
CHAP TER 8

BUILD ING DE SIGN FOR
COM MER CIAL BUILD INGS

SEC TION 801
GEN ERAL

801.1 Scope. The re quire ments con tained in this chap ter are
ap pli ca ble to com mer cial build ings, or por tions of com mer cial
build ings. These com mer cial build ings shall meet ei ther the re -
quire ments of ASHRAE/IESNA Stan dard 90.1, En ergy Stan -
dard for Build ings Ex cept for Low-Rise Res i den tial Build ings,
or the re quire ments con tained in this chap ter.
801.2 Ap pli ca tion. The re quire ments in Sec tions 802, 803,
804 and 805 shall each be sat is fied on an in di vid ual ba sis.
Where one or more of these sec tions is not sat is fied, com pli -
ance for that sec tion(s) shall be dem on strated in ac cor dance
with the ap pli ca ble pro vi sions of ASHRAE/IESNA 90.1.

Ex cep tion: Build ings con form ing to Sec tion 806, pro vided
Sec tions 802.1.2, 802.3, 803.2.1 or 803.3.1 as ap pli ca ble,
803.2.2 or 803.3.2 as ap pli ca ble, 803.2.3 or 803.3.3 as ap -
pli ca ble, 803.2.8 or 803.3.6 as ap pli ca ble, 803.2.9 or
803.3.7 as ap pli ca ble, 804, 805.2, 805.3, 805.4, 805.6 and
805.7 are each sat is fied.

SEC TION 802
BUILD ING EN VE LOPE RE QUIRE MENTS

802.1 Gen eral. Walls, roof as sem blies, floors, glaz ing and
slabs on grade which are part of the build ing en ve lope for build -
ings where the win dow and glazed door area is not greater than
50 per cent of the gross area of above-grade walls shall meet the
re quire ments of Sec tions 802.2.1 through 802.2.9, as ap pli ca -
ble. Build ings with more glaz ing shall meet the ap pli ca ble pro -
vi sions of ASHRAE/IESNA 90.1.

802.1.1 Clas si fi ca tion of walls. Walls as so ci ated with the
build ing en ve lope shall be clas si fied in ac cor dance with
Sec tion 802.1.1.1, 802.1.1.2 or 802.1.1.3.

802.1.1.1 Above-grade walls.  Above-grade walls are
those walls cov ered by Sec tion 802.2.1 on the ex te rior of
the build ing and com pletely above grade or walls that are
more than 15 per cent above grade.
802.1.1.2 Be low-grade walls. Be low-grade walls cov -
ered by Sec tion 802.2.8 are base ment or first-story walls
as so ci ated with the ex te rior of the build ing that are at
least 85 per cent be low grade.
802.1.1.3 In te rior walls. In te rior walls cov ered by Sec -
tion 802.2.9 are those walls not on the ex te rior of the
build ing and that sep a rate con di tioned and un con di -
tioned space.

802.1.2 Mois ture con trol. All framed 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 hav ing a permeance
rat ing of 1 perm (5.7 × 10 –11 kg/Pa · s · m2) or less, when

tested in ac cor dance with the dessicant method us ing Pro ce -
dure A of ASTM E 96. The va por re tarder shall be in stalled
on the warm-in-win ter side of the in su la tion.

Ex cep tions:
1. Build ings lo cated in Cli mate Zones 1 through 3 as

in di cated in Fig ure 301.1 and Ta ble 301.1.
2. In con struc tion where mois ture or its freez ing will

not dam age the ma te ri als.
3. Where other ap proved means to avoid con den sa -

tion in un ven ti lated framed wall, floor, roof and
ceil ing cav i ties are pro vided.

802.2 Cri te ria. The build ing en ve lope com po nents shall meet
each of the ap pli ca ble re quire ments in Ta bles 802.2(1),
802.2(2), and 802.2(3) based on the per cent age of wall that is
glazed. The per cent age of wall that is glazed shall be de ter -
mined by di vid ing the ag gre gate area of rough open ings for
glaz ing (win dows and glazed doors) in all above-grade walls
as so ci ated with the build ing en ve lope by the to tal gross area of
all above-grade ex te rior walls that are a part of the build ing en -
ve lope. In build ings with mul ti ple types of build ing en ve lope
con struc tion, each build ing en ve lope con struc tion type shall be 
eval u ated sep a rately. Where Ta ble 802.2(1), 802.2(2), or
802.2(3) does not list a par tic u lar con struc tion type, the ap pli -
ca ble pro vi sions of ASHRAE/IESNA 90.1 shall be used in lieu
of Section 802.

802.2.1 Above-grade walls. The min i mum ther mal re sis -
tance (R-value) of the in su lat ing ma te rial(s) in stalled in the
wall cav ity be tween the fram ing mem bers and con tin u ously
on the walls shall be as spec i fied in Ta ble 802.2(1), based on
fram ing type and con struc tion ma te ri als used in the wall as -
sem bly. The R-value of in te gral in su la tion in stalled in con -
crete ma sonry units (CMU) shall not be used in de ter min ing
com pli ance with Ta ble 802.2(1). “Mass walls” shall in clude 
walls weigh ing at least (1) 35 pounds per square foot (170
kg/m2) of wall sur face area or (2) 25 pounds per square foot
(120 kg/m2) of wall sur face area if the ma te rial weight is not
more than 120 pounds per cu bic foot (1,900 kg/m3).

802.2.2 Opaque doors. Opaque doors (doors hav ing less
than 50 per cent glass area) shall meet the ap pli ca ble re quire -
ments for doors as spec i fied in Ta ble 802.2(1) and be con -
sid ered as part of the gross area of above-grade walls that are 
part of the build ing en ve lope.

802.2.3 Win dows and glass doors. The max i mum so lar
heat gain co ef fi cient (SHGC) and ther mal trans mit tance
(U-fac tor) of win dow as sem blies and glass doors lo cated in
the build ing en ve lope shall be as spec i fied in Ta ble
802.2(2), based on the win dow pro jec tion fac tor.

 The win dow pro jec tion fac tor shall be de ter mined in ac -
cor dance with Equa tion 8-1.
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PF  =  A/B (Equa tion 8-1)
where:
PF = Pro jec tion fac tor (dec i mal).
A = Dis tance mea sured hor i zon tally from the fur thest

con tin u ous ex trem ity of any over hang, eave, or
per ma nently at tached shad ing de vice to the ver ti cal 
sur face of the glaz ing.

B = Dis tance mea sured ver ti cally from the bot tom of
the glaz ing to the un der side of the over hang, eave,
or per ma nently at tached shad ing de vice.

 Where dif fer ent win dows or glass doors have dif fer ent PF
val ues, they shall each be eval u ated sep a rately, or an area-
weighted PF value shall be cal cu lated and used for all win -
dows and glass doors.
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TA BLE 802.2(1)
BUILD ING EN VE LOPE RE QUIRE MENTS – OPAQUE EL E MENTS

CLI MATE ZONE 1 2 3

4
ex cept
Ma rine

5 and
Ma rine 4 6 7 8

Roofs

In su la tion en tirely above deck R-15 ci R-15 ci R-15 ci R-15 ci R-20 ci R-20 ci R-25 ci R-25 ci

Metal build ings (with R-5 ther mal 
blocksa)b

R-19 + 
R-10

R-19 R-19 R-19 R-19 R-19 R-19 + 
R-10

R-19 + 
R-10

At tic and other R-30 R-30 R-30 R-30 R-30 R-30 R-38 R-38

Walls, Above Grade

Mass NR NR R-5.7 cic, e R-5.7 cic R-7.6 ci R-9.5 ci R-11.4 ci R-13.3 ci

Metal build ingb R-13 R-13 R-13 R-13 R-13 + 
R-13

R-13 + 
R-13

R-13 + 
R-13

R-13 + 
R-13

Metal framed R-13 R-13 R-13 R-13 R-13 + 
R-3.8 ci

R-13 + 
R-3.8 ci

R-13 + 
R-7.5 ci

R-13 + 
R-7.5 ci 

Wood framed and other R-13 R-13 R-13 R-13 R-13 R-13 R-13 R-13 + 
R-7.5 ci

Walls, Be low Grade

Be low grade walld NR NR NR NR NR NR R-7.5 ci R-7.5 ci 

Floors

Mass NR R-5 ci R-5 ci R-10 ci R-10 ci R-10 ci R-15 ci R-15 ci

Joist/Fram ing NR R-19 R-19 R-19 R-19 R-30 R-30 R-30

Slab-on-Grade Floors

Un heated Slabs NR NR NR NR NR NR NR R-10
for 24 in.

 be low

Heated Slabs R-7.5
for 12 in.

be low

R-7.5
for 12 in.

be low

R-7.5
for 12 in.

be low

R-7.5
for 12 in.

be low

R-7.5
for 24 in.

be low

R-10
for 36 in.

be low

R-10
for 36 in.

be low

R-10
for 48 in.

 be low

Opaque Doors

Swing ing U – 0.70 U – 0.70 U – 0.70 U – 0.70 U – 0.70 U – 0.70 U – 0.70 U – 0.50

Roll-up or slid ing U – 1.45 U – 1.45 U – 1.45 U – 1.45 U – 1.45 U – 0.50 U – 0.50 U – 0.50
For SI:  1 inch = 25.4 mm.
ci – Con tin u ous In su la tion
NR – No Re quire ment
a. Ther mal blocks are a min i mum R-5 of rigid in su la tion, which ex tends 1-inch be yond the width of the pur lin on each side, per pen dic u lar to the pur lin.
b. As sem bly de scrip tions can be found in Ta ble 802.2(3)
c. R-5.7 ci may be sub sti tuted with con crete block walls com ply ing with ASTM C90, ungrouted or par tially grouted at 32 in. or less on cen ter ver ti cally and 48 in. or

less on cen ter hor i zon tally, with ungrouted cores filled with ma te rial hav ing a max i mum ther mal con duc tiv ity of 0.44 Btu-in./h-f2 F.
d. When heated slabs are placed be low grade, be low grade walls must meet the ex te rior in su la tion re quire ments for per im e ter in su la tion ac cord ing to the heated

slab-on-grade con struc tion.
e. In su la tion is not re quired for mass walls in Cli mate Zone 3A lo cated be low the “Warm-Hu mid” line, and in Zone 3B.



802.2.4 Roof as sem bly. The min i mum ther mal re sis tance
(R-value) of the in su lat ing ma te rial in stalled ei ther be tween
the roof fram ing or con tin u ously on the roof as sem bly shall
be as spec i fied in Ta ble 802.2.(1), based on con struc tion
ma te ri als used in the roof as sem bly.

Ex cep tion: Con tin u ously in su lated roof as sem blies
where the thick ness of in su la tion var ies 1 inch (25.4 mm) 
or less and where the area weighted U-fac tor is equiv a -
lent to the same as sem bly with the R-value spec i fied in
Ta ble 802.2(1).

802.2.5 Sky lights. Sky lights lo cated in the build ing en ve -
lope shall be lim ited to 3 per cent of the gross roof as sem bly
area and shall have a max i mum ther mal trans mit tance
(U-fac tor) and SHGC of the sky light as sem bly as spec i fied
in Ta ble 802.2(2).

802.2.6 Floors over out door air or un con di tioned space.
The min i mum ther mal re sis tance (R-value) of the in su lat ing
ma te rial in stalled ei ther be tween the floor fram ing or con -
tin u ously on the floor as sem bly shall be as spec i fied in Ta ble 
802.2(1), based on con struc tion ma te ri als used in the floor
as sem bly.

802.2.7 Slabs on grade. The min i mum ther mal re sis tance
(R-value) of the in su la tion around the per im e ter of un heated 
or heated slab-on-grade floors shall be as spec i fied in Ta ble
802.2(1). The in su la tion shall be placed on the out side of the 

foun da tion or on the in side of the foun da tion  wall. The in -
su la tion shall ex tend down ward from the top of the slab for a 
min i mum dis tance as shown in the ta ble or to the top of the
foot ing, which ever is less, or down ward to at least the bot -
tom of the slab and then hor i zon tally to the in te rior or ex te -
rior for the to tal dis tance shown in the ta ble.

802.2.8 Be low-grade walls. The min i mum ther mal re sis -
tance (R-value) of the in su lat ing ma te rial in stalled in, or
con tin u ously on, the be low-grade walls shall be as spec i fied
in Ta ble 802.2(1), and shall ex tend to a depth of 10 feet
(3048 mm) be low the out side fin ish ground level, or to the
level of the floor, which ever is less.

802.2.9 In te rior walls. The min i mum ther mal re sis tance
(R-value) of the in su lat ing ma te rial in stalled in the wall cav -
ity or con tin u ously on the in te rior walls shall be the same as
that spec i fied for above-grade walls in Ta ble 802.2(1).

802.3 Air leak age. The re quire ments for air leak age shall be as
spec i fied in Sec tions 802.3.1 through 802.3.7.

802.3.1 Win dow and door as sem blies. The air leak age of
win dow and slid ing or swing ing door as sem blies that are
part of the build ing en ve lope shall be de ter mined in ac cor -
dance with AAMA/WDMA 101/I.S.2 or AAMA/WDMA
101/I.S.2/NAFS-02, or NFRC 400 by an ac cred ited, in de -
pend ent lab o ra tory, and la beled and cer ti fied by the man u -
fac turer and shall not ex ceed the val ues in Sec tion 402.4.2.
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TA BLE 802.2(2)
BUILD ING EN VE LOPE RE QUIRE MENTS

CLI MATE ZONE 1 2 3

4
ex cept
Ma rine

5
and

Ma rine 4 6 7 8

Win dows (40% max i mum)

Fac tory-as sem bled glazed fen es tra tion prod ucts

U-Fac tor 1.20 0.75 0.65 0.40 0.35 0.35 0.35 0.35

SHGC 0.40 0.40 0.40 0.40 0.40 0.40 NR NR

Site-built glazed prod ucts

U-Fac tor 1.20 0.75 0.65 0.50 0.45 0.45 0.45 0.45

SHGC: PF < 0.25 0.25 0.25 0.25 0.40 0.40 0.40 NR NR

SHGC: 0.25 < PF < 0.5 0.33 0.33 0.33 NR NR NR NR NR

SHGC: PF ≥ 0.5 0.40 0.40 0.40 NR NR NR NR NR

Sky lights (3% max i mum)

Glass

U-Fac tor 1.60 1.05 0.90 0.60 0.60 0.60 0.60 0.60

SHGC 0.40 0.40 0.40 0.40 0.40 0.40 NR NR

Plas tic

U-Fac tor 1.90 1.90 1.30 1.30 1.30 0.90 0.90 0.60

SHGC 0.35 0.35 0.35 0.62 0.62 0.62 NR NR

NR = No re quire ment.
PF  = Pro jec tion fac tor (See Sec tion 802.2.3)



Ex cep tion: Site-con structed win dows and doors that are
weath er stripped or sealed in ac cor dance with Sec tion
802.3.3.

