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THERMAL STANDARD 

1.0 PURPOSE 

1.1 T h e  p u r p o s e  o f  t h e  s t a n d a r d  i s  t o  p r o v i d e  d e s i g n  
r e q u i r e m e n t s  t h a t  w i l l  improve  e n e r g y  u t i l i z a t i o n  i n  new 
b u i l d i n g s  w i t h  g r o s s  areas of between 12,000 f t 2  and 150,000 
f t 2 .  F o r  b u i l d i n g s  l a r g e r  t h a n  1 5 0 , 0 0 0  f t 2  e n e r g y  
c o n s e r v a t i o n  c r i t e r i a  s h o u l d  be based  on i n d i v i d u a l  l i f e  
c y c l e  c o s t  analyses .  

1.2 The requi rements  of t h i s  s t a n d a r d  are  directed: toward t h e  
d e s i g n  of  b u i l d i n g  e n v e l o p e s  t o  e n s u r e  adequate  t h e r m a l  
r e s i s t a n c e  and low a i r  leakage;  t o w a r d  t h e  d e s i g n  and 
s e l e c t i o n  of mechanical ,  e lec t r ica l ,  s e r v i c e  water hea t ing ,  
and  i l l u m i n a t i o n  s y s t e m s  and  e q u i p m e n t ;  and  t o w a r d  t h e  
p r u d e n t  s e l e c t i o n  of  f u e l  and  e n e r g y  s o u r c e s .  A l l  o f  t hese  
w i l l  reduce a n n u a l  e n e r g y  c o n s u m p t i o n  i n  t h e  S t a t e  of  
A l a s k a .  

1.3 I t  i s  i n t e n d e d  t h a t  t h e  s t a n d a r d  be  a f l e x i b l e  document  
p r o v i d i n g  d e s i g n e r s  w i t h  a c o h e r e n t  s e t  o f  t h e r m a l  
g u i d e l i n e s  t h a t  accommodate t h e  wide ly  vary ing  envi ronmenta l  
a n d  e c o n o m i c  c o n d i t i o n s  p r e s e n t  i n  t h e  s t a t e  t o d a y .  
D e s i g n e r s  a r e  e n c o u r a g e d  t o  use i n n o v a t i v e  a p p r o a c h e s  and  
t echn iques  t o  ach ieve  e f f i c i e n t  energy u t i l i z a t i o n .  

S e c t i o n s  1 0  and 11 of t h e  s t a n d a r d  p rov ide  f o r  e v a l u a t i o n  of 
a l t e r n a t i v e  des ign  s o l u t i o n s ,  which,  w h i l e  n o t  conforming t o  
t h e  p r e s c r i p t i v e  e n v e l o p e  c r i t e r i a .  may p r o v i d e  e q u a l  
performance under t h e  s tandard .  

1.4 T h e  s t a n d a r d  i s  i n  t h e  f o r m a t  o f  a "Component S t a n d a r d " ,  
t h a t  i m p o s e s  m i n i m u m  r e q u i r e m e n t s  f o r  t h e r m a l  
c h a r a c t e r i s t i c s  of t h e  v a r i o u s  energy-consuming sys tems i n  
t h e  bui lding.  The s t anda rd  addresses t h e  a p p l i c a b i l i t y  of 
m e c h a n i c a l  s y s t e m  t y p e s  f o r  t h e  wide  v a r i e t y  of  c l ima te  
c o n d i t i o n s  t h a t  occur  i n  A l a s k a .  Add i t iona l ly ,  t h e  s t a n d a r d  
provides  g u i d e l i n e s  f o r  l e v e l  of complexi ty  of W A C  systems 
f o r  d i f f e r e n t  economic areas of t h e  s ta te .  

T h i s  s t a n d a r d  uses  t h e  f o r m a t  a n d  a n u m b e r  o f  t h e  
s e c t i o n s  of  A S H R A E  S t a n d a r d  90, w h i c h  a r e  a p p l i c a b l e  t o  
Alaskan condi t ions .  

There  is  a new v e r s i o n  of ASHRAE S tandard  90 i n  d r a f t  form. 
d u e  t o  b e  f i n a l i z e d  a n d  p u b l i s h e d  i n  1988 .  U p g r a d e s  
a p p e a r i n g  i n  t h e  d r a f t  1988 A S H R A E  S t a n d a r d  have  been  
inco rpora t ed  i n t o  t h i s  document where a p p r o p r i a t e .  
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THERMAL STANDARD 

1.5 I t  is  i n t e n d e d  t h a t  t h i s  s t a n d a r d  be used  i n  t h e  d e s i g n  of  
new b u i l d i n g s  and t h a t  c o m p l i a n c e  w i t h  i t s  r e q u i r e m e n t s  
s h o u l d  be d e t e r m i n a b l e  i n  t h e  p r e c o n s t r u c t i o n  s t age ,  by  
e v a l u a t i o n  and a n a l y s i s  of t h e  design.  

S i g n i f i c a n t  a t t e n t i o n  i s  d e v o t e d  t o  t h e  i m p l e m e n t a t i o n  o f  
t h e  des ign  process ,  s p e c i f i c a l l y  w i t h  b u i l d i n g  c o n t r o l s ,  and 
HVAC s y s t e m s .  R e q u i r e m e n t s  i n c l u d e  d o c u m e n t a t i o n  f o r  
m a i n t e n a n c e  s t a f f .  a s  wel l  a s  a i r  and water  b a l a n c i n g ,  and  
systems t e s t i n g  requirements .  
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THERMAL STANDARD 

2.0 SCOPE 

T h i s  s t anda rd  sets f o r t h  requi rements  f o r  t h e  des ign  of new 
b u i l d i n g s  owned by t h e  S t a t e  of A l a s k a .  The s t a n d a r d  cove r s  
e x t e r i o r  e n v e l o p e s ,  s e l e c t i o n  of t h e  h e a t i n g ,  v e n t i l a t i n g  
and a i r- c o n d i t i o n i n g  (HVAC) system,  s e r v i c e  water sys tems ,  
energy d i s t r i b u t i o n  systems,  i l l u m i n a t i o n  sys tems and o t h e r  
energy consuming equipment. T h i s  s t a n d a r d  cove r s  new s t a t e  
owned b u i l d i n g s  w i t h  e d u c a t i o n a l  and  o f f i c e  o c c u p a n c i e s ,  
and  s i m i l a r  o c c u p a n c i e s  l o c a t e d  i n  a l l  p a r t s  o f  A l a s k a ,  
between 1 2 , 0 0 0  and 150 ,000  g r o s s  square feet. 
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THERMAL STANDARD 

3.0 DEFINITIONS 

Terminology used in this standard conforms to that used in 
the referenced ASHRAE Standard 90A (Reference 1). Section 3 
DEFINITIONS from ASHRAE Standard 90A is included as 
Appendix A. 
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THERMAL STANDARD 

4.0 EXTERIOR ENVELOPE REQUIREMENTS 

4.1 Scope: 

T h i s  s e c t i o n  e s t a b l i s h e s  t h e  minimum t h e r m a l  r equ i rements  of 
t h e  e x t e r i o r  e n v e l o p e  o f  new b u i l d i n g s .  The  e q u a t i o n s ,  
charts ,  and t a b l e s  i n  t h i s  s e c t i o n  are in tended only  f o r  use 
i n  d e f i n i n g  t h e s e  c r i t e r i a .  I n  c a s e s  w h e r e  a s y s t e m  
a n a l y s i s  a p p r o a c h  t o  b u i l d i n g  d e s i g n  i s  d e s i r e d ,  t h e  
requi rements  of Appendix C apply. 

4.2 General: 

4.2.1 T h e  f o l l o w i n g  s u b p a r a g r a p h s  p r o v i d e  minimum 
requi rements  f o r  b u i l d i n g  envelope c o n s t r u c t i o n  i n  
t h e  i n t e res t  of energy conservat ion .  

4.2.2 I n  a d d i t i o n  t o  t h e  c r i t e r i a  s e t  f o r t h  i n  t h i s  
s e c t i o n ,  t h e  p r o p o s e d  d e s i g n  s h o u l d  c o n s i d e r  
energy conse rva t ion  i n  de te rmin ing  t h e  o r i e n t a t i o n  
of t h e  b u i l d i n g  on i t s  s i t e ;  t h e  g e o m e t r i c  s h a p e  
of t h e  bu i ld ing ;  t h e  b u i l d i n g  a s p e c t  r a t i o  ( r a t i o  
of  l e n g t h  t o  w i d t h ) ;  t h e  number of s t o r i e s  f o r  a 
g i v e n  f l o o r  a r e a  r e q u i r e m e n t ;  s h a d i n g  o r  
r e f l e c t i o n s  from a d j a c e n t  s t ruc tures ,  sur rounding 
surfaces o r  v e g e t a t i o n ;  o p p o r t u n i t i e s  for  n a t u r a l  
v e n t i l a t i o n ;  and wind  d i r e c t i o n  and speed. 

Discrete envelope requ i rements  are se t  f o r t h  fo r  
s e v e n  c l i m a t e  z o n e s  of Alaska .  These  z o n e s  a r e  
p resen ted  on F i g u r e  1. 

4.2.2.1 T o  d e v e l o p  t h e  e x t e r i o r  e n v e l o p e  
requirements, t h e  c a l c u l a t i o n  procedures  
and i n f o r m a t i o n  c o n t a i n e d  i n  Chapters  
2 0 - 2 8  o f  t h e  1 9 8 5  A S H R A E  H A N D B O O K ,  
Fundamentals Volume (Reference 2 ) ,  s h a l l  
be  u s e d .  O t h e r  a v a i l a b l e  measured  
t h e r m a l  p e r f o r m a n c e  d a t a  f o r  e n v e l o p e  
s e c t i o n s  ( e i t h e r  f rom l a b o r a t o r y  o r  
f i e l d  d a t a ,  o r  f r o m  e n g i n e e r i n g  
a n a l y s i s )  may be c o n s i d e r e d  e i t h e r  i n  
a d d i t i o n  t o ,  o r  i n  p l a c e  o f ,  t h e  
c r i t e r i a  s e t  f o r t h  i n  t h i s  s e c t i o n  
p r o v i d i n g  e q u a l  and r e p e a t a b l e  r e s u l t s  
can be proven. 
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THERMAL STANDARD 

4.2.2.2 T h e  g r o s s  a r e a  o f  e x t e r i o r  w a l l s  
measured on t h e  e x t e r i o r  c o n s i s t s  of a l l  
opaque wal l  areas ( i n c l u d i n g  founda t ion  
w a l l s  , b e t  w e e n  f 1 o o r  s p a n d r e l  s ,  
p e r i p h e r a l  e d g e s  o f  f l o o r s ,  e tc . )  I 
window a r e a s  ( i n c l u d i n g  sash) ,  and door 
a reas ,  w h i c h  e n c l o s e  a h e a t e d  a n d / o r  
m e c h a n i c a l l y  c o o l e d  s p a c e  ( i n c l u d i n g  
i n t e r s t i t i a l  a reas) .  

4.2-3 A r o o f  a s s e m b l y  s h a l l  b e  c o n s i d e r e d  a s  a l l  
componen t s  of t h e  r o o f / c e i l i n g  e n v e l o p e  t h r o u g h  
w h i c h  h e a t  f l o w s ,  t h u s  c r e a t i n g  a b u i l d i n g  
t r a n s m i s s i o n  h e a t  l o s s  o r  g a i n ,  w h e r e  s u c h  
assembly is exposed t o  outdoor a i r  and e n c l o s e s  a 
heated and/or mechanica l ly  cooled  space. 

4.2.3.1 T h e  g r o s s  a r e a  o f  a r o o f  a s s e m b l y  
c o n s i s t s  of t h e  t o t a l  i n t e r i o r  s u r f a c e  
of  s u c h  a s s e m b l y ,  i n c l u d i n g  s k y l i g h t s  
e x p o s e d  t o  t h e  h e a t e d  a n d / o r  
mechanica l ly  cooled  space. 

4.2.3.2 Where r e t u r n  a i r  c e i l i n g  p lenums  a r e  
e m p l o y e d  t h e  r o o f / c e i l i n g  a s s e m b l y  
s h a l l ,  f o r  t h e r m a l  t r a n s m i t t a n c e  
purposes.  not  i n c l u d e  t h e  c e i l i n g  proper  
nor  t h e  p l e n u m  space a s  p a r t  of t h e  
assembly, and f o r  g r o s s  a r e a  purposes be 
b a s e d  upon t h e  i n t e r i o r  face  of t h e  
upper plenum surface. 

4.2.4 A l l  b u i l d i n g s  t h a t  a r e  hea ted  and/or mechanica l ly  
c o o l e d  s h a l l  b e  c o n s t r u c t e d  t o  p r o v i d e  t h e  
r e q u i r e d  t h e r m a l  p e r f o r m a n c e  o f  t h e  v a r i o u s  
components. 

