
CHAP TER 4

RES I DEN TIAL EN ERGY EF FI CIENCY

SEC TION 401
GEN ERAL

401.1 Scope. This chap ter ap plies to res i den tial build ings.

401.2 Com pli ance. Com pli ance shall be dem on strated by
meet ing each of the ap pli ca ble pro vi sions of this chap ter.

401.3 Cer tif i cate. A per ma nent cer tif i cate shall be posted  on
or in the elec tri cal dis tri bu tion panel. The cer tif i cate shall be
com pleted by the builder or reg is tered de sign pro fes sional. The 
cer tif i cate shall list the pre dom i nant R-val ues of in su la tion in -
stalled in or on ceil ing/roof, walls, foun da tion (slab, base ment
wall, crawl space wall and/or floor) and ducts out side con di -
tioned spaces; U-fac tors for fen es tra tion; and, where re quire -
ments ap ply, the so lar heat gain co ef fi cient (SHGC) of
fen es tra tion. Where there is more than one value for each com -
po nent, the cer tif i cate shall list the value cov er ing the larg est
area. The cer tif i cate shall list the type and ef fi ciency of heat ing,
cool ing and ser vice wa ter heat ing equip ment.

SEC TION 402
BUILD ING THER MAL EN VE LOPE

402.1 In su la tion and fen es tra tion cri te ria. The build ing ther -
mal en ve lope shall meet the re quire ments of Ta ble 402.1 based
on the cli mate zone spec i fied in Chap ter 3.

402.1.1 R-value com pu ta tion. In su la tion ma te rial used in
lay ers, such as fram ing cav ity in su la tion and in su lat ing
sheath ing, shall be summed to com pute the com po nent
R-value. The man u fac turer’s set tled R-value shall be used
for blown in su la tion. Com puted R-val ues shall not in clude
an R-value for other build ing ma te ri als or air films.
402.1.2 U-fac tor al ter na tive. An as sem bly with a U-fac tor
equal to or less than that spec i fied in Ta ble 402.1.2 shall be
per mit ted as an al ter na tive to the R-value in Ta ble 402.1. 

Ex cep tion: For mass walls not meet ing the cri te rion for
in su la tion lo ca tion in Sec tion 402.2.3, the U-fac tor shall
be per mit ted to be:

1. U-fac tor of 0.17 in Cli mate Zone 1
2. U-fac tor of 0.14 in Cli mate Zone 2
3. U-fac tor of 0.12 in Cli mate Zone 3

402.1.3 To tal UA al ter na tive. If the to tal build ing ther mal
en ve lope UA (sum of U-fac tor times as sem bly area) is less
than or equal to the to tal UA re sult ing from us ing the U-fac -
tors in Ta ble 402.1.2 (mul ti plied by the same as sem bly area
as in the pro posed build ing), the build ing shall be con sid -
ered in com pli ance with Ta ble 402.1. The UA cal cu la tion
shall be done us ing a method con sis tent with the ASHRAE
Hand book of Fun da men tals and shall in clude the ther mal
bridg ing ef fects of fram ing ma te ri als. The SHGC re quire -
ments shall be met in ad di tion to UA com pli ance.
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TA BLE 402.1
IN SU LA TION AND FEN ES TRA TION RE QUIRE MENTS BY COM PO NENTa

CLI MATE
ZONE

FEN ES TRA TION
U-FAC TOR

SKY LIGHTb

U-FAC TOR

GLAZED
FEN ES TRA TION

SHGC
CEIL ING
R-VALUE

WOOD
FRAME WALL

R-VALUE

MASS
WALL

R-VALUE
FLOOR

R-VALUE

BASE MENTc

WALL
R-VALUE

SLABd

R-VALUE
& DEPTH

CRAWL
 SPACEc

WALL
R-VALUE

1 1.20 0.75 0.40 30 13 3 13 0 0 0

2 0.75 0.75 0.40 30 13 4 13 0 0 0

3 0.65 0.65 0.40e 30 15 5 19 0 0 5 / 13

4 ex cept
Ma rine

0.40 0.60 NR 38 15 5 19 10 / 13 10, 2 ft 10 / 13

5 and
Ma rine 4

0.35 0.60 NR 38 21 or 15+5g 13 30f 10 / 13 10, 2 ft 10 / 13

6 0.35 0.60 NR 49 21 or 15+5g 15 30f 10 / 13 10, 4 ft 10 / 13

7 and 8 0.35 0.60 NR 49 21 19 30f 10 / 13 10, 4 ft 10 / 13
For SI: 1 foot = 304.8 mm.
a. R-val ues are min i mums. U-fac tors and SHGC are max i mums. R-19 shall be per mit ted to be com pressed into a 2 × 6 cav ity.
b. The fen es tra tion U-fac tor col umn ex cludes sky lights. The SHGC col umn ap plies to all glazed fen es tra tion.
c. The first R-value ap plies to con tin u ous in su la tion, the sec ond to fram ing cav ity in su la tion; ei ther in su la tion meets the re quire ment.
d. R-5 shall be added to the re quired slab edge R-val ues for heated slabs.
e. There are no SHGC re quire ments in the Ma rine zone. 
f. Or in su la tion suf fi cient to fill the fram ing cav ity, R-19 min i mum.
g. “15+5” means R-15 cav ity in su la tion plus R-5 in su lated sheath ing. If struc tural sheath ing cov ers 25 per cent or less of the ex te rior, R-5 sheath ing is not re quired

where struc tural sheath ing is used. If struc tural sheath ing cov ers more than 25 per cent of ex te rior, struc tural sheath ing shall be sup ple mented with in su lated
sheath ing of at least R-2.