802.3.2 Cur tain wall, store front glaz ing and com mer cial
en trance doors. Cur tain wall, store front glaz ing and com -
mer cial-glazed swing ing en trance doors and re volv ing doors
shall be tested for air leak age at 1.57 pounds per square foot
(psf) (75 Pa) in ac cor dance with ASTM E 283. For cur tain
walls and store front glaz ing, the max i mum air leak age rate
shall be 0.3 cu bic feet per min ute per square foot (cfm/ft2)
(5.5 m3/h × m2) of fen es tra tion area. For com mer cial glazed
swing ing en trance doors and re volv ing doors, the max i mum
air leak age rate shall be 1.00 cfm/ft2 (18.3 m3/h × m2) of door
area when tested in ac cor dance with ASTM E 283.

802.3.3 Seal ing of the build ing en ve lope. Open ings and
pen e tra tions in the build ing en ve lope shall be sealed with
caulk ing ma te ri als or closed with gasketing sys tems com -
pat i ble with the con struc tion ma te ri als and lo ca tion. Joints
and seams shall be sealed in the same man ner or taped or
cov ered with a mois ture va por-per me able wrap ping ma te -
rial. Seal ing ma te ri als span ning joints be tween con struc tion 
ma te ri als shall al low for ex pan sion and con trac tion of the
con struc tion ma te ri als.

802.3.4  Out door air in takes and ex haust open ings. Stair
and el e va tor shaft vents and other out door air in takes and ex -

haust open ings in te gral to the build ing en ve lope shall be
equipped with not less than a Class I mo tor ized, leak -
age-rated damper with a max i mum leak age rate of 4 cfm/ft2

(6.8 L/s ⋅ m2) at 1.0 inch wa ter gauge (w.g.) (1250 Pa) when
tested in ac cor dance with AMCA 500D.

Ex cep tion: Grav ity (nonmotorized) damp ers are per mit -
ted to be used in build ings less than three sto ries in height
above grade. 

802.3.5 Load ing dock weatherseals. Cargo doors and
load ing dock doors shall be equipped with weatherseals to
re strict in fil tra tion when ve hi cles are parked in the door way.
802.3.6 Ves ti bules. A door that sep a rates con di tioned space
from the ex te rior shall be pro tected with an en closed ves ti bule,
with all doors open ing into and out of the ves ti bule equipped
with self-clos ing de vices. Ves ti bules shall be de signed so that
in pass ing through the ves ti bule it is not nec es sary for the in te -
rior and ex te rior doors to open at the same time.

Ex cep tions:
1. Build ings in Cli mate Zones 1 and 2  as in di cated in

Fig ure 301.1 and Ta ble 301.1.
2. Doors not in tended to be used as a build ing en -

trance door, such as doors to me chan i cal or elec tri -
cal equip ment rooms. 

3. Doors open ing di rectly from a guestroom or
dwell ing unit.
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TA BLE 802.2(3)
METAL BUILD ING AS SEM BLY DE SCRIP TIONS

ROOFS DE SCRIP TION REF ER ENCE

R-19 + R-10 Filled cav ity roof

Ther mal blocks are a min i mum, R-5 of rigid in su la tion, which ex tends 1 in. be -
yond the width of the pur lin on each side, per pen dic u lar to the pur lin

This con struc tion is R-10 in su la tion batts draped per pen dic u larly over the pur lins,
with enough loose ness to al low R-19 batt to be laid above it, par al lel to the pur lins.
Ther mal blocks are then placed above the pur lin/batt, and the roof deck is se cured
to the pur lins. In the metal build ing in dus try, this is known as the “sag and bag” in -
su la tion sys tem.

ASHRAE/IESNA 90.1 Ta ble A-2

R-19 Stand ing seam with sin gle in su la tion layer

Ther mal blocks are a min i mum R-5 of rigid in su la tion, which ex tends 1 in. be yond 
the width of the pur lin on each side, per pen dic u lar to the pur lin.

This con struc tion R-19 in su la tion batts draped per pen dic u larly over the pur lins.
Ther mal blocks are then placed above the pur lin/batt, and the roof deck is se cured
to the pur lins.

ASHRAE/IESNA 90.1 Ta ble A-2

WALLS

R-13 Sin gle in su la tion layer

The first layer of R-13 in su la tion batts is in stalled con tin u ously per pen dic u lar to
the girts and is com pressed as the metal skin is at tached to the girts.

ASHRAE/IESNA 90.1 Ta ble A-9

R-13 + R-13 Dou ble in su la tion layer

The first layer of R-13 in su la tion batts is in stalled con tin u ously per pen dic u lar to
the girts, and is com pressed as the metal skin is at tached to the girts. The sec ond
layer of R-13 in su la tion batts is in stalled within the fram ing cav ity.

ASHRAE/IESNA 90.1 Ta ble A-9

For SI:  1 inch = 25.4 mm.



4. Doors that open di rectly from a space less than
3,000 square feet (298 m2) in area.

5. Re volv ing doors.
6. Doors used pri mar ily to fa cil i tate ve hic u lar move -

ment or ma te rial han dling and ad ja cent per son nel
doors.

802.3.7 Re cessed luminaires. When in stalled in the build -
ing en ve lope, re cessed luminaires shall meet one of the fol -
low ing re quire ments:

1. Type IC rated, man u fac tured with no pen e tra tions be -
tween the in side of the re cessed fix ture and ceil ing
cav ity and sealed or gasketed to pre vent air leak age
into the un con di tioned space.

2. Type IC or non-IC rated, in stalled in side a sealed box
con structed from a min i mum 0.5-inch-thick (12.7
mm) gyp sum wall board or con structed from a pre -
formed poly meric va por bar rier, or other air-tight as -
sem bly man u fac tured for this pur pose, while
main tain ing re quired clear ances of not less than 0.5
inch (12.7 mm) from com bus ti ble ma te rial and not
less than 3 inches (76 mm) from in su la tion ma te rial.

3. Type IC rated, in ac cor dance with ASTM E 283 ad mit -
ting no more than 2.0 cu bic feet per min ute (cfm)
(0.944 L/s) of air move ment from the con di tioned
space to the ceil ing cav ity. The luminaire shall be tested 
at 1.57 psf (75 Pa) pres sure dif fer ence and shall be la -
beled.

SEC TION 803
BUILD ING ME CHAN I CAL SYS TEMS

803.1 Gen eral. This sec tion cov ers the de sign and con struc tion 
of me chan i cal sys tems and equip ment serv ing the build ing
heat ing, cool ing or ven ti lat ing needs.

803.1.1 Com pli ance. Com pli ance with Sec tion 803 shall be 
achieved by meet ing ei ther Sec tion 803.2 or 803.3.

803.2 Sim ple HVAC sys tems and equip ment.  This sec tion
ap plies to build ings served by uni tary or pack aged HVAC
equip ment listed in Ta bles 803.2.2(1) through 803.2.2(5), each
serv ing one zone and con trolled by a sin gle ther mo stat in the
zone served. It also ap plies to two-pipe heat ing sys tems serv ing 
one or more zones, where no cool ing sys tem is in stalled.
 This sec tion does not ap ply to fan sys tems serv ing mul ti ple
zones, nonunitary or nonpackaged HVAC equip ment and sys -
tems or hydronic or steam heat ing and hydronic cool ing equip -
ment and dis tri bu tion sys tems that pro vide cool ing or cool ing
and heat ing which are cov ered by Section 803.3.

803.2.1 Cal cu la tion of heat ing and cool ing loads. De sign
loads shall be de ter mined in ac cor dance with the pro ce dures
de scribed in the ASHRAE Fun da men tals Hand book. Heat -
ing and cool ing loads shall be ad justed to ac count for load re -
duc tions that are achieved when en ergy re cov ery sys tems are
uti lized in the HVAC sys tem in ac cor dance with the
ASHRAE HVAC Sys tems and Equip ment Hand book. Al ter -
na tively, de sign loads shall be de ter mined by an ap proved
equiv a lent com pu ta tion pro ce dure, us ing the de sign pa ram e -
ters spec i fied in Chap ter 3.

803.2.1.1 Equip ment and sys tem siz ing. Heat ing and
cool ing equip ment and sys tems ca pac ity shall not ex ceed 
the loads cal cu lated in ac cor dance with Sec tion 803.2.1.
A sin gle piece of equip ment pro vid ing both heat ing and
cool ing must sat isfy this pro vi sion for one func tion with
the ca pac ity for the other func tion as small as pos si ble,
within avail able equip ment op tions.

803.2.2 HVAC equip ment per for mance re quire ments.
Equip ment shall meet the min i mum ef fi ciency re quire ments
of Ta bles 803.2.2(1), 803.2.2(2), 803.2.2(3), 803.2.2(4) and
803.2.2(5), when tested and rated in ac cor dance with the ap -
pli ca ble test pro ce dure. The ef fi ciency shall be ver i fied
through data fur nished by the man u fac turer or through cer tif -
i ca tion un der an ap proved cer tif i ca tion pro gram. Where mul -
ti ple rat ing con di tions or per for mance re quire ments are
pro vided, the equip ment shall sat isfy all stated re quire ments.

803.2.3 Tem per a ture and hu mid ity con trols. Re quire -
ments for tem per a ture and hu mid ity con trols shall be as
spec i fied in Sec tions 803.2.3.1 through 803.2.3.3.

803.2.3.1 Tem per a ture con trols. Each heat ing and
cool ing sys tem shall have at least one solid-state pro -
gram ma ble ther mo stat. The ther mo stat shall have the ca -
pa bil ity to set back or shut down the sys tem based on day
of the week and time of day, and pro vide a readily ac ces -
si ble man ual over ride that will re turn to the presetback or 
shut down sched ule with out re pro gram ming.

Ex cep tions:
1. HVAC sys tems serv ing ho tel/mo tel guest

rooms.
2. Pack aged ter mi nal air con di tion ers, pack aged

ter mi nal heat pumps and room air con di tioner
sys tems.

803.2.3.2 Heat pump sup ple men tary heat. Heat
pumps hav ing sup ple men tary elec tric-re sis tance heat
shall have con trols that, ex cept dur ing de frost, pre vent
sup ple men tal heat op er a tion when the heat pump can
meet the heat ing load.

803.2.3.3 Hu mid ity con trols. When humidistats are in -
stalled, they shall have the ca pa bil ity to pre vent the use of 
fos sil fuel or elec tric power to achieve a hu mid ity be low
60 per cent when the sys tem con trolled is cool ing, and
above 30 per cent when the sys tem con trolled is heat ing.

Ex cep tions:
1. Sys tems serv ing spaces where spe cific hu mid ity

lev els are re quired to sat isfy pro cess needs, such
as com puter rooms, mu se ums, sur gi cal suites
and build ings with re frig er at ing sys tems, such as 
su per mar kets, re frig er ated ware houses and ice
are nas.

2. Sys tems where hu mid ity is re moved as the re -
sult of the use of a desiccant sys tem with en ergy 
re cov ery.

3. Re heat sys tems uti liz ing site-re cov ered (in -
clud ing con denser heat) or site-so lar en ergy
sources.
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803.2.4 Hydronic sys tem con trols. Hydronic sys tems of at
least 300,000 Btu/h (87,930 W) de sign out put ca pac ity sup -
ply ing heated and chilled wa ter to com fort con di tion ing
sys tems shall in clude con trols that meet the re quire ments of
Sec tion 803.3.3.7.

803.2.5 Ven ti la tion. Ven ti la tion, ei ther nat u ral or me chan i -
cal, shall be pro vided in ac cor dance with Chap ter 4 of the
In ter na tional Me chan i cal Code. Where me chan i cal ven ti la -
tion is pro vided, the sys tem shall pro vide the ca pa bil ity to
re duce the out door air sup ply to the min i mum re quired by
Chap ter 4 of the In ter na tional Me chan i cal Code.

803.2.5.1 En ergy re cov ery ven ti la tion sys tems. In di -
vid ual fan sys tems that have both a de sign sup ply air ca -
pac ity of 5,000 cfm (2.36 m3/s) or greater and a
min i mum out side air sup ply of 70 per cent or greater of
the de sign sup ply air quan tity shall have an en ergy re cov -
ery sys tem that pro vides a change in the enthalpy of the
out door air sup ply of 50 per cent or more of the dif fer ence 
be tween the out door air and re turn air at de sign con di -
tions. Pro vi sion shall be made to by pass or con trol the
en ergy re cov ery sys tem to per mit cool ing with out door
air where cool ing with out door air is re quired.

Ex cep tions: An en ergy re cov ery ven ti la tion sys tem
shall not be re quired in any of the fol low ing con di tions:

1. Where en ergy re cov ery sys tems are pro hib ited
by the In ter na tional Me chan i cal Code.

2. Lab o ra tory fume hood sys tems with a to tal ex -
haust rate of 15,000 cfm (7.08 m3/s) or less.

3. Lab o ra tory fume hood sys tems with a to tal ex -
haust rate greater than 15,000 cfm (7.08 m3/s)
that in clude at least one of the fol low ing fea tures:

3.1 Vari able air vol ume hood ex haust and
room sup ply sys tems ca pa ble of re duc -
ing ex haust and makeup air vol ume to
50 per cent or less of de sign val ues.

3.2 Di rect makeup (aux il iary) air sup ply
equal to at least 75 per cent of the ex haust
rate, heated no warmer than 2°F
(∆1.1°C) be low room set point, cooled to 
no cooler than 3°F (∆1.7°C) above room
set point, no humidification added, and
no si mul ta neous heat ing and cool ing
used for dehumidification con trol.

4. Sys tems serv ing spaces that are not cooled and
are heated to less than 60°F (15.5°C).

5. Where more than 60 per cent of the out door
heat ing en ergy is pro vided from site-re cov ered
or site so lar en ergy.

