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Part IV-Enerqy Conservation

CHAPTER 11

ENERGY EFFICIENCY

SECTION N1101
GENERAL

N1101.1 Scope. This chapter regulates the energy efficiency
for the design and construction of buildings regulated by this
code.

Note: The text of the following Sections NI101.2 through
N110S is extracted from the 2012 edition of the International
Energy Conservation Code—Residential Provisions and has
been editorially revised to conform to the scope and applica-
tion of this code. The section numbers appearing in parenthe-
sis after each section number are the section ntimbers of the
corresponding text in the International Energy Conservation
Code—Residential Provisions.

NT1101.2 (R101.3) Intent, This code shall regulate the design
and construction of buildings for the effective use and conser-
vation of energy over the useful life of each building. This
code is intended 1o provide flexibility to permit the use of
innovative approaches and techniques to achieve this objec-
tive. This code is not iniended to abridge salety, health or
environmental requirements contained in other applicable
codes or ordinances.

N1101.3 (R101,4.3) Additions, alteralions, renovations or
repairs. Additions, alterations, renovations or repairs to an
existing building, building system or portion thereof shall
conform to the provisions of this code as they relate to new
construction without requiring the unaltered portion(s) of the
existing building or building system to comply with this code.
Additions, allerations. renovations or repairs shall not create
an unsate or hazardous condition or overload existing buiid-
ing systems. An addition shall be deemed to comply with this
cade if the addition alone complies or if the existing building
and addition comply with this code as a single building,

Exception: The following need not comply provided the
energy use of the building is not increased:

1. Storm windows installed over existing fenesiration.

2. Glass only replacements in an existing sash and
frame.

()

. Existing ceiling, wall or floor cavities exposed dur-
ing construction provided that these cavilies are
filled with insulation.

4. Construction where the existing roof, wall or floor
cavity is nol exposed.

5. Reroofing for roofs where neither the sheathing nor
the insulation is exposed. Roofs without insulation
in the cavily and where the sheathing or insulation is
exposed during reroofing shall be insulated either
above or below the shealhing.

6. Replacement of exisling doors that separate condi-
tioned space from the exterior shall not require the
installation of a vestibule or revolving door, pro-
vided, however, that an existing vestibule thal sepa-
rates a conditioned space fromn the exterior shall not
be removed.

7. Alterations that replace less than 50 percent of the
luminaires in a space, provided that such alterations
do not increase the installed interior lighting power.

8. Alterations that replace only the bulb and ballast
within the existing luminaires in a space provided
that the afteration does not increase the installed
interior lighting power.

N1101.4 (R101.4.5) Change in space conditioning. Any
nonconditioned space that is altered to become conditioned
space shall be required to be brought into tull compliance
with this chapter.

Ni10L5 (R101.5.1) Compliance materials. The building
official shall be permitted o approve specific computer soft-
ware, worksheets, compliance manuals and other similar
materials that meet the intent of this code.

N1101.6 (R101.5.2) Low-energy buildings. The following
buildings, or portions thereof, separated from the remainder
of the building by burilding thermal envelope assemblies com-
plying with this code shall be exempt lrom the building ther-
mal envelope provisions of this code:

1. Those with a peak design rate of energy usage less than
3.4 Btu/h-R? (10.7 W/m?) or 1.0 watt/fi* (10.7 W/m?) of
floor area for space condilioning purposes.

2. Those Ihat do not contain conditioned space.

NI101.7 (R102.1.1) Above code programs. The building
official or other aulhority having jurisdiction shall be permit-
ted to deem a national. stale or local energy-efficiency pro-
gram to exceed the energy efficiency required by this code.
Buildings approved in writing by such an energy-efficiency
program shall be considered in compliance with this code,
The requirements identified as “mandatory” in Chapters 4
and 5 of this code, as applicable, shall be met.

N1101.8 (R103.2) Information om construction docu-
ments. Conslruction documents shall be drawn to scale upon
suitable material. Electronic media documents are permitted
to be submitied when approved by the building official. Con-
struction documents shall be of sufficient clarity to indicate
the location. nature and extent of the work proposed, and
show in sufficient detail periineni data and features of the
building. systems and equipment as herein governed. Delails
shall include, but are nol limited to. as applicable, insulation
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materials and their R-valves; fenestration U-factors and
SHGCs; area-weighted U-Factor and SHGC calculations;
mechanical system design criteria; mechanical and service
water healing system and equipment lypes, sizes and efficien-
cies; economizer description; equipment and systems con-
trols; fan motor horsepower (hp) and conlrols; duct sealing,
duct and pipe insulation and location; lighting fixture sched-
ule wilh wattage and control narrative; and air seating details.

N1101.9 (R202) Defined terms. The following words and
ferms shall, for the purposes of this chapter, have the mean-
ings shown herein.

ABOVE-GRADE WALL, A wall more than 50 percem above
grade and enclosing conditioned space. This includes
between-floor spandrels, peripheral edges of floors, roof and
basemenl knee walls, dormer walls, gable end walls, walls
enclosing a mansard roof and skylight shafts.

ACCESSIBLE. Admitting close approach as a result of not
being guarded by locked doors, elevation or other effective
means (see “Readily accessible™).

ADDITION. An extension or increase in the conditioned
space floor area or height of a building or structure,

AIR BARRIER. Material(s) assembled and joined together to
provide a barrier to air leakage through the building envelope.
An air barrier may be a single material or a combination of
materials.

AUTOMATIC. Self-acting, operating by its own mechanism
when actuated by some impersonal influence, as, for exam-
ple, a change in current strength, pressure, lemperatire or
mechanical configuration (see “Manual™),

BASEMENT WALL. A wall 50 percent or more below grade
and enclosing conditioned space.

BUILDING. Any structure used or intended for supporting or
sheltering any use or occupancy, including any mechanical
systems, service water heating systems and eléctric power
and lighting systems located on the building site and supporl-
ing the building.

BUILDING SITE. A continguous area of land that is under
the ownership or control of one eatity.

BUILDING THERMAL ENVELOPE, The basement walls,
exterior walls, floor, roof, and any other building elements that
enclose conditioned space or provides a boundary between
conditioned space and ¢xemp? or unconditioned space.

C-FACTOR (THERMAL CONDUCTANCE). The coeffi-
cient of lieat ransmission (surface {o surface) through a build-
ing component or assembly, equal to the time raie of heat flow
per unit area and the unit temperature difference between the
warm side and cold side surfaces (Btwh - fi* - °F) [W/m’ -
K)J.

CONDITIONED FLOOR AREA. The honzontal projection
of the floors associnted with the conditioned space.

CONDITIONED SPACE, An area or room within a building
being heated or cooled, containing uninsulated ducts, or with a
fixed opening directly into an adjacent eonditioned space.