402.2 Spe cific in su la tion re quire ments.

402.2.1 Ceil ings with at tic spaces. When Sec tion 402.1
would re quire R-38 in the ceil ing, R-30 shall be deemed to
sat isfy the re quire ment for R-38 wher ever the full height of
un com pressed R-30 in su la tion ex tends over the wall top
plate at the eaves. Sim i larly R-38 shall be deemed to sat isfy
the re quire ment for R-49 wher ever the full height of un com -
pressed R-38 in su la tion ex tends over the wall top plate at the 
eaves. 
402.2.2 Ceil ings with out at tic spaces. Where Sec tion
402.1 would re quire in su la tion lev els above R-30 and the
de sign of the roof/ceil ing as sem bly does not al low suf fi cient 
space for the re quired in su la tion, the min i mum re quired in -
su la tion for such roof/ceil ing as sem blies shall be R-30. This 
re duc tion of in su la tion from the re quire ments of Sec tion
402.1 shall be lim ited to 500 ft2 of ceil ing area. 
402.2.3 Mass walls. Mass walls for the pur poses of this
Chap ter shall be con sid ered walls of con crete block, con -
crete, in su lated con crete form (ICF), ma sonry cav ity, brick
(other than brick ve neer), earth (adobe, com pressed earth
block, rammed earth) and solid tim ber/logs. The pro vi sions
of Sec tion 402.1 for mass walls shall be ap pli ca ble when at
least 50 per cent of the re quired in su la tion R-value is on the
ex te rior of, or in te gral to, the wall. Walls that do not meet
this cri te rion for in su la tion place ment shall meet the wood
frame wall in su la tion re quire ments of Sec tion 402.1.

Ex cep tion: For walls that do not meet the cri te rion for
in su la tion place ment, the min i mum added in su la tion
R-value shall be per mit ted to be:

1. R-value of 4 in Cli mate Zone 1
2. R-value of 6 in Cli mate Zone 2
3. R-value of 8 in Cli mate Zone 3

402.2.4 Steel-frame ceil ings, walls and floors. Steel-
frame ceil ings, walls and floors shall meet the in su la tion re -
quire ments of Ta ble 402.2.4 or shall meet the U-fac tor re -
quire ments in Ta ble 402.1.2. The cal cu la tion of the U-fac tor 
for a steel-frame en ve lope as sem bly shall use a se ries-par al -
lel path cal cu la tion method.

402.2.5 Floors. Floor in su la tion shall be in stalled to main -
tain per ma nent con tact with the un der side of the subfloor
deck ing.

402.2.6 Base ment walls. Walls as so ci ated with con di tioned 
base ments shall be in su lated from the top of the base ment
wall down to 10 feet be low grade or to the base ment floor,
which ever is less. Walls as so ci ated with un con di tioned
base ments shall meet this re quire ment un less the floor over -
head is in su lated in ac cor dance with Sec tions 402.1 and
402.2.5. 

402.2.7 Slab-on-grade floors. Slab-on-grade floors with a
floor sur face less than 12 inches (305 mm) be low grade shall
be in su lated in ac cor dance with Ta ble 402.1. The in su la tion
shall ex tend down ward from the top of the slab on the out side
or in side of the foun da tion wall. In su la tion lo cated be low
grade shall be ex tended the dis tance pro vided in Ta ble 402.1
by any com bi na tion of ver ti cal in su la tion, in su la tion ex tend -
ing un der the slab or in su la tion ex tend ing out from the build -
ing. In su la tion ex tend ing away from the build ing shall be
pro tected by pave ment or by a min i mum of 10 inches (254
mm) of soil. The top edge of the in su la tion in stalled be tween
the ex te rior wall and the edge of the in te rior slab shall be per -
mit ted to be cut at a 45-de gree (0.79 rad) an gle away from the
ex te rior wall. Slab-edge in su la tion is not re quired in ju ris dic -
tions des ig nated by the code of fi cial as hav ing a very heavy
ter mite in fes ta tion. 