6. Heat ing sys tems in cli mates with less than 3600 
HDD.
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TA BLE 803.2.2(1)
UNI TARY AIR CON DI TION ERS AND CON DENS ING UNITS,

ELEC TRI CALLY OP ER ATED, MIN I MUM EF FI CIENCY RE QUIRE MENTS

EQUIP MENT TYPE SIZE CAT E GORY
SUB CAT E GORY OR
 RAT ING CON DI TION MIN I MUM EF FI CIENCYb TEST PRO CE DUREa

Air con di tion ers,
Air cooled

< 65,000 Btu/hd Split sys tem 10.0 SEER

ARI 210/240Sin gle pack age 9.7 SEER

≥ 65,000 Btuh/h and
< 135,000 Btu/h

Split sys tem and sin gle
 pack age 10.3 EERc

≥ 135,000 Btu/h and
< 240,000 Btu/h

Split sys tem and
sin gle pack age 9.7 EERc

ARI 340/360≥ 240,000 Btu/h and
< 760,000 Btu/h

Split sys tem and sin gle
 pack age

9.5 EERc

9.7 IPLVc

≥ 760,000 Btu/h Split sys tem and sin gle
 pack age

9.2 EERc

9.4 IPLVc

Air con di tion ers, Wa ter
and evaporatively cooled

< 65,000 Btu/h Split sys tem and sin gle
 pack age 12.1 EER

ARI 210/240
≥ 65,000 Btu/h and

< 135,000 Btu/h
Split sys tem and sin gle

 pack age 11.5 EERc

≥ 135,000 Btu/h and
< 240,000 Btu/h

Split sys tem and
sin gle pack age 11.0 EERc

ARI 340/360
≥ 240,000 Btu/h Split sys tem and

sin gle pack age
11.0 EERc

10.3 IPLVc

For SI:  1 Brit ish ther mal unit per hour = 0.2931 W.
a. Chap ter 10 con tains a com plete spec i fi ca tion of the ref er enced test pro ce dure, in clud ing the ref er enced year ver sion of the test pro ce dure.
b. IPLVs are only ap pli ca ble to equip ment with ca pac ity mod u la tion.
c. De duct 0.2 from the re quired EERs and IPLVs for units with a heat ing sec tion other than elec tric re sis tance heat.
d. Sin gle-phase air-cooled air con di tion ers < 65,000 Btu/h are reg u lated by the Na tional Ap pli ance En ergy Con ser va tion Act of 1987 (NAECA), SEER val ues are

those set by NAECA.



7. Cool ing sys tems in cli mates with a 1 per cent
cool ing de sign wet-bulb tem per a ture less than
64°F (17.7°C).

8. Sys tems re quir ing dehumidification that em -
ploy se ries-style en ergy re cov ery coils wrapped 
around the cool ing coil.

803.2.6 Cool ing with out door air. Sup ply air econ o miz ers
shall be pro vided on each cool ing sys tem as shown in Ta ble
803.2.6(1).
 Econ o miz ers shall be ca pa ble of op er at ing at 100-per cent 
out side air, even if ad di tional me chan i cal cool ing is re quired 
to meet the cool ing load of the build ing. Where a sin gle
room or space is sup plied by mul ti ple air sys tems, the ag gre -

gate ca pac ity of those sys tems shall be used in ap ply ing this
re quire ment.

Ex cep tions:
1. Where the cool ing equip ment is cov ered by the

min i mum ef fi ciency re quire ments of Ta ble
803.2.2(1) or 803.2.2(2) and meets or ex ceeds the
min i mum cool ing ef fi ciency re quire ment (EER)
by the per cent ages shown in Ta ble 803.2.6(2).

2. Sys tems with air or evaporatively cooled con-
densors and which serve spaces with open case re -
frig er a tion or that re quire fil tra tion equip ment in or -
der to meet the min i mum ven ti la tion re quire ments
of Chap ter 4 of the In ter na tional Me chan i cal Code.
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TA BLE 803.2.2(2)
UNI TARY AND AP PLIED HEAT PUMPS, ELEC TRI CALLY
OP ER ATED, MIN I MUM EF FI CIENCY RE QUIRE MENTS

EQUIP MENT TYPE SIZE CAT E GORY
SUB CAT E GORY OR
 RAT ING CON DI TION

MIN I MUM
EF FI CIENCYb TEST PRO CE DUREa

Air cooled
(Cool ing mode)

< 65,000 Btu/hd Split sys tem 10.0 SEER

ARI 210/240Sin gle pack age 9.7 SEER

≥ 65,000 Btu/h and
< 135,000 Btu/h

Split sys tem and
sin gle pack age 10.1 EERc

≥135,000 Btu/h and
< 240,000 Btu/h

Split sys tem and 
sin gle pack age 9.3 EERc

ARI 340/360
≥ 240,000 Btu/h Split sys tem and

sin gle pack age
9.0 EERc

9.2 IPLVc

Wa ter source
(Cool ing mode)

< 17,000 Btu/h 86°F en ter ing wa ter 11.2 EER ARI/ASHRAE-13256-1

≥ 17,000 Btu/h and
< 135,000 Btu/h 86°F en ter ing wa ter 12.0 EER ARI/ASHRAE-13256-1

Ground wa ter source
(Cool ing mode) < 135,000 Btu/h 59°F en ter ing wa ter 16.2 EER ARI/ASHRAE-13256-1

Ground source
(Cool ing mode) < 135,000 Btu/h 77°F en ter ing wa ter 13.4 EER ARI/ASHRAE 13256-1

Air cooled
(Heat ing mode)

< 65,000 Btu/hd

(Cool ing ca pac ity)
Split sys tem 6.8 HSPF

ARI 210/240
Sin gle pack age 6.6 HSPF

≥ 65,000 Btu/h and
< 135,000 Btu/h

(Cool ing ca pac ity)

47°F db/43°F wb
out door air 3.2 COP

≥ 135,000 Btu/h
(Cool ing ca pac ity)

47°F db/43°F wb
out door air 3.1 COP ARI 340/360

Wa ter source
(Heat ing mode)

< 135,000 Btu/h
(Cool ing ca pac ity) 68°F en ter ing wa ter 4.2 COP ARI/ASHRAE-13256-1

Ground wa ter source
(Heat ing mode)

< 135,000 Btu/h
(Cool ing ca pac ity) 50°F en ter ing wa ter 3.6 COP ARI/ASHRAE-13256-1

Ground Source
(Heat ing mode)

< 135,000 Btu/h
(Cool ing ca pac ity) 32°F en ter ing wa ter 3.1 COP ARI/ASHRAE-13256-1

For SI:  °C = [(°F) - 32] / 1.8, 1 Brit ish ther mal unit per hour = 0.2931 W.
db = dry-bulb tem per a ture, °F  wb  =  wet-bulb tem per a ture, °F
a. Chap ter 10 con tains a com plete spec i fi ca tion of the ref er enced test pro ce dure, in clud ing the ref er enced year ver sion of the test pro ce dure.
b. IPLVs and Part load rat ing con di tions are only ap pli ca ble to equip ment with ca pac ity mod u la tion.
c. De duct 0.2 from the re quired EERs and IPLVs for units with a heat ing sec tion other than elec tric re sis tance heat.
d. Sin gle-phase air-cooled heat pumps < 65,000 Btu/h are reg u lated by the Na tional Ap pli ance En ergy Con ser va tion Act of 1987 (NAECA), SEER and HSPF val ues

are those set by NAECA.
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TA BLE 803.2.2(3)
PACK AGED TER MI NAL AIR CON DI TION ERS AND

PACK AGED TER MI NAL HEAT PUMPS

EQUIP MENT TYPE
SIZE CAT E GORY

 (IN PUT)
SUB CAT E GORY OR
 RAT ING CON DI TION MIN I MUM EF FI CIENCYb TEST PRO CE DUREa

PTAC (Cool ing mode)
New con struc tion All ca pac i ties 95°F db out door air 12.5 - (0.213 ⋅ Cap/1000) EER

ARI 310/380

PTAC (Cool ing mode)
Re place mentsc All ca pac i ties 95°F db out door air 10.9 - (0.213 ⋅ Cap/1000) EER

PTHP (Cool ing mode)
New con struc tion All ca pac i ties 95°F db out door air 12.3 - (0.213 ⋅ Cap/1000) EER

PTHP (Cool ing mode)
Re place mentsc All ca pac i ties 95°F db out door air 10.8 - (0.213 ⋅ Cap/1000) EER

PTHP (Heat ing mode)
New con struc tion All ca pac i ties — 3.2 - (0.026 ⋅ Cap/1000) COP

PTHP (Heat ing mode)
Re place mentsc All ca pac i ties — 2.9 - (0.026 ⋅ Cap/1000) COP

For SI: °C - [(°F) - 32] / 1.8, 1 Brit ish ther mal unit per hour - 0.2931 W
db = dry-bulb tem per a ture, °F
wb = wet-bulb tem per a ture, °F
a. Chap ter 10 con tains a com plete spec i fi ca tion of the ref er enced test pro ce dure, in clud ing the ref er enced year ver sion of the test pro ce dure.
b. Cap means the rated cool ing ca pac ity of the prod uct in Btu/h. If the unit’s ca pac ity is less than 7,000 Btu/h, use 7,000 Btu/h in the cal cu la tion. If the unit’s ca pac ity

is greater than 15,000 Btu/h, use 15,000 Btu/h in the cal cu la tion.
c. Re place ment units must be fac tory la beled as fol lows: “MAN U FAC TURED FOR RE PLACE MENT AP PLI CA TIONS ONLY: NOT TO BE IN STALLED IN

NEW CON STRUC TION PRO JECTS.” Re place ment ef fi cien cies ap ply only to units with ex ist ing sleeves less than 16 inches (406 mm) high and less than 42
inches (1067 mm) wide.

TA BLE 803.2.2(4)
WARM AIR FUR NACES AND COM BI NA TION WARM AIR FUR NACES/AIR-CON DI TION ING UNITS,

WARM AIR DUCT FUR NACES AND UNIT HEAT ERS, MIN I MUM EF FI CIENCY RE QUIRE MENTS

EQUIP MENT TYPE
SIZE CAT E GORY

(IN PUT)
SUB CAT E GORY OR
 RAT ING CON DI TION

MIN I MUM
EF FI CIENCY d, e TEST PRO CE DUREa

Warm air fur naces,
gas fired

< 225,000 Btu/h —
78% AFUE

or
80% Et

c
DOE 10 CFR Part 430

or ANSI Z21.47

≥ 225,000 Btu/h Max i mum ca pac ityc 80% Et
f ANSI Z21.47

Warm fur naces,
oil fired

< 225,000 Btu/h —
78% AFUE

or
80% Et

c
DOE 10 CFR Part 430

or UL 727

≥ 225,000 Btu/h Max i mum ca pac ityb 81% Et
g UL 727

Warm air duct fur naces,
gas fired All ca pac i ties Max i mum ca pac ityb 80% Ec ANSI Z83.8

Warm air unit heat ers,
gas fired All ca pac i ties Max i mum ca pac ityb 80% Ec ANSI Z83.8

Warm air unit heat ers,
oil fired All ca pac i ties Max i mum ca pac ityb 80% Ec UL 731

For SI:  1 Brit ish ther mal unit per hour = 0.2931 W.
a. Chap ter 10 con tains a com plete spec i fi ca tion of the ref er enced test pro ce dure, in clud ing the ref er enced year ver sion of the test pro ce dure.
b. Min i mum and max i mum rat ings as pro vided for and al lowed by the unit’s con trols.
c. Com bi na tion units not cov ered by the Na tional Ap pli ance En ergy Con ser va tion Act of 1987(NAECA) (3-phase power or cool ing ca pac ity greater than or equal to

65,000 Btu/h [19 kW]) shall com ply with ei ther rat ing.
d. Et = Ther mal ef fi ciency. See test pro ce dure for de tailed dis cus sion.
e. Ec = Com bus tion ef fi ciency (100% less flue losses). See test pro ce dure for de tailed dis cus sion.
f. Ec = Com bus tion ef fi ciency. Units must also in clude an IID, have jack ets not ex ceed ing 0.75 per cent of the in put rat ing, and have ei ther power vent ing or a flue

damper. A vent damper is an ac cept able al ter na tive to a flue damper for those fur naces where com bus tion air is drawn from the con di tioned space.
g. Et = Ther mal ef fi ciency. Units must also in clude an IID, have jacket losses not ex ceed ing 0.75 per cent of the in put rat ing, and have ei ther power vent ing or a flue

damper. A vent damper is an ac cept able al ter na tive to a flue damper for those fur naces where com bus tion air is drawn from the con di tioned space.



TA BLE 803.2.6(1)
ECONOMIZER RE QUIRE MENTS

CLI MATE ZONES ECONOMIZER RE QUIRE MENT

1A, 1B, 2A,
3A, 4A, 7, 8 No Re quire ment

2B, 3B, 3C, 4B,
4C, 5B, 5C, 6B

Econ o miz ers on All Cool ing Sys tems
≥ 65,000 Btu/h

5A, 6A Econ o miz ers on All Cool ing Sys tems
≥ 135,000 Btu/h

For SI: 1 Brit ish ther mal unit per hour = 0.293 W.

TA BLE 803.2.6(2)
EQUIP MENT EF FI CIENCY PER FOR MANCE

EX CEP TION FOR ECON O MIZ ERS

CLI MATE
ZONES

COOL ING EQUIP MENT PER FOR MANCE
IM PROVE MENT (EER OR IPLV)

2B 10% Ef fi ciency Im prove ment

3B 15% Ef fi ciency Im prove ment

4B 20% Ef fi ciency Im prove ment

803.2.7 Shut off damp ers. Out door air sup ply and ex haust
ducts shall be pro vided with au to matic means to re duce and
shut off air flow.

Ex cep tions:
1. Sys tems serv ing ar eas de signed for con tin u ous op -

er a tion.
2. In di vid ual sys tems with a max i mum 3,000 cfm

(1416 L/s) air flow rate.
3. Sys tems with readily ac ces si ble man ual damp ers.
4. Where re stricted by health and life safety codes.

803.2.8 Duct and ple num in su la tion and seal ing. All sup -
ply and re turn air ducts and ple nums shall be in su lated with
a min i mum of R-5 in su la tion when lo cated in un con di -
tioned spaces and with a min i mum of R-8 in su la tion when
lo cated out side the build ing. When lo cated within a build -
ing en ve lope as sem bly, the duct or ple num shall be sep a -
rated from the build ing ex te rior or un con di tioned or ex empt
spaces by a min i mum of R-8 in su la tion.

Ex cep tions:
1. When lo cated within equip ment.
2. When the de sign tem per a ture dif fer ence be tween

the in te rior and ex te rior of the duct or ple num does
not ex ceed 15°F (∆8°C).