CONTINUOUS AIR BARRIER. A combination of materi-
als and assemblies that resirict or prevent the passage of air
through the building thermal envelope.

CRAWL SPACE WALL. The opaque portion of a wall that
encloses a crawl space and is partialty or totally below grade.

DEMAND RECIRCULATION WATER SYSTEM. A water
distribution system where pump(s) prime the service hot water
piping with heated waler upon deroand for hot water.

DUCT. A tube or conduit utilized for conveying air. The air
passages of self-contained systems are not to be construed as
air ducts,

DUCT SYSTEM. A continuous passageway for the transmis-
sion of air that, in addition to ducts, includes duct fittings,
dampers, plenums, fans and accessory air-handling equipment
and appliances.

ENCLOSED SPACL. A volume surrounded by solid sur-
taces such as walls, floors, roofs, and openable devices such
as doors and operable windows.

ENERGY ANALYSIS. A method for estimating the annual
energy use of the proposed design and standard reference
design based on estimates of energy use.

ENERGY COST. The total estimated annual cost for pur-
chased energy for the building functions regulated by this code,
inciuding applicable demand charges.

ENERGY SIMULATION TOOL. An approved software
program or calcutation-based methodology that projects the
annual energy use of a building.

ENTRANCE DOOR. Fenestration products used for ingress,
egress and access in nonresidential buildings, including, bul
not limited to, exterior entrances that utilize latchinpg hardware
and automatic closers and contain over S0-percent glass specifi-
cally designed to withstand heavy use and possibly abuse.

EXTERIOR WALL. Walls including both above-grade walls
and basement walls,

FENESTRATION. Skylights, roof windows, vertical win-
dows (fixed or moveable), opaque doors, glazed doors, glazed
block and combination opaque/glazed doors. Fenestration
includes products with glass and nonglass glazing materiais.

FENESTRATION PRODUCT, SITE-BUILT. A fenestra-
tion designed to be made up of field-glazed or field-assem-
bled unils using specific factory cut or otherwise factory-
formed framing and glazing units. Bxamples of site-built
fenestration include slorefront systems, curtain walls, and
atrium roof systems.

HEATED SLAB. Siab-on-grade construction in which the
heating elements, hydronic tubing, or hot air distribution sys-
tem is in contact with, or placed within or under, the slab.

HIGH-EFFICACY LAMPS. Compact fluorescent lamps,
T-8 or smaller diameter linear fluorescent lamps, or lamps
with a minimum efficacy of:

1. 60 lumens per waltl for lamps over 40 watts;

2. 50 lumens per watt for lamps over |5 watls to 40 walls;
and

3. 40 lumens per walt for lamps 15 watls or less.



INFILTRATION. The uncontrolled inward air cakage into a
building caused by the pressure effects of wind or the effect of
differences in the indoor and outdoor air density or both,

INSULATING SHEATHING. An insulating board with a
core material having a minimum R-value of R-2.

LOW-VOLTAGE LIGHTING. Lighting equipment powered
through a wransformer such as a cable conductor, a rail conduc-
tor and track lighting.

MANUAL. Capable of being operated by personal interven-
Lion (see “Aulomatic”).

PROPOSED DESIGN. A description of the proposed build-
ing used ta estimmate amwal energy use for detenimining compli-
ance based on total building performance.

READILY ACCESSIBLE, Capable of being reached quickly
for operation, renewal or inspection without requining those fo
whom ready access is requisite to climb over or remove obsta-

cles or to resort to portable ladders or access equipment (see
“Accessible’™).

REPAIR. The recanstruction or renewal of any part of an exisl-
ing building.

RESIDENTIAL BUILDING. For this code, includes
detached one- and two-family dwellings and multiple single-
tamily dwellings (townhouses) as well as Group R-2, R-3 and
R-4 buildings three stories or less in height above grade plane.

R-VALUE (THERMAL RESISTANCE). The inverse of the
time rate of heat flow through a body from one of its bounding
surfaces to the other swface for a unit tlemperature difference
between the (wo surfaces, under steady state conditions, per
unit area (k - ft>- °F/Btu) [(m?- K)/W].

SERVICE WATER HEATING. Supply of hot water for pur-
poses other than comfort heating.

SKYLIGHT. Glass or other Iransparent or translucent glazing
matetial installed at a slope of less than 60 degrees (1.05 rad)
from horizontal. Glazing material in skylights, including unit
skylights, solariums, sunrooms, roofs and sloped walls is
included in his definition.

SOLAR HEAT GAIN COEFFICIENT (SHGC). The ratio of
the solar heat gain entering the space through the fenestration
assembly lo the incident solar radiation. Solar heat gain
includes directly transmitied solar heat and absorbed solar
radiation which is then reradiated. conducted or convected into
the space.

STANDARD REFERENCE DESIGN. A version of the pro-
posed design that meets the minimum reguirements of this
code and is nsed to determine the maximum annnal energy use
requirement for compliance based on total building perfor-
mance.
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SUNROOM. A one-story structure attached o a dwelling with
a glazing area in excess of 40 percent of the gross area of the
structure’s exterior walls and roof.

THERMAL ISOLATION, Physical and space conditioning
separation from coaditioned space(s). The conditioned
space(s) shall be controlled as separate zones for heating and
cooling or cenditioned by separate equipment.

THERMOSTAT. An aulomatic control device used to main-
tain lemperature at a fixed or adjustabie set point.

U-FACTOR (THERMAL TRANSMITTANCE). The coeffi-
cient of heat transmission (air 1o air) through a building compo-
nent or assembly, equal 1o the time rate of heat flow per unit
aren and unit lemperature difference between the warm side
and cold side air films (Btu/h - fi? . °F) [W/(n? - K)).

VENTILATION AIR. That portion of supply air that comes
from outside (outdoors) plus any recirculated air that has been
treated (o maintain the desired quality of air within a designaled
space.

VISIBLE TRANSMITTANCE [VT)]. The ratio of visible
light entering the space through the fenestration product
assembly lo the incident visible light, visible transmittance,
includes the effects of glazing material and frame and is
expressed as a number between U and 1.

WHOLE HOUSE MECHANICAL VENTILATION SYS-
TEM. An exhaust system, supply system, or combination
thereof that is designed 1o mechanically exchange indoor air
with outdoor air when operaling continuously or through a
programined intermittent schedule to satisfy the whole house
ventilation rates.

