulating control of OA damper, and/or (3.)

. design OA of >3,000cfm. )

AExceptions:

1. Systems with energy recovery complying
with C403.7.4

2. Multiple-zone systems without direct digital
control of individual zones communicating
with a central control panel

3' Sys‘tems With a deSign OUtdoor airfIOW IeSS Fixed Ventilation B Occupancy Sensor W Scheduled
than 1’200 Cfm | N M Ticket C-cuunt - | CC?I: ETF_-nmr —Fienple. Percentage of Full Design
4. Spaces where the supply airflow rate minus |
. . Chart courtesy Energycodes.gov: Note that all methods of DCV reduce airflc
any makeup or OuthIng tranSfer alr over a fixed ventilation rate.
requirements is less than 1,200 cfm

5. Ventilation provided only for process loads.  BElceenes

Ventilation Rate by DCV Method

&:00 AM
700 AM
B:00 AM
5:00 AM
10:00 AM
MO0 AM
12:00 PM
100 PM
2:00 PM
300 PM
4:00 P
5:00 PM
6:00 PM
700 PM



- Common Demand Control Ventilation Issues

AEconomizer not set-up to override

DCV, resulting in loss of economizing e
- reeze protection
abil |ty /\\f\ Mitigates failures

A Confusion on CO, sensor set points
(too low/high) depending on set point
type (differential or total CO,)

Lower limit
Save energy
Maintain press.

OA Flow Rate (cfm)
I

AMinimum area ventilation and 'Eefg'n?‘\"/ """""""""""""""

maximum occupant ventilation limits

are not set at the AHUs controls, dhv ey s

resulting in incorrect ventilation levels. M w8 b e ma o Bw mm 6w
7 sidepiaver 11/40 Mo« »

DCV presentatioMN Energy Expo, Scadtiacke] Senior Energy Engineer
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https://slideplayer.com/slide/13130197/

#18. C403.11.3.1
Protection of Piping

Insulation
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. C403.11.3.1 Protection of Piping Insulation

/Piping Insulation exposed to the weather shall be protected from damage, including )
that caused by sunlight, moisture, equipment maintenance and wind, and shall
provide shielding from solar radiation that can cause degradation of the material.
_Adhesive tape shall not be permitted. )

ACommonly an issue with small
refrigeration units (residential-style
DX, small diameter pipes)

AWrapped with foam pipe wrap,
and nothing else

AUV-degradation turns insulation
to dust after a few years

ACrimped by zip-ties
AGaps/incomplete insulation




. C403.11.3.1 Protection of Piping Insulation

A Some examples of good piping insulation practices.

UV protective wraps
for insulation.

Mitered joints to prevent Hangers & supports : /“@A’,g =
compression/stretching. enclose insulatiorg no

i

o
(N
LY
L

. |
compression AR
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#19. C404.6.1
Circulation Systems &

C404.7 Demand
Recirculation Controls
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- C404.6.1 Circulation Systems & C404.7 Demand
Recirculation

C404. 6. 1: NControlséshall start th
of a demand for hot water within the occupancy. The controls shall
automatically turn off the pump when the water in the circulation loop

IS at the desired temperature and when there is not a demand for hot
water. o

C404. 7 NThe controls shal/l St
from the action of a user of a
limit the temperature of the water enteringthe cold-wat er pi1 pi ng
104 A . o

Both code sections essentially have a demand-based component to
circulation pump nONbDmethadmmmand. The
difference between the two.
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. C404.6.1 Circulation Systems & C404.7 Demand
Recirculation

Commonly find circulation systems that circulate water continuously
to ensure entire loop Is always hot. Should cycle to maintain loop

temperature.

DEDICATED LOOP HOT WATER RECIRCULATION SYSTEM Circul ati ng system usi ng
cold water line return.

BOILER

SHWASHER
DESorE KITCHEN SINK ~ DAPHROOM SINK

Heater

https://www.nachi.org/hotwater-recirculationsystems.htm http://hotwaterrecirculatingpump.com/ ‘Q s E DAc
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https://www.nachi.org/hot-water-recirculation-systems.htm
http://hotwaterrecirculatingpump.com/

#20. C403.12.3 Freeze
Protection System

Controls
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. C403.12.3 Freeze Protection System Controls

" Freeze protection systems, such as heat tracing or outdoor piping and heat )
exchangerseée shall l nclude automatic contro

when outdoor air temperatures are >40 A= or when the conditions of the protected
fluid will prevent freezing.

y
. i B [— |
Self regulating heat trace uses ===
continuous power, does not s Dran
automatically shut off when no freeze R b (por
potential. Ad Hoat £~ Coolng Tower S
Basin and Sump Heat Iraced g
Dry-bulb temperature shut-off control 2
L e [10M | 030 S
Warm Region §
T S
e : Makeup Water G)—> To Load %
:r h-h‘-h‘-‘-“-___-"" - .
§ : ] Cooling tower fill should have wet
£l I i bulb-based temperature control
0 20 a0 60 80 100 120
Pipe temperature (°F) SED A c
Sourcefroste®freeze protection system &q sssssssssssssssssssssssssssssssss


https://www.nventthermal.com/Images/Raychem-DS-H57419-FrostexPipeFreezeProtection-EN_tcm432-26143.pdf

. Top 40 Requirements: 2018 IECC Commercial Lighting

21. Occupant Sensor Controls [C405.2.1]
22.Time-switch Controls [C405.2.2] ( ‘N | J |

—

23.Daylight-responsive Controls [C405.2.3] | wﬂ"/
24 .Specific Application Controls [C405.2.4]
25.Exterior Lighting Controls [C405.2.6]
26.Lighting Power Allowances [C405.3, C405.4]

27 .Functional Testing of Lighting Controls [C408.3]

28.Reduced Lighting Power [C406.3]

29.Enhanced Digital Lighting Control [C406.4]

30.Luminaire Level Lighting Controls [C405.2] QSEDAC
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#21. C405.2.1
Occupant Sensor

Control
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. Automatic Shut-off Is Required in Nearly Every Space

Occupant sensing, time-switch, or both
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- C405.2.1 Occupant Sensor Controls are Required at

© © N o O bk WwDbdE

e a
it By :__' ey
e Xt

Classrooms/lecture/training rooms
Conference/meeting/multi-purpose rooms
Copy/print rooms

Lounges/breakrooms

Enclosed offices

Open plan office areas

Restrooms N S

Storage rooms \g(

| ocker rooms

10. Other spaces 300 sf or less enclose by floor-to-ceiling height partitions

11.Warehouse storage areas
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- C405.2.1.2 Occupant Sensor Control Function in Warehouse

AMust reduce lighting power by at least 50% when unoccupied.
AControls must cover aisleways and open areas.

AControl for each aisleway shall be independent and shall not
~_control beyond the aisleway.

-----
llllll

= ]

Image from http://luxreview.com



. C405.2.1.3 Occupant Sensor Control Function in Open Plan
Of firce (O 300 sf)

1. Zones limited to 600 sf

2. Must reduce lighting power by at least 80% in a reasonably uniform
pattern within 20 minutes after no occupancy

3. Turn off general lights in all zones within 20 minutes of occupants leaving

4. Daylight responsive controls may activate fixtures only if occupants
present
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