All joints, lon gi tu di nal and trans verse seams and con -
nec tions in ductwork, shall be se curely fas tened and sealed
with welds, gas kets, mastics (ad he sives), mas tic-plus-em -
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TA BLE 803.2.2(5)
BOIL ERS, GAS- AND OIL-FIRED, MIN I MUM EF FI CIENCY RE QUIRE MENTS

EQUIP MENT TYPEf
SIZE CAT E GORY

(IN PUT)
SUB CAT E GORY OR
 RAT ING CON DI TION

MIN I MUM
EF FI CIENCYc, d, e TEST PRO CE DUREa

Boil ers, Gas fired

< 300,000 Btu/h
Hot wa ter 80% AFUE DOE 10 CFR

Part 430Steam 75% AFUE
≥ 300,000 Btu/h and
≤ 2,500,000 Btu/h Min i mum ca pac ityb 75% Et

H.I. HBS
>2,500,000 Btu/hf Hot wa ter 80% Ec

Steam 80% Ec

Boil ers, Oil fired

< 300,000 Btu/h — 80% AFUE DOE 10 CFR
Part 430

≥ 300,000 Btu/h and
≤ 2,500,000 Btu/h Min i mum ca pac ityb 78% Et

H.I. HBS
> 2,500,000 Btu/hf Hot wa ter 83% Ec

Steam 83% Ec

Boil ers, Oil fired
(Re sid ual)

≥ 300,000 Btu/h and
≤ 2,500,000 Btu/h Min i mum ca pac ityb 78% Et

H.I. HBS
> 2,500,000 Btu/hf

Hot wa ter 83% Ec

Steam 83% Ec

For SI:  1 Brit ish ther mal unit per hour = 0.2931 W.
a. Chap ter 10 con tains a com plete spec i fi ca tion of the ref er enced test pro ce dure, in clud ing the ref er enced year ver sion of the test pro ce dure.
b. Min i mum rat ings as pro vided for and al lowed by the unit’s con trols.
c. Ec = Com bus tion ef fi ciency (100 per cent flue losses). See ref er ence doc u ment for de tailed in for ma tion.
d. Et = Ther mal ef fi ciency. See ref er ence doc u ment for de tailed in for ma tion.
e. Al ter na tive test pro ce dures used at the man u fac turer’s op tion are ASME PTC-4.1 for units greater than 5,000,000 Btu/h in put, or ANSI Z21.13 for units greater

than or equal to 300,000 Btu/h and less than or equal to 2,500,000 Btu/h in put.
f. These re quire ments ap ply to boil ers with rated in put of 8,000,000 Btu/h or less that are not pack aged boil ers, and to all pack aged boil ers. Min i mum ef fi ciency re -

quire ments for boil ers cover all ca pac i ties of pack aged boil ers.



bed ded-fab ric sys tems or tapes. Tapes and mastics used to
seal ductwork shall be listed and la beled in ac cor dance with
UL 181A and shall be marked “181A-P” for pres sure-sen si -
tive tape, “181A-M” for mas tic or “181A-H” for heat-sen si -
tive tape. Tapes and mastics used to seal flex i ble air ducts
and flex i ble air con nec tors shall com ply with UL 181B and
shall be marked “181B-FX” for pres sure-sen si tive tape or
“181B-M” for mas tic. Duct con nec tions to flanges of air
dis tri bu tion sys tem equip ment shall be sealed and me chan i -
cally fas tened. Un listed duct tape is not per mit ted as a seal -
ant on any metal ducts.

803.2.8.1 Duct con struc tion. Ductwork shall be con -
structed and erected in ac cor dance with the In ter na tional 
Me chan i cal Code.

803.2.8.1.1 High- and me dium-pres sure duct sys -
tems. All ducts and ple nums op er at ing at a static pres -
sures greater than 2 inches w.g. (500 Pa) shall be
in su lated and sealed in ac cor dance with Sec tion
803.2.8. Ducts op er at ing at a static pres sures in ex cess 
of 3 inches w.g. (750 Pa) shall be leak tested in ac cor -
dance with Sec tion 803.3.6. Pres sure clas si fi ca tions
spe cific to the duct sys tem shall be clearly in di cated
on the con struc tion doc u ments in ac cor dance with the 
In ter na tional Me chan i cal Code.
803.2.8.1.2 Low-pres sure duct sys tems. All lon gi -
tu di nal and trans verse joints, seams and con nec tions
of sup ply and re turn ducts op er at ing at a static pres -
sure less than or equal to 2 inches w.g. (500 Pa) shall
be se curely fas tened and sealed with welds, gas kets,
mastics (ad he sives), mas tic-plus-em bed ded-fab ric
sys tems or tapes in stalled in ac cor dance with the
man u fac turer’s in stal la tion in struc tions. Pres sure
clas si fi ca tions spe cific to the duct sys tem shall be
clearly in di cated on the con struc tion doc u ments in ac -
cor dance with the In ter na tional Me chan i cal Code.

Ex cep tion: Con tin u ously welded and lock -
ing-type lon gi tu di nal joints and seams on ducts
op er at ing at static pres sures less than 2 inches w.g.
(500 Pa) pres sure clas si fi ca tion.

803.2.9 Pip ing in su la tion. All pip ing serv ing as part of a
heat ing or cool ing sys tem shall be ther mally in su lated in ac -
cor dance with Sec tion 803.3.7.

803.3 Com plex HVAC sys tems and equip ment. This sec tion
ap plies to build ings served by HVAC equip ment and sys tems
not cov ered in Sec tion 803.2.

803.3.1 Cal cu la tion of heat ing and cool ing loads. De sign
loads shall be de ter mined in ac cor dance with Sec tion 803.2.1.

803.3.1.1 Equip ment and sys tem siz ing. Heat ing and
cool ing equip ment and sys tem ca pac ity shall not ex ceed
the loads cal cu lated in ac cor dance with Sec tion 803.2.1.

Ex cep tions:

1. Re quired standby equip ment and sys tems pro -
vided with con trols and de vices that al low such
sys tems or equip ment to op er ate au to mat i cally
only when the pri mary equip ment is not op er at -
ing.

2. Mul ti ple units of the same equip ment type with
com bined ca pac i ties ex ceed ing the de sign load
and pro vided with con trols that have the ca pa -
bil ity to se quence the op er a tion of each unit
based on load.

803.3.2 HVAC equip ment per for mance re quire ments.
Equip ment shall meet the min i mum ef fi ciency re quire ments 
of Ta bles 803.3.2(1) through 803.3.2(6) and Ta ble
803.2.2(5), when tested and rated in ac cor dance with the ap -
pli ca ble test pro ce dure. The ef fi ciency shall be ver i fied
through cer tif i ca tion un der an ap proved cer tif i ca tion pro -
gram or, if no cer tif i ca tion pro gram ex ists, the equip ment ef -
fi ciency rat ings shall be sup ported by data fur nished by the
man u fac turer. Where mul ti ple rat ing con di tions or per for -
mance re quire ments are pro vided, the equip ment shall sat -
isfy all stated re quire ments. Where com po nents, such as
in door or out door coils, from dif fer ent man u fac tur ers are
used, cal cu la tions and sup port ing data shall be fur nished by
the de signer that dem on strate that the com bined ef fi ciency
of the spec i fied com po nents meets the re quire ments herein.

Where uni tary or pre pack aged equip ment is used in a
com plex HVAC sys tem and is not cov ered by Sec tion
803.3.2, the equip ment shall meet the ap pli ca ble re quire -
ments of Sec tion 803.2.2.

Ex cep tion: Equip ment listed in Ta ble 803.3.2(2) not de -
signed for op er a tion at ARI Stan dard test con di tions of
44°F (7°C) leav ing chilled wa ter tem per a ture and 85°F
(29°C) en ter ing con denser wa ter tem per a ture shall have
a min i mum full load COP and IPLV rat ing as shown in
Ta bles 803.3.2(3) through 803.3.2(5) as ap pli ca ble. The
ta ble val ues are only ap pli ca ble over the fol low ing full
load de sign ranges:
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TA BLE 803.3.2(1)
CON DENS ING UNITS, ELEC TRI CALLY OP ER ATED, MIN I MUM EF FI CIENCY RE QUIRE MENTS

EQUIP MENT TYPE SIZE CAT E GORY MIN I MUM EF FI CIENCYb TEST PRO CE DUREa

Con dens ing units,
air cooled ≥ 135,000 Btu/h 10.1 EER

11.2 IPLV
ARI 365

Con dens ing units
Wa ter or evaporatively cooled ≥ 135,000 Btu/h 13.1 EER

13.1 IPLV

For SI:  1 Brit ish ther mal unit per hour = 0.2931 W.
a. Chap ter 10 con tains a com plete spec i fi ca tion of the ref er enced test pro ce dure, in clud ing the ref er enced year ver sion of the test pro ce dure.
b. IPLVs are only ap pli ca ble to equip ment with ca pac ity mod u la tion.



Leav ing Chilled 
Wa ter Tem per a ture:  40 to 48°F (4 to 9°C) 
En ter ing Con denser 
Wa ter Tem per a ture:  75 to 85°F (24 to 29°C)
Con dens ing Wa ter 
Tem per a ture Rise:  5 to 15°F (∆3 to ∆8°C )
Chill ers  de signed to op er ate out side of these ranges are

not cov ered by this code.
803.3.3  HVAC sys tem con trols. Each heat ing and cool ing
sys tem shall be pro vided with ther mo static con trols as re -
quired in Sec tions 803.3.3.1 through 803.3.3.8.

803.3.3.1 Ther mo static con trols. The sup ply of heat ing
and cool ing en ergy to each zone shall be con trolled by in -
di vid ual ther mo static con trols ca pa ble of re spond ing to
tem per a ture within the zone. Where humidification or
dehumidification or both is pro vided, at least one hu mid ity 
con trol de vice shall be pro vided for each hu mid ity con trol
sys tem

Ex cep tion: In de pend ent per im e ter sys tems that are
de signed to off set only build ing en ve lope heat losses
or gains or both serv ing one or more per im e ter zones
also served by an in te rior sys tem pro vided:

1. The per im e ter sys tem in cludes at least one ther -
mo static con trol zone for each build ing ex po -
sure hav ing ex te rior walls fac ing only one
ori en ta tion (within +/- 45 de grees) (0.8 rad) for
more than 50 con tig u ous feet (15.2 m); and,

2. The per im e ter sys tem heat ing and cool ing sup -
ply is con trolled by a ther mo stat(s) lo cated
within the zone(s) served by the sys tem.

803.3.3.1.1 Heat pump sup ple men tary heat. Heat
pumps hav ing sup ple men tary elec tric re sis tance heat
shall have con trols that, ex cept dur ing de frost, pre -
vent sup ple men tary heat op er a tion when the heat
pump can meet the heat ing load.
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TA BLE 803.3.2(2)
WA TER CHILL ING PACK AGES, MIN I MUM EF FI CIENCY RE QUIRE MENTS

EQUIP MENT TYPE SIZE CAT E GORY MIN I MUM EF FI CIENCYb TEST PRO CE DUREa

Air cooled, with con denser,
Elec tri cally op er ated

< 150 tons 2.80 COP
2.80 IPLV

ARI 550/590
≥ 150 tons 2.50 COP

2.50 IPLV

Air cooled, with out con denser,
Elec tri cally op er ated All ca pac i ties 3.10 COP

3.10 IPLV
ARI 550/590

Wa ter cooled, Elec tri cally op er ated,
 Pos i tive dis place ment (re cip ro cat ing) All ca pac i ties 4.20 COP

4.65 IPLV

Wa ter cooled,
Elec tri cally op er ated,
Pos i tive dis place ment

(ro tary screw and scroll)

< 150 tons 4.45 COP
4.50 IPLV

ARI 550/590≥ 150 tons and
< 300 tons

4.90 COP
4.95 IPLV

≥ 300 tons 5.50 COP
5.60 IPLV

Wa ter cooled,
Elec tri cally op er ated,

cen trif u gal

< 150 tons 5.00 COP
5.00 IPLV

ARI 550/590≥ 150 tons and
< 300 tons

5.55 COP
5.55 IPLV

≥ 300 tons 6.10 COP
6.10 IPLV

Air cooled, ab sorp tion
sin gle ef fect All ca pac i ties 0.60 COP

ARI 560

Wa ter cooled, ab sorp tion
sin gle ef fect All ca pac i ties 0.70 COP

Ab sorp tion dou ble ef fect,
in di rect-fired All ca pac i ties 1.00 COP

1.05 IPLV

Ab sorp tion dou ble ef fect,
di rect-fired All ca pac i ties 1.00 COP

1.00 IPLV
For SI:  1 ton = 3.517 kW. °C = [(°F) - 32]/1.8.
a. Chap ter 10 con tains a com plete spec i fi ca tion of the ref er enced test pro ce dure, in clud ing the ref er enced year ver sion of the test pro ce dure.
b. The chiller equip ment re quire ments do not ap ply for chill ers used in low tem per a ture ap pli ca tions where the de sign leav ing fluid tem per a ture is less than or equal to 

40°F.



803.3.3.2 Set point over lap re stric tion. Where used to
con trol both heat ing and cool ing, zone ther mo static con -
trols shall pro vide a tem per a ture range or deadband of at
least 5°F (∆2.8°C) within which the sup ply of heat ing
and cool ing en ergy to the zone is ca pa ble of be ing shut
off or re duced to a min i mum.

Ex cep tion: Ther mo stats re quir ing man ual change -
over be tween heat ing and cool ing modes.

803.3.3.3 Off-hour con trols. Each zone shall be pro -
vided with ther mo static set back con trols that are con -

trolled by ei ther an au to matic time clock or pro gram-
mable con trol sys tem.

Ex cep tions:
1. Zones that will be op er ated con tin u ously.
2. Zones with a full HVAC load de mand not ex -

ceed ing 6,800 Btu/h (2 kW) and hav ing a
readily ac ces si ble man ual shut off switch.