ZONE. A spuce or group of spaces within a building with heat-
ing or cooling requirements that are sufficiently similar so that
desired conditions can be maintained throughout using a single
controlling device.
N1101.10 (R301.1) Climate zones. Climate zones trom Fig-
ure N1101.10 or Table N1101.10 shall be used in determin-
ing the applicable requirements in Sections N110f through
NI1035. lecatians nalin=FabrteNHo—Hirtomice-thenbiiil
Stutenjmphieli=bowtspmodeymclmoito=iono=brredetr=Seerion
N1101.10.1 (R301.2) Warm humid counties. Warm
humid counties are identified in Table NI1OLI0 by an
asterisk.
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REGIMES, AND WARM-HUMID

DESIGNATIONS BY STATE, COUNTY AND TERRITORY

5 Amivbeorzan

OKLAHOMA

3A Adair
3A Alfalfa
3A Atoka
4B Beuver
3A Beckham
3A Blaine

3A Bryan
3A Caddo
3A Canadian
3A Carter
3A Cherokee
3A Choctaw
4B Cimarron
3A Cleveland
3A Coal

3A Comanche
3A Cotton
3A Craig

3A Creek

3A Custer
3A Delaware
3A Dewey
3A Ellis

3A Garfield
3A Garvin
3A Grady
3A Grant

3A Greer

3A Harmon
3A Harper
3A Haskell
3A Hughes
3A Jackson
3A Jefferson
3A Johnston
3A Kay

3A Kingfisher
3A Kiowa
3A Latimer
3A Le Flore
3A Lincoln
3A Logan
3A Love

3A Major
3A Marshall
3A Mayes
3A McClain
3A McCurtain
3A Meclntosh
3A Murray
3A Muskogee
3A Noble
3A Nowata

3A Okfuskee
3A Oklahoma
3A Okmulgee
3A Osage

3A Ottawa

3A Pawnee

3A Payne

3A Pittsburg
3A Pontotoc
3A Pottawatomie
3A Pushmaltaha
3A Roger Mills
3A Rogers

3A Seminole
3A Sequoyah
3A Stephens
4B Texas

3A Tillman

JA Tulsa

JA Wagoner
3A Washington
JA Washita
3A Woods

3A Woodward
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4C Linn

5B Malheur
4C Marion

5B Morrow
4C Multhomah
4C Polk

5B Sherman
4C Tillamook
5B Umatilla
5B Union

5B Wallowa
5B Wasco

4C Washinglon
5B Wheeler
4C Yambhill

PENNSEEVADN Ay

e o
Shtdiegherny~



N1101.11 Interlor design conditions. The interior design
temperatures used for heating and cooling load calculations
shall be a maximum of 72°F (22°C) for heating and minimum
of 75°F (24°C) for cooling.

N1101.12 Identification. Materials, systems and equipment
shall be Identified In @ manner that will allow a determination
of compllance with the applicable provisions of this code,
N1101.12.1 Bullding thermal envelope Insulation.
An R-value Identification mark shall be applied by
the manufacturer to each piece of building thermal
envelope Insulation 12 inches (305mmj) or greater in
width, Alternately, the insulation installers shall
provide a certification listing the type, manufacturer
and R-value of insulation installed In each element of
the building thermal envelope. For blown or sprayed
insulation (fiberglass and cellulose}, the initial
Installed thickness, settled thickness, settled R-value,
Installed density, coverage area and number of bags
installed shall be listed on the certification. For
sprayed polyurethane foam (SPF) insulatlon, the
installed thickness shall be listed an the certification.
The insulatlon installer shall sign, date and post the
certification in a conspicuous location on the job
site.
N1101.12.1.1 Blown or sprayed
roof/ceiling Insulation. The thickness of
blown-In or sprayed roof/celling insulation
{fibarglass or cellulose) shall be written In
inches {mm) on markers that are installed
at least one for every 300 square feet
(28m?) throughout the attic space. The
markers shall be affixed to the trusses or
jolsts and marked wlith the minimum Inltial
installed thickness with numbers a
minimuin of 1 Inch {25 mm} in height. Each
marker shall face the attic assess opening.
Spray polyurethane foam thickness and
installed R-value shall be listed on
certification provided by the Insulation
installer.
N1101. 12.2 Insulation mark Installation. Insulating
matertals shall be Installed such that the
manufacturer's R-value mark is readlly observable
upon Inspection.

N1101.12.3 Fenestration product rating. U-factors
of fenestration products {windows, doors and sky-
lights) shall be determined in accordance with NFRC
100 by an accredited, independent laboratory, and
labeled and certified by the manufacturer. Products
lacking such a labeled U-factor shall be assigned a
default U-factor from Table N1101.5(1), Table
N1101.5(2). The solar heat gain coefficient (SHGC)
and visible transmittance {VT) of glazed fenestration
preducts (windows, glazed doors and skylights) shall
be determined in accordance with NFRC 200 by an
accredited, independent laboratory, and labeled and

certified by the manufacturer. Producks lacking such
a labeled SHGC or VT shall be assigned a default
SHGC or VT from table N1101.5(3).

N1101.12.4 (R303.1.4) Insulation product rating.
The thermal resistance (R-value) of Insufation shall
be determined in accordance with the U.S. Federal
Trade Commisslon R-value rule {CFR Title 16, Part
460) In units of h x ft? x "F/8tv at a mean
temperature of 75°F (24°C).

N1101.13 {R303.2) Installation. All materials, systems and

equipment shall be installed In accordance with the

manufacturer's installation Instructions and this code.
N1101.13.1 (R303.2.1} Protection of exposed
foundatlon insulation. insulation applied to the
exterior of basement walls, crawlspace walls and the
perimeter of slab-on-grade floors shall have a rlgid,
opaque and weather-resistant protective covering to
prevent the degradation of the insulation’s thermal
performance. The protective covering shall cover the
exterlor insulation and extend a minlmum of 6
inches {153 mm) helow grade.

N1101.14 (R303.3) Malntenance Informatlon. Maintenance
instructions shall be furnished for equipment and systems
that require preventive matntenance. Required regular -
maintenance actions shall be clearly stated and incorporated
on a readily accessible label. The label shall include the title
or publication number for the operation and malntenance
manual for that particular model and type of product.

N1101.16 {R401.3) Certificate. A permanent certificate shall
be completed and posted on or in the electrical distribution
panel by the bulider or registered design professional or
insulation trade contractor. The certlficate shall not cover or
obstruct the visibility of the circuit directory label, service
disconnect label or other requlired labels. The certificate shall
list the predominant R-values of Insulation Installed In or on
celling/roof, wails, foundation (slab, basement wall, crawl
space wall and/or floor) and ducts outslde conditioned
spaces; U-factars for fenestration and the solar heat galn
coefficient (SHGC) of fenestration, and the results from any
required duct system and building envelope air leakage
testing done on the building. Where there is more than one
value for each component, the certificate shall list the value
covering the largest area.