402.2.8 Crawl space walls. As an al ter na tive to in su lat ing
floors over crawl spaces, crawl space walls shall be per mit -
ted to be in su lated when the crawl space is not vented to the
out side. Crawl space wall in su la tion shall be per ma nently
fas tened to the wall and ex tend down ward from the floor to
the fin ished grade level and then ver ti cally and/or hor i zon -
tally for at least an ad di tional 24 inches (610 mm). Ex posed
earth in unvented crawl space foun da tions shall be cov ered
with a con tin u ous va por re tarder. All joints of the va por re -
tarder shall over lap by 6 inches (153 mm) and be sealed or
taped. The edges of the va por re tarder shall ex tend at least 6
inches (153 mm) up the stem wall and shall be at tached to
the stem wall.
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TA BLE 402.1.2
EQUIV A LENT U-FAC TORSa

CLI MATE
ZONE

FEN ES TRA TION
U-FAC TOR

SKY LIGHT
U-FAC TOR

CEIL ING
U-FAC TOR

FRAME
WALL

U-FAC TOR
MASS WALL
U-FAC TOR

FLOOR
U-FAC TOR

BASE MENT
WALL

 U-FAC TOR

CRAWL
SPACE
WALL

U-FAC TOR

1 1.20 0.75 0.035 0.082 0.197 0.064 0.360 0.477

2 0.75 0.75 0.035 0.082 0.165 0.064 0.360 0.477

3 0.65 0.65 0.035 0.082 0.141 0.047 0.360 0.136

4 ex cept Ma rine 0.40 0.60 0.030 0.082 0.141 0.047 0.059 0.065

5 and Ma rine  4 0.35 0.60 0.030 0.060 0.082 0.033 0.059 0.065

6 0.35 0.60 0.026 0.060 0.060 0.033 0.059 0.065

7 and 8 0.35 0.60 0.026 0.057 0.057 0.033 0.059 0.065
a. Nonfenestration U-fac tors shall be ob tained from mea sure ment, cal cu la tion or an ap proved source.



402.2.9 Ma sonry ve neer. In su la tion shall not be re quired
on the hor i zon tal por tion of the foun da tion that sup ports a
ma sonry ve neer.
402.2.10 Ther mally iso lated sun room in su la tion. The
min i mum ceil ing in su la tion R-val ues shall be R-19 in zones
1 through 4 and R-24 in zones 5 though 8. The min i mum
wall R-value shall be R-13 in all zones. New wall(s) sep a rat -
ing a sun room from con di tioned space shall meet the build -
ing ther mal en ve lope re quire ments.

402.3 Fen es tra tion. 

402.3.1 U-fac tor. An area-weighted av er age of fen es tra tion
prod ucts shall be per mit ted to sat isfy the U-fac tor re quire -
ments. 
402.3.2 Glazed fen es tra tion SHGC. An area-weighted av -
er age of fen es tra tion prod ucts more than 50 per cent glazed
shall be per mit ted to sat isfy the SHGC re quire ments.
402.3.3 Glazed fen es tra tion ex emp tion. Up to 15 ft2 (1.4
m2) of glazed fen es tra tion per dwell ing unit shall be per mit -
ted to be ex empt from U-fac tor and SHGC re quire ments in
Sec tion 402.1.
402.3.4 Opaque door ex emp tion. One opaque door as sem -
bly is ex empted from the U-fac tor re quire ment in Sec tion
402.1.
402.3.5 Ther mally iso lated sun room U-fac tor. For Zones
4 through 8, the max i mum fen es tra tion U-fac tor shall be
0.50 and the max i mum sky light U-fac tor shall be 0.75. New

win dows and doors sep a rat ing the sun room from
con di tioned space shall meet the build ing ther mal en ve lope
re quire ments.

402.3.6 Re place ment fen es tra tion. Where some or all of
an ex ist ing fen es tra tion unit is re placed with a new fen es tra -
tion prod uct, in clud ing frame, sash and glaz ing, the re place -
ment fen es tra tion unit shall meet the ap pli ca ble
re quire ments for U-fac tor and SHGC in Ta ble 402.1. 

402.4 Air leak age. 

402.4.1 Build ing ther mal en ve lope. The build ing ther mal
en ve lope shall be du ra bly sealed to limit in fil tra tion. The seal -
ing meth ods be tween dis sim i lar ma te ri als shall al low for dif -
fer en tial ex pan sion and con trac tion. The fol low ing shall be
caulked, gasketed, weath er stripped or oth er wise sealed with
an air bar rier ma te rial, suit able film or solid ma te rial:

  1. All joints, seams and pen e tra tions. 
  2. Site-built win dows, doors and sky lights. 
  3. Open ings be tween win dow and door as sem blies and

their re spec tive jambs and fram ing. 
  4. Util ity pen e tra tions.
  5. Dropped ceil ings or chases ad ja cent to the ther mal

en ve lope.
  6. Knee walls.
  7. Walls and ceil ings sep a rat ing a ga rage from con di -

tioned spaces.
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TA BLE 402.2.4
STEEL-FRAME CEIL ING, WALL AND FLOOR IN SU LA TION (R-VALUE)

WOOD FRAME
R-VALUE RE QUIRE MENT

COLD-FORMED STEEL
EQUIV A LENT R-VALUEa

Steel Truss Ceil ingsb

R-30 R - 38 or R - 30 + 3 or R - 26 + 5

R-38 R - 49 or R - 38 + 3 

R-49 R-38+5 

Steel Joist Ceil ingsb

R-30 R - 38 in 2 × 4 or 2 × 6 or 2 × 8
R - 49 in any fram ing

R-38 R - 49 in 2 × 4 or 2 × 6 or 2 × 8 or 2 × 10

Steel Framed Wall

R-13 R - 13 + 5 or R - 15 + 4 or R - 21 + 3

R-19 R - 13 + 9 or R - 19 + 8 or R - 25 + 7

R-21 R - 13 + 10 or R - 19 + 9 or R - 25 + 8

Steel Joist Floor

R-13 R - 19 in 2 × 6 
R - 19 + 6 in 2 × 8 or 2 × 10

R-19 R - 19 + 6 in 2 × 6
R - 19 + 12 in 2 × 8 or 2 × 10

a. Cav ity in su la tion R-value is listed first, fol lowed by con tin u ous in su la tion R-value.
b. In su la tion ex ceed ing the height of the fram ing shall cover the fram ing.