803.3.3.3.1 Ther mo static set back ca pa bil i ties.
Ther mo static set back con trols shall have the ca pa bil -
ity to set back or tem po rarily op er ate the sys tem to
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TA BLE 803.3.2(3)
COPs AND IPLVs FOR NONSTANDARD CEN TRIF U GAL CHILL ERS < 150 TONS

CEN TRIF U GAL CHILL ERS < 150 TONS
COPstd = 5.4

Leav ing chilled
wa ter tem per a ture

(°F)

En ter ing
con denser wa ter
tem per a ture (°F) Lifta (°F)

Con denser flow rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Re quired COP and IPLV

46 75 29 6.00 6.27 6.48 6.80 7.03 7.20

45 75 30 5.92 6.17 6.37 6.66 6.87 7.02

44 75 31 5.84 6.08 6.26 6.53 6.71 6.86

43 75 32 5.75 5.99 6.16 6.40 6.58 6.71

42 75 33 5.67 5.90 6.06 6.29 6.45 6.57

41 75 34 5.59 5.82 5.98 6.19 6.34 6.44

46 80 34 5.59 5.82 5.98 6.19 6.34 6.44

40 75 35 5.50 5.74 5.89 6.10 6.23 6.33

45 80 35 5.50 5.74 5.89 6.10 6.23 6.33

44 80 36 5.41 5.66 5.81 6.01 6.13 6.22

43 80 37 5.31 5.57 5.73 5.92 6.04 6.13

42 80 38 5.21 5.48 5.64 5.84 5.95 6.04

41 80 39 5.09 5.39 5.56 5.76 5.87 5.95

46 85 39 5.09 5.39 5.56 5.76 5.87 5.95

40 80 40 4.96 5.29 5.47 5.67 5.79 5.86

45 85 40 4.96 5.29 5.47 5.67 5.79 5.86

44 85 41 4.83 5.18 5.40 5.59 5.71 5.78

43 85 42 4.68 5.07 5.28 5.50 5.62 5.70

42 85 43 4.51 4.94 5.17 5.41 5.54 5.62

41 85 44 4.33 4.80 5.05 5.31 5.45 5.53

40 85 45 4.13 4.65 4.92 5.21 5.35 5.44

Con denser ∆Tb 14.04 11.23 9.36 7.02 5.62 4.68
For SI:  °C = [(°F) - 32] / 1.8, 1 gal lon per min ute = 3.785 L/min., 1 ton = 12,000 Brit ish ther mal unit per hour = 3.517 kW.
a. Lift = En ter ing con denser wa ter tem per a ture (°F) - Leav ing chilled wa ter tem per a ture (°F).
b. Con denser ∆T = Leav ing con denser wa ter tem per a ture (°F) - En ter ing con denser wa ter tem per a ture (°F).

Kadj = 6.1507 - 0.30244(X) + 0.0062692(X)2 - 0.000045595(X)
where: X = Con denser  ∆T + Lift
COPadj = Kadj x COPstd



main tain zone tem per a tures down to 55°F (13°C) or
up to 85°F (29°C). 

803.3.3.3.2 Au to matic set back and shut down ca pa -
bil i ties. Au to matic time clock or pro gram ma ble con -
trols shall be ca pa ble of start ing and stop ping the
sys tem for seven dif fer ent daily sched ules per week
and re tain ing their pro gram ming and time set ting dur -
ing a loss of power for at least 10 hours. Ad di tion ally,
the con trols shall have: a man ual over ride that al lows
tem po rary op er a tion of the sys tem for up to 2 hours; a
man u ally op er ated timer ca pa ble of be ing ad justed to

op er ate the sys tem for up to 2 hours; or an oc cu pancy
sen sor.

803.3.3.4 Shut off damper con trols. Both out door air
sup ply and ex haust ducts shall be equipped with grav ity
or mo tor ized damp ers that will au to mat i cally shut when
the sys tems or spaces served are not in use.

Ex cep tion: In di vid ual sup ply sys tems with a de sign
air flow rate of 3,000 cfm (1416 L/s) or less.

803.3.3.5 Econ o miz ers. Sup ply air econ o miz ers shall be
pro vided on each cool ing sys tem ac cord ing to Ta ble
803.2.6(1). Econ o miz ers shall be ca pa ble of op er at ing at
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TA BLE 803.3.2(4)
COPs AND IPLVs FOR NONSTANDARD CEN TRIF U GAL CHILL ERS ≥ 150 TONS, ≤ 300 TONS

CEN TRIF U GAL CHILL ERS ≥ 150 Tons, ≤ 300 Tons
COPstd = 5.55

Leav ing chilled
 wa ter

tem per a ture (°F)

En ter ing
con denser wa ter
tem per a ture (°F) Lifta (°F)

Con denser flow rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Re quired COP and IPLV

46 75 29 6.17 6.44 6.66 6.99 7.23 7.40

45 75 30 6.08 6.34 6.54 6.84 7.06 7.22

44 75 31 6.00 6.24 6.43 6.71 6.90 7.05

43 75 32 5.91 6.15 6.33 6.58 6.76 6.89

42 75 33 5.83 6.07 6.23 6.47 6.63 6.75

41 75 34 5.74 5.98 6.14 6.36 6.51 6.62

46 80 34 5.74 5.98 6.14 6.36 6.51 6.62

40 75 35 5.65 5.90 6.05 6.26 6.40 6.51

45 80 35 5.65 5.90 6.05 6.26 6.40 6.51

44 80 36 5.56 5.81 5.97 6.17 6.30 6.40

43 80 37 5.46 5.73 5.89 6.08 6.21 6.30

42 80 38 5.35 5.64 5.8 6.00 6.12 6.20

41 80 39 5.23 5.54 5.71 5.91 6.03 6.11

46 85 39 5.23 5.54 5.71 5.91 6.03 6.11

40 80 40 5.10 5.44 5.62 5.83 5.95 6.03

45 85 40 5.10 5.44 5.62 5.83 5.95 6.03

44 85 41 4.96 5.33 5.55 5.74 5.86 5.94

43 85 42 4.81 5.21 5.42 5.66 5.78 5.86

42 85 43 4.63 5.08 5.31 5.56 5.69 5.77

41 85 44 4.45 4.93 5.19 5.46 5.60 5.69

40 85 45 4.24 4.77 5.06 5.35 5.50 5.59

Con denser ∆Tb 14.04 11.23 9.36 7.02 5.62 4.68
For SI:  °C = [(°F) - 32] / 1.8, 1 gal lon per min ute = 3.785 L/min., 1 ton = 12,000 Brit ish ther mal unit per hour = 3.517 kW.
a. Lift = En ter ing con denser wa ter tem per a ture (°F) - Leav ing chilled wa ter tem per a ture (°F).
b. Con denser ∆T = Leav ing con denser wa ter tem per a ture (°F) - En ter ing con denser wa ter tem per a ture (°F).

Kadj = 6.1507 - 0.30244(X) + 0.0062692(X)2 - 0.000045595(X)
where: X = Con denser  ∆T + Lift   COPadj = Kadj x COPstd



100 per cent out side air, even if ad di tional me chan i cal cool -
ing is re quired to meet the cool ing load of the build ing.

Ex cep tions: 
1. Sys tems uti liz ing wa ter econ o miz ers that are

ca pa ble of cool ing sup ply air by di rect or in di -
rect evap o ra tion or both and pro vid ing 100 per -
cent of the ex pected sys tem cool ing load at
out side air tem per a tures of 50°F (10°C) dry
bulb/45°F (7°C) wet bulb and be low.

2. Where the cool ing equip ment is cov ered by the
min i mum ef fi ciency re quire ments of Ta ble
803.2.2(1), 803.2.2(2), or 803.3.2(1) and meets
or ex ceeds the min i mum EER by the per cent -
ages shown in Ta ble 803.2.6(2)

3. Where the cool ing equip ment is cov ered by the
min i mum ef fi ciency re quire ments of Ta ble
803.3.2(2) and meets or ex ceeds the min i mum
in te grated part load value (IPLV) by the per -
cent ages shown in Ta ble 803.2.6(2).
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TA BLE 803.3.2(5)
COPs AND IPLVs FOR NONSTANDARD CEN TRIF U GAL CHILL ERS > 300 TONS

CEN TRIF U GAL CHILL ERS > 300 Tons
COPstd = 6.1

Leav ing chilled
wa ter

tem per a ture (°F)

En ter ing
con denser wa ter
tem per a ture (°F) Lifta (°F)

Con denser flow rate

2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton

Re quired COP and IPLV

46 75 29 6.80 7.11 7.35 7.71 7.97 8.16

45 75 30 6.71 6.99 7.21 7.55 7.78 7.96

44 75 31 6.61 6.89 7.09 7.40 7.61 7.77

43 75 32 6.52 6.79 6.98 7.26 7.45 7.60

42 75 33 6.43 6.69 6.87 7.13 7.31 7.44

41 75 34 6.33 6.60 6.77 7.02 7.18 7.30

46 80 34 6.33 6.60 6.77 7.02 7.18 7.30

40 75 35 6.23 6.50 6.68 6.91 7.06 7.17

45 80 35 6.23 6.50 6.68 6.91 7.06 7.17

44 80 36 6.13 6.41 6.58 6.81 6.95 7.05

43 80 37 6.02 6.31 6.49 6.71 6.85 6.94

42 80 38 5.90 6.21 6.40 6.61 6.75 6.84

41 80 39 5.77 6.11 6.30 6.52 6.65 6.74

46 85 39 5.77 6.11 6.30 6.52 6.65 6.74

40 80 40 5.63 6.00 6.20 6.43 6.56 6.65

45 85 40 5.63 6.00 6.20 6.43 6.56 6.65

44 85 41 5.47 5.87 6.10 6.33 6.47 6.55

43 85 42 5.30 5.74 5.98 6.24 6.37 6.46

42 85 43 5.11 5.60 5.86 6.13 6.28 6.37

41 85 44 4.90 5.44 5.72 6.02 6.17 6.27

40 85 45 4.68 5.26 5.58 5.90 6.07 6.17

Con denser ∆Tb 14.04 11.23 9.36 7.02 5.62 4.68
For SI:  °C = [(°F) - 32] / 1.8, 1 gal lon per min ute = 3.785 L/min., 1 ton = 12,000 Brit ish ther mal unit per hour = 3.517 kW.
a. Lift = En ter ing con denser wa ter tem per a ture (°F) - Leav ing chilled wa ter tem per a ture (°F).
b. Con denser ∆T = Leav ing con denser wa ter tem per a ture (°F) - En ter ing con denser wa ter tem per a ture (°F).

Kadj = 6.1507 - 0.030244(X) + 0.0062692(X)2 - 0.000045595(X)
where: X = Con denser  ∆T + Lift
COPadj = Kadj x COPstd



803.3.3.6 Vari able air vol ume (VAV) fan con trol. In di -
vid ual VAV fans with mo tors of 25 horse power (18.8
kW) or greater shall be:

1. Driven by a me chan i cal or elec tri cal vari able speed 
drive; or

2. The fan mo tor shall have con trols or de vices that
will re sult in fan mo tor de mand of no more than 30
per cent of their de sign watt age at 50 per cent of de -
sign air flow when static pres sure set point equals
one-third of the to tal de sign static pres sure, based
on man u fac turer’s cer ti fied fan data.

803.3.3.7 Hydronic sys tems con trols. The heat ing of
flu ids that have been pre vi ously me chan i cally cooled
and the cool ing of flu ids that have been pre vi ously me -
chan i cally heated shall be lim ited in ac cor dance with
Sec tions 803.3.3.7.1 through 803.3.3.7.3. Hydronic
heat ing sys tems com prised of mul ti ple-pack aged boil ers
and de signed to de liver con di tioned wa ter or steam into a
com mon dis tri bu tion sys tem shall in clude au to matic
con trols ca pa ble of se quenc ing op er a tion of the boil ers.
Hydronic heat ing sys tems com prised of a sin gle boiler
and greater than 500,000 Btu/h in put de sign ca pac ity
shall in clude ei ther a multistaged or mod u lat ing burner.

803.3.3.7.1 Three-pipe sys tem. Hydronic sys tems
that use a com mon re turn sys tem for both hot wa ter
and chilled wa ter are pro hib ited.
803.3.3.7.2 Two-pipe change over sys tem. Sys tems
that use a com mon dis tri bu tion sys tem to sup ply both
heated and chilled wa ter shall be de signed to al low a
dead band be tween change over from one mode to the
other of at least 15°F (∆8.3°C) out side air tem per a -
tures; be de signed to and pro vided with con trols that

will al low op er a tion in one mode for at least 4 hours
be fore chang ing over to the other mode; and be pro -
vided with con trols that al low heat ing and cool ing
sup ply tem per a tures at the change over point to be no
more than 30°F (∆16.7°C) apart.

803.3.3.7.3 Hydronic (wa ter loop) heat pump sys -
tems. Hydronic heat pumps con nected to a com mon
heat pump wa ter loop with cen tral de vices for heat re -
jec tion and heat ad di tion shall have con trols that are
ca pa ble of pro vid ing a heat pump wa ter sup ply tem -
per a ture dead band of at least 20°F (11.1°C) be tween
ini ti a tion of heat re jec tion and heat ad di tion by the
cen tral de vices. For Cli mate Zones 3 through 8 as in -
di cated in Fig ure 301.1 and Ta ble 301.1, if a
closed-cir cuit cool ing tower is used, ei ther an au to -
matic valve shall be in stalled to by pass all but a min i -
mal flow of wa ter around the tower, or lower leak age
pos i tive clo sure damp ers shall be pro vided. If an
open-cir cuit tower is used di rectly in the heat pump
loop, an au to matic valve shall be in stalled to by pass
all heat pump wa ter flow around the tower. If an
open-cir cuit cool ing tower is used in con junc tion with 
a sep a rate heat exchanger to iso late the cool ing tower
from the heat pump loop, then heat loss shall be con -
trolled by shut ting down the cir cu la tion pump on the
cool ing tower loop. Each hydronic heat pump on the
hydronic sys tem hav ing a to tal pump sys tem power
ex ceed ing 10 horse power (hp) (7.5 kW) shall have a
two-po si tion valve.

Ex cep tion: Where a sys tem loop tem per a ture op -
ti mi za tion con trol ler is in stalled and can de ter mine 
the most ef fi cient op er at ing tem per a ture based on
real time con di tions of de mand and ca pac ity, dead
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TA BLE 803.3.2(6)
PER FOR MANCE RE QUIRE MENTS FOR HEAT RE JEC TION EQUIP MENT

EQUIP MENT
TYPE

TO TAL SYS TEM
HEAT RE JEC TION

CA PAC ITY AT RATED
CON DI TIONS

SUB CAT E GORY OR RAT ING
CON DI TION

PER FOR MANCE
RE QUIREDa, b TEST PRO CE DUREc

Pro pel ler or ax ial
fan cool ing

tow ers
All

95°F en ter ing wa ter
85°F leav ing wa ter
75°F wb out door air

≥ 38.2 gpm/hp
CTI ATC-105

and
CTI STD-201

Cen trif u gal fan
cool ing tow ers All

95°F en ter ing wa ter
85°F leav ing wa ter
75°F wb out door air

≥ 20.0 gpm/hp
CTI ATC-105

and
CTI STD-201

Air cooled
con dens ers All

125°F con dens ing tem per a ture
R-22 test fluid

190°F en ter ing gas tem per a ture
15°F subcooling
95°F en ter ing db

≥ 176,000
Btu/h · hp
(69 COP)

ARI 460

For SI:  °C = [(°F) - 32] / 1.8, 1 Brit ish ther mal unit per hour = 0.2931 W, 1 gal lon per min ute per horse power = 0.846 L/s · kW.
wb = wet-bulb tem per a ture, °F
a. For pur poses of this ta ble, cool ing tower per for mance is de fined as the max i mum flow rat ing of the tower units (gpm) di vided by the fan name plate rated mo tor

power units (hp).
b. For pur poses of this ta ble, air-cooled con denser per for mance is de fined as the heat re jected from the re frig er ant units (Btu/h) di vided by the fan name plate rated

mo tor power units (hp).
c. Chap ter 10 con tains a com plete spec i fi ca tion of the ref er enced test pro ce dure, in clud ing the ref er enced year ver sion of the test pro ce dure.



bands of less than 20°F (∆11.1°C) shall be per mit -
ted.