TABLE N1101.5{(1)
DEFAULT GLAZED FENESTRATION U-FACTORS

S5KYLIGHT
FRAME TYPE SINGLE PANE DOUBLE PANE Single Double
Metal 1.2 08 2 13
Metal with thermal break 11 0.65 19 11
Nonmetal or metal clad 095 0.55 1.75 1.05
Glazed block 0.6
TABLE N1101.5(2)
DEFAULT DOOR U.FACTORS
DOOR TYPE U-FACTOR
Uninsulated metal 12
[usulated metal 06
Wood 0.5
Insulated. nonmelal edge, max 45% glazing. any glazing double pane 035
TABLE N1101.5(3)
DEFAULT GLAZED FEMESTRATION SHGC
SINGLE GLAZED DOUBLE GLAZED
Clear 1 Clear | Tinted GLAZED BLOCK
08 [ 0.7 1 0.6 0.6




SECTION N1102
BUILDING THERMAL ENVELOPE
SECTION N1102
BUILDING THERMAL ENEVELOPE

N1102.1 Insulation and fenestration criteria. The building
thermal envelope shall meel the requircments of Table

N1102.1.1 based on the climale zone specified in Table N1101, 10.

N1102.1.1 R-value computation. Insulation material used
in layers, such as framing cavity insulation and insulating
sheathing, shall be summed lo compute the component
R-value. The manufacturer's seitled R-value shall be used
for blown insulation. Computed R-values shall not include
an R-value for other building materials or air films.
N1102.1.2 U-factor alternative, An assembly with a
U-factor equal (o or less than that specified in Table

N1102.1.2 shall be permitted as an alternative lo the R-value in Table
1102.1.1.

N1102.1.3 Total UA alternative. If the total building thermal
envelope UA (sum of U-factor limes asscmbly area) is less than or
equal to the total UA resulling from using the U-factors in Table
NEL02.1.2 (multiplied by the same assembly area as in the proposed
building) the building shatl be considered in compliance with Table
NHO2.1.1. The UA calculation shall be done using a mcthod
consistent with the ASHRAE Handbook of fundamentals and shall
include the thermal bridging effects of framing materials, 'The SHGC
requirements shall be met in addition o UA compliance.

TABLE N1102.1.1 {(R402.1.1)
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT®

CRAWL
GLAZED wooD MASS BASEMENT® { sLa8?
CLIMATE | FENESTRATION | SKYLIGHTY| o yestaamion| SEILING | prameware | warL | FLOOR | wac — {rvawue) SEACE
SHGC®* R-VALUE A-VALUE' AVALUE |&DEPTH| WA
1 1&_!2— NIs {3} )& TS :‘l! 11 [} )
2 et el v o - Ll Ais b 3 e |
(o 3 0.35 0.55 0.25 a3 13 8/13 19 sn3 0 N3
& {4, 4 cxcept 0.35 0.55 0.40 49 8/13 19 a3 |z2af tons
Marine
5 and P R — AQ T P E NP} S S m
T o " ' e
gl 023 055 NR 40 LTI K PR F a1 S0 (¥ LaLLiis lppalal LSig
p BTV v sy [T ipty rarg L o e e 040 IEYATVR

For SI: 1 foor = M8 mm.
a. K-values are minimums. U-Tactors und SHGC are maximums,

When insulation iy installed in a cavity which is less than the lnbel or design thickness ol the

insefation, the installed A-value of the insulation shall nat be less than the R-value specified in the table.

b. The fenestrtion U-Factor colomn excludes skylighis. The SHGC cotumn applies to all ghirzed leaestralion.
Exception: Skylighus may be excluded lrom glazed fenesimiion SHGC requirements in Climate Zones | through 3 where the SHGC For such skylights does

no exceed 0.30,

c. “15/19" means R-15 continuous insulation un the interior or exterior of the home or R-19 cavily insulation at the intesior of the basement wall. *13/19™ shall
be permilted to be mel with R-1 cavily insulation on the interior of the basement wall plus R-5 continuous insulation on the interior or exterior of the home.
“10/13" means R-10 continuous insulation on the interior or exterior of the home or R-13 cavily insulation nt the intedor of the basenient wall.

R-5 shalf be added 10 the required shih edge R-values for heated slibs, Insulation depth shull be the depth of the fooling or 2 feet. whichever ts less in Zones ]
through 3 for heated slabs.

. There ase ne SHGC requirements in the Marine Zone,

Basemenl wall insulation js not required in warmi-humid locations as defined by Figure N1ED1.10 and Table NLIOL1D.

. Or insukition sulficient to fill the framing cavity. R-19 minimum.

. First value is cavity imsuhuion, second is continuous insufalion or insulated siding. so 13 + 5" means R- 13 cavity insulation plus R-3 continuous insulution or
insututed siding. IF siructural sheathing covers 40 percent or less of the exterior. continuous insulation B-value shall be parmitied Lo he reduced by no muore
than R-13 in the locations where siruclural sheathing is used - to maintain o consisient total sheathing thickness.

i. The second R-value applics when move than half the insulotion is on the interior of the mass wall,

= n =%




N1102.2 Specific insulation requirements.

N1102.2.1 Ceilings with attic spaces, When Section
N1102.1 would require R-38 in the ceiling, R-30 shall be
deemed to satisfy the requirement for R-38 wherever the
full height of uncompressed R-30 insulation extends over
the wall top piate at the caves. Similarly R-38 shall be
deemed to satisfy the requirement for R-49 wherever the
full height of uncompressed R-38 insulation extends over
the wall top plate at the eaves. This reduciion shall not apply
to the U-faclor alternative approach in Section N1102.1.2
and the Total UA alternative in Section N1102.1.3.

N1102,2.2 Ceilings without attic spaces. Where Section
N1102.1 would require insulation levels above R-30 and the
design of the roolceiling assembly does not allow sufficient
space for the required insulation, the minimum required
insulation for such rooficeiling assemblies shall be R-30,
This reduction of insulation [rom the requirements of Section
1102.1.1 shall be limited to 500 squarc fect (46 m2) of

ceiling area. This reduction shall nol apply 1o the U-facior
alternative approach in Section N1102.1.2 and the Total UA
alicrnative in Section N1102,1,3,

N1102.2.3 Access hatches and doors. Access doors from
conditioned spaces to unconditioned spaces (c.g., altics and
crawl spaces) shall be weather-siripped and insulated to a
level equivalent to the insulation on the surrounding surfaces.
Access shall be provided to all equipment which prevents
damaging or compressing the insulation. A wood [ramed or
equivalent baffte or retainer is required Lo be provided

when loose fill insulation is installed, the purpose of

which is to prevent the loose fill insulation from spilling into
the living space when the affic access is opened and lo provide
a permanent means ol maintaining the installed

R-value of the loose fill insulation.

N1102.2.4 Mass walls. Mass walls, for the purposes of this
chapter, shall be considered above-grade walls of congrete
block, concrete, insulated concrele form (ICF) , masonry

cayity, brick (other than brick vencer), carth (adobe, compressed
earth block, rammed earth) and solid timber/logs.