  8. Be hind tubs and show ers on ex te rior walls.
  9. Com mon walls be tween dwell ing units.
10. Other sources of in fil tra tion.

402.4.2 Fen es tra tion air leak age. Win dows, sky lights and
slid ing glass doors shall have an air in fil tra tion rate of no
more than 0.3 cfm/ft2 (1.5 L/s/m2), and swing ing doors no
more than 0.5 cfm/ft2 (2.6 L/s/m2), when tested ac cord ing to
NFRC 400, AAWA/WDMA101/I.S.2, or AAMA/WDMA
101/I.S.2/NAFS by an ac cred ited, in de pend ent lab o ra tory
and listed and la beled by the man u fac turer.

Ex cep tions: Site-built win dows, sky lights and doors.

402.4.3 Re cessed light ing. Re cessed luminaires in stalled in 
the build ing ther mal en ve lope shall be sealed to limit air
leak age be tween con di tioned and un con di tioned spaces by
be ing:

1. IC-rated and la beled with en clo sures that are sealed or 
gasketed to pre vent air leak age to the ceil ing cav ity or
un con di tioned space; or

2. IC-rated and la beled as meet ing ASTM E 283 when
tested at 1.57 psi (75 Pa) pres sure dif fer en tial with no
more than 2.0 cfm (0.944 L/s) of air move ment from
the con di tioned space to the ceil ing cav ity; or

3. Lo cated in side an air tight sealed box with clear ances
of at least 0.5 inch (12.7 mm) from com bus ti ble ma te -
rial and 3 inches (76 mm) from in su la tion.

402.5 Mois ture con trol. The build ing de sign shall not cre ate
con di tions of ac cel er ated de te ri o ra tion from mois ture con den -
sa tion. Above-grade frame walls, floors and ceil ings not ven ti -
lated to al low mois ture to es cape shall be pro vided with an
ap proved va por re tarder. The va por re tarder shall be in stalled
on the warm-in-win ter side of the ther mal in su la tion.

Ex cep tions:

1. In con struc tion where mois ture or its freez ing will not 
dam age the ma te ri als.

2. Frame walls, floors and ceil ings in ju ris dic tions in
Zones 1 through 4. (Crawl space floor va por re tard ers
are not ex empted.)

3. Where other ap proved means to avoid con den sa tion
are pro vided.

402.5.1 Max i mum fen es tra tion U-fac tor and SHGC. The 
area weighted av er age max i mum fen es tra tion U-fac tor per -
mit ted us ing trade offs from Sec tion 402.1.3 or Sec tion 404
in Zones 4 through 8 shall be 0.40. The area weighted av er -
age max i mum fen es tra tion SHGC per mit ted us ing trade-
offs from Sec tion 404 in Zones 1 through 3 shall be 0.50.

SEC TION 403
SYS TEMS

403.1 Con trols. At least one ther mo stat shall be pro vided for
each sep a rate heat ing and cool ing sys tem.

403.2 Ducts.

403.2.1 In su la tion. Sup ply and re turn ducts shall be in su -
lated to a min i mum of R-8. Ducts in floor trusses shall be in -
su lated to a min i mum of R-6. 

Ex cep tion: Ducts or por tions thereof lo cated com pletely 
in side the build ing ther mal en ve lope.

403.2.2 Seal ing. All ducts, air han dlers, fil ter boxes, and
build ing cav i ties used as ducts shall be sealed. Joints and
seams shall com ply with Sec tion M1601.3.1 of the In ter na -
tional Res i den tial Code.

403.2.3 Build ing cav i ties. Build ing fram ing cav i ties shall
not be used as sup ply ducts.

403.3 Me chan i cal sys tem pip ing in su la tion. Me chan i cal sys -
tem pip ing ca pa ble of car ry ing flu ids above 105°F (41°C) or
be low 55°F (13°C) shall be in su lated to a min i mum of R-2.

403.4 Cir cu lat ing hot wa ter sys tems. All cir cu lat ing ser vice
hot wa ter pip ing shall be in su lated to at least R-2. Cir cu lat ing
hot wa ter sys tems shall in clude an au to matic or readily ac ces si -
ble man ual switch that can turn off the hot wa ter cir cu lat ing
pump when the sys tem is not in use.
403.5 Me chan i cal ven ti la tion. Out door air in takes and ex -
hausts shall have au to matic or grav ity damp ers that close when
the ven ti la tion sys tem is not op er at ing.

403.6 Equip ment siz ing. Heat ing and cool ing equip ment shall 
be sized in ac cor dance with Sec tion M1401.3 of the In ter na -
tional Res i den tial Code.