803.3.3.7.4 Part load con trols. Hydronic sys tems
greater than or equal to 300,000 Btu/h (87,930 W) in
de sign out put ca pac ity sup ply ing heated or chilled
wa ter to com fort con di tion ing sys tems shall in clude
con trols that have the ca pa bil ity to:

1. Au to mat i cally re set the sup ply-wa ter tem per a -
tures us ing zone-re turn wa ter tem per a ture,
build ing-re turn wa ter tem per a ture, or out side
air tem per a ture as an in di ca tor of build ing heat -
ing or cool ing de mand. The tem per a ture shall
be ca pa ble of be ing re set by at least 25 per cent
of the de sign sup ply-to-re turn wa ter tem per a -
ture dif fer ence; or

2. Re duce sys tem pump flow by at least 50 per -
cent of de sign flow rate uti liz ing ad just able
speed drive(s) on pump(s), or mul ti ple-staged
pumps where at least one-half of the to tal pump
horse power is ca pa ble of be ing au to mat i cally
turned off or con trol valves de signed to mod u -
late or step down, and close, as a func tion of
load, or other ap proved means.

803.3.3.7.5 Pump iso la tion. Chilled wa ter plants in -
clud ing more than one chiller shall have the ca pa bil ity 
to re duce flow au to mat i cally through the chiller plant
when a chiller is shut down. Chill ers piped in se ries
for the pur pose of in creased tem per a ture dif fer en tial,
shall be con sid ered as one chiller.

Boiler plants in clud ing more than one boiler shall
have the ca pa bil ity to re duce flow au to mat i cally
through the boiler plant when a boiler is shut down.

803.3.3.8 Heat re jec tion equip ment fan speed con trol.
Each fan pow ered by a mo tor of 7.5 hp (5.6 kW) or larger
shall have the ca pa bil ity to op er ate that fan at two-thirds
of full speed or less, and shall have con trols that au to mat -
i cally change the fan speed to con trol the leav ing fluid
tem per a ture or con dens ing tem per a ture/pres sure of the
heat re jec tion de vice.

Ex cep tion: Fac tory-in stalled heat re jec tion de vices
within HVAC equip ment tested and rated in ac cor -
dance with Ta bles 803.3.2(1) through 803.3.2(6).

803.3.4 Re quire ments for com plex me chan i cal sys tems
serv ing mul ti ple zones. Sec tions 803.3.4.1 through
803.3.4.3 shall ap ply to com plex me chan i cal sys tems serv -
ing mul ti ple zones. Sup ply air sys tems serv ing mul ti ple
zones shall be VAV sys tems which, dur ing pe ri ods of oc cu -
pancy, are de signed and ca pa ble of be ing con trolled to re -
duce pri mary air sup ply to each zone to one of the fol low ing
be fore re heat ing, recooling or mix ing takes place:

1. Thirty per cent of the max i mum sup ply air to each
zone.

2. Three hun dred cfm (142 L/s) or less where the max i -
mum flow rate is less than 10 per cent of the to tal fan
sys tem sup ply air flow rate.

3. The min i mum ven ti la tion re quire ments of Chap ter 4
of the In ter na tional Me chan i cal Code.

Ex cep tions: The fol low ing de fine when in di vid -
ual zones or when en tire air dis tri bu tion sys tems
are ex empted from the re quire ment for VAV con -
trol:

1. Zones where spe cial pres sur iza tion re la tion -
ships or cross-con tam i na tion re quire ments
are such that VAV sys tems are im prac ti cal.

2. Zones or sup ply air sys tems where at least 75 
per cent of the en ergy for re heat ing or for
pro vid ing warm air in mix ing sys tems is pro -
vided from a site-re cov ered or site-so lar en -
ergy source.

3. Zones where spe cial hu mid ity lev els are re -
quired to sat isfy pro cess needs.

4. Zones with a peak sup ply air quan tity of 300
cfm (142 L/s) or less and where the flow rate
is less than 10 per cent of the to tal fan sys tem
sup ply air flow rate.

5. Zones where the vol ume of air to be re heated,
recooled or mixed is no greater than the vol -
ume of out side air re quired to meet the min i -
mum ven ti la tion re quire ments of Chap ter 4 of 
the In ter na tional Me chan i cal Code.

6. Zones or sup ply air sys tems with ther mo -
static and humidistatic con trols ca pa ble of
op er at ing in se quence the sup ply of heat ing
and cool ing en ergy to the zone(s) and which
are ca pa ble of pre vent ing re heat ing, recool-
ing, mix ing or si mul ta neous sup ply of air that
has been pre vi ously cooled, ei ther me chan i -
cally or through the use of economizer sys -
tems, and air that has been pre vi ously
me chan i cally heated.

803.3.4.1 Sin gle duct vari able air vol ume (VAV) sys -
tems, ter mi nal de vices. Sin gle duct VAV sys tems shall
use ter mi nal de vices ca pa ble of re duc ing the sup ply of
pri mary sup ply air be fore re heat ing or recooling takes
place.

803.3.4.2 Dual duct and mix ing VAV sys tems, ter mi -
nal de vices. Sys tems that have one warm air duct and one 
cool air duct shall use ter mi nal de vices which are ca pa ble 
of re duc ing the flow from one duct to a min i mum be fore
mix ing of air from the other duct takes place.

803.3.4.3 Sin gle fan dual duct and mix ing VAV sys -
tems, econ o miz ers. In di vid ual dual duct or mix ing heat -
ing and cool ing sys tems with a sin gle fan and with to tal
ca pac i ties greater than 90,000 Btu/h [(26 375 W) 7.5
tons] shall not be equipped with air econ o miz ers.

803.3.5 Ven ti la tion. Ven ti la tion shall be in ac cor dance with 
Sec tion 803.2.5.

803.3.6 Duct and ple num in su la tion and seal ing. All
ducts and ple nums shall be in su lated and sealed in ac cor -
dance with Sec tion 803.2.8.
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Ducts de signed to op er ate at static pres sures in ex cess of 3
inches w.g. (746 Pa) shall be leak-tested in ac cor dance with
the SMACNA HVAC Air Duct Leak age Test Man ual with
the rate of air leak age (CL) less than or equal to 6.0 as de ter -
mined in ac cor dance with Equa tion 8-2.
CL = F × P 0.65 (Equa tion 8-2)

where:
F = The mea sured leak age rate in cfm per 100 square feet

of duct sur face.
P = The static pres sure of the test.

Doc u men ta tion shall be fur nished by the de signer dem -
on strat ing that rep re sen ta tive sec tions to tal ing at least 25
per cent of the duct area have been tested and that all tested
sec tions meet the re quire ments of this sec tion.
803.3.7 Pip ing in su la tion. All pip ing serv ing as part of a
heat ing or cool ing sys tem shall be ther mally in su lated in ac -
cor dance with Ta ble 803.3.7.

Ex cep tions:
1. Fac tory-in stalled pip ing within HVAC equip ment

tested and rated in ac cor dance with a test pro ce -
dure ref er enced by this code.

2. Pip ing that con veys flu ids that have a de sign op er -
at ing tem per a ture range be tween 55°F (13°C) and
105°F (41°C).

3. Pip ing that con veys flu ids that have not been
heated or cooled through the use of fos sil fu els or
elec tric power.

4. Run out pip ing not ex ceed ing 4 feet (1219 mm) in
length and 1 inch (25 mm) in di am e ter be tween the
con trol valve and HVAC coil.

803.3.8 HVAC sys tem com ple tion. Prior to the is su ance of
a cer tif i cate of oc cu pancy, the de sign pro fes sional shall pro -
vide ev i dence of sys tem com ple tion in ac cor dance with
Sec tions 803.3.8.1 through 803.3.8.3.

803.3.8.1 Air sys tem bal anc ing. Each sup ply air out let and 
zone ter mi nal de vice shall be equipped with means for air
bal anc ing in ac cor dance with the re quire ments of Chap ter 6 
of the In ter na tional Me chan i cal Code. Dis charge damp ers
are pro hib ited on con stant vol ume fans and vari able vol ume 
fans with mo tors 25 hp (18.6 kW) and larger.

TA BLE 803.3.7
MIN I MUM PIPE IN SU LA TIONa

(thick ness in inches)

FLUID

NOM I NAL PIPE DI AM E TER

≤1.5" > 1.5"

Steam 11/2 3

Hot wa ter 1 2

Chilled wa ter, brine or
 re frig er ant 1 11/2

For SI: 1 inch = 25.4 mm, Brit ish ther mal unit per inch/h · ft2 · °F = W per 25
mm/K · m2

a. Based on in su la tion hav ing a con duc tiv ity (k) not ex ceed ing 0.27 Btu per
inch/h · ft2 · °F.

803.3.8.2 Hydronic sys tem bal anc ing. In di vid ual
hydronic heat ing and cool ing coils shall be equipped
with means for bal anc ing and pres sure test con nec tions.
803.3.8.3 Man u als. The con struc tion doc u ments shall
re quire that an op er at ing and main te nance man ual be
pro vided to the build ing owner by the me chan i cal con -
trac tor. The man ual shall in clude, at least, the fol low ing:

1. Equip ment ca pac ity (in put and out put) and re -
quired main te nance ac tions.

2. Equip ment op er a tion and main te nance man u als.
3. HVAC sys tem con trol main te nance and cal i bra -

tion in for ma tion, in clud ing wir ing di a grams, sche -
mat ics, and con trol se quence de scrip tions. De sired 
or field-de ter mined setpoints shall be per ma nently 
re corded on con trol draw ings, at con trol de vices
or, for dig i tal con trol sys tems, in pro gram ming
com ments.

4. A com plete writ ten nar ra tive of how each sys tem is 
in tended to op er ate.

803.3.9 Heat re cov ery for ser vice wa ter heat ing. Con -
denser heat re cov ery shall be in stalled for heat ing or re heat -
ing of ser vice hot wa ter pro vided the fa cil ity op er ates 24
hours a day, the to tal in stalled heat ca pac ity of wa ter-cooled
sys tems ex ceeds 6,000,000 Btu/hr of heat re jec tion, and the
de sign ser vice wa ter heat ing load ex ceeds 1,000,000 Btu/h.

The re quired heat re cov ery sys tem shall have the ca pac -
ity to pro vide the smaller of:

1. Sixty per cent of the peak heat re jec tion load at de sign
con di tions; or

2. The pre heat ing re quired to raise the peak ser vice hot
wa ter draw to 85°F (29°C).

Ex cep tions:
1. Fa cil i ties that em ploy con denser heat re cov -

ery for space heat ing or re heat pur poses with 
a heat re cov ery de sign ex ceed ing 30 per cent
of the peak wa ter-cooled con denser load at
de sign con di tions.

2. Fa cil i ties that pro vide 60 per cent of their ser -
vice wa ter heat ing from site so lar or site re -
cov ered en ergy or from other sources.

803.3.10 En ergy re cov ery ven ti la tion sys tems. In di vid ual 
fan sys tems that have both a de sign sup ply air ca pac ity of
5,000 cfm (2.36 m3/s) or greater and a min i mum out side air
sup ply of 70 per cent or greater of the de sign sup ply air
quan tity shall have an en ergy re cov ery sys tem that pro vides
a change in the enthalpy of the out door air sup ply of 50 per -
cent or more of the dif fer ence be tween the out door air and
re turn air at de sign con di tions. Pro vi sion shall be made to
by pass or con trol the en ergy re cov ery sys tem to per mit
cool ing with out door air where cool ing with out door air is
re quired.

Ex cep tion: An en ergy re cov ery ven ti la tion sys tem shall
not be re quired in any of the fol low ing con di tions:

1. Where en ergy re cov ery sys tems are pro hib ited by
the In ter na tional Me chan i cal Code.
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2. Lab o ra tory fume hood sys tems with a to tal ex -
haust rate of 15,000 cfm (7.08 m3/s) or less.

3. Lab o ra tory fume hood sys tems with a to tal ex -
haust rate greater than 15,000 cfm (7.08 m3/s) that
in clude at least one of the fol low ing fea tures:

3.1. Vari able-air-vol ume hood ex haust and
room sup ply sys tems ca pa ble of re duc ing
ex haust and makeup air vol ume to 50 per -
cent or less of de sign val ues.

3.2 Di rect makeup (aux il iary) air sup ply equal
to at least 75 per cent of the ex haust rate,
heated no warmer than 2°F (∆1.1°C) be low 
room set point, cooled to no cooler than 3
°F (∆1.7°C) above room set point, no
humidification added, and no si mul ta -
neous heat ing and cool ing used for
dehumidification con trol.

4. Sys tems serv ing spaces that are not cooled and are
heated to less than 60°F (15.5°C).

5. Where more than 60 per cent of the out door heat ing 
en ergy is pro vided from site-re cov ered or site so lar 
en ergy.

6. Heat ing sys tems in cli mates with less than 3600
HDD.

7. Cool ing sys tems in cli mates with a 1 per cent cool -
ing de sign wet-bulb tem per a ture less than 64°F
(17.7°C).

8. Sys tems re quir ing dehumidification that em ploy
se ries-style en ergy re cov ery coils wrapped around
the cool ing coil.

SEC TION 804
SER VICE WA TER HEAT ING

804.1 Gen eral. This sec tion cov ers the min i mum ef fi ciency of, 
and con trols for, ser vice wa ter-heat ing equip ment and in su la -
tion of ser vice hot wa ter pip ing.

804.2 Ser vice wa ter-heat ing equip ment per for mance ef fi -
ciency. Wa ter-heat ing equip ment and hot wa ter stor age tanks
shall meet the re quire ments of Ta ble 804.2. The ef fi ciency shall 
be ver i fied through data fur nished by the man u fac turer or
through cer tif i ca tion un der an ap proved cer tif i ca tion pro gram.