N1102.2,5 Steel-frame ceilings, walls and floors. Steel fame

ceilings, walls and floors shall meet the insulation
requirements of Table N1102.2.5 or shall meet the U-factor
requirements in Table N1102.1. 2, The calculation of the
U-factor for a steel-frame envelope assembly shall usc a
series-paralle] path calculation method.

Exeeption: In climate zones 1 and 2, the continuous
insulation requirements in Table N[ 102.2.5 shall be
permilied to be reduced to R-3 for sicel frame wall
assemblies with siuds spaced al 24 inches (610 mm) on
center.

N1102.2.6 Floors. Floor insulation shall be installed to
maintain permanent contacl with the underside of the
subfloor decking.

N1102.2.7 Basement walls. Exterior walls associated wilh
conditioned basements shall be insulaled from the top of the
basement wall down 1o 10 feel (3048 mm) below grade or Lo
the basement floor, whichever is fess. Walls associated with
unconditioned basements shall meet this requirement

uniess the floor overhead is insulaled in accordance with
Sections N1102.1 and N1102.2.6.

N1102.2.8 Slab-on-grade floors. Slab-on-grade floors
with a floor surface less than 12 inches below grade shail be
insulated in accordance with Table N1102.1.1. The insulation
shall extend downward from the top of the slab on the outside
or inside of the foundalion wall. Insulation localcd

below grade shall be extended the distance provided in

Table N1102.1.]1 by any combination of vertical insulation,
insulation extending under the sfab or insulation extending
out from the buifding. Insulation ¢xtending away from the
building shall be protected by pavement or by a minimum of
10 inches (254 mm) of sotl. The top edge of the insulation
inslalled belween the exterior wall and the edge of the interior
slab shall be permilied to be cut at a 45-degree (0.79 rad)
angle away from lhe exterior wall. Slab-edge insulation is
nol required in jurisdictions designated by the code official

as having a very heavy termite infestation.

TABLE N1102.1.2
EQUIVALENT U-FACTORsa

CRAWL
FRAME MASS BASEMENT SPACE
CLIMATE FENESTRATION SKYLIGHT CEILING WALL WALL FLOOR WALL WALL
ZONE U-FACTOR U-FACTOR U-FACTQR U-FACTOR -FACTOR? UFACTOR U-FACTOR U-FACTOR
o e e e AIES] A T — s S T
e v -2 T P e BV oY et (hmiie
OKs 0.50 0.65 0.035 0.082 0.141 0.047 0.091. 0.136
K4 except 035 0.60 0.030 0.082 0.14§ 0.047 0.059 0.065
Marine
'3
mnﬁ%T oSy i T e AR AAS L e
- -5 =60 e T O™ AL, s 06
—ipy To0 LALZLY] 0057 T A S . am—— N T

a. Nonfenesnation U-factors shall be obtained fiom nieaiwement, ealculation or an approved souce.

b, Wlen more thip halfthe insulation is on the mtenor, the mas wall U-faciors shall ba 3 maximum of0.17m zone }.0.14 tn zone 2, 0.1 i zona 3.0 1010 zone 3
excepl Marine and the savie a3 the Game wall U-fx¢tor in Manine zone 4 and in zone: 5 through 8.

¢, Batement wall U-factor of0.360 in warm.humid climates as defined by Figure MI101.2 and Table NIT01.2



TABLE N1102.2.5
STEEL-FRAME CEILING, WALL AND FLOOR INSULATION {R-VALUE)

WOOD FRAME R-VALUE REQUIREMENT COLD-FORMED STEEL EQUIVALENT R-VALUE?
Steed Truss Ceilings®
R-30 R-38 orR-30 + Jor R-26 + 5
R-38 R49 orR-38 + 3
R-49 R-38 +5
Steel Joist Ceilings®
R-30 R—331'n2!§4or216‘or253
R-49 in any framing
R-18 R49in2x4or2x6or2x Bor2x 10
Sleel Framed Wall i
R-13 R-13+50rR15 + 4orR-21 +30or RO+ 10
R-19 R-13 +90rR-19 + 8orR-25+ 7
R-21 R-13 + 100rR-19 + 9or R-25 + 8
Steat Joisi Flgor
R-13 R-lQ' n2x6
R19+R6in2x8o0r2x 10
R-10 R-19 +l_l-6in 2x 6
R19+R-12in2x8or2=x 10

For 51: linch =254 mm.

a Cavity insulation R-value iz histed Gy, followed by continuous insulation Revalue,

b. lasulation exceeding the height of the framiing shal] cover the faming

N1102.2.9 Crawl space walls. As an altemnative to insulating
Roors over crawl spaces, insulation of crawl space walls

shall be permitted when the crawl space is not vented to the

outside. Crawl space wall insulation shall be permanently

fastened 1o the wall and extend downward from the floor to

the finished grade level and then vertically and/or horizontally for at
least an additional 24 inches (610 mm). Exposed

earih in unvented crawl space foundations shall be covered

with a continuous Class | vapor relarder. All joints of the

vapor retarder shall overlap by 6 inches (152 mm) and be

sealed or taped. The edges of the vapor retarder shall extend

at least 6 inches (152 mm) up the slem wall and shall be atlached to
the stern wall.

N1102.2.10 Masonry veneer, Insulation shall not be
required on the horizontal portion of the foundation that
SUpporls a masonry veneer.

N1102,2,11 Thermally isolated sunroom insulation. The
minimum ceiling insulation R-values shall be R-19 in zones

I through 4 and R-24 in zones 5 though 8. The minimum

wall R-value shall be R-13 in all zones. New wall(s) separating
the suntoom from conditioned space shall meet the

building thermal envelope requirements.

N1102.3 Fenestration

N1102.3.1 U-factor. An arca-weighted average of fenestration
producls shall be permitied to satisfy the {/-factor

requirements.

N1102.3.2 Glazed fenestration SHGC. An area-weighted
average of fenestration producis more than 50 percent

glazed shall be permitied Lo satisfy the solar heat gain coefficient
(SHGC) requiremenls.

N1102.3.3 Glazed fenestration exemption. Up to 15
square feet (1.4 m?) of glazed fenestration per divelling unit
shall be permitted to be exempt from U-factor and SHGC
requirements in Section N1102.1. This exemption shall not
apply to the U-factor allernative approach in Seclion
NI1102.1.2 and the Total UA alternative in Section
N1102,1.3.

N1102.3.4 Opaque door exemplion. One side-hinged
opaque door assembly up to 24 square feet (2.22 m" in arca
is exempted from the U-faclor requirement in Section
N1102.1.1. This exemptian shall not apply to the U-faclor
alternative approach in Section N1102.1.2 and the Total UA
alternative in Section N1102.1.3.