SEC TION 404
SIM U LATED PER FOR MANCE AL TER NA TIVE

404.1 Scope. This sec tion es tab lishes cri te ria for com pli ance
us ing sim u lated en ergy per for mance anal y sis. Such anal y sis
shall in clude heat ing, cool ing, and ser vice wa ter heat ing en -
ergy only.

404.2 Man da tory re quire ments. Com pli ance with this Sec -
tion re quires that the cri te ria of Sec tions 401, 402.4, 402.5 and
403 be met.

404.3 Per for mance-based com pli ance. Com pli ance based on 
sim u lated en ergy per for mance re quires that a pro posed res i -
dence (pro posed de sign) be shown to have an an nual en ergy
cost that is less than or equal to the an nual en ergy cost of the
stan dard ref er ence de sign. En ergy prices shall be taken from a
source ap proved by the code of fi cial, such as the De part ment of 
En ergy, En ergy In for ma tion Ad min is tra tion’s State En ergy
Price and Ex pen di ture Re port. Code of fi cials shall be per mit -
ted to re quire time-of-use pric ing in en ergy cost cal cu la tions.

Ex cep tion: Ju ris dic tions that re quire site en ergy (1kWh =
3,413 Btu) rather than en ergy cost as the met ric of com par i -
son.

404.4 Doc u men ta tion.

404.4.1 Com pli ance soft ware tools. Doc u men ta tion ver i -
fy ing that the meth ods and ac cu racy of the com pli ance soft -

20 INTERNATIONAL ENERGY CONSERVATION CODE® 2004 SUPPLEMENT

RESIDENTIAL ENERGY EFFICIENCY



ware tools con form to the pro vi sions of this sec tion shall be
pro vided to the code of fi cial.

404.4.2 Com pli ance re port. Com pli ance soft ware tools
shall gen er ate a re port that doc u ments that the pro posed de -
sign has an nual en ergy costs less than or equal to the an nual
en ergy costs of the stan dard ref er ence de sign. The com pli -
ance doc u men ta tion shall in clude the fol low ing in for ma -
tion:

1. Ad dress of the res i dence;
2. An in spec tion check list doc u ment ing the build ing

com po nent char ac ter is tics of the pro posed de sign as
listed in Ta ble 404.5.2(1). The in spec tion check list
shall show the es ti mated an nual en ergy cost for both
the stan dard ref er ence de sign and the pro posed de -
sign;

3. Name of in di vid ual com plet ing the com pli ance re -
port;

4. Name and ver sion of the com pli ance soft ware tool.

404.4.3 Ad di tional doc u men ta tion. The code of fi cial shall 
be per mit ted to re quire the fol low ing doc u ments:

1. Doc u men ta tion of the build ing com po nent char ac ter -
is tics of the stan dard ref er ence de sign.

2. A cer tif i ca tion signed by the builder pro vid ing the
build ing com po nent char ac ter is tics of the pro posed
de sign as given in Ta ble 404.5.2(1). 

404.5 Cal cu la tion pro ce dure.

404.5.1 Gen eral. Ex cept as spec i fied by this sec tion, the
stan dard ref er ence de sign and pro posed de sign shall be con -
fig ured and an a lyzed us ing iden ti cal meth ods and tech -
niques.

404.5.2 Res i dence spec i fi ca tions. The stan dard ref er ence
de sign and pro posed de sign shall be con fig ured and an a -
lyzed as spec i fied by Ta ble 404.5.2(1). Ta ble 404.5.2(1)
shall in clude by ref er ence all notes con tained in Ta ble 402.1.

404.6 Cal cu la tion soft ware tools.

404.6.1 Min i mum ca pa bil i ties. Cal cu la tion pro ce dures
used to com ply with this sec tion shall be soft ware tools ca -
pa ble of cal cu lat ing the an nual en ergy con sump tion of all
build ing el e ments that dif fer be tween the stan dard ref er ence 
de sign and the pro posed de sign and shall in clude the fol low -
ing ca pa bil i ties:

1. Com puter gen er a tion of the stan dard ref er ence de sign 
us ing only the in put for the pro posed de sign. The cal -
cu la tion pro ce dure shall not al low the user to di rectly
mod ify the build ing com po nent char ac ter is tics of the
stan dard ref er ence de sign.

2. Cal cu la tion of whole-build ing (as a sin gle zone) siz ing
for the heat ing and cool ing equip ment in the stan dard
ref er ence de sign res i dence in ac cor dance with Sec tion
M1401.3 of the In ter na tional Res i den tial Code.

3. Cal cu la tions that ac count for the ef fects of in door and
out door tem per a tures and part-load ra tios on the per -

for mance of heat ing, ven ti lat ing and air con di tion ing
equip ment based on cli mate and equip ment siz ing.

4. Printed code of fi cial in spec tion check list list ing each
of the pro posed de sign com po nent char ac ter is tics
from Ta ble 404.5.2(1) de ter mined by the anal y sis to
pro vide com pli ance, along with their re spec tive per -
for mance rat ings (e.g. R-Value, U-Fac tor, SHGC,
HSPF, AFUE, SEER, EF, etc.).

404.6.2 Ap proved tools. Per for mance anal y sis tools shall
be ap proved. Tools are per mit ted to be ap proved based on
meet ing a spec i fied thresh old for a ju ris dic tion, such as an
ac cred ited home en ergy rat ing sys tem (HERS) tool. The
code of fi cial shall be per mit ted to ap prove tools for a spec i -
fied ap pli ca tion or lim ited scope.

404.6.3 In put val ues. When cal cu la tions re quire in put val -
ues not spec i fied by Sec tions 402, 403 and 404, those in put
val ues shall be taken from an ap proved source.
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TA BLE 404.5.2(1)
SPEC I FI CA TIONS FOR THE STAN DARD REF ER ENCE AND PRO POSED DE SIGNS

BUILD ING
COM PO NENT STAN DARD REF ER ENCE DE SIGN PRO POSED DE SIGN

Above-grade walls: Type: mass wall if pro posed wall is mass: oth er wise
wood frame

Gross area: same as pro posed
U-Fac tor: from Ta ble 402.1.2
So lar ab sorp tance = 0.75
Emit tance = 0.90

As pro posed

As pro posed
As pro posed
As pro posed
As pro posed

Base ment and crawl-
   space walls:

Type: same as pro posed
Gross area: same as pro posed
U-Fac tor: from Ta ble 402.1.2 with in su la tion layer on in -

te rior side of walls

As pro posed
As pro posed
As pro posed

Above-grade floors: Type: wood frame
Gross area: same as pro posed
U-Fac tor: from Ta ble 402.1.2 

As pro posed
As pro posed
As pro posed

Ceil ings: Type: wood frame
Gross area: same as pro posed
U-Fac tor: from Ta ble 402.1.2

As pro posed
As pro posed
As pro posed

Roofs: Type: com po si tion shin gle on wood sheath ing 
Gross area: same as pro posed
So lar ab sorp tance = 0.75
Emit tance = 0.90 

As pro posed
As pro posed
As pro posed
As pro posed

At tics: Type: vented with ap er ture = 1 ft2 per 300 ft2 ceil ing area As pro posed

Foun da tions: Type: same as pro posed As pro posed

Doors: Area: 40 ft2

Ori en ta tion: North
U-fac tor: same as fen es tra tion from Ta ble 402.1.2

As pro posed
As pro posed
As pro posed

 Glaz ing:a To tal areab =18% of con di tioned floor area
Ori en ta tion: equally dis trib uted to four car di nal  com pass 

ori en ta tions (N, E, S, & W)
U-fac tor: from Ta ble 402.1.2
SHGC: from Ta ble 402.1 ex cept that for cli mates with no

re quire ment (NR) SHGC = 0.40 shall be used
In te rior shade frac tion:

Sum mer (all hours when cool ing is re quired) = 0.70
Win ter (all hours when heat ing is re quired) = 0.85

Ex ter nal shad ing: none

As pro posed
As pro posed

As pro posed
As pro posed

Same as stan dard ref er ence de signc

As pro posed

Sky lights None As pro posed

Ther mally iso lated
   sun rooms

None As pro posed

Air ex change rate Spe cific Leak age Area (SLA)d = 0.00048 as sum ing no
en ergy re cov ery

For res i dences that are not tested, the same as the stan dard
ref er ence de sign

For res i dences with out me chan i cal ven ti la tion that are tested 
in ac cor dance with ASHRAE 119, Sec tion 5.1, the mea -
sured air ex change ratee but not less than 0.35 ACH.

For res i dences with me chan i cal ven ti la tion that are tested
in ac cor dance with ASHRAE 119, Sec tion 5.1, the
mea sured air ex change ratee com bined with the me -
chan i cal ven ti la tion rate,f which shall not be less than
0.01 × CFA + 7.5 × (Nbr+1).
where:
CFA = con di tioned floor area
Nbr = num ber of bed rooms

Me chan i cal ven ti la tion: None, ex cept where me chan i cal ven ti la tion is spec i fied
by the pro posed de sign, in which case:

An nual vent fan en ergy use: kWh/yr = 0.03942 × CFA +
29.565 × (Nbr+1) 
where: 
CFA = con di tioned floor area
Nbr = num ber of bed rooms

As pro posed

(Continued)
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TA BLE 404.5.2(1) (con tin ued)
SPEC I FI CA TIONS FOR THE STAN DARD REF ER ENCE AND PRO POSED DE SIGNS

BUILD ING
COM PO NENT STAN DARD REF ER ENCE DE SIGN PRO POSED DE SIGN

In ter nal gains: IGain = 17,900 + 23.8 × CFA + 4104 × Nbr

(Btu/day per dwell ing unit)
Same as stan dard ref er ence de sign

In ter nal mass: An in ter nal mass for fur ni ture and con tents of 8 pounds
per square foot of floor area. 

Same as stan dard ref er ence de sign, plus any ad di tional mass
spe cif i cally de signed as a ther mal stor age el e mentg but
not in te gral to the build ing en ve lope or struc ture.

Struc tural mass: For ma sonry floor slabs, 80% of floor area cov ered by R-2
car pet and pad, and 20% of floor di rectly ex posed to
room air;

For ma sonry base ment walls, as pro posed, but with in su la -
tion re quired by Ta ble 402.1.2 lo cated on the in te rior
side of the walls; 

For other walls, for ceil ings, floors, and in te rior walls,
wood frame con struc tion.

As pro posed

As pro posed

As pro posed

Heat ing sys temsh, i Fuel type: same as pro posed de sign
Ef fi cien cies: 

Elec tric: air-source heat pump with pre vail ing fed eral
min i mum ef fi ciency

Nonelectric fur naces: nat u ral gas fur nace with pre vail -
ing fed eral min i mum ef fi ciency

Nonelectric boil ers: nat u ral gas boiler with pre vail ing
fed eral min i mum ef fi ciency

Ca pac ity: sized in ac cor dance with Sec tion M1401.3 of
the In ter na tional Res i den tial Code.

As pro posed

As pro posed

As pro posed

As pro posed

As pro posed

Cool ing sys temsh, j Fuel type: Elec tric
Ef fi ciency: in ac cor dance with pre vail ing fed eral min i mum 

stan dards 
Ca pac ity: sized in ac cor dance with Sec tion M1401.3 of the

In ter na tional Res i den tial Code.

As pro posed
As pro posed

As pro posed

Ser vice Wa ter
Heat ingh, k

Fuel type: same as pro posed de sign
Ef fi ciency: in ac cor dance with pre vail ing Fed eral min i -

mum stan dards
Use: gal/day = 30 + 10 × Nbr

Tank tem per a ture: 120°F

As pro posed
As pro posed

Same as stan dard ref er ence
Same as stan dard ref er ence

Ther mal dis tri bu tion
sys tems:

A ther mal dis tri bu tion sys tem ef fi ciency (DSE) of 0.80
shall be ap plied to both the heat ing and cool ing sys tem
ef fi cien cies.

Same as stan dard ref er ence de sign, ex cept as spec i fied by
 Ta ble 404.5.2(2).

Ther mo stat Type: man ual, cool ing tem per a ture set point = 78°F; heat -
ing tem per a ture set point = 68°F

Same as stan dard ref er ence de sign

For SI: 1 square foot = 0.93 m2; 1 Brit ish ther mal unit = 1055 J; 1 pound per square foot = 4.88 kg/m2; 1 gal lon (U.S.) = 3.785 L; °C = (°F-32)/1.8.
a. Glaz ing shall be de fined as sun light-trans mit ting fen es tra tion, in clud ing the area of sash, curb ing or other fram ing el e ments, that en close con di tioned space. Glaz -

ing in cludes the area of sun light-trans mit ting fen es tra tion as sem blies in walls bound ing con di tioned base ments. For doors where the sun light-trans mit ting open -
ing is less than 50% of the door area, the glaz ing area is the sun light trans mit ting open ing area. For all other doors, the glaz ing area is the rough frame open ing area
for the door in clud ing the door and the frame.

b. For res i dences with con di tioned base ments, R-2 and R-4 res i dences and town houses, the fol low ing for mula shall be used to de ter mine glaz ing area:
AF = 0.18 × AFL × FA × F
where:
AF = To tal glaz ing area.
AFL = To tal floor area of di rectly con di tioned space.
FA = (Above-grade ther mal bound ary gross wall area)/(above-grade bound ary wall area + 0.5 x be low-grade bound ary wall area).
F = (Above-grade ther mal bound ary wall area)/(above-grade ther mal bound ary wall area + com mon wall area) or 0.56, which ever is greater.
and where:
Ther mal bound ary wall is any wall that sep a rates con di tioned space from un con di tioned space or am bi ent con di tions.
Above-grade ther mal bound ary wall is any ther mal bound ary wall com po nent not in con tact with soil.
Be low-grade bound ary wall is any ther mal bound ary wall in soil con tact.
Com mon wall area is the area of walls shared with an ad join ing dwell ing unit.

c. For fenes tra tions fac ing within 15 de grees (0.26 rad) of true south that are di rectly cou pled to ther mal stor age mass, the win ter in te rior shade frac tion shall be per -
mit ted to be in creased to 0.95 in the pro posed de sign.

d. Where Leak age Area (L) is de fined in ac cor dance with Sec tion 5.1 of ASHRAE 119 and where:
SLA = L/CFA
where L and CFA are in the same units.

(Con tin ued)



24 INTERNATIONAL ENERGY CONSERVATION CODE® 2004 SUPPLEMENT

RESIDENTIAL ENERGY EFFICIENCY

TA BLE 404.5.2(1) (con tin ued)
SPEC I FI CA TIONS FOR THE STAN DARD REF ER ENCE AND PRO POSED DE SIGNS

e. Tested en ve lope leak age shall be de ter mined and doc u mented by an in de pend ent party ap proved by the code of fi cial. Hourly cal cu la tions as spec i fied in the 2001
ASHRAE Hand book of Fun da men tals, Chap ter 26, page 26.21, Equa tion 40 (Sherman-Grimsrud model) or the equiv a lent shall be used to de ter mine the en ergy
loads re sult ing from in fil tra tion.

f. The com bined air ex change rate for in fil tra tion and me chan i cal ven ti la tion shall be de ter mined in ac cor dance with Equa tion 43 of 2001 ASHRAE Hand book of
Fun da men tals page 26.24 and the “Whole-house Ven ti la tion” pro vi sions of 2001 ASHRAE Hand book of Fun da men tals, page 26.19 for in ter mit tent me chan i cal
ven ti la tion. 

g. Ther mal Stor age El e ment shall mean a com po nent not part of the floors, walls or ceil ings that is part of a pas sive so lar sys tem, and that pro vides ther mal stor age
such as en closed wa ter col umns, rock beds, or phase-change con tain ers. A ther mal stor age el e ment must be in the same room as fen es tra tion that faces within 15
de grees (0.26 rad) of true south, or must be con nected to such a room with pipes or ducts that al low the el e ment to be ac tively charged.

h. For a pro posed de sign with mul ti ple heat ing, cool ing or wa ter heat ing sys tems us ing dif fer ent fuel types, the ap pli ca ble stan dard ref er ence de sign sys tem ca pac i ties 
and fuel types shall be weighted in ac cor dance with their re spec tive loads as cal cu lated by ac cepted en gi neer ing prac tice for each equip ment and fuel type pres ent.

i. For a pro posed de sign with out a pro posed heat ing sys tem, a heat ing sys tem with the pre vail ing fed eral min i mum ef fi ciency shall be as sumed for both the stan dard
ref er ence de sign and pro posed de sign. For elec tric heat ing sys tems, the pre vail ing fed eral min i mum ef fi ciency air-source heat pump shall be used for the stan dard
ref er ence de sign.

j. For a pro posed de sign home with out a pro posed cool ing sys tem, an elec tric air con di tioner with the pre vail ing fed eral min i mum ef fi ciency shall be as sumed for
both the stan dard ref er ence de sign and the pro posed de sign.

k. For a pro posed de sign with a nonstorage-type wa ter heater, a 40-gal lon stor age-type wa ter heater with the pre vail ing fed eral min i mum En ergy Fac tor for the same
fuel as the pre dom i nant heat ing fuel type shall be as sumed. For the case of a pro posed de sign with out a pro posed wa ter heater, a 40-gal lon stor age-type wa ter heater 
with the pre vail ing fed eral min i mum ef fi ciency for the same fuel as the pre dom i nant heat ing fuel type shall be as sumed for both the pro posed de sign and stan dard
ref er ence de sign.

TA BLE 404.5.2(2)
DE FAULT DIS TRI BU TION SYS TEM EF FI CIEN CIES FOR PRO POSED DE SIGNSa

DIS TRI BU TION SYS TEM CON FIG U RA TION AND CON DI TION:
FORCED AIR

SYS TEMS
HYDRONIC
SYS TEMSb

Dis tri bu tion sys tem com po nents lo cated in un con di tioned space 0.80 0.95 

Dis tri bu tion sys tems en tirely lo cated in con di tioned spacec 0.88 1.00

Pro posed “re duced leak age” with en tire air dis tri bu tion sys tem lo cated in the con di tioned spaced 0.96 —

Pro posed “re duced leak age” air dis tri bu tion sys tem with com po nents lo cated in the un con di tioned
space

0.88 —

“Duct less” sys temse 1.00 —
For SI: 1 cu bic foot per min ute = 0.47 L/s; 1 square foot = 0.093 m2; 1 pound per square inch = 6895 Pa; 1 inch wa ter gauge = 1250 Pa.
a. De fault val ues given by this ta ble are for un tested dis tri bu tion sys tems, which must still meet min i mum re quire ments for duct sys tem in su la tion. 
b. Hydronic Sys tems shall mean those sys tems that dis trib ute heat ing and cool ing en ergy di rectly to in di vid ual spaces us ing liq uids pumped through closed loop pip -

ing and that do not de pend on duct ed, forced air flows to main tain space tem per a tures.
c. En tire sys tem in con di tioned space shall mean that no com po nent of the dis tri bu tion sys tem, in clud ing the air han dler unit, is lo cated out side of the con di tioned

space.
d. Pro posed “re duced leak age” shall mean leak age to out doors not greater than 3 cfm per 100 ft2 of con di tioned floor area and to tal leak age not greater than 9 cfm per

100 ft2 of con di tioned floor area at a pres sure dif fer en tial of 0.02 inches w.g. (25 Pa) across the en tire sys tem, in clud ing the man u fac turer’s air han dler en clo sure.
To tal leak age of not greater than 3 cfm per 100 ft2 of con di tioned floor area at a pres sure dif fer ence of 0.02 inches w.g. (25 Pa) across the en tire sys tem, in clud ing the 
man u fac turer’s air han dler en clo sure, shall be deemed to meet this re quire ment with out mea sure ment of leak age to out doors. This per for mance shall be spec i fied
as re quired in the con struc tion doc u ments and con firmed through field-test ing of in stalled sys tems as doc u mented by an ap proved in de pend ent party.

e. Duct less sys tems may have forced air flow across a coil but shall not have any duct ed airflows ex ter nal to the man u fac turer’s air han dler en clo sure.