804.3 Tem per a ture con trols. Ser vice wa ter-heat ing equip -
ment shall be pro vided with con trols to al low a setpoint of
110°F (43°C) for equip ment serv ing dwell ing units and 90°F
(32°C) for equip ment serv ing other oc cu pan cies. The out let
tem per a ture of lav a to ries in pub lic fa cil ity rest rooms shall be
lim ited to 110°F (43°C).

804.4 Heat traps. Wa ter-heat ing equip ment not sup plied with
in te gral heat traps and serv ing noncirculating sys tems shall be
pro vided with heat traps on the sup ply and dis charge pip ing as -
so ci ated with the equip ment.

804.5 Pipe in su la tion. For au to matic-cir cu lat ing hot wa ter
sys tems, pip ing shall be in su lated with 1 inch (25 mm) of in su -
la tion hav ing a con duc tiv ity not ex ceed ing 0.27 Btu per inch/h

× ft2 × °F (1.53 W per 25 mm/m2 × K). The first 8 feet (2438
mm) of pip ing in noncirculating sys tems served by equip ment
with out in te gral heat traps shall be in su lated with 0.5 inch (12.7 
mm) of ma te rial hav ing a con duc tiv ity not ex ceed ing 0.27 Btu
per inch/h  ×  ft2  ×  °F (1.53 W per 25 mm/m2 × K).
804.6 Hot wa ter sys tem con trols. Au to matic-cir cu lat ing hot
wa ter sys tem pumps or heat trace shall be ar ranged to be con ve -
niently turned off au to mat i cally or man u ally when the hot wa -
ter sys tem is not in op er a tion.
804.7 Pools. Pools shall be pro vided with en ergy con serv ing
mea sures in ac cor dance with Sec tions 804.7.1 through
804.7.3.

804.7.1 Pool heat ers. All pool heat ers shall be equipped
with a readily ac ces si ble on-off switch to al low shut ting off
the heater with out ad just ing the ther mo stat set ting. Pool
heat ers fired by nat u ral gas shall not have con tin u ously
burn ing pi lot lights.
804.7.2 Time switches. Time switches that can au to mat i -
cally turn off and on heat ers and pumps ac cord ing to a pre set 
sched ule shall be in stalled on swim ming pool heat ers and
pumps.

Ex cep tions:
1. Where pub lic health stan dards re quire 24-hour

pump op er a tion.
2. Where pumps are re quired to op er ate so lar-and

waste-heat-re cov ery pool heat ing sys tems.
804.7.3 Pool cov ers. Heated pools shall be equipped with a
va por re tar dant pool cover on or at the wa ter sur face. Pools
heated to more than 90°F (32°C) shall have a pool cover with 
a min i mum in su la tion value of R-12.

Ex cep tion: Pools de riv ing over 60 per cent of the en ergy
for heat ing from site-re cov ered en ergy or so lar en ergy
source.

SEC TION 805
ELEC TRI CAL POWER AND LIGHT ING SYS TEMS

805.1 Gen eral. This sec tion cov ers light ing sys tem con trols,
the con nec tion of bal lasts, the max i mum light ing power for in -
te rior ap pli ca tions, and min i mum ac cept able light ing equip -
ment for ex te rior ap pli ca tions.

Ex cep tion: Light ing within dwell ing units.
805.2 Light ing con trols. Light ing sys tems shall be pro vided
with con trols as re quired in Sec tions 805.2.1, 805.2.2 , 805.2.3
and 805.2.4.

805.2.1 In te rior light ing con trols. Each area en closed by
walls or floor-to-ceil ing par ti tions shall have at least one
man ual con trol for the light ing serv ing that area. The re -
quired con trols shall be lo cated within the area served by the 
con trols or be a re mote switch that iden ti fies the lights
served and in di cates their sta tus.

Ex cep tions:
1. Ar eas des ig nated as se cu rity or emer gency ar eas

that must be con tin u ously lighted.
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2. Light ing in stair ways or cor ri dors that are el e ments 
of the means of egress.

805.2.2 Ad di tional con trols. Each area that is re quired to
have a man ual con trol shall have ad di tional con trols that
meet the re quire ments of Sec tions 805.2.2.1 and 805.2.2.2.

Ex cep tions:
1. Ar eas that have only one luminaire.

2. Ar eas that are con trolled by an oc cu pant-sens ing
de vice.

3. Cor ri dors, store rooms, restrooms or pub lic lob -
bies.

4. Guestrooms  (See Sec tion 805.2.3).

805.2.2.1 Light re duc tion con trols. Each area that is re -
quired to have a man ual con trol shall also al low the oc cu -
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TABLE 804.2
MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT

EQUIPMENT TYPE
SIZE CATEGORY

(input)
SUBCATEGORY OR 
RATING CONDITION

PERFORMANCE
REQUIREDa, b

TEST 
PROCEDURE

Wa ter heat ers, Elec tric

≤ 12 kW Re sis tance 0.93 - 0.00132V, EF DOE 10 CFR
Part 430

> 12 kW Re sis tance 1.73V + 155 SL, Btu/h  ANSI Z21.10.3

≤ 24 amps and
≤ 250 volts Heat pump 0.93 - 0.00132V, EF DOE 10 CFR

Part 430

Stor age wa ter heat ers,
Gas

≤ 75,000 Btu/h ≥ 20 gal 0.62 - 0.0019V, EF DOE 10 CFR
Part 430

> 75,000 Btu/h and
≤ 155,000 Btu/h < 4,000 Btu/h/gal

80% Et

( )Q / 800 110+ V SL, Btu/h
 ANSI Z21.10.3

> 155,000 Btu/h < 4,000 Btu/h/gal
80% Et

( )Q / 800 110+ V  SL, Btu/h

In stan ta neous wa ter
heat ers, Gas

> 50,000 Btu/h and
< 200,000 Btu/hc

≥ 4,000 (Btu/h)/gal
and < 2 gal 0.62 - 0.0019V, EF DOE 10 CFR

Part 430

≥ 200,000 Btu/h ≥ 4,000 Btu/h/gal and
< 10 gal 80% Et

 ANSI Z21.10.3
≥ 200,000 Btu/h ≥ 4,000 Btu/h/gal and

≥ 10 gal
80% Et

( )Q / 800 110+ V  SL, Btu/h

Stor age wa ter
heat ers, Oil

≤ 105,000 Btu/h ≥20 gal 0.59 - 0.0019V, EF DOE 10 CFR
Part 430

> 105,000 Btu/h < 4,000 Btu/h/gal
78% Et

( )Q / 800 110+ V  SL, Btu/h
 ANSI Z21.10.3

In stan ta neous wa ter
heat ers, Oil

≤ 210,000 Btu/h ≥ 4,000 Btu/h/gal and
< 2 gal 0.59 - 0.0019V, EF DOE 10 CFR

Part 430

> 210,000 Btu/h ≥ 4,000 Btu/h/gal and
< 10 gal 80% Et

 ANSI Z21.10.3
> 210,000 Btu/h ≥ 4,000 Btu/h/gal and

≥ 10 gal
78% Et

( )Q / 800 110+ V  SL, Btu/h

Hot wa ter sup ply boil ers,
Gas and Oil ≥ 300,000 Btu/h and 

<12,500,000 Btu/h

≥ 4,000 Btu/h/gal and
< 10 gal 80% Et

 ANSI Z21.10.3
Hot wa ter sup ply boil ers,

Gas and Oil
≥ 4,000 Btu/h/gal and

≥ 10 gal
80% Et

( )Q / 800 110+ V  SL, Btu/h

Pool heat ers,
Gas and Oil All — 78% Et ASHRAE 146

Un fired stor age tanks All — ≤ 6.5 Btu/h ⋅ ft2 (none)

For SI: °C = [(°F) - 32] / 1.8, 1 Brit ish ther mal unit per hour = 0.2931 W, 1 gal lon = 3.785 L, 1 Brit ish ther mal unit per hour per gal lon = 0.078 W/L.
a. En ergy fac tor (EF) and ther mal ef fi ciency (Et) are min i mum re quire ments. In the EF equa tion, V is the rated vol ume in gal lons.
b. Standby loss (SL) is the max i mum Btu/h based on a nom i nal 70°F tem per a ture dif fer ence be tween stored wa ter and am bi ent re quire ments. In the SL equa tion, Q is

the name plate in put rate in Btu/h. In the SL equa tion for elec tric wa ter heat ers, V is the rated vol ume in gal lons. In the SL equa tion for oil and gas wa ter heat ers and
boil ers, V is the rated vol ume in gal lons. 

c. In stan ta neous wa ter heat ers with in put rates be low 200,000 Btu/h must com ply with these re quire ments if the wa ter heater is de signed to heat wa ter to tem per a tures 
180°F or higher.



pant to re duce the con nected light ing load in a
rea son ably uni form il lu mi na tion pat tern by at least 50
per cent. Light ing re duc tion shall be achieved by one of
the fol low ing or other ap proved method:

1. Con trol ling all lamps or luminaires;
2. Dual switch ing of al ter nate rows of luminaires, al -

ter nate luminaires or al ter nate lamps;
3. Switch ing the mid dle lamp luminaires in de pend -

ently of the outer lamps; or
4. Switch ing each luminaire or each lamp.

Ex cep tions:
1. Ar eas that have only one luminaire.
2. Ar eas that are con trolled by an oc cu -

pant-sens ing de vice.
3. Cor ri dors, store rooms, restrooms or pub -

lic lob bies.
4. Guestrooms  (see Sec tion 805.2.3).
5. Spaces that use less than 0.6 watts per

square foot (6.5 W/m2).
805.2.2.2 Au to matic light ing shut off. Build ings larger
than 5,000 square feet (465 m2) shall be equipped with an
au to matic con trol de vice to shut off light ing in those ar eas. 
This au to matic con trol de vice shall func tion on ei ther:

1. A sched uled ba sis, us ing time-of-day, with an in -
de pend ent pro gram sched ule that con trols the in te -
rior light ing in ar eas that do not ex ceed 25,000
square feet (2323 m2) and are not more than one
floor; or

2. An un sched uled ba sis by oc cu pant in ter ven tion.
805.2.2.2.1 Oc cu pant over ride. Where an au to matic 
time switch con trol de vice is in stalled to com ply with
Sec tion 805.2.2.2, Item 1, it shall in cor po rate an over -
ride switch ing de vice that:

1. Is readily ac ces si ble.
2. Is lo cated so that a per son us ing the de vice can

see the lights or the area con trolled by that
switch, or so that the area be ing lit is an nun ci -
ated.

3. Is man u ally op er ated.
4. Al lows the light ing to re main on for no more

than 2 hours when an over ride is ini ti ated.
5. Con trols an area not ex ceed ing 5,000 square

feet (465 m2).
Ex cep tions:

1. In malls and ar cades, au di to ri ums,
sin gle-ten ant re tail spaces, in dus trial
fa cil i ties and are nas, where cap -
tive-key over ride is uti lized, over ride
time may ex ceed 2 hours.

2. In malls and ar cades, au di to ri ums,
sin gle-ten ant re tail spaces, in dus trial
fa cil i ties and are nas, the area con -
trolled may not ex ceed 20,000 square
feet (1860 m2).

805.2.2.2.2 Hol i day sched ul ing. If an au to matic time 
switch con trol de vice is in stalled in ac cor dance with
Sec tion 805.2.2.2, Item 1, it shall in cor po rate an au to -
matic hol i day sched ul ing fea ture that turns off all
loads for at least 24 hours, then re sumes the nor mally
sched uled op er a tion.

Ex cep tion: Re tail stores and as so ci ated malls, res -
tau rants, gro cery stores, churches and the aters.

805.2.3 Guestrooms. Guestrooms in ho tels, mo tels, board -
ing houses or sim i lar build ings shall have at least one mas ter
switch at the main en try door that con trols all per ma nently
wired luminaires and switched re cep ta cles, ex cept those in
the bath room(s). Suites shall have a con trol meet ing these
re quire ments at the en try to each room or at the pri mary en -
try to the suite.
805.2.4 Ex te rior light ing con trols. Au to matic switch ing
or photocell con trols shall be pro vided for all ex te rior light -
ing not in tended for 24-hour op er a tion. Au to matic time
switches shall have a com bi na tion seven-day and sea sonal
day light pro gram sched ule ad just ment, and a min i mum
4-hour power backup.

805.3 Tan dem wir ing. The fol low ing luminaires lo cated
within the same area shall be tan dem wired:

1. Flourescent luminaires equipped with one, three or
odd-num bered lamp con fig u ra tions, that are re -
cess-mounted within 10 feet (3048 mm) cen ter-to-cen ter
of each other.

2. Flourescent luminaires equipped with one, three or any
other odd-num bered lamp con fig u ra tion, that are pen -
dant- or sur face-mounted within 1 foot (305 mm)
edge-to-edge of each other.

Ex cep tions:

1. Where elec tronic high-fre quency bal lasts are
used.

2. Luminaires on emer gency cir cuits.
3. Luminaires with no avail able pair in the same

area.
805.4 Exit signs. In ter nally il lu mi nated exit signs shall not ex -
ceed 5 Watts per side.
805.5 In te rior light ing power re quire ments. A build ing
com plies with this sec tion if its to tal con nected light ing power
cal cu lated un der Sec tion 805.5.1 is no greater than the in te rior
light ing power cal cu lated un der Sec tion 805.5.2.

805.5.1 To tal con nected in te rior light ing power. The to tal
con nected in te rior light ing power (Watts) shall be the sum
of the watts of all in te rior light ing equip ment as de ter mined
in ac cor dance with Sec tions 805.5.1.1 through 805.5.1.4.

Ex cep tions: The con nected power as so ci ated with the
fol low ing light ing equip ment is not in cluded in cal cu lat -
ing to tal con nected light ing power.

1. Spe cial ized med i cal, den tal and re search light ing.
2. Pro fes sional sports arena play ing field light ing.
3. Dis play light ing for ex hib its in gal ler ies, mu se ums

and mon u ments.
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4. Guestroom light ing in ho tels, mo tels, board ing
houses or sim i lar build ings.

5. Emer gency light ing au to mat i cally off dur ing nor -
mal build ing op er a tion.

805.5.1.1 Screw lamp hold ers. The watt age shall be the
max i mum la beled watt age of the luminaire.
805.5.1.2 Low-volt age light ing. The watt age shall be the
spec i fied watt age of the trans former sup ply ing the sys tem.
805.5.1.3 Other luminaires. The watt age of all other
light ing equip ment shall be the watt age of the light ing
equip ment ver i fied through data fur nished by the man u -
fac turer or other ap proved sources.
805.5.1.4 Line-volt age light ing track and plug-in
busway. The watt age shall be the greater of the watt age
of the luminaires de ter mined in ac cor dance with Sec -
tions 805.5.1.1 through 805.5.1.3 or 30 W/lin ear foot
(98W/lin m).