N1102.3.5 Thermally isotated sunroom U-factor. For
zonres 4 through 8 the maximum ferestration U-faclor shatt

be 0.50 and the maximum skylight U-factor shall be 0.75.

New windows and doors separating the sunroom from conditioned
space shall meel the building thermal envelope

requirements.

N1102.3.6 Replacement fenestration, Where some or all of
an existing fenestration unit is replaced with a new fenestration
praduct, including sash and plazing, the replacement fenestration
unit shall meet the applicable requirements for U-factor

and solar heat gain coeficient (SHGC) in Table N1102,1.1.



N1102.4 Air Leakage.

The building thermal envelope shall be conslructed to limit air
leakage in accordance with the requirements of Sections N1102.4.1
through N1102.4.4. These provisions take effect on Janvary 1* of
2018,

N1102.4.1 Installation,

The components of the building thermal envelope as listed in Table
N1102.4.2, shall be installed in accordance with the manufacturer’s
instructions and the crileria listed in Table Nt 102.4.2, as applicable
to the method of construction. An approved third party shall inspect
all components and verify compliance. An approved written report of
the results shall be signed by the party viewing the work and a copy
provided to the building official.

N1102.4.1.2 Testing.

The building or dwelling unit shall be tested and verified as having an
air lcakage rate of not excceding 7 air changes per hour. Testing shalf
be conducted with a blower door at a pressure of 0.2 inches w.g. (50
Pascals) Testing shall be conducted by an approved third party. A
written report of the results of the test shall be signed by the party
conducting the test and provided to the building official. Tesling shall
be performed at any lime allcr ensakion of all penetrations of the
building thermal envelope. SEAANG

During tesling:

1. Exterior windows and doors, fireplace and slove doors shall be
closed, but not sealed, beyond the intended weather-stripping or olher
infiliration control measures;

2. Dampers including exhaust, intake, makeup air, backdrafl and flue
dampers shall be closed, but not sealed beyond intended infiltration
conirol measures;

3. Interior doors, if installed at the lime of the lest, shall be open;

4, Exterior doors for conlinuous venlilation systems and heat
recovery ventilators shall be closed and scaled;

5. Heating and cooling systems, if inslalled at the time of the test,
shall be uned ofF; and

6. Supply and retum registers, if installed at the time of the test, shall
be open,

N1102.4.3 Fireplaces. New wood-buming fireplaces shall
have gasketed doors and outdoor combustion air.

N1102.4.4 Fenestration air leakage, Windows, skylights
and sliding glass doors shall have an air infiltration rate of
no more lhan 0.3 cubic fool per minule per square fool
[1.5(L/s)/m?, and swinging doars no more lhan 0.5 cubic
foot per minute per square foot [2.5 (L/s)/m ], when tested according
to NFRC 400 or AAMA/WDMA/CSA 101/1.5.2/ A440 by an
accrediled, independent laboralery, and listed and /gbefed by the
manufacturer.

Exceptlon: Site-built windows, skylights and doors,

N1102.4.5 Recessed lighting. Recessed luminaires inslalled in the
building thermal envelope shall be sealed to limit air leakage belween
canditioned and unconditioned spaces. All recessed luminaires shall
be IC-rated and {abeled as meeling ASTM E 283 when iested al 1,57
psi {75 Pa) pressure differential with no more than 2.0 cfin (0.944
L/5) of air movemenl from the conditioned space to the ceiling cavity.
All recessed luminaires shall be sealed with a gasket or caulk
between the housing and the interior wall or ceiling covering.

SECTION N1103
SYSTEMS

N1103.1 Contro!s. At lcast onc thermostat shall be installed for
each separate heating and cooling system.

N1103.1.1 Programmable thermostat. Where the primary
heating system is a forced air furnace, at least one thermostat per
dwelling unit shall be capable of controlling the heating and cooling
system on a daily schedule to maintain different temperature set
poinls at different times of the day. This thermostat shall include the
capability to set back or temporarily operate the system to maintain
zone temperatures down to 55°F (13°C) or up lo 85°F (29°C). The
Lhermostat shall initially be programmed with a heating
temperature sel point no higher than 70°F (21°C) and a

cooling temperature set point no lower than 78°T (26°C).

N1103.1.2 Heat pump supplementary heat, Heat pumps

having supplementary electric-resistance heat shall have

conlrols that, except during defrost, prevent supplemental

heat operation when the heat pump compressor can meet the healing
load.

N1103.2 Ducts.

IN1103.2.1 Insulation. Supply ducls in attics shall be insulated to a2
minjmum of R-8. All ather ducts shall be insulated to a minimum of
R-6.
Exception: Ducls or portions thereof located completely
inside the building thermal envelope.

N1103.2.2 Sealing. Ducts, air handlers, filter boxes and

building cavities used as ducts shall be seated. Joints and

scams shall comply with Section M1601.4. Duct tightness

shall be verified by eilher of the following beginning January 1% of
2017

1. Post-construction test: Leakape lo nmdoors shall be

less than or equal to 8 cfm (3.78 L/s) per 100 n? (9.29m%) of
conditioned floor area or a iotal lcakage less than or cqual to 12 ¢fim
(5.664/5) per 100 ft* (9.29m?) of conditioned Moor area when lested
al a pressure differential of 0.1 inch w.g. (25 Pa) across the enlire
system inciuding the manufaclurer’s air handler end closure. All
register boots shatl be taped or otherwise sealed during the test.

2. Rough-in test: Total leakage shall be less than or

cqual to 6 cfm (2.83 L/5) per 100 ft? (9.29 m?) of conditioned foor
area when tested at a pressure differential of 0.1 inch w.g. (25 Pa)
across the roughed in system, including the manufacturet's air
handler crniclosure. All register boots shall be taped or otherwise
scaled during the test, IT the air handler is not installed at the lime of
the test, total leakagz e shall be less than or equal to 4 cfm (1.89 L/)
per 100 2 (9.29 m") of conditioned floor area.

Exception: The tolal leakage lesl is nol required for ducls and air
handlers located entirely within the buitding thermal envelope.



TABLE N1102.4.2
AIR BARRIER AND INSULATION INSPECTION

COMPONENT

CRITERIA

Air Larrier and iliermal barrier

Exterios thermal envelope insulation for framed walls is installed in substantial contact and conlinuous
alignoient with building envelope air barrier.

Breaks orjoints in the nir barrier are filled or repaired.

Air-pernieable insulation is not used as a sealing matenial.

Ceiling/attic Air barrier in any dropped caring/soffil is substantially aligned with insulation and any gaps are sealed
Attic access (except unvented atlic), knee wall door, or drop down stair is sealed.
Walls Coruers and headers are insulated.