4.2.4-1 The s ta ted  R-value of any one assembly. 
s u c h  as  r o o f / c e i l i n g ,  wal l  o r  f l o o r ,  may 
be i n c r e a s e d  and t h e  R- value f o r  o t h e r  
components  d e c r e a s e d  p r o v i d e d  t h a t  t h e  
o v e r a l l  h e a t  g a i n  and /o r  l o s s  f o r  t h e  
e n t i r e  b u i l d i n g  envelope does not  exceed 
t h e  t o t a l  r e s u l t i n g  from conformance t o  
t h e  s t a t e d  R-values. 

4-2.4.2 T h e  f o l l o w i n g  d r y  b u l b  t e m p e r a t u r e s  
s h a l l  be u s e d  f o r  c a l c u l a t i o n s  i n  t h i s  
sect i on : 
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Summer 78 degrees F 2.5 % 

4.2.5 A b u i l d i n g  d e s i g n e d  t o  be h e a t e d  and /o r  c o o l e d  
s h a l l  meet t h e  more s t r i n g e n t  of t h e  h e a t i n g  o r  
coo l ing  requi rements  of t h e  e x t e r i o r  envelope as 
provided i n  t h i s  s e c t i o n  when requi rements  d i f f e r .  

4.2.6 The d e s i g n  of b u i l d i n g s  f o r  e n e r g y  c o n s e r v a t i o n  
may i n c r e a s e  t h e  w a t e r  v a p o r  p r e s s u r e  
d i f f e r e n t i a l s  be tween  t h e  i n t e r i o r  and  e x t e r i o r  
e n v i r o n m e n t s .  T h e  use of  v a p o r  r e t a r d e r s  i s  
m a n d a t o r y  f o r  a l l  A laskan  b u i l d i n g s ,  and  a l l  
envelope sys tems s h a l l  be engineered  t o  minimize 
t h e  l e a k a g e  of a i r  and t h e  movement of m o i s t u r e  
through t h i s  vapor retarder.  

4.3 Envelope Criteria: 

4.3.1 Heating: 

4.3.1.1 Walls: Any b u i l d i n g  t h a t  i s  h e a t e d  
and /o r  m e c h a n i c a l l y  c o o l e d  s h a l l  have  
combined  thermal  r e s i s t a n c e  v a l u e s  (R-  
v a l u e s )  f o r  each e n v e l o p e  component  
g r e a t e r  t h a n  o r  equa l  t o  v a l u e s  shown i n  
T a b l e  1. 
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THERMAL STANDARD 

T h e  f o l l o w i n g  e q u a t i o n  i s  t o  be u sed  f o r  d e t e r m i n i n g  
component R-values fo r  wall  s e c t i o n s :  

where 

R 

Ao 

A w a l l  

A f e n e s t r a t i o n  

Adoor 

Rwall 

R f e n e s t r a t i o n  

Rdoor 

t h e  a v e r a g e  t h e r m a l  r e s i s t a n c e  of t h e  
g r o s s  w a l l  a rea ,  hr- sq f t  -deg F/BTU 

t h e  g r o s s  area of e x t e r i o r  w a l l s ,  sq f t  

opaque w a l l  a r e a ,  sq f t  

window a r e a  ( i n c l u d i n g  s a s h ) ,  sq f t  

door a r e a ,  square fee t  

t h e  t h e r m a l  r e s i s t a n c e  of a l l  e l e m e n t s  
of t h e  opaque  w a l l  a rea ,  h r- sq  f t  -deg 
F/BTU 

t h e  t h e r m a l  r e s i s t a n c e  of t h e  window 
a r e a ,  hr- sq f t  -deg F/BTU 

t h e  thermal resistance of t h e  door a rea .  
hr- sq f t  -deg F/BTU 

Note : Where more t h a n  one t y p e  of w a l l .  window and /o r  
door i s  used, t h e  A/R term f o r  t h a t  exposure s h a l l  
be expanded i n t o  i t s  subelements-  

4.3.1.2 Roof/Ceiling. Any b u i l d i n g  t h a t  i s  
h e a t e d  s h a l l  have  a the rmal  r e s i s t a n c e  
v a l u e  (R- value)  f o r  t h e  g r o s s  a r e a  of 
t h e  roof assembly greater  t h a n  o r  equa l  
t o  t h e  v a l u e  shown i n  T a b l e  2. V a l u e s  
s h a l l  be s e l e c t e d  f o r  t h e  c l i m a t i c  
region  of t h e  proposed f a c i l i t y .  
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THERMAL STANDARD 

Equa t ion  2 s h a l l  be  u sed  t o  d e t e r m i n e  
a c c e p t a b l e  c o m b i n a t i o n s  w h e r e  t h e  
d e s i g n e r  e l e c t s  t o  use  a c o n c e p t  
d i f f e r e n t  than  l i s t e d  i n  Table  2- 

DESIGN STANDARDS MANUAL 
PART I SECTION 

FEBRUARY 1987 
PAGE 11 OF 75 



TH
ER

M
A

L 
ST

A
N

D
A

R
D

 

I 
I 

W
I

 
1 I I 1 

a
,

a
c

 
W

W
L

I
 

a, 
c

c
c

 
4

J
4

J
.

U
 

1
1

7
 

0
0

0
 

c
o

u
l

c
o

 

r
-

l
h

l
m

 

D
E

SIG
N

 
ST

A
N

D
A

R
D

S 
M

ANUAL 
PA

R
T

 
I 

SE
C

T
IO

N
 

0
 

m
 

cv 0
 

c a 
-4

 
4J 
1
 

a, 
r-l 
4
 

U
 
0
 

4
 

LI 
a, 
4J 
c 
H

 

l
l

l
L

I
b

4
 

o
a

 
g

z
a

 0
 

C
J 
* 0

 

a, 
a
 

0
 

r-l 
co 
c
 

4J 
LI 
0
 

z 

l-
 

FEBR
U

A
R

Y
 

1987 
PA

G
E 1

2
 O

F
 7

5
 



THERMAL STANDARD 

The  f o l l o w i n g  e q u a t i o n  i s  t o  be used  f o r  d e t e r m i n i n g  
average  the rmal  r e s i s t a n c e  v a l u e s  f o r  combinat ions  of r o o f s  
and s k y l i g h t s .  

Ao 
R = .......................... 

(A/R) roof + (A/R) s k y l i g h t  

where 

R 

A o  

t h e  a v e r a g e  t he rma l  r e s i s t a n c e  of t h e  g r o s s  
r o o f / c e i l i n g  a r e a ,  hr- sq f t  -deg F/BTU 

- - 

= t h e  g r o s s  a rea  of a r o o f / c e i l i n g  a s s e m b l y ,  
sq  f t  

Aroof - opaque r o o f / c e i l i n g  assembly, sq f t  

Asky l igh t  = s k y l i g h t  a r e a  ( i n c l u d i n g  frame), sq f t  

Rroof - - t h e  the rmal  r e s i s t a n c e  of a l l  elements of t h e  
o p a q u e  r o o f / c e i l i n g  a r e a ,  h r - s q  f t  - d e g  
F/BTU 

Rskyl ight  = t h e  t he rma l  r e s i s t ance  of a l l  s k y l i g h t ,  h r -  
sq f t  -deg F/BTU 

Note: Where more t h a n  one  t y p e  of r o o f / c e i l i n g  and /o r  
s k y l i g h t  is used, t h e  A/R terms f o r  t h a t  exposure s h a l l  be 
expanded i n t o  i t s  subelements.  

4.3.1.3 Floors Over Unheated Spaces: The  R- 
v a l u e  s h a l l  be g rea te r  t h a n  o r  e q u a l  t o  
t h e  v a l u e s  shown i n  Table  3. For f l o o r s  
of h e a t e d  spaces o v e r  u n h e a t e d  s p a c e s ,  
i n c l u d i n g  p i l e - suppor ted  f l o o r s .  

For  h e a t e d  crawlspace f o u n d a t i o n s ,  R- 
v a l u e s  f o r  w a l l  i n s u l a t i o n  i n s t a l l e d  on 
e x t e r i o r  of p e r i m e t e r  founda t ion  w a l l s  
s h a l l  be greater  than  o r  equal t o  t h e  R- 
v a l u e  i n  T a b l e  3. 
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THERMAL STANDARD 

4.3.2 Cooling Criteria: Bui ld ing  envelope systems s h a l l  
be  c o n s t r u c t e d  t o  p r e v e n t  o v e r h e a t i n g  t h r o u g h  
a p p r o p r i a t e  m e c h a n i c a l / n a t u r a l  v e n t i l a t i o n  
schemes, and careful  o r i e n t a t i o n  of window areas .  
T h e  use of m e c h a n i c a l  c o o l i n g  i s  p r o h i b i t e d ,  
e x c e p t  i n  t h e  f o l l o w i n g  cases: 

w h e r e  m e c h a n i c a l  c o o l i n g  i s  requi red  t o  
m a i n t a i n  i n t e r i o r  summer t i m e  s p a c e  
temper a t  u r es 

where u s e  of s u c h  c o o l i n g  c a n  be shown t o  
r e s u l t  i n  reduced e n e r g y  c o n s u m p t i o n  f rom 
t h a t  of a n o n m e c h a n i c a l l y  c o o l e d  d e s i g n ,  i n  
accordance w i t h  Appendix B of t h i s  Standard. 

403.3 Air Leakage: 

4.3,3.1 General Requirements: Compl iance  w i t h  
t h e  c r i t e r i a  f o r  a i r  l eakage  s h a l l  be  
d e t e r m i n e d  by A N S I / A S T M  E 283-84. 
S t a n d a r d  Method of T e s t  f o r  R a t e  of A i r  
L e a k a g e  t h r o u g h  E x t e r i o r  Windows,  
C u r t a i n  Walls and Doors  ( R e f e r e n c e  31, 
a t  a p r e s s u r e  d i f f e r e n t i a l  of 1.57 lb/sq 
f t ,  which is e q u i v a l e n t  t o  t h e  effect  of 
a 25 mph wind. 

4.3.3.2 Windows: Windows s h a l l  be  d e s i g n e d  t o  
l i m i t  a i r  leakage; t h e  a i r  i n f i l t r a t i o n  
ra te  s h a l l  not  exceed 0.35 c u  f t / m i n  per 
f o o t  o f  s a s h  c r a c k .  See  S e c t i o n  
4.3.3.1. 

4.3.3.3 Swinging and Overhead Doors: S w i n g i n g  
d o o r s  s h a l l  be used  e x c l u s i v e l y  f o r  
p e r s o n n e l  a c c e s s .  D o o r s  s h a l l  b e  
d e s i g n e d  t o  l i m i t  a i r  leakage. F i t t i n g  
s h a l l  be m a i n t a i n e d  t i g h t ,  w i t h  f u l l  
face weather s t r i p p i n g .  

Overhead d o o r s  s h a l l  be t i g h t  f i t t i n g  
a l o n g  t h e  t o p  and s ides  and  s h a l l  have  
f u l l  face weather s t r i p p i n g  a l o n g  t h e  
bottom. 

T h e r e  i s  c u r r e n t l y  no  s t a n d a r d  f o r  
overhead a c c e s s  doors. 
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THERMAL STANDARD 

4.3.3.4 Caulking and Sealants: E x t e r i o r  j o i n t s  
i n  t h e  b u i l d i n g  e n v e l o p e  t h a t  a r e  
s o u r c e s  of a i r  leakage ( s u c h  a s  a r o u n d  
window and door  f r a m e s ,  b e t w e e n  w a l l  
c a v i t i e s  and window o r  d o o r  f r a m e s ,  
b e t w e e n  w a l l  and f o u n d a t i o n ,  be tween  
w a l l  and  r o o f ,  b e t w e e n  w a l l  p a n e l s ,  a t  
p e n e t r a t i o n s  o r  u t i l i t y  s e r v i c e s  through 
w a l l s ,  f l o o r s  a n d  r o o f s )  s h a l l  b e  
c a u l k e d ,  gasketed,  weather s t r i p p e d ,  o r  
o t h e r w i s e  sealed.  S e a l  j o i n t s  u s i n g  
good c o n s t r u c t i o n  p r a c t i c e s  t h a t  w i l l  
n o t  r e s u l t  i n  t r a p p e d  m o i s t u r e  w i t h i n  
envelope i n s u l a t i o n .  

Vapor Retarders: I n s t a l l  i n t e r i o r  vapor 
r e t a r d e r s  on t h e  warm s i d e  of t h e  w a l l  
s e c t i o n .  Minimize p e n e t r a t i o n s  i n  vapor 
r e t a r d e r .  Where p e n e t r a t i o n s  m u s t  occur  
( such  as around e lec t r i ca l  boxes o r  duct  
p e n e t r a t i o n s ) ,  s e a l  v a p o r  b a r r i e r  w i t h  
cau lk ing  and/or tape. Minimum a l l o w a b l e  
permeance i s  0.06 gr /hr  f t 2  i n c h  Hg. 

Air Barriers: The  use of a i r  b a r r i e r s  
on t h e  c o l d  s ide  of  t h e  e n v e l o p e s  i s  
encouraged .  C a r e f u l l y  s e a l  a r o u n d  a l l  
windows and d o o r  f r a m e s ,  t o  p r o v i d e  a 
smooth  unbroken b a r r i e r  t o  t h e  f l o w  of 
a i r  through envelope components. 
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5.0 HEATING, VENTILATING AND AIR CONDITIONING SYSTEMS: 

5.1 Scope: 

T h i s  s e c t i o n  c o v e r s  d e t e r m i n a t i o n  of  h e a t i n g  and  c o o l i n g  
l o a d s .  d e s i g n  r e q u i r e m e n t s ,  and  c o n t r o l  r e q u i r e m e n t s  f o r  
g e n e r a l  comfor t  a p p l i c a t i o n s  i n  new b u i l d i n g s  where normal ly  
c l o t h e d  p e o p l e  a r e  engaged i n  s e d e n t a r y  o r  n e a r - s e d e n t a r y  
a c t i v i t i e s .  Cr i te r ia  a r e  es tabl ished f o r  i n s u l a t i n g  sys tems  
and f o r  duct  cons t ruc t ion .  

5.2 General: 

T h i s  s e c t i o n  e s t a b l i s h e s  HVAC s y s t e m  r e q u i r e m e n t s  f o r  
e f f e c t i v e  u t i l i z a t i o n  of energy. System c r i t e r i a  developed 
from t h e  r equ i rements  of t h i s  s e c t i o n  may i n f l u e n c e  t h e  type 
of c o n t r o l s  f u r n i s h e d  w i t h  t h e  e q u i p m e n t  se lec ted  i n  
accordance w i t h  s e c t i o n  6. I t  i s  recommended t h a t  t h e  W A C  
s y s t e m  s e l e c t i o n  p r o c e s s  i n c l u d e  a n  a n n u a l  e n e r g y  u s e  
e v a l u a t i o n .  

5.3 Calculation of Heating/Cooling Loads: 

5.3.1 Procedures: 

H e a t i n g  and c o o l i n g  d e s i g n  l o a d s  f o r  t h e  p u r p o s e  
o f  s i z i n g  s y s t e m s  s h a l l  be d e t e r m i n e d  i n  
accordance w i t h  one of t h e  procedures  described i n  
t h e  ASHRAE HANDBOOK 1985 F u n d a m e n t a l s  Volume, 
Chapters  25 and 26 (Reference 2), o r  an e q u i v a l e n t  
computat ion procedure. 

T h e  p r o c e d u r e s  i n  S e c t i o n  4 of t h i s  s t a n d a r d  a r e  
u s e d  f o r  d e t e r m i n i n g  t h e  t h e r m a l  d e s i g n  of t h e  
e x t e r i o r  e n v e l o p e  a n d  a r e  n o t  c o n s i d e r e d  
e q u i v a l e n t  f o r  t h e  purpose of s i z i n g .  

The des ign  pa ramete r s  i n  S e c t i o n  5.3.2 s h a l l  apply 
f o r  a l l  computa t ional  methods. 

5.3.2 Design Parameters: 

The  f o l l o w i n g  des ign  pa ramete r s  s h a l l  be used f o r  
s y s t e m  d e s i g n  l o a d  c a l c u l a t i o n s  f o r  g e n e r a l  
comfor t  a p p l i c a t i o n s .  
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5.3.2.1 

5.3.2.2 

Outdoor Design Conditions: Winte r  and 
summer o u t  door des ign  c o n d i t i o n s  s h a l l  
be se lec ted  f o r  l i s t e d  l o c a t i o n s  i n  
T a b l e  4.  A d j u s t m e n t s  may be made t o  
re f lec t  l o c a l  c l i m a t e s  t h a t  d i f f e r  from 
t h e  t empera tu res  l i s t ed  i n  t h e  Tab le  4 .  
o r  l o c a l  weather exper i ence  may be used 
f o r  l o c a t i o n s  no t  l i s t ed .  

Indoor Design Conditions: Although t h e  
r e c o m m e n d e d  d e s i g n  p o i n t s  a r e  
e s t a b l i s h e d  be low,  t h e  system d e s i g n  
s h o u l d  p e r m i t  o p e r a t i n g  a t  minimum 
energy l e v e l s  and a t  comfor t  c o n d i t i o n s  
c o n s i s t e n t  w i t h  t h e  c r i t e r i a  o f  
A N S I / A S H R A E  S t a n d a r d  5 5- 8 1  " T h e r m a l  
E n v i r o n m e n t a l  C o n d i t i o n s  f o r  Human 
Occupancy" (Reference  4 )  . 
Winter:  

T h e  r e c o m m e n d e d  h e a t i n g  d e s i g n  
c o n d i t i o n  i s  70 degrees F d r y  bu lb .  
I f  h u m i d i f i c a t i o n  i s  p r o v i d e d ,  it 
s h a l l  be  d e s i g n e d  t o  p r o v i d e  a n d  
m a i n t a i n  a maximum r e l a t i v e  humidi ty  
o f  3 0 % ,  measured a t  7 0  deg F s p a c e  
temper a t u r  e. 

Summer: 
Where c o m f o r t  c o o l i n g  i s  r equ i r ed  o r  
used, t h e  recommended d e s i g n  c o n d i t i o n  
i s  78 degrees d r y  b u l b .  The a c t u a l  
d e s i g n  r e l a t i v e  h u m i d i t y  w i t h i n  t h e  
c o m f o r t  e n v e l o p e  a s  d e f i n e d  i n  A N S I /  
A S H R A E  S t a n d a r d  55-81 (Reference 4 )  
s h a l l  be se lec ted  f o r  minimum t o t a l  
e n e r g y  use by t h e  HVAC s y s t e m  when 
c o n s i d e r i n g  a i r  q u a n t i t i e s ,  s y s t e m  
t y p e ,  etc.  

5.3.2.3 Ventilation Standards: The amount  of 
v e n t i l a t i o n  a i r  b r o u g h t  i n t o  t h e  
b u i l d i n g  s h a l l  conform t o  ASHRAE/ANSI  
S tandard  62-81 "Natural and Mechanical 
V e n t i l a t i o n "  ( R e f e r e n c e  5) . T h e  
minimum c o l u m n  f o r  each t y p e  o f  
occupancy s h a l l  be used. 
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THERMAL STANDARD 

Occupancy l e v e l s  used  f o r  comput ing  
o u t s i d e  a i r  q u a n t i t i e s  s h a l l  be based on 
A l a s k a  D e p a r t m e n t  o f  E d u c a t i o n  
g u i d e l i n e s .  O f f i c e  b u i l d i n g s  s h a l l  u s e  
t h e  Uniform B u i l d i n g  Code s e c t i o n  a s  a 
b a s i s  f o r  occupancy ,  m o d i f i e d  by t h e  
d e s i g n e r  t o  r e f l e c t  u l t i m a t e  b u i l d i n g  
o c c u p a n c i e s .  (Depar tures  f r o m  UBC code  
r e q u i r e m e n t s  w i l l  r e q u i r e  w r i t t e n  
a u t h o r i z a t i o n  f rom t h e  a d m i n i s t r a t i v e  
a u t h o r i t y . )  

5 . 3 - 2  . 4 Inf i 1 t r at ion : I n f i l t r a t i o n  q u a n t i  t i e s  
f o r  h e a t i n g  and v e n t i l a t i n g  de s ign  l o a d s  
s h a l l  b e  c a l c u l a t e d  u s i n g  T a b l e  5- 
T h e s e  r a t e s  a r e  t o  be  u s e d  o n l y  f o r  
s i  z i n g  c e n t  r a 1  h e a t  - g e n e r  a t  i o n  
e q u i p m e n t ,  a n d  s h o u l d  be u s e d  i n  
c o n j u n c t i o n  w i t h  s a f e t y  f a c t o r s  a s  
d i c t a t e d  by l o c a l  p r a c t i c e .  P i p e  and 
d u c t  s i z i n g ,  and  s i z i n g  t h e  t e r m i n a l  
h e a t i n g  u n i t  s h a l l  be accomplished us ing  
ASHRAE Handbook 1985 Fundamentals Volume 
( R e f e r e n c e  2) .  

"Tight" c o n s t r u c t i o n  resul ts  from t a k i n g  
e x t r e m e  c a r e  w i t h  v a p o r  a n d / o r  a i r  
r e t a r d e r  c o n s t r u c t i o n ,  minimum window 
a r e a s ,  a n d  d o o r s  on o n e  s i d e  of  t h e  
bu i 1 ding . 
"Medium" c o n s t r u c t i o n  r e s u l t s  f r o m  
t a k i n g  m o d e r a t e  ca re  w i t h  v a p o r  a n d / o r  
a i r  b a r r i e r  c o n s t r u c t i o n ,  and  m e d i u m  
a m o u n t s  o f  window a n d  d o o r  a r e a s  
d i s t r i b u t e d  on t w o  or more w a l l s  of 
b u i l d i n g .  

Where t h e  b u i l d i n g  i s  t o  be s i t u a t e d  i n  
a reas  of known extremes i n  h i g h  wind 
c o n d i t i o n s ,  s u c h  as  A l a s k a ' s  c o a s t a l  
a r e a s ,  a i r  c h a n g e  r a t e s  s h o u l d  b e  

i n  a c c o r d a n c e  w i t h  a d j u s t e d  upward,  
l o c a l  practice. 

5.4 Allowable Systems Design Concepts: 

The i n t e n t  of t h e  s t a n d a r d  i s  t o  mand-te l e v e l s  of b u i l d i n g  
c o n s t r u c t i o n  t o  ach ieve  energy conservat ion .  For A l a s k a ,  a 
good e n e r g y- c o n s e r v i n g  d e s i g n  i n  a n  u r b a n  s e t t i n g  may b e  
t o t a l l y  i n a p p r o p r i a t e  i n  a remote r u r a l  l o c a t i o n .  
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THERMAL STANDARD 

Much of t h e  b u i l d i n g  science used i n  urban s e t t i n g s  a c h i e v e s  
e f f i c i e n t  e n e r g y  c o n s u m p t i o n  t h r o u g h  t h e  use of complex  
eng inee r ing  sys tems t h a t  can require a t e c h n i c a l l y  t r a i n e d  
maintenance s t a f f  throughout  t h e  l i f e  of t h e  b u i l d i n g .  T h i s  
t y p e  of d e s i g n ,  w h i l e  t o t a l l y  a p p r o p r i a t e  f o r  t h e  u r b a n  
s e t t i n g ,  can cause major o p e r a t i n g  problems throughout  t h e  
l i f e  of t h e  r u r a l  b u i l d i n g ,  because of  t h e  d i f f e r e n t  l e v e l  
of  t r a i n i n g  t h a t  o p e r a t o r s  of r u r a l  b u i l d i n g s  t y p i c a l l y  
have. 

T h i s  s e c t i o n  p r e s e n t s  r equ i rements  f o r  t h e  des ign  phi losophy 
of i n t e r i o r  m e c h a n i c a l  s y s t e m s ,  Note t h a t  t h e r e  a r e  t w o  
d i f f e r e n t  c a t e g o r i e s  f o r  b u i l d i n g s ,  URBAN a n d  RURAL 
s e t t i n g s  , 

A d d i t i o n a l  c r i t e r i a  a r e  l e v i e d  i n  t h e  DESIGN CRITERIA 
SECTION of t h i s  manual f o r  b u i l d i n g  design. 

5.4.1 System Applicability: 

The d e s i g n e r  m u s t  r e c o g n i z e  t h e  r e m o t e n e s s  of a 
s i t e  and s p e c i f y  s y s t e m  c o n c e p t  a c c o r d i n g l y ,  
conforming t o  t h e  f o l l o w i n g  cr i te r ia .  

RURAL SETTINGS: 

HVAC sys tems s h a l l  be des igned w i t h  equipment 
t h a t  is simple t o  o p e r a t e ,  and t h a t  p rov ides  
o p p o r t u n i t i e s  f o r  c o n s e r v a t i o n  of e n e r g y  
through a combinat ion of a u t o m a t i c  and manual 
c o n t r o l s .  

P r o v i d e  b u i l d i n g  b l o c k  s y s t e m s ,  where more 
t h a n  one s imp le  s u b s y s t e m  i s  employed,  a s  
o p p o s e d  t o  a s i n g l e  c e n t r a l  s y s t e m  t h a t  
s e r v e s  a number  of d i f f e r e n t  z o n e s  t h r o u g h  
complex and i n t e r r e l a t e d  systems. 

O p p o r t u n i t i e s  f o r  energy conse rva t ion  should  
be  p r o v i d e d  i n  t h e  fo rm of c l e a r l y  marked 
swi t ches ,  and e a s i l y  understood i n s t r u c t i o n s .  