805.5.2 In te rior light ing power. The in te rior light ing
power shall be cal cu lated us ing Sec tion 805.5.2.1 or
805.5.2.2 as ap pli ca ble.

805.5.2.1 En tire build ing method. Un der this ap -
proach, the in te rior light ing power (Watts) is the value
from Ta ble 805.5.2 for the build ing type times the floor
area of the en tire build ing. The in te rior light ing power
(Watts) shall not be in creased by the al low ances con -
tained in the foot notes of Ta ble 805.5.2 when us ing the
en tire build ing method.
805.5.2.2 Ten ant area or por tion of build ing method.
The to tal in te rior light ing power (Watts) is the sum of all
in te rior light ing pow ers for all ar eas in the build ing cov -
ered in this per mit. The in te rior light ing power is the
floor area for each area type listed in Ta ble 805.5.2 times
the value from Ta ble 805.5.2 for that area. For the pur -
poses of this method, an “area” shall be de fined as all
con tig u ous spaces that ac com mo date or are as so ci ated
with a sin gle area type as listed in Ta ble 805.5.2. When
this method is used to cal cu late the to tal in te rior light ing
power for an en tire build ing, each area type shall be
treated as a sep a rate area.

805.6 Ex te rior light ing. When the power for ex te rior light ing
is sup plied through the en ergy ser vice to the build ing, all ex te -
rior light ing, other than low-volt age land scape light ing, shall
have a source ef fi cacy of at least 45 lumens per Watt.

Ex cep tion: Where ap proved be cause of his tor i cal, safety,
sign age or emer gency con sid er ations.

805.7 Elec tri cal en ergy con sump tion. In build ings hav ing in -
di vid ual dwell ing units, pro vi sions shall be made to de ter mine
the elec tri cal en ergy con sumed by each ten ant by sep a rately
me ter ing in di vid ual dwell ing units.

SEC TION 806
TO TAL BUILD ING PER FOR MANCE

806.1 Gen eral. The pro posed de sign com plies with this sec -
tion where an nual en ergy costs of the pro posed de sign as de ter -

mined in ac cor dance with Sec tion 806.3 do not ex ceed those of
the stan dard de sign as de ter mined in ac cor dance with Sec tion
806.4.

806.2 Anal y sis pro ce dures. Sec tions 806.2.1 through 806.2.8
shall be ap plied in de ter min ing to tal build ing per for mance.

806.2.1 En ergy anal y sis. An nual (8,760 hours) en ergy
costs for the stan dard de sign and the pro posed de sign shall
each be de ter mined us ing the same ap proved en ergy anal y -
sis sim u la tion tool.

806.2.2 Cli mate data. The cli mate data used in the en ergy
anal y sis shall cover a full cal en dar year (8,760 hours) and
shall re flect ap proved co in ci dent hourly data for tem per a -
ture, so lar ra di a tion, hu mid ity and wind speed for the build -
ing lo ca tion.

806.2.3 En ergy rates. The an nual en ergy costs shall be es ti -
mated us ing en ergy rates pub lished by the serv ing en ergy
sup plier and which would ap ply to the ac tual build ing or
DOE State-Av er age En ergy Prices pub lished by DOE’s En -
ergy In for ma tion Ad min is tra tion and which would ap ply to
the ac tual build ing.

806.2.4 Nondepletable en ergy. Nondepletable en ergy col -
lected off site shall be treated and priced the same as pur -
chased en ergy. En ergy from nondepletable en ergy sources
col lected on site shall be omit ted from the an nual en ergy
cost of the pro posed de sign. The anal y sis and per for mance
of any nondepletable en ergy sys tem shall be de ter mined in
ac cor dance with ac cepted en gi neer ing prac tice us ing ap -
proved meth ods.

806.2.5 Build ing op er a tion. Build ing op er a tion shall be
sim u lated for a full cal en dar year (8,760 hours). Op er at ing
sched ules shall in clude hourly pro files for daily op er a tion
and shall ac count for vari a tions be tween week days, week -
ends, hol i days, and any sea sonal op er a tion. Sched ules shall
model the time-de pend ent vari a tions of oc cu pancy, il lu mi -
na tion, re cep ta cle loads, ther mo stat set tings, me chan i cal
ven ti la tion, HVAC equip ment avail abil ity, ser vice hot wa ter 
us age, and any pro cess loads.

806.2.6 Sim u lated loads. The fol low ing sys tems and loads
shall be mod eled in de ter min ing to tal build ing per for -
mance: heat ing sys tems, cool ing sys tems, fan sys tems,
light ing power, re cep ta cle loads, and pro cess loads that ex -
ceed 1.0 W/ft2 (W/0.0929 m2) of floor area of the room or
space in which the pro cess loads are lo cated.

Ex cep tion: Sys tems and loads serv ing re quired emer -
gency power only.

806.2.7 Ser vice wa ter-heat ing sys tems. Ser vice wa -
ter-heat ing sys tems that are other than com bined ser vice hot 
wa ter/space-heat ing sys tems shall be be omit ted from the
en ergy anal y sis pro vided all re quire ments in Sec tion 804
have been met.

806.2.8 Ex te rior light ing. Ex te rior light ing sys tems shall
be the same as in the stan dard and pro posed de signs.

806.3 De ter min ing en ergy costs for the pro posed de sign.
Build ing sys tems and loads shall be sim u lated in the Pro posed
de sign in ac cor dance with Sec tions 806.3.1 and 806.3.2.
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TABLE 805.5.2
INTERIOR LIGHTING POWER

BUILDING OR AREA TYPE
ENTIRE BUILDING

(W/ft2)

TENANT AREA OR PORTION OF
BUILDING

(W/ft2)

Au di to rium Not Ap pli ca ble 1.8
Au to mo tive fa cil ity 0.9 Not Ap pli ca ble

Bank/fi nan cial in sti tu tiona Not Ap pli ca ble 1.5
Class room/lec ture hallb Not Ap pli ca ble 1.4
Con ven tion, con fer ence or meet ing cen tera 1.2 1.3

Cor ri dor, restroom, sup port area Not Ap pli ca ble 0.9

Court house/town hall 1.2 Not Ap pli ca ble
Din inga Not Ap pli ca ble 0.9

Dor mi tory 1.0 Not Ap pli ca ble

Ex er cise cen tera 1.0 0.9
Ex hi bi tion hall Not Ap pli ca ble 1.3
Gro cery storec 1.5 1.6

Gym na sium play ing sur face Not Ap pli ca ble 1.4

Ho tel func tiona 1.0 1.3
In dus trial work, < 20-foot ceil ing height Not Ap pli ca ble 1.2

In dus trial work, ≥ 20-foot ceil ing height Not Ap pli ca ble 1.7

Kitchen Not Ap pli ca ble 1.2
Li brarya 1.3 1.7

Lobby—ho tela Not Ap pli ca ble 1.1

Lobby—othera Not Ap pli ca ble 1.3

Mall, ar cade, or atrium Not Ap pli ca ble 0.6
Med i cal and clin i cal careb, d 1.2 1.2
Mo tel 1.0 Not Ap pli ca ble
Mul ti fam ily 0.7 Not Ap pli ca ble

Mu seumb 1.1 1.0
Of ficeb 1.0 1.1
Park ing ga rage 0.3 Not Ap pli ca ble

Pen i ten tiary 1.0 Not Ap pli ca ble

Po lice/fire sta tion 1.0 Not Ap pli ca ble
Post of fice 1.1 Not Ap pli ca ble
Re li gious wor shipa 1.3 2.4

Res tau ranta 1.6 0.9
Re tail sales, whole sale show roomc 1.5 1.7
School 1.2 Not Ap pli ca ble
Stor age, in dus trial and com mer cial 0.8 0.8

The aters—mo tion pic ture 1.2 1.2

The aters—per for mancea 1.6 2.6

Trans por ta tion 1.0 Not Ap pli ca ble

Other 0.6 1.0
For SI: 1 foot = 304.8 mm, 1 Watts per square foot = W/0.0929 m2.
a. Where light ing equip ment is spec i fied to be in stalled for dec o ra tive ap pear ances in ad di tion to light ing equip ment spec i fied for gen eral light ing and is switched or

dimmed on cir cuits dif fer ent from the cir cuits for gen eral light ing, the smaller of the ac tual watt age of the dec o ra tive light ing equip ment or 1.0 W/ft2 times the area
of the space that the dec o ra tive light ing equip ment is in shall be added to the in te rior light ing power de ter mined in ac cor dance with this line item.

(Con tin ued)



806.3.1 HVAC and ser vice wa ter-heat ing equip ment. All
HVAC and ser vice wa ter-heat ing equip ment shall be sim u -
lated in the pro posed de sign us ing ca pac i ties, rated ef fi cien -
cies and part-load per for mance data for the pro posed
equip ment as pro vided by the equip ment man u fac turer.

806.3.2 Fea tures not doc u mented at time of per mit. If
any fea ture of the pro posed de sign is not in cluded in the
build ing per mit ap pli ca tion, the en ergy per for mance of that
fea ture shall be as sumed to be that of the cor re spond ing fea -
ture used in the cal cu la tions re quired in Sec tion 806.4.

806.4 De ter min ing en ergy costs for the stan dard de sign.
Sec tions 806.4.1 through 806.4.7 shall be used in de ter min ing
the an nual en ergy costs of the Stan dard de sign.

806.4.1 Equip ment ef fi ciency. The space-heat ing, space-
cool ing, ser vice wa ter-heat ing, and ven ti la tion sys tems and
equip ment shall meet, but not ex ceed, the min i mum ef fi -
ciency re quire ments of Sec tions 803 and 804.

806.4.2 HVAC sys tem ca pac i ties. HVAC sys tem ca pac i ties 
in the stan dard de sign shall be es tab lished such that no
smaller num ber of un met heat ing and cool ing load hours
and no larger heat ing and cool ing ca pac ity safety fac tors are
pro vided than in the pro posed de sign.

806.4.3 En ve lope. The per for mance of el e ments of the ther -
mal en ve lope of the stan dard de sign shall be de ter mined in
ac cor dance with the re quire ments of Sec tion 802.2 as ap pli -
ca ble.

806.4.4 Iden ti cal char ac ter is tics. The heat ing/cool ing
sys tem zon ing, the ori en ta tion of each build ing fea ture, the
num ber of floors and the gross en ve lope ar eas of the stan -
dard de sign shall be the same as those of the pro posed de -
sign ex cept as mod i fied by Sec tion 806.4.5 or 806.4.6.

Ex cep tion: Per ma nent fixed or mov able ex ter nal shad -
ing de vices for win dows and glazed doors shall be ex -
cluded from the stan dard de sign.

806.4.5 Win dow area. The win dow area of the stan dard de -
sign shall be the same as the pro posed de sign, or 35 per cent
of the above-grade wall area, which ever is less, and shall be
dis trib uted in a uni form pat tern equally over each build ing
fa cade.

806.4.6 Sky light area. The sky light area of the stan dard de -
sign shall be the same as the pro posed de sign, or 3 per cent of 
the gross area of the roof as sem bly, which ever is less.

806.4.7 In te rior light ing. The light ing power for the stan -
dard de sign shall be the max i mum al lowed in ac cor dance

with Sec tion 805.5. Where the oc cu pancy of the build ing is
not known, the light ing power den sity shall be 1.5 Watts per
square foot (16.1 W/m2).

806.5 Doc u men ta tion. The en ergy anal y sis and sup port ing
doc u men ta tion shall be pre pared by a reg is tered de sign pro fes -
sional where re quired by the stat utes of the ju ris dic tion in
which the pro ject is to be con structed. The in for ma tion doc u -
ment ing com pli ance shall be sub mit ted in ac cor dance with
Sec tions 806.5.1 through 806.5.4

806.5.1 An nual en ergy use and as so ci ated costs. The an -
nual en ergy use and costs by en ergy source of the stan dard
de sign and the pro posed de sign shall be clearly in di cated.
806.5.2 En ergy-re lated fea tures. A list of the en ergy-re -
lated fea tures that are in cluded in the pro posed de sign and
on which com pli ance with the pro vi sions of the code are
claimed shall be pro vided to the code of fi cial. This list shall
in clude and prom i nently in di cate all fea tures that dif fer
from those set forth in Sec tion 806.4 and used in the en ergy
anal y sis be tween the stan dard de sign and the pro posed de -
sign.
806.5.3 In put and out put re port(s). In put and out put re -
port(s) from the en ergy anal y sis sim u la tion pro gram con -
tain ing the com plete in put and out put files, as ap pli ca ble.
The out put file shall in clude en ergy use to tals and en ergy
use by en ergy source and end-use served, to tal hours that
space con di tion ing loads are not met and any er rors or warn -
ing mes sages gen er ated by the sim u la tion tool as ap pli ca ble.
806.5.4 Writ ten ex pla na tion(s). An ex pla na tion of any er -
ror or warn ing mes sages ap pear ing in the sim u la tion tool
out put shall be pro vided in a writ ten, nar ra tive for mat.
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TA BLE 805.5.2(Continued)
IN TE RIOR LIGHT ING POWER

b. Where light ing equip ment is spec i fied to be in stalled to meet re quire ments of vi sual dis play ter mi nals as the pri mary view ing task, the smaller of the ac tual watt age
of the light ing equip ment or 0.35 W/ft2 times the area of the space that the light ing equip ment is in shall be added to the in te rior light ing power de ter mined in ac cor -
dance with this line item.

c. Where light ing equip ment is spec i fied to be in stalled to high light spe cific mer chan dise in ad di tion to light ing equip ment spec i fied for gen eral light ing and is
switched or dimmed on cir cuits dif fer ent from the cir cuits for gen eral light ing, the smaller of the ac tual watt age of the light ing equip ment in stalled spe cif i cally for
mer chan dise, or 1.6 W/ft2 times the area of the spe cific dis play, or 3.9 W/ft2 times the ac tual case or shelf area for dis play ing and sell ing fine mer chan dise such as
jew elry, fine ap parel and ac ces so ries, or china and sil ver, shall be added to the in te rior light ing power de ter mined in ac cor dance with this line item.

d. Where light ing equip ment is spec i fied to be in stalled, the smaller of the ac tual watt age of the light ing equip ment, or 1.0 W/ft2 times the area of the emer gency, re -
cov ery, med i cal sup ply and phar macy space shall be added to the in te rior light ing power de ter mined in ac cor dance with this line item.
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