Junclion of foundation and sill plate is sealed.

Windows and doors

Space between window/door jambs and franing is sealed.

Rim joists

Rim joists are insulated and include an air bamier.

Floors (inclnding above garage
and cantilevered floors)

Lusvlation is installed to mainfain permanent contact with underside of subfloor decking.
Air bammier is installed at any exposed edge of floor.

Crawlspace walls

Insulation is pennanently attached to walls,
Exposed earih in unvented ceawlspaces is covered with Class I vapor retarder with overlapping joints

laped.

Shafts. penetrations

Duct shafts, ulility penetralions, kuee walls and flue shafls opening lo exterior or unconditioned space
are sealed.

Nammow cavities

Batts in narrow cavities are cut 1o fit, or narrow cavilies are filled by sprayediblown insulation

Gange separation

Air sealing is provided belween the garage and conditioned spaces.

Recessed lighting

Recessed light fixtures are airtight, [C sated and sealed to drywall.
Exception-fixtures in conditioned space.

Plumbing and wiring

Insulation is placed between outside and pipes. Batt insulation 15 cul to fit around wiring and plumbing,
or sprayed/blown insulation extends bebind piping and wiring.

Showertub on exterior wall

Showers and tubs on exierior walls have insulation and an air barner separating them fiom the exterios
wall

Electrical/phone box on exterior
wall

Air barmier extends behind boxes or air sealed type boxes are installed.

Common wafl

Air barrier is installed in common wall between dwelling units.

HVAC register boots

HVAC register boots thal penstrate building envelope are sealed to subfloor or drywall.

Fireplace

Fireplace walls include an air bamier.

N1103.6 Equipment sizing. Heating and caoling equipment

N1103.2.3 Building cavities. Building framing cavilies
shall not be used as supply ducts.

N1103.3 Mechanical system piping insulation. Mechanical
syslem piping capable of carrying fluids above 105°F (40°C) or
below 55°F (13°C) shall be insulaied to a minimum of R-3

.N1103.4 Circulating hot water systems. All circulaling service
hat waler piping shall be insulated to al least R-2. Circulating

hot water systems shall include an awtomatic or readily

accessible manual switch that can turn ofT the hot water circulaling
pump when the system is not in use.

N1103.5 Mechanical ventilation. Outdoor air intakes and
exhuusts shall have automatic or gravily dampers thal close
when the ventilation sysiem is not operating.

shall be sized as specified in Section M1401.3.

N1103.7 Snow meit system controls. Snow- and ice-melting
systems supplied through energy service 1o the building shali
include automatic controls capable of shutting ofT the system
when the pavement iemperature is above 50°F (10°C) and no
precipitation js failing and an automalic or manual conltrol thal
will allow shutofT when the outdoor temperature is above 40°F
(5°C}.

IN1103.8 Pools. Pools shall be provided with energy conserving
measures in accordance with Seclions N1103.8.1 through
N1103.8.3.

N1103.8.1 Pool heaters. All pool heaters shall be equipped

with a readily accessible on-off swilch to allow shutiing off

the heater without adjusling the thermostat setting. Pool healers fircd
by natural gas or LPG shall not have continuously

buring pilot lights.



N1103.8.2 Time switches. Time switches that can antomatically
turn off and on heaters and pumps eccording to a preset schedule
shall be installed on swimming pool heaters

and pumps.

Exceptlons:

1. Where public health siendards require 24-hour
pump operation.

2. Where pumps are required to operate solar- and
waste-heat-recovery pool heating systems.

N1103.8.3 Pool covers. Pools heated to more lhan 90°F (32°C)
shall have a pool cover with a ménimum insulation value of R-12.

Section N1104
Lighting Systems

N1104.1 lighting equipment. A minimum of 50 percent of
the lamps in permanently installed lighting fixtures shall be

high-efficacy lamps.
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Sensitivity Analysis of Installation Faults on Heat Pump Performance

Piotr A. Domanski®, Hugh I, Henderson®, W. Vance Payne®
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® CDH Energy Corporation, Cazenovia, NY 13035-0641

ABSTRACT

Numerous studies and surveys indicate that typically-installed HVAC equipment operate inefficiently and
waste considerable energy due to different installation errors (faults) such as improper refrigerant charge,
incorrect airflow, oversized equipment, leaky ducts. This study seeks to develop an understanding of the
impact of different faults on heat pump performance installed in a single-family residential house. It
combines building effects, equipment effects, and climate cffects in a comprehensive evaluation of the
impact of installation faults on a heat pump's seasonal energy consumption through simulations of the
house/heal pump system.

The study found that duct leakage, refrigerant undercharge, oversized heat pump with nominal ductwork,
low indoor airflow due to undersized ductwork, and refrigerant overcharge have the most poiential for
causing significant performance degradation and increased annual energy consumption. The effect of
simultaneous faults was found to be additive (e.g., duct leakage and non-condensable gases), little changed
relative to the single fault condition (e.g., low indoor airflow and refrigerant undercharge), or well-beyond
additive (duct leakage and refrigerant undercharge). A significant increase in annual energy use can be
caused by lowering the thermostat in the cooling mode to improve indoor comfort in cases of excessive
indoor humidity levels due to installation faults.

The goal of this study was to assess the impacts that HVAC syslem installation faults had on equipment
.Wr%ms on occupant comforl was not the nmarm Toc0s
ST the study, and this research did not seek to quantify any impacts on indoor air quality or noise
generation (e.g., airflow noise from air moving through restricted ducts). Additionally, the study does not
address the effects thal installation faults have on equipment reliability/robustness (number of starts/stops,

ete.), maintainability (e.g., access issues), or costs of initial installation and ongoing maintenance.
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4.3.1 Building Enclosure Air Leakage

The AIM-2 infiltration model (Walker and Wilson, 1998; ASHRAE, 2009a) relates infiltration to wind
and indoor-outdoor temperature difference for each time step. All simulations in this study used
coefficients representing shelter from buildings located across the street. An equivalent leakage area
(ELA) of 0.0633 m? (98.1 in?) was chosen to provide the desired seven air changes per hour (ACH) at 50
pascal pressure differential (ACHS0 for the main zone in each building model).

The ettic used the same AIM-2 equations to determine leakage as a function of wind and temperature
difference. The attic ELA was set to be 0.366 m2 (567 in?) for each of the climate zones, or about 5 times
the leakage rate for the HERS 100 house (Fugler, 1999). In houses with basements, that zone was
assumed to have no leakage to outdoors.