T y p i c a l l y ,  i n  r u r a l  s e t t i n g s ,  o p e r a t o r s  of 
b u i l d i n g s  h a v e  a d e q u a t e  t i m e  f o r  d a i l y  
o p e r a t i o n  of  t h e  b u i l d i n g ,  p r e v e n t i v e  
m a i n t e n a n c e  of t h e  b u i l d i n g ,  and  m o n i t o r i n g  
of s y s t e m s .  S y s t e m s  s h o u l d ,  t h e r e f o r e .  be 
d e s i g n e d  t o  a l l o w  f o r  d a i l y  o r  w e e k l y  
m o n i t o r i n g  by a m a i n t e n a n c e  p e r s o n ,  w i t h  
s imp le  o p e r a t i n g  i n s t r u c t i o n s  and a d e q u a t e  
manual  g a u g e s  and r e a d o u t  d e v i c e s  t h a t  w i l l  
a l l o w  f o r  proper  opera t ion .  
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URBAN SETTINGS: 

D e s i g n  c o n c e p t s  s h o u l d  r e f l e c t  t h e  
a v a i l a b i l i t y  of t r a i n e d  c o n t r o l s  i n s t a l l e r s  
and m a i n t a i n e r s  t h a t  a r e  t y p i c a l l y  p r e s e n t  i n  
u r b a n  a reas  of Alaska .  D e s i g n e r s  may t a k e  
a d v a n t a g e  of n e w e r ,  m o r e  s o p h i s t i c a t e d  
d e s i g n  c o n c e p t s .  T h e  s y s t e m  s h o u l d  b e  
des igned f o r  f u l l y  unat tended o p e r a t i o n -  

5.4.2 Selection of System Concept: 

The d e s i g n e r  s h a l l  e s t a b l i s h  t h e  s y s t e m  d e s i g n  
c o n c e p t  f o r  HVAC b u i l d i n g  s y s t e m s ,  u s i n g  t h e  
f o l l o w i n g  c r i t e r i a :  

1. E s t a b l i s h  t h e  urban o r  ru ra l  c h a r a c t e r  of t h e  
s i t e .  

Determining a v a i l a b l e  f u e l s  on s i t e  f o r  
h e a t  genera t ion .  

Determining a v a i l a b i l i t y  of h e a t i n g  and 
e l e c t r i c a l  e n e r g y  f rom o n - s i t e  t o t a l  
energy systems. 

E s t a b l i s h  t h e  occupancy of t h e  bu i ld ing ,  
t h e  number  of  HVAC z o n e s  a n d  t h e  
o r i e n t a t i o n  of t h e  b u i l d i n g  on t h e  s i te-  

D e t e r m i n i n g  t h e  geographic  l o c a t i o n ,  t o  
i n c l u d e  wind speed and d i r e c t i o n ,  ASHRAE 
d e s i g n  t e m p e r a t u r e s ,  h i g h  o r  l o w  
h u m i d i t y  c o n d i t i o n s ,  and  t h e  expec ted  
a m o u n t s  of  d u s t  a n d  o t h e r  o u t d o o r  
p o l l u t a n t s -  

2. T h e  s y s t e m  c o n c e p t  s h a l l  be se lec ted  t o  u s e  
a v a i l a b l e  f u e l ,  c o n v e r t  t h i s  f u e l  t o  u sab l e  
h e a t  e n e r g y ,  t r a n s p o r t  t h i s  e n e r g y  t o  a l l  
p a r t s  of  t h e  b u i l d i n g ,  a n d  m a i n t a i n  a l l  
s p a c e s  w i t h i n  t empera ture  and v e n t i l a t i o n  
c r i t e r i a ,  as required by t h i s  s tandard .  

3 .  T h e  u s e  of e l e c t r i c  h e a t  i s  p r o h i b i t e d ,  
except where t h e  f o l l o w i n g  c o n d i t i o n s  occur:  

I n  a r e a s  where energy is  a v a i l a b l e  from 
renewable r e s o u r c e s  s u c h  as  hydro. 
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I n  a r e a s  where t o t a l  energy sys tems a r e  
i n  use. and e l e c t r i c  h e a t i n g  i s  a means 
of ma in ta in ing  minimum g e n e r a t o r  o u t p u t s  
f o r  m a i n t e n a n c e .  o r  f o r  l o a d  b a l a n c i n g  
t o  m i n i m i z e  t h e  t o t a l  c o n s u m p t i o n  of  
energy i n  t h e  b u i l d i n g .  

4 .  T h e  HVAC s y s t e m  t h a t  i s  s e l e c t e d  s h a l l  b e  
c a p a b l e  of e s t a b l i s h i n g  t h e  r e q u i r e d  number 
of  occupancy  a n d  t e m p e r a t u r e  c o n t r o l  z o n e s  
w i t h i n  t h e  b u i l d i n g .  

5,403 Use of Heat Recovery: 

A i r - t o - a i r  h e a t  r e c o v e r y  d e v i c e s  f o r  use w i t h  
o u t s i d e  a i r / e x h a u s t  a i r  s y s t e m s  s h o u l d  b e  
c o n s i d e r e d ,  w h e r e  t e c h n i c a l l y  c o m p e t e n t  
m a i n t e n a n c e  s t a f f  a r e  a v a i l a b l e .  P r i o r  t o  
i n c l u s i o n  o f  h e a t  r e c o v e r y  i n  a d e s i g n ,  a n  
e c o n o m i c  a n a l y s i s  o f  t h e  c o n c e p t  s h o u l d  be 
a c c o m p l i s h e d .  T h i s  a n a l y s i s  s h o u l d  i n c l u d e  
e v a l u a t i o n  of t o t a l  a n n u a l  amount s  of e n e r g y  
r e c o v e r e d  ( s a v i n g s )  a n d  t h e  t o t a l  c o s t  of  
i n s t a l l i n g  and o p e r a t i n g  t h e  system. System des ign  
c o n c e p t s  s h a l l  i n c l u d e  a means of c o n t r o l l i n g  
f r o s t  b u i l d  up and w a t e r / f r o s t  removal on exhaus t  
a i r  stream sur faces .  

5.5 Controls Design Concepts: 

C o n t r o l  s y s t e m s  f o r  h e a t i n g  and v e n t i l a t i n g  s y s t e m s  s h a l l  
r e f l e c t  t h e  r u r a l  o r  u r b a n  s e t t i n g  of t h e  b u i l d i n g ,  and  
s h a l l  provide  f o r  basic temperature and v e n t i l a t i o n  c o n t r o l  
f o r  t h e  b u i l d i n g ,  a s  descr ibed  h e r e i n .  I t  i s  t h e  i n t e n t  of  
t h e  s t anda rd  t h a t  t h e  a v a i l a b i l i t y  of competent maintenance 
and r e p a i r  personnel  be cons idered  when des ign ing  c o n t r o l s .  

Where c o m p e t e n t  m a i n t e n a n c e  and r e p a i r  p e r s o n n e l  a r e  
a v a i l a b l e ,  more s o p h i s t i c a t e d  c o n t r o l s  may be used. For 
s m a l l e r  f a c i l i t i e s  a t  r e m o t e  l o c a t i o n s ,  c o n t r o l  s e q u e n c e s  
m u s t  be s i m p l i f i e d .  

5.5.1 Temperature Controls: 

A l l  urban b u i l d i n g s  w i t h  s i z e s  greater than  50,000 
g r o s s  square f e e t  i n  s i z e  s h a l l  be f i t t e d  w i t h  a 
d i r e c t  d i g i t a l  c o n t r o l  sys tem.  Rural b u i l d i n g s  
s h a l l  be f i t t e d  w i t h  e l e c t r i c  o r  p n e u m a t i c  
c o n t r o l s .  DDC c o n t r o l s  may be employed i f  l o c a l  
m a i n t e n a n c e  s t a f f  a r e  j u d g e d  ab l e  t o  o p e r a t e  DDC 
s y s t e m s ,  a n d  power q u a l i t y  c o n t r o l  e q u i p m e n t  i s  
i n s t a l l e d  t o  p r o t e c t  system e l e c t r o n i c s .  
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Each s y s t e m  s h a l l  be p r o v i d e d  w i t h  a t  l e a s t  
o n e  t h e r m o s t a t  f o r  t h e  r e g u l a t i o n  o f  
temper a t  u r  e. 

Zone Controls: 

T h e  s u p p l y  of h e a t i n g  a n d / o r  c o o l i n g  e n e r g y  
t o  each z o n e  s h a l l  b e  c o n t r o l l e d  by  a n  
i n d i v i d u a l  t h e r m o s t a t  o r  t empera tu re  sensor  
l o c a t e d  w i t h i n  each t empera tu re  c o n t r o l  zone. 

Conventional Control System Thermostats: 

Each t h e r m o s t a t  s h a l l  be capab le  of be ing  set 
by a d j u s t m e n t  o r  s e l e c t i o n  of s e n s o r s  a s  
f o l l o w s  : 

a. Where u s e d  t o  c o n t r o l  h e a t i n g  o n l y :  55 

b. Where u s e d  t o  c o n t r o l  c o o l i n g  o n l y :  70  

t o  7 5  degrees F. 

t o  85 degrees F. 

c. Where u s e d  t o  c o n t r o l  b o t h  h e a t i n g  a n d  
c o o l i n g ,  each t h e r m o s t a t  s h a l l  b e  
c a p a b l e  of b e i n g  s e t  f r o m  5 5  t o  85  
d e g r e e s  F a n d  s h a l l  be  c a p a b l e  o f  
o p e r a t i n g  t h e  system h e a t i n g  and c o o l i n g  
i n  sequence .  The t h e r m o s t a t  a n d / o r  
c o n t r o l  system s h a l l  have an a d j u s t a b l e  
d e a d b a n d  o f  u p  t o  1 0  d e g r e e s  F. 
Deadband i s  d e f i n e d  a s  t h e  t e m p e r a t u r e  
r a n g e  i n  w h i c h  no h e a t i n g  o r  c o o l i n g  
energy is used. 

5-5-2 Humidity Control: 

I f  a s y s t e m  is  e q u i p p e d  w i t h  a means f o r  a d d i n g  
m o i s t u r e  t o  m a i n t a i n  s p e c i f i c  selected r e l a t i v e  
h u m i d i t i e s  i n  spaces  o r  zones. a h u m i d i s t a t  s h a l l  
be  p r o v i d e d .  T h i s  d e v i c e  s h a l l  be c a p a b l e  o f  
b e i n g  se t  t o  p r e v e n t  new e n e r g y  f rom b e i n g  used  t o  
produce space  r e l a t i v e  humidi ty  above 3 0  percent .  

5.5.3 Zoning: 

A t  l eas t  one t h e r m o s t a t  o r  temperature sensor  f o r  
r e g u l a t i o n  of space  t empera tu re  s h a l l  be provided 
f o r :  

1. Each s e p a r a t e  system- 

2.  Each s e p a r a t e  zone. 
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A l l  b u i l d i n g  a r e a s  t h a t  have a separate exposure 
t o  e x t e r i o r  envi ronmenta l  l o a d s  o r  i n t e r n a l  loads 
s h a l l  be cons idered  as  a separate zone. 

5.5.4 Controls Setback and Shutoff: 

Each s y s t e m  s h a l l  be e q u i p p e d  w i t h  a r e a d i l y  
a c c e s s i b l e  means of  s h u t t i n g  o f f  o r  r e d u c i n g  t h e  
energy used dur ing  p e r i o d s  of nonuse o r  a l te rna te  
uses of t h e  b u i l d i n g  spaces  o r  zones se rved  by t h e  
system. The f o l l o w i n g  meet t h i s  requirement:  

1. S e p a r a t e l y  powered  t ime c l o c k s  w i t h  s p r i n g  
p o w e r  b a c k u p  t h a t  w i l l  a l l o w  t i m e r  t o  
c o n t i n u e  t o  f u n c t i o n  d u r i n g  power fai lures.  

2. Mult ichannel  d i g i t a l  schedu l ing  c o n t r o l l e r s ,  
w i t h  b a t t e r y  backup f o r  s chedu l ing  programs. 

3 .  S e t b a c k  s c h e d u l e s  p r o v i d e d  by s o f t w a r e  
p r o g r a m m i n g  i n  d i r e c t  d i g i t a l  c o n t r o l  
systems. 

5.5.5 Ventilation Control Sequencing: 

V e n t i l a t i o n  a i r  h a n d l e r s  employing o u t s i d e  a i r  f o r  
c o o l i n g  s h a l l  be  p r o v i d e d  w i t h  t h e  f o l l o w i n g  
minimum c o n t r o l  sequencing: 

1. O u t s i d e  and r e t u r n  a i r  dampers s h a l l  modulate 
t o  main ta in  mixed a i r  tempera ture .  

2. O u t s i d e  a i r  d a m p e r  s h a l l  h a v e  minimum 
p o s i t i o n e r  t o  p r o v i d e  m i n i m u m  amount  of 
o u t s i d e  a i r  f o r  v e n t i l a t i o n .  

3 .  O u t s i d e  a i r  dampers s h a l l  c y c l e  t o  minimum 
p o s i t i o n  p r i o r  t o  c o n t r o l  v a l v e  o p e n i n g  on 
a i r  handl ing  tempering c o i l .  

5.5.6 Use of Economizer Cycle: 

Each v e n t i l a t i o n  s y s t e m  s h a l l  be d e s i g n e d  t o  
a u t o m a t i c a l l y  u s e  u p  t o  1 0 0 %  of t h e  f a n  s y s t e m  
c a p a c i t y  f o r  coo l ing  w i t h  outdoor a i r -  

Exceptions: C o o l i n g  w i t h  o u t d o o r  a i r  i s  n o t  
r e q u i r e d  under  any one o r  more of t h e  f o l l o w i n g  
c o n d i t i o n s :  
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W h e n  e n e r g y  r e c o v e r e d  f r o m  a n  
i n t e r n a l / e x t e r n a l  zone hea t  recovery system 
exceeds t h e  e n e r g y  c o n s e r v e d  by o u t d o o r  a i r  
c o o l i n g  on an annual  bas i s .  

When s p a c e  c o o l i n q  i s  accompl ished by a 
c i r c u l a t i n g  l i q u i d  which t r a n s f e r s  space  heat 
d i r e c t l y  o r  i n d i r e c t l y  t o  a h e a t  r e j e c t i o n  
dev ice  ( such  a s  a coo l ing  tower)  wi thou t  t h e  
use of a ref r i g e r a t i o n  system. 

I n  a r e a s  r e q u i r i n g  h u m i d i f i c a t i o n  or c lean  
e n v i r o n m e n t s ,  where  t h e  u s e  of o u t s i d e  a i r  
w i l l  i n c r e a s e  h u m i d i f i c a t i o n  l o a d  beyond t h a t  
saved by t h e  r educ t ion  i n  mechanical cool ing .  

5.5.7 Scheduling Outside Air Ventilation: 

Each mechanical  v e n t i l a t i o n  system (supply and/or 
e x h a u s t )  s h a l l  b e  e q u i p p e d  w i t h  a c o n t r o l  
c a p a b i l i t y  f o r  t h e  s h u t o f f  or volume r e d u c t i o n  of 
o u t s i d e  a i r  v e n t i l a t i o n ,  when v e n t i l a t i o n  i s  n o t  
r e q u i r e d .  A u t o m a t i c  powered d a m p e r s  t h a t  c l o s e  
when t h e  system i s  n o t  o p e r a t i n g  s h a l l  be provided 
f o r  o u t d o o r  a i r  i n t a k e s  and  e x h a u s t s .  Dampers 
i n s t a l l e d  t o  s h u t  o f f  o u t s i d e  a i r  i n t a k e s  a n d  
e x h a u s t s  f o r  v e n t i l a t i o n  sys tems  s h a l l  be des igned 
w i t h  t i g h t  s h u t o f f  charac ter i s t ics  t o  minimize a i r  
l e a k a g e .  A l l  b u i l d i n g  r e l i e f s  s h a l l  be f i t t e d  
w i t h  low l e a k a g e  b a c k d r a f t  dampers  and a two- 
p o s i t i o n  s h u t o f f  damper t h a t  i s  normal ly  open and 
t h a t  c l o s e s  when power t o  t h e  f a n  is withdrawn. 

Exception: Motorized dampers a r e  no t  r e q u i r e d  on 
e x h a u s t  a i r  o u t l e t s  where exhaus t  a i r  f low is  less 
than  1 2 0 0  CFM. 

5.5.8 Requirement for Separate Systems: 

1. S e p a r a t e  occupancy  z o n e s  ( t h a t  is ,  s p a c e s  
t h a t  a r e  e x p e c t e d  t o  o p e r a t e  u n d e r  
s u b s t a n t i a l l y  d i f f e r e n t  o p e r a t i n g  schedu les )  
e i ther  s h a l l  be se rved  by separate sys tems o r  
o f f - h o u r  c o n t r o l s  s h a l l  be p r o v i d e d  i n  
a c c o r d a n c e  w i t h  S e c t i o n  5.5.4. For t h e  
p u r p o s e s  of t h i s  s e c t i o n ,  spaces s h a l l  be 
c o n s i d e r e d  t o  o p e r a t e  under  s u b s t a n t i a l l y  
d i f f e r e n t  o p e r a t i n g  s c h e d u l e s  i f  t h e y  a r e  
expected t o  o p e r a t e  n o n- s i m u l t a n e o u s l y  f o r  
750 o r  more hours  per year.  
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2 .  S p a c e s  w i t h  s p e c i a l  process t e m p e r a t u r e  
and/or humidi ty  r equ i rements  s h a l l  be served 
by s e p a r a t e  systems from t h o s e  s e r v i n g  spaces 
r e q u i r i n g  o n l y  c o m f o r t  h e a t i n g  and c o o l i n g ,  
o r  s h a l l  i n c l u d e  s u p p l e m e n t a r y  p r o v i s i o n  s o  
t h a t  t h e  p r i m a r y  s y s t e m  may be  s p e c i f i c a l l y  
c o n t r o l l e d  f o r  comfort  purposes.  

3 .  S e p a r a t e  s y s t e m s  s h a l l  be c o n s i d e r e d  f o r  
a reas  of t h e  b u i l d i n g  h a v i n g  s u b s t a n t i a l l y  
d i f f e r e n t  h e a t i n g  o r  c o o l i n g  l o a d  
c h a r a c t e r i s t i c s ,  s u c h  a s  p e r i m e t e r  z o n e s  i n  
c o n t r a s t  t o  i n t e r i o r  spaces.  

5.5.9 Energy Management Requirements: 

A l l  b u i l d i n g s  s h a l l  be d e s i g n e d  w i t h  c o n t r o l  
s y s t e m s  t h a t  i n c l u d e  a d e q u a t e  c o n t r o l s ,  a n d  
adequate  moni tor ing  equipment t h a t  w i l l  a l l o w  t h e  
b u i l d i n g  o p e r a t o r  t o  c o n t i n u o u s l y  m o n i t o r  t h e  
f u n c t i o n i n g  of b u i l d i n g  systems. 

T h e  p r o c e s s  o f  e n e r g y  m a n a g e m e n t  h i n g e s  on 
i n s t a l l  a t  i o n  of e r g o n o m i c a l l y  adequate c o n t r o l s ,  
and  on t h e  a b i l i t y  of t h e  b u i l d i n g  o p e r a t o r  t o  
u n d e r s t a n d  how t h e  b u i l d i n g  o p e r a t e s .  a n d  t o  be 
a b l e  t o  i n t e l l i g e n t l y  o p e r a t e  t h e  b u i l d i n g  
c o n t r o l s  t o  m a i n t a i n  space t e m p e r a t u r e  c o n d i t i o n s  
and energy e f f i c i e n c y .  

5.5.9.1 URBAN SETTING: 

For  b u i l d i n g s  g r e a t e r  t h a n  5 0 , 0 0 0  S F  i n  
s i z e ,  a l l  c o n t r o l  s h a l l  be v i a  d i r e c t  
d i g i t a l  c o n t r o l s .  F o r  s m a l l e r  
b u i l d i n g s ,  t h e  d e s i g n e r  h a s  t h e  o p t i o n  
of u s i n g  o t h e r  t y p e s  of c o n t r o l s .  

B u i l d i n g s  s h a l l  h a v e  t h e  f o l l o w i n g  
m i n  i m um com ponen t s : 

Building Control: C l e a r l y  marked 
c o n t r o l s  f o r  each m a j o r  p i e c e  of 
e q u i p m e n t .  (May b e  H- O- A w i t h  
i n d i c a t o r s  a t  motor c o n t r o l  centers 
f o r  DDC.) 

Manual Monitoring: 

T h e r m o m e t e r s  a n d  f l o w  
i n d i c a t o r s  f o r  h y d r o n i c  and 
a i r  systems. 
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S t a t u s  a n d  a n n u n c i a t i o n  
l i g h t s .  ( O p t i o n a l  f o r  D D C  
sys tems where t h i s  is suppl ied  
a t  a CdT terminal.) 

V i s u a l  d i s p l a y  of a l l  damper 
p o s i t i o n s  f o r  a l l  a i r  
h a n d l e r s  . 
I n d i c a t o r  l i g h t s  f o r  t h e  
o p e r a t i o n  o f  m a n u a l l y  
c o n t r o l l e d  e x h a u s t  and make-up 
a i r  f a n s .  

B o i l e r  d r a f t  and stack temper- 
a t u r e  gauges. 

Automatic Monitoring 

Non-DDC Systems: Provide  c e n t r a l -  
i z e d  c o n t r o l  panel w i t h  readout  f o r  
a l l  h e a t i n g  a n d  v e n t i l a t i o n  
systems. 

DDC Systems: Provide s o f t w a r e  both 
f o r  c o n t r o l ,  and  m o n i t o r i n g  and 
a l a r m  a n n u n c i a t i o n .  t h a t  h a s  t h e  
c a p a b i l i t y  f o r  a u t o  d i a l  modems. 
Sof tware  s h a l l  i n c l u d e  menu-driven 
s o f t w a r e  t h a t  w i l l  a l l o w  access t o  
a 1  1 b u i l d i n g  c o n t  r ol p a r a m e t e r s ,  
and  a n  a n n u n c i a t i o n  d i s p l a y  t h a t  
a l l o w s  c e n t r a l  m o n i t o r i n g  t h e  
s t a t u s  of b u i l d i n g  systems. 

Metering: C a p a b i l i t y  of m e a s u r i n g  t h e  
consumption of energy f o r  t h e  f a c i l i t y .  
Electrical  consumption s h a l l  be measured 
f o r  t h e  t o t a l  f a c i l i t y  by a s i n g l e  
s e r v i c e  meter- Heat ing energy s h a l l  be 
measured as  f o l l o w s :  

Fuel Oil: Record of f i l l i n g .  

Steam: Metering on s team s e r v i c e ,  
v o r t e x  shedding, or i n l i n e  t u r b i n e -  
(Condensate me te r ing  no t  allowed.) 

Coal: Tons de l ive red .  

Natural Gas: m m c f  ( U t i l i z e  t o t a l -  
i z i n g  meter. by s e r v i n g  u t i l i t y )  

Electricity: K W H ,  by s e r v i n g  
u t i l i t y .  
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W h e r e  t h e  b u i l d i n g  i s  s e r v e d  b y  a 
d i s t r i c t  s t e a m  o r  h o t  water s o u r c e ,  
p rov ide  me te r ing  f o r  o v e r a l l  d e l i v e r y  of 
heat energy. 

5-5.9-2 RURAL SETTING: 

A l l  b u i l d i n g s  s h a l l  t h e  m i n i m u m  
c o n t r o l s  : 

Building Controls: C l e a r l y  marked 
c o n t r o l s  f o r  each m a j o r  p i e c e  of 
equipment e 

Manual Monitoring: 

Thermometers. p r e s s u r e  gauges, 
a n d  f l o w  i n d i c a t o r s  f o r  
hydronic  and a i r  systems. 

S t a t u s  and d i s p l a y  l i g h t s .  

V i s u a l  d i s p l a y  of o u t s i d e  a i r  
damper p o s i t i o n s  f o r  a l l  a i r  
handlers .  

I n d i c a t o r  l i g h t s  f o r  t h e  
o p e r a t i o n  o f  m a n u a l l y  
c o n t r o l l e d  exhaus t  and make-up 
a i r  f a n s .  

B o i l e r  d r a f t  and s t a c k  temper- 
ature  gauges. 

Automatic Monitoring: 

P r o v i d e  l i m i t e d  c e n t r a l  
m o n i t o r i n g  p a n e l  w i t h  s t a t u s  
l i g h t s  f o r  a l l  c r i t i c a l  
s y s t e m  s . 

Energy Metering: 

P r o v i d e  a means of  r e c o r d i n g  
monthly consumption of energy, 
b o t h  e l e c t r i c a l  a n d  h e a t  
energy, as  f o l l o w s :  

E l e c t r i c a l  e n e r g y  con- 
sumpt ion ,  ( s t andard  serv-  
ice meter-) 
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Heat ing f u e l  consumption. 
( P r o v i d e  f u e l  l e v e l  
g a u g e ;  t o  a l l o w  
monitor ing.  Use lock ing  
cap t o  p reven t  p i l f e r i n g .  
C o n s u m p t i o n  m a y  b e  
d e t e r m i n e d  f r o m  f i l l  
r ecords  . ) 
Gas consumpt ion .  (Meter 
provided by gas  u t i l i t y . )  

V i s u a l  d i s p l a y  o f  a l l  
damper p o s i t i o n s .  

Run time f o r  b o i l e r s .  

During b o i l e r  setups,  p rov ide  
means f o r  e s t a b l i s h i n g  t h e  
f l o w  r a t e  of  f u e l  w i t h  n o z z l e  
supply pressure- 

Generator Waste Heat Utilization Systems: 

Where t h e  f a c i l i t y  i s  t i e d  t o  a waste 
heat  ext ract ion sys tem (such as a jacket 
w a t e r  h e a t  e x t r a c t i o n  s y s t e m ) ,  t h e  
des ign  s h a l l  a l l o w  easy  d i sconnec t ion  of 
w a s t e  h e a t  s y s t e m s  f rom t h e  p r i m a r y  
h e a t i n g  sys tems of t h e  bui ld ing .  

P r o v i d e ,  a s  a m i n i m u m ,  t h e  f o l l o w i n g  
metering c a p a b i l i t y  f o r  energy f low: 

H e a t  f l o w  r a t e  a n d  c u m u l a t i v e  
d e l i v e r y  of heat  energy from was te  
heat source t o  bui ld ing .  

5.6 Transport Energy: 

5.6.1 General: 

Mechanical sys tems s h a l l  be des igned t o  minimize 
t h e  consumption of e l ec t r i ca l  energy i n  t h e  energy 
c o n v e r s i o n  and t r a n s p o r t a t i o n  s y s t e m  w i t h i n  t h e  
b u i l d i n g  . 
Water and g l y c o l  d i s t r i b u t i o n  s y s t e m s  s h a l l  be 
designed t o  accommodate a l l  p o t e n t i a l  d i v e r s i t i e s  
t h a t  c a n  be e x p e c t e d  b e t w e e n  l o a d s  i n  t h e  
b u i l d i n g  . 
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Larger  s y s t e m s  s h a l l  be d e s i g n e d  w i t h  a r e v e r s e  
re turn ,  t o  minimize t h e  use of ba lance  v a l v e s  f o r  
c o n t r o l l i n g  system pressure. 

Primary secondary sys tems s h a l l  be used t o  a l l o w  
f o r  h i g h  t e m p e r a t u r e  d r o p s ,  and  l o w e r  pressure 
l o s s e s .  wherever poss ib le .  

5 - 6 - 2  Constant Volume Fan Systems: 

For supply and r e t u r n  f a n  systems which  provide  a 
c o n s t a n t  a i r  v o l u m e  w h e n e v e r  t h e  f a n s  a r e  
o p e r a t i n g ,  t h e  power required by t h e  prime movers 
f o r  t h e  combined system a t  des ign  c o n d i t i o n s  s h a l l  
n o t  exceed 1.0 W/CFM. 

5.6.3 Variable Air Volume (VAV) Fan Systems: 

For s u p p l y  and r e t u r n  f a n  s y s t e m s  w h i c h  a r e  a b l e  
t o  v a r y  s y s t e m  a i r  volume a u t o m a t i c a l l y  a s  a 
f u n c t i o n  of  l o a d ,  t h e  power r e q u i r e d  by t h e  f a n  
prime movers  f o r  t h e  combined s y s t e m  a t  d e s i g n  
c o n d i t i o n s  s h a l l  not  exceed 1.4 W/CFM. 

5.6.4 Volume Controls: 

One of t h e  f o l l o w i n g  s h a l l  be i n s t a l l e d  t o  c o n t r o l  
a n d  m o d u l a t e  VAV f a n s  w i t h  m o t o r s  1 0  h p  a n d  
l a r g e r .  C o n s i d e r a t i o n  s h a l l  be g i v e n  t o  one of 
t h e  f o l l o w i n g  f o r  VAV sys tems  w i t h  motors  of less  
than  1 0  hp r a t i ng .  

Vane-axial f a n s  w i t h  au toma t i c  v a r i a b l e  p i t c h  
blades. 

Mechanical or electrical speed drives, such  as AC 
v a r i a b l e  f r e q u e n c y  d r i v e s ,  DC v a r i a b l e  v o l t a g e  
d r i v e s .  

Other d e v i c e s  t h a t  provide  p a r t  load  performance 
e q u i v a l e n t  o r  bet ter  than  t h e  above devices.  

5-7 Piping Insulation: 

A l l  p ip ing  i n s t a l l e d  t o  s e r v e  b u i l d i n g s  and w i t h i n  b u i l d i n g s  
s h a l l  be t h e r m a l l y  i n s u l a t e d  i n  a c c o r d a n c e  w i t h  T a b l e  6. 
(For s e r v i c e  water  h e a t i n g  sys tems see S e c t i o n  7.) 

Exceptions: P ip ing  i n s u l a t i o n  is no t  r e q u i r e d  i n  any of t h e  
f o l l o w i n g  cases: 

1. Piping  i n s t a l l e d  w i t h i n  HVAC equipment- 
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THERMAL STANDARD 

2.  Pip ing  a t  f l u i d  temperatures between 55 t o  1 0 5  degrees 
F )  9 

3 .  When t h e  hea t  l o s s  and /o r  h e a t  g a i n  of t h e  p i p i n g ,  
w i t h o u t  i n s u l a t i o n ,  d o e s  n o t  i n c r e a s e  t h e  e n e r g y  
r equ i r emen t s  of t h e  bu i ld ing .  

5m7.1 Other Insulation Thicknesses: 

I n s u l a t i o n  t h i c k n e s s e s  i n  T a b l e  6 a r e  based  on 
i n s u l a t i o n  having thermal r e s i s t i v i t y  i n  t h e  range 
of  4.0 t o  4.6 hrs- sq  f t  -deg F/BTU-inches on a 
f l a t  s u r f a c e  a t  a mean temperature  o f  7 5  degrees  
F. Minimum i n s u l a t i o n  t h i c k n e s s  s h a l l  be 
i n c r e a s e d  f o r  materials  having R-values less than  
4.0 hrs- sq f t  -deg F/BTU-inches, o r  may be reduced 
f o r  m a t e r i a l s  h a v i n g  R- values  g r e a t e r  t h a n  4.6 
hrs-sq f t  -deg F/BTU-inches. 

1. F o r  m a t e r i a l s  w i t h  t h e r m a l  r e s i s t i v i t y  
g r e a t e r  t h a n  4.6 hrs- sq f t  -deg F/BTU-inches 
t h e  minimum i n s u l a t i o n  t h i c k n e s s  may be 
deduced as  fo l lows :  

4.6 x TT 

A c t u a l  R 
N e w  Minimum Thickness  = ---------- 

where: TT = Table 6 I n s u l a t i o n  Thickness  

2 .  For materials  w i t h  thermal r e s i s t i v i t y  less 
t h a n  4.0 h r s- s q  f t  -deg F/BTU-inches, t h e  
minimum i n s u l a t i o n  t h i c k n e s s  s h a l l  b e  
i n c r e a s e d  as fo l lows :  

4.0  x TT 

A c t u a l  R 
N e w  Minimum Thickness  = ---------- 

where: TT = Table 6 I n s u l a t i o n  Thickness  

5.7.1.1 The required minimum t h i c k n e s s e s  do n o t  
c o n s i d e r  c o n d e n s a t i o n .  A d d i t i o n a l  
i n s u l a t i o n  w i t h  vapor  r e t a r d e r s  may be 
r e q u i r e d  t o  p r e v e n t  c o n d e n s a t i o n  unde r  
some condi t ions .  

5 ,8  Insulation of Air Handling System: 

A l l  d u c t s ,  p l e n u m s  a n d  e n c l o s u r e s  i n s t a l l e d  i n  o r  on 
b u i l d i n g s  s h a l l  be t h e r m a l l y  i n s u l a t e d  as  fo l lows .  
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A l l  d u c t  s y s t e m s ,  o r  p o r t i o n s  t h e r e o f ,  s h a l l  be  
i n s u l a t e d  t o  p r o v i d e  a thermal  r e s i s t a n c e ,  e x c l u d i n g  
f i l m  resistances, of 

R = Delta T/15 hrs- sq  f t  -deg F/BTU 

where  Delta T i s  t h e  d e s i g n  temperature  d i f f e r e n t i a l  
be tween  t h e  a i r  i n  t h e  d u c t  a n d  t h e  d u c t  su r face  i n  
degrees F. 

Ranges of R-values a re  presented i n  Table  7. 

Exceptions: D u c t  i n s u l a t i o n  is no t  required i n  any of t h e  
f o l l o w i n g  cases :  

1. Where Delta T is 15 degrees F o r  less. 

2. D u c t s  i n  c r a w l  s p a c e s  s h a l l  b e  
i n s u l a t e d ,  e x c e p t  whe re  d u c t  hea t  l o s s  
i s  r e q u i r e d  t o  o f f s e t  crawl s p a c e  h e a t  
loss. 

3 .  When t h e  heat g a i n  o r  l o s s  of t h e  duc t s ,  
w i t h o u t  i n s u l a t i o n ,  w i l l  n o t  i n c r e a s e  
t h e  energy requ i rements  of t h e  b u i l d i n g .  

4 .  Within W A C  equipment.  

5. Exhaus t  a i r  duc t s .  except w i t h i n  heated 
e n v e l o p e  downs t ream of s h u t - o f f / b a c k  
d r a f t  dampers. 

5.8.1 The r e q u i r e d  thermal r e s i s t a n c e s  do no t  c o n s i d e r  
c o n d e n s a t i o n .  A d d i t i o n a l  i n s u l a t i o n  w i t h  vapor  
barr iers  may be r e q u i r e d  t o  p reven t  condensa t ion  
under some condi t ions .  

5.9 Duct Construction: 

A l l  ductwork s h a l l  be c o n s t r u c t e d  and erected i n  accordance 
w i t h  t h e  f o l l o w i n g  S h e e t  M e t a l  a n d  A i r  C o n d i t i o n i n g  
C o n t r a c t o r s  Na t iona l  Associa t ion .  Inc. (SMACNA) S tandards :  

1. W A C  D u c t  Cons t ruc t ion  Standards .  Metal and F l e x i b l e ,  
1985 

2- HVAC D u c t  Leakage T e s t  Manual, 1985. 

3 .  Fibrous  Glass  D u c t  Cons t ruc t ion  S tandards ,  5 t h  E d i t i o n ,  
1979. 

5.9.1 D u c t w o r k  d e s i g n e d  t o  o p e r a t e  a t  p r e s s u r e  
d i f f e r e n c e s  g r e a t e r  t h a n  3 i n c h e s  W. G. s h a l l  be 
tested and be i n  conformance w i t h  t h e  r equ i rements  
of t h e  W A C  Duct Leakage Manual. 
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THERMAL STANDARD 

5.9.2 Ductwork s h a l l  n o t  be l o c a t e d  o u t s i d e  of t h e  
heated t h e r m a l  envelope, except  f o r  i n s u l a t e d  and 
s e a l e d  o u t s i d e  and e x h a u s t  a i r  ducts .  

5.9.3 A l l  d u c t w o r k  s h a l l  be c o n s t r u c t e d  i n  a c c o r d a n c e  
w i t h  t h e  recommendations of t h e  SMACNA HVAC Duct  
Cons t ruc t ion  Standard. 

5.10 System Testing and Balancing: 

5.10.1 Testing : 

T h e  system s h a l l  be f u l l y  t e s t e d  f o r  c o r r e c t  
o p e r a t i o n  i n  a c c o r d a n c e  w i t h  t h e  d e s i g n .  T h i s  
t e s t  s h a l l  i n c l u d e  a f u l l  i n s p e c t i o n  o f  a l l  
i n s t a l l e d  e q u i p m e n t ,  a n d  o p e r a t i o n  o f  t h i s  
equipment under a l l  expected o p e r a t i n g  c o n d i t i o n s  
t h a t  may p r a c t i c a l l y  be dup l i ca t ed  a t  t h e  time of 
i n s p e c t i o n .  

5.10.2 Balancing: 

A l l  c o n t r o l  e q u i p m e n t  s h a l l  be  t e s ted ,  a n d  a l l  
pumps, f a n s  and o t h e r  motor d r i v e n  equipment s h a l l  
be operated.  

T h e  s y s t e m  d e s i g n  s h a l l  p r o v i d e  m e a n s  f o r  
b a l a n c i n g  t h e  B u i l d i n g  HVAC System. D e t a i l e d  
requ i rements  s h a l l  be  i n c l u d e d  i n  t h e  d e s i g n  
documents t h a t  w i l l  accomplish t h e  fo l lowing.  

1. P r o v i d e  f o r  t h e  measurement and  r e c o r d  of 
o p e r a t i n g  pa ramete r s  of a l l  energy consuming 
mechanical  equipment. 

2. P r o v i d e  v e r i f i c a t i o n  t h a t  a l l  e q u i p m e n t  
i n s t a l l e d  i s  o p e r a t i n g  i n  t h e  m a n n e r  
predic ted  i n  t h e  design.  

5.10.3 Maintenance Documents: 

A f u l l  and c o m p l e t e  m a i n t e n a n c e  and o p e r a t i o n s  
manual s h a l l  be a p a r t  of t h e  des ign  requirements .  
T h i s  document  s h a l l  r e q u i r e  t h e  c Q n s t r u c t i o n  
c o n t r a c t o r  t o  a s s e m b l e  c o m p l e t e  e q u i p m e n t  
l i t e r a t u r e  f o r  a l l  energy-consuming components i n  
t h e  b u i l d i n g ,  and  a f u l l  s e t  of c o n t r o l  s y s t e m  
e q u i p m e n t  componen t s -  s t a r t - u p  and o p e r a t i n g  
i n s t r u c t i o n s ,  s y s t e m  w i r i n g  d r a w i n g s  a s  w e l l  a s  
panel  and f i e l d  l ayou t s .  A spare p a r t s  l i s t  s h a l l  
be a p a r t  of t h e  document. 
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6.0 HEATING, VENTILATING AND AIR-CONDITIONING (HVAC) EQUIPMENT 

Terminology used  i n  t h i s  s tandard conforms to  t h a t  used  i n  
t h e  r e f e r e n c e d  ASHRAE Standard 9OA (Reference  1). S e c t i o n  6 
HEATING, VENTILATING AND AIR-CONDITIONING (HVAC) EQUIPMENT 
from ASHRAE Standard 90 i s  i n c l u d e d  a s  Appendix B. 
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7.0 S E R V I C E  WATER HEATING 

Terminology used i n  t h i s  s tandard conforms t o  t h a t  used i n  
t h e  referenced ASHRAE Standard 9 0 A  ( R e f e r e n c e  1). Sect ion 7 
S E R V I C E  WATER HEATING from ASHRAE Standard 9 O A  i s  i nc luded  
as  A p p e n d i x  B. 
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8.0 ENERGY DISTRIBUTIONS SYSTEMS - OUTSIDE OF BUILDINGS 

T h e r e  i s  a t  p r e s e n t  no s t a n d a r d  f o r  e n e r g y  d i s t r i b u t i o n  
sys tems o u t s i d e  of bui ld ings .  Systems s h a l l  be designed f o r  
m a x i m u m  e n e r g y  e f f i c i e n c y ,  u s i n g  t h e  f o l l o w i n g  d e s i g n  
concepts .  

1. Temperatures  f o r  h e a t i n g  and c o o l i n g  mediums s h a l l  be 
selected t o  minimize t e m p e r a t u r e  d i f f e r e n c e s  b e t w e e n  
mediums and sur rounding a reas .  

2. P ip ing  i n s u l a t i o n  s h a l l  be adequa te  f o r  t e m p e r a t u r e s  of 
h e a t i n g  and c o o l i n g  mediums. 

3 .  P i p i n g  s h a l l  be s i z e d  t o  b a l a n c e  p r e s s u r e  d r o p s  
(pumping energy) and p ip ing  s u r f a c e  a r e a s  (heat loss). 

4 .  The use of steam a s  a m e d i u m  f o r  e n e r g y  d i s t r i b u t i o n  i s  
no t  al lowed,  except  where necessa ry  for p rocess  energy 
r e q u i r e m e n t s ,  o r  where t h e  u s e  of  s t e a m  w i l l  reduce 
energy l o s s  and pumping c o s t s  f o r  energy d i s t r i b u t i o n s .  
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9.0 LIGHTING SYSTEMS 

9.1 Purpose: 

The  purpose of t h i s  l i g h t i n g  s t a n d a r d  is t o  conserve  energy 
by p rov id ing  a n  upper l i m i t  of power consumed t o  p rov ide  t h e  
l i g h t i n g  n e e d s  f o r  p u b l i c  f a c i l i t i e s ,  i n  a c c o r d a n c e  w i t h  
referenced c r i t e r i a  and c a l c u l a t i o n  procedures.  

9.2 Scope: 

T h i s  s t a n d a r d  i s  n o t  d e s i g n e d  t o  be used  a s  t h e  t o t a l  
l i g h t i n g  des ign  procedure; i ts  purpose is s o l e l y  t o  o u t l i n e  
a p r o c e s s  f o r  d e t e r m i n i n g  t h e  l i m i t  of maximum power 
consumption f o r  f a c i l i t y  l i g h t i n g .  

9.3 General: 

The p r o v i s i o n s  of t h i s  s t a n d a r d  e s t a b l i s h  t h e  maximum w a t t s  
a l l o w e d  p e r  s q u a r e  f o o t  of f l o o r  a rea  f o r  i n t e r i o r  and  
e x  t er i o r  ill um i n a  t i on of pub1 i c f aci  1 i ti es. 

Exception: 

I n  l i e u  of t h e  w a t t s  p e r  s q u a r e  f o o t  p r o c e d u r e s  s e t  
f o r t h  i n  t h i s  s t a n d a r d ,  t h e  d e s i g n e r  may d e s i g n  t h e  
i n t e r i o r  l i g h t i n g  r e q u i r e m e n t s  i n  a c c o r d a n c e  w i t h  
A S H R A E  S t a n d a r d  9 0 A .  S e c t i o n  9 (Reference 1). ASHRAE 
Standard 90A. S e c t i o n  9,  i s  h e r e w i t h  adopted as par t  of 
t hese  s t a n d a r d s  by reference. I f  ASHRAE S t a n d a r d  90A 
i s  used ,  t h e  l i g h t i n g  power b u d g e t  s h a l l  be  used.  I n  
d e v e l o p i n g  t h e  l i g h t i n g  power b u d g e t ,  t h e  d e s i g n e r  i s  
encouraged t o  minimize power consumption. 

9.4 Design Procedure Using Watts Per Square Foot of Floor Areas: 

To e s t a b l i s h  t h e  maximum l i g h t i n g  l o a d  under t h e  wat ts  per 
square  f o o t  method, t h e  f o l l o w i n g  procedure s h a l l  be used. 

9.4.1 Interiors: 

1. Ca tegor ize  of t h e  b u i l d i n g ' s  occupancy a r e a s  
w i t h  Table 8. 

2, M u l t i p l y  t h e  a s s i g n e d  w a t t s  per s q u a r e  f o o t  
f o r  t h e  l i s t e d  u s e  by t h e  g r o s s  f l o o r  a r e a  i n  
square  fee t  i n c l u d e d  i n  t h a t  category. 
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THERMAL STANDARD 

3 .  I n  rooms w i t h  c e i l i n g  h e i g h t  i n  excess of 20 
feet.  t h e  w a t t s  per square f o o t  of room area 
may be i n c r e a s e d  by two p e r c e n t  p e r  f o o t  of 
h e i g h t  a b o v e  20  f e e t .  t o  a maximum of twice 
t h e  u s e  l i m i t  i n  Tab le  8. 

9.4.2 Exteriors: 

1. Mul t ip ly  t h e  a s s igned  w a t t s  g iven  i n  Table 8 
by t h e  l inear  f e e t  of t h e  b u i l d i n g  p e r i m e t e r  
t o  a r r i v e  a t  t h e  l i g h t i n g  power b u d g e t  f o r  
facade l i g h t i n g .  

2- For o t h e r  e x t e r i o r  l i g h t i n g ,  m u l t i p l y  t h e  
a s s i g n e d  w a t t s  g i v e n  i n  Tab le  8 by t h e  s q u a r e  
f o o t a g e  of a r e a  t o  be i l l u m i n a t e d .  

9.4.3 Lighting Power Budget: 

Add t h e  t o t a l  w a t t s  f o r  each u s e  a r e a  t o  a r r i v e  a t  
t h e  l i g h t i n g  p o w e r  b u d g e t  f o r  t h e  b u i l d i n g .  
L i g h t i n g  power b u d g e t s  s h a l l  b e  c a l c u l a t e d  
s e p a r a t e l y  f o r  t h e  b u i l d i n g  i n t e r i o r  and e x t e r i o r .  
T o t a l  w a t t  b u d g e t  s h a l l  n o t  exceed t h e  a l l o w a b l e  
budget c a l c u l a t e d  from Table 8. 

9.4.4 Exceptions: 

1. S p e c i a l t y  l i g h t i n g  s h a l l  n o t  be i n c l u d e d  i n  
t h e  b u i l d i n g  l i g h t i n g  power budget. 

2. L i g h t i n g  f o r 8  b u t  n o t  l i m i t e d  t o ,  
t h e a t r i c a l ,  t e l e v i s i o n ,  s p e c t a t o r  s p o r t s  and 
l i k e  p e r f o r m a n c e  a r e a s  a r e  n o t  i n c l u d e d  i n  
t h e  b u i l d i n g  l i g h t i n g  power b u d g e t ,  n o r  i s  
t h e  a r e a  t o  be i n c l u d e d  i n  t h e  c o m p u t a t i o n  of 
gross f l o o r  area. 

9.5 Documentation: 

L i g h t i n g  c a l c u l a t i o n s  a n d / o r  p l a n s  s h a l l  be s u b m i t t e d  f o r  
review u n l e s s  waived i n  w r i t i n g .  The d a t a  s h a l l  provide  f o r  
each u s e  ca tegory  de f ined  i n  Table 8. inc luding:  t o t a l  a r e a  
(square  f ee t ) ;  i d e n t i f i c a t i o n  of each l i g h t i n g  f i x t u r e ;  i t s  
t o t a l  w a t t s  consumption; and t h e  t o t a l  l i g h t i n g  power budget  
l o a d  i n  w a t t s / s q u a r e  f ee t  f o r  t h e  a rea -  
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THERMAL STANDARD 

9.6 Lighting Switching: 

S w i t c h i n g  s h a l l  be  p r o v i d e d  f o r  each l i g h t i n g  c i r c u i t ,  o r  
p o r t i o n  of each c i r c u i t ,  so t h a t :  

1. L i g h t i n g  may be  o p e r a t e d  s e l e c t i v e l y  f o r  c u s t o d i a l  
s e r v i c e s .  

2 .  L i g h t i n g  i n  t a s k- l i t  a r e a s  l a r g e r  than  200 square  f ee t  
c a n  be  reduced by a t  l e a s t  o n e- h a l f  when t h e  t a s k  i s  
no t  be ing  performed o r  is re loca ted .  

3 .  L i g h t i n g  may be t u r n e d  o f f  when a n  a rea  i s  empty and 
n o t  used. 

4. L i g h t i n g  may b e  reduced  o r  t u r n e d  o f f  ( m a n u a l l y  o r  
a u t o m a t i c a l l y )  where  d a y l i g h t i n g  is  adequate  and can be 
used e f f e c t i v e l y .  
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10.0 ENERGY REQUIREMENTS FOR BUILDING DESIGN ON SYSTEMS ANALYSIS 

Terminology used i n  t h i s  s tandard conforms to t h a t  used  i n  
t h e  r e f e r e n c e d  ASHRAE Standard 90-75 (Reference 7) .  S e c t i o n  
1 0  E N E R G Y  REQUIREMENTS FOR B U I L D I N G  DESIGN ON SYSTEMS 
ANALYSIS from ASHRAE S t a n d a r d  9 0- 7 5  i s  i n c l u d e d  a s  
Appendix C. 
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11 - 0  REQUIREMENTS FOR B U I L D I N G S  U T I L I Z I N G  SOLAR, GEOTHERMAL. WIND 
OR OTHER NONDEPLETING ENERGY SOURCES 

Terminology used i n  t h i s  s tandard  conforms t o  t h a t  used i n  
t h e  referenced ASHRAE Standard 90-75 ( R e f e r e n c e  7 ) .  Sec t ion  
11 REQUIREMENTS FOR B U I L D I N G S  U T I L I Z I N G  SOLAR, GEOTHERMAL, 
W I N D  OR O T H E R  N O N- D E P L E T I N G  ENERGY S O U R C E S  from ASHRAE 
Standard 90-75 is  inc l uded  as A p p e n d i x  C. 
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3.0 DEFINITIONS 

The following definitions are stipulated for the purposes 
of this document: 
accessible (as applied to equipment). Admitting close 
approach because not guarded by locked doors, eleva- 
tion or other effective means. (See readily accessible.)’ 
air conditioning, comfort. The process of treating air to 
control simultaneously its temperature, humidity, clean- 
liness and distribution to meet the comfort requirements 
of the occupants of the conditioned space.* 
air transport factor. The ratio of the rate of useful sensi- 
ble heat removal from the conditioned space to the 
energy input to the supply and return fan motor(s), ex- 
pressed in consistent units and under the designated 
operating conditions. 
automatic. Self-acting, operating by its own mechanism 
when actuated by some impersonal influence, as for ex- 
ample, a change in current strength, pressure, tempera- 
ture or mechanical configuration. (See manual.)’ 

BBL. Barrel of oil, 159 litres (42 U.S. liquid gallons) 
Nominal Higher Heating Value 5.924 GJ/BBL 
(5.615 x IO6 Btu/BBL) for crude oil, 6.145 
(5.825 x lo6) for No. 2 distillate fuel oil and 6.633 
(6.287 x IO6) for residual oil. (Source: “Monthly 
Energy Review”, DOE National Information Center. 
See heating valueand Chapter 14 of Ref.2). 

boiler capacity. The rate of heat output in W (Btu/h) 
measured at  the boiler outlet, at the design inlet and 
outlet conditions and rated fuel/energy input. 
British thermal unit (Btu). Approximately the amount 
of heat required to raise the temperature of one pound 
of water by one Fahrenheit degree, at 60 F. Interna- 
tional StearnTable Btu x 1.055 = kJ. (Seeenergv.) 
building envelope. The elements of a building which 

, enclose conditioned spaces through which thermal 
energy may be transferred to or from the exterior or to 
o r  from unconditioned spaces exempted by the provi- 
sions of 2.1.2. (See Section 4.) 

building project. A building or group of buildings, in- 
cluding on-site energy conversion or electric-generating 
facilities which utilize a single submittal for a construc- 
tion permit or are within the boundary of a contiguous 
area under one ownership, 

1 - 53 - 



C = thermal conductance. The thermal transmission in 
unit time through unit area of a particular body or as- 
sembly having defined surfaces, when unit average tem- 
perature is established between the surfaces; W/mz - “C 
(Btu/ft** h*F). 

COP. See coefficient of performance. 
coefficient of beam utilization (CBU). The ratio of the 
luminous flux (lumens) reaching a specified area directly 
from a floodlight or projector to the total beam 
luminous flux.’ 
coefficient of performance (COP)-cooling. See the 
following paragraphs for various definitions of COP as 
appropriate: 

Electrically Operated HVAC System 
Equipment-Cooling 6.3.3 
Applied HVAC System 
Components-Cooling 6.4.1 
Heat Operated HVAC System 
Equipment-Cooling Table 6.7 

coefficient of performance (COP), heat pump-heat- 
ing. See 6.7.3 for definition. 
coefficient of utilization (CU). The ratio of the 
luminous flux (lumens) from a luminaire received on the 
work plane to the lumens emitted by the luminaire’s 
lamps alone. 
color rendition. General expression for the effect of a 
light source on the color appearance of objects in con- 
scious or subconscious comparison with their color ap- 
pearance under a reference light source. 
comfort envelope. The area on a psychrometric chart 
enclosing all those conditions described in ANSI/ 
ASHRAE Standard 55-744, Fig. I ,  as being comfort- 
able. 
conditioned floor area. The horizontal projection of 
that portion of interior space which is contained within 
exterior walls and which is conditioned directly or in- 
directly by an energy-using system. 
conditioned space. Space within a building which is pro- 
vided with heated and/or cooled air or surfaces and, 
where required, with humidification or dehumidifica- 
tion means so as to maintain a space condition falling 
within the comfort zone set forth in ANSIIASHRAE 
Standard 55-74 “Thermal Environmental Conditions 
for Human Occupancy.” (See 6.1.2 for application) 

cooled space. Space within a building which is provided 
with a positive cooling supply. 
degree day, heating. A unit, based upon temperature 
difference and time, used in estimating fuel consump- 
tion and specifying nominal heating load of a building 
in winter. For any one day, when the mean temperature 
is less than 18.3”C (65 F), there are as many Degree 
Days as degrees Celsius (Fahrenheit) difference in 
temperature between the mean temperature for the day 
and 18.3”C (65 F).z 
dwelling unit. A single housekeeping unit comprised of 
one or more rooms providing complete, independent 

2 - 

living facilties for one or more persons including perma- 
nent provisions for living, sleeping, eating, cooking and 
sanitation. 
EER. See energy effkCieency ratio. 
economizer cycle. A control sequence of an air supply 
system that modulates the quantity of outdoor air sup- 
plied for the purpose of space conditioning in order to 
reduce or eliminate the use of refrigeration energy for 
cooling. 
efficiency, HVAC system. The ratio of the useful energy 
output (at the point of use) to  the energy input for a de- 
signated time period, expressed in percent. 
energy. The capacity for doing work; taking a number 
of forms which may be transformed from one into 
another, such as thermal (heat), mechanical (work), 
electrical, and chemical; in SI units, measured in joules 
(J), where 1 joule = 1 watt-second; in customary units, 
measured in kilowatt hours (kWh) or British thermal 
units (Btu). 
energy efficiency ratio (EER). The ratio of net equip- 
ment cooling capacity in Btu/h to total rate of electric 
input in watts under designated operating conditions. 
When SI units are used this ratio becomes equal to 
COP. (See coefficiennr ofperformance .) 
energy, recovered. (See recovered energy.) 
energy resources. (See resource utikation factor, 
resources consumed.) 
enthalpy. A thermodynamic property of a substance 
defined as the sum of  its internal energy plus the quanti- 
t y  Pv/J: where P = pressure of the substance, v = its 
volume, and J = the mechanical equivalent of heat; 
formerly called total heat and heat content. 
equivalent sphere illumination (=I). The level of sphere 
illumination which would produce task visibility 
equivalent to that produced by a specific lighting en- 
vironment. 
exterior envelope. (See building envelope. ) 
floodlighting. A lighting system designated to light an 
area using projector-type luminaires usually capable of 
being pointed in any direction. 
fuel, fossil. Depletable carbonaceous substances which 
may be oxidized to produce heat or chemically com- 
bined to produce electricity (e.g., fuel cell). The heat 
may be utilized directly or used to produce electricity. 
fuel, nuclear. Depletable radioactive substances which, 
through the process of controlled fission, produce heat. 
The heat may be utilized directly or used to produce 
electricity. 
gross floor area. The sum of the areas of the several 
floors of the building, including basements, mezzanine 
and intermediate-floored tiers and penthouses of 
headroom height, measured from the exterior faces of 
exterior walls or from the centerline of walls separating I 
buildings, but excluding: I 

Covered walkways, open roofed-over areas, porches 

, 

and similar spaces. 
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Pipe trenches, exterior terraces or steps, chimneys, 
roof overhangs, and similar features. 

gross wall area. See 4.2.2 for definition. 
HHV. Higher heat value (See hearing value). 
HVAC. Heating, ventilating and air conditioning. 
HVAC system, A system that provides either collective- 
ly or individually the processes of comfort heating, ven- 
tilating, and/or air conditioning within or associated 
with a building. 
HVAC system component. (See 6.1.2.2 and HVAC 
system equipment) 
HVAC system equipment. (See 6. I .2.1) The word 
“equipment,” used without modifying adjective, may, 
in accordance with common industry usage, apply either 
to HVAC system equipment or HVAC system com- 
ponents. 
HVAC system efficiency. (See efficiency, HVAC 
system.) 
heat. The form of energy that is transferred by virtue of 
a temperature difference.* 
heated space, Space, within a building, which is provid- 
ed with a positive heat supply. Finished living space 
within a basement, or registers or heating devices de- 
signed to supply heat to a basement space, shall auto- 
matically define that space as heated space. 

heating value. The amount of heat produced by the 
complete combustion of a unit quantity of fuel. The 
gross or Higher Heat Value (HHV) is that which is ob- 
tained when all of the products of combustion are cool- 
ed to the temperature existing prior to combustion and 
any water vapor formed during combustion is condens- 
ed (contributes the latent heat of vaporization). For 
fuels containing hydrogen, the net or Lower Heating 
Value (LHV) is obtained by deducting the latent heat of 
vaporization of the water vapor, formed by the combus- 
tion of the hydrogen in the fuel, from the Higher Heat 
Value (See BBL). 
humidistat. A regulatory device, actuated by changes in 
humidity, used for automatic control of relative humidi- 
ty. 

illumination. The density of the luminous flux incident 
on a surface; it is the quotient of the luminous flux by 
the area of the surface when the latter is uniformly il- 
luminated. 
infiltration. The uncontrolled inward air leakage 
through cracks and interstices in any building element 
and around windows and doors of a building, caused by 
the pressure effects of wind and/or the effect of dif- 
ferences in the indoor and outdoor air density. 
LHV. Lower heating value (See hearing value). 
light loss factor (LLF). A factor used in calculating the 
level of illumination after a given period of time and 
under given conditions. It takes into account tempera- 
ture and voltage variations, dirt accumulation on lumin- 

aire and room surfaces, lamp depreciation, maintenance 
procedures, and atmosphere conditions. 
luminaire. A complete lighting unit consisting of a lamp 
or  lamps together with the parts designed to distribute 
the light, to position and protect the lamps, and to  con- 
nect the lamps to the power supply. 
MCF. Customary term for one thousand cubic feet 
(28,320 I). 
manual. Capable of being operated by personal in- 
tervention (adjective). (See automatic.) 

manufactured building. Any building (except a mobile 
home) which is of closed construction and which is 
made or assembled in manufacturing facilities on or off 
the building site, or any building of open construction 
which is made away from the building site for installa- 
tion or assembly and installation on the building site. 
marked rating. The design load operating conditions of 
a device as shown by the manufacturer on the nameplate 
or otherwise marked on the device. 
mobile home. A factory-assembled, movable dwelling 
designed and constructed to be towed on its own chas- 
sis, comprised of frame and wheels, usually used with- 
out a permanent foundation, and distinguishable from 
other types of dwellings in that the standards to which it 
is built include provisions for its mobility on that chassis 
as a vehicle. 

multi-family dwelling. A building containing three or 
more dwelling units. 
non-depletable energy sources. Sources of energy (ex- 
cluding minerals) derived from: incoming solar radia- 
tion, including natural daylighting and photosynthetic 
processes; phenomena resulting therefrom including 
wind, waves and tides, lake or pond thermal differ- 
ences; and energy derived from the internal heat of the 
earth, including nocturnal thermal exchanges. (See solar 
energy source). 
O l T V .  Overall thermal transfer value. The maximum 
thermal transfer permissible into the building through 
its walls or roof, due to solar heat gain and outdoor- in- 
door temperature difference, as determined by the equa- 
tion appearing in Section 4. 

opaque areas. All exposed areas of a building envelope 
which enclose conditioned space, except openings for 
windows, skylights, doors and building service systems. 
outdoor air. Air taken from the outdoors and, 
therefore, not previously circulated through the system. 
packaged terminal air-conditioner. A factory-selected 
combination of heating and cooling components, as- 
semblies or sections, intended t o  serve a room or  zone. 
(For the complete technical definition, see Ref. 5 . )  
packaged terminal heat pump.A factory-selected com- 
bination of heating and cooling components, assemblies 
or sections, intended for application in an individual 
room or zone. (For the complete technical definition, 
see Ref. 31 .) 
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positive cooling supply. Mechanical cooling deliberately 
supplied to a space, such as through a supply register. 
Also, mechanical cooling indirectly supplied to a space 
through uninsulated surfaces of space cooling com- 
ponents, such as evaporator coil cases and cooling 
disbribution systems, which continually maintains air 
temperatures within the space of 29.4OC (85 F) or lower 
during normal operation. To be considered ’exempt 
from inclusion in this definition, such surfaces shall 
comply with the insulation requirements of this Stan- 
dard. 

positive heat supply. Heat deliberately supplied to a 
space such as a supply register, radiator or heating ele- 
ment. Also, heat indirectly supplied to a space through 
uninsulated surfaces of service water heaters and space 
heating components such as furnaces, boilers, and 
heating and cooling distribution systems, which con- 
tinually maintains air temperature within the space of 
10°C (50 F) or higher during normal operation. To be 
considered exempt from inclusion in this definition, 
such surfaces shall comply with the insulation require- 
ments of this Standard. 
power. In connection with machines, power is the time 
rate of doing work. In connection with the transmission 
of energy of all types, power refers to the rate at which 
energy is transmitted. In SI Units i t  is measured in joules 
per second (J/s) or in watts (W); in customary units, it is 
measured in watts (W) or British thermal units per hour 
(B t u/ h) . 
public facility restroom. A restroom used by the tran- 
sient public on a a regular (rather than casual) basis. Ex- 
amples include restrooms in  service stations, airports, 
train terminals and convention halls. Restrooms in- 
corporated with private guest rooms in hotels, motels or 
dormitories, and restroom facilities intended for the use 
of employees and not usually used by the general public, 
are not considered public facility restrooms. (See 7.7.2.) 

R. = Thermal resistance. The reciprocal of thermal con- 
ductance; (m2.0C)/W or (hr. ft*-F)/Btu. 
RIF. (See resource impact factor.) 
RUF. (See resource utilization faclor.) 
readily accessible. Capable of being reached quickly for 
operation, renewal, or inspections, without requiring 
those to whom ready access is requisite to climb over or 
remove obstacles or to resort to portable ladders, chairs, 
etc. (See accessible.)’ 
recommend. Suggest as appropriate; not required. 
recooling. The removal of heat by sensible cooling of 
the supply air (directly or indirectly) that has been 
previously heated above the temperature to which the 
air is to be supplied to the conditioned space for proper 
control of the temperature of that space. 
recovered energy. Energy utilized which would other- 
wise be wasted (Le. not contribute to a desired end use) 
from an energy utilization system. 
reflectance. The ratio of the light reflected by a surface 
t o  the light falling upon it. 

4 

registered engineer. An appropriately qualified and 
licensed professional engineer. In addition, with respect 
to Sections 10 and 11, this means a qualified profes- 
sional engineer familiar with the climatology of the 
geographic area in question. 

reheat. The application of sensible heat to supply air 
that has been previously cooled below the temperature 
of the conditioned space by either mechanical refrigera- 
tion or the introduction of outdoor air to provide cool- 
ing. 
reset. Adjustment of the set point of a control instru- 
ment to a higher or lower value automatically or 
manually. 
residential building. Living units of one story, two 
stories, or other low-rise, multi-family dwellings, not 
exceeding three stories above grade. (See Type “A” 
Building, 4.3, and dwelling unit.) 
resource energy impact. The product of an energy 
resource (includes application of RUF) anticipated to be 
used in providing fuel or energy to a building site multi- 
plied by a RIF for that particular form of energy re- 
source. The total resource energy impact is the sum of 
all Resource Energy Impacts for a building project. 
resource impact factor (RIF). Mutipliers