4.3.2 Duct Leakage and Thermal Losses

For the slab-on-grade houses, the ducls were mogeled to he in the attic space and all the air leakage and
thermal losses/gains go into that zone. The details of the duct model are glven in Appendix A, For
Houses with basements, there is no duct leakage (o the attic (all leaks are assumed to be into the
conditioned space, so they are ignored). Duct leakage was assumed to be 10 % of flow, or 6 % on the
supply side and 4 % on the return side. Dmmm
dicTarea o 30.5 m? (344 117 ) and a return duct area of 9.3 m? (100 ?) for a 10.6 kW (3-ton) unit. The
duct areas were increased and decreased proportionally based on the size (or nominal tonnage) of the heat
pump unit.

4.3.3 Moisture and Thermal Gains

The scheduling or profile of internal heat and moisture generation was taken from the Building America
Benchmark Definition (Hendron, 2008). Sensible gains from all sources were assumed o be 76.7 MJ/day
(72.7 kBtw/day).

Internal moisture generation from all sources was specified as 5.4 kg/day (12 Ib/day), or less than half of
the ASHRAE Standard 160 moisture generation rate of 14.2 kg/day (31.2 Ib/day) for a three-bedroom
house (ASHRAE, 2009b), The ASHRAE 160 value is meant to be a ‘worsl case’ design condition and
therefore would not be expected 1o correspond to average conditions.

4.3.4 Moisture and Thermal Capacitance

Moisture slorage in the building materials and furnishings and the rate of mass transfer into storage are
important hygrothermal parameters affecting the diumal swings in indoor humidily. Building material
moisture storage was modeled with a simple lumped parameter method with mass factor added to the air
node in the zone model;

dw.
c % =m- (W, = W, )+ Qinemal — Pac taiemt P

The moisture capacilance term is usually set to a muliiple of the air mass inside the house. The Florida
Solar Energy Center used more detailed moisture models inciuding Effective Moisture Penetration Depth
(EMPD) to show that reasonable factors for the air mass multiplier are 20 to 30 times the air mass (EPA,
2001).

As a result of the calibration efforts (Appendix C in Rudd et al., 2013), a 30x multiplier for moisture

capacitance was used for the main zone and the basement. The attic used a moisture capacitance factor of
15x.
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Figure 5.2. Annual energy use for houses with basement for different heat pump sizings, scenario (2)

5.2.3 Effect of Duct Leakage
Per the earlier discussion in Sgction 4.3.2, the effect of duct leakage has been evaluate for slab-on-
grade houses where ducts were installed in he alli¢ (l.e., in Ihe Unconditioned space). The baseline
OuSes It Tfs I e atiic with a leakage rate of 10 % (leakage distributed 60 % on the supply side
and 40 % on the return side) as well as thermal losses through the duci wall, Table 5.9 compares this base
case to other levels of duct leakage with the thermostat set at the defaubt set point temperature (Table 4, 8)
The entry *0 % & No thermal’ in the left most column denotes an_idealistic_installation

leakage and no thermal loss (1.¢., an insulation with an infinite R). For all other simulation cases the duct
insulation is assumed to be R(SI)-1.1 (R-6).

As expected, the baseline duct losses increase energy use in the baseline houses; our simulations showed
a 20 % and 30 % Increase Tor (I s and Dealing climates, respeclively, compared to the
07% Icak case. As the duct leakage increases, energy use increases by at least 8 % for the cooling

climates and by 12 % for the heating climates for each 10 % increment in the duct leakage fault. A slight
improvement of the cooling COP shown with the increasing fault level is caused by a somewhat higher
refrigerant saturation lemperature (and pressure) in the evaporator when the air returning to the indoor
section is at higher temperature due (o duct losses. This COP improvement, however, can’t compensate
for the significant increase in the cooling load, which is the cause of the increased energy use.

Table 5.10 shows the effect of duct leakage on annual energy use for the slab-on-grade house from
lowering the cooling set point by 1.1 °C (2.0 °F). For completeness, the table includes all studied
locations, although houses in Houslon and Washington, DC, are most likely to be operated at a lowered
set point temperature to improve the indoor comfort. Table 5.11 shows simulation results for the indoor
set point temperature lowered by an additional 1.1 °C (2.0 °F), i.e., by 2.2 °C (4.0 °F) below the default
value for the house in Houston,

Reducing the set point results in a lower number of hours with rejative humidity above 55 % for small
levels of duct leaks only (Tables 5.10 and 5.11). For large [evels of duct leakage, the number of hours
with relative humidity above 55 % actually increases, This result is caused by the fact that lowering the
sel point requires longer operaiional runtimes (with correspondingly higher energy consumption and duct
leakage) and, depending on the ratio of sensible to latent capacities, lowering the indoor temperature may
actually increase the relative humidity, although the indoor comfort might improve due to a lower dry-
bulb temperature.
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Table 5.9, Effect of duct leakage on annual energy use fora slab-on-grade house at default cooling set
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Table 5.29 Levels of individual fauits used in Figure 5.11

Fault Level
Fault Type (%)
Heat Pump Sizing (SIZ)™ +50
Duct Leakage (DUCT) 30 D
Indoor Coil Airflow (AF) - 36
Refrigerant Undercharge (UC) -30
Refrigerant Qvercharge (0C) +30
Non-Condensable Gases (NC) 10
Electric Voltage (VOL) +3
TXY Undersizing (TXV) - 40

{a) Oversize scenario (2) described in Section 5.2.2.

Simulation results show no drastic differences in the effect of installation faults on energy use in a slab-on-
grade house and a basement house, except for the duct leakage fault. For the slab-on-grade house, (hi It
has the polential to result in a hi j in energy use that an The impact of this fault is
er tor (e heating dominated climate (Chicago and Minneapolis, 26 %) than for the cooling dominated
climate (Houston, 18 %). Obviously, duct leakage will also result in some increase of energy use for the
basement house; however, the model we used would not discern this effect.

The second most influential fault is refrigerant undercharge. For the 30 % undercharge fault level, the
energy use increase is of the order of 20 % irrespective of the climate and building type. Refrigerant
overcharge can also result in a significant increase in energy use, (10 ~16) % at the 30 % overcharge fault
level. Improper indoor airflow can affect similar performance degradation.

Equipping a house with an oversized heat pump has a small effect if the air duct is oversized accordingly
(which may be the case with a new construction). However, if the air duct is too restrictive and the
nominal indoor airflow is maintained by adjusting the fan speed (scenario (2)), a 15 % increase in energy
use for the house in Houston is predicted.

The cooling TXV undersized fault has also the potential io significantly increase the energy use. The effect
of this fault will be most pronounced in localities with a high number of cooling mode operating hours.
The cooling mode TXV undersized by 40 % results in (9 ~ 14) % more energy used in Houslon as
compared to a (3 ~ 5) % in Chicago.

The impact of the remaining faults — non-condensables and improper voltage — is under 4 %. The non-

condensables and improper voltage faults, however, represent a substantial risk for durability of equipment
and are very important to be diagnosed during a heat pump installation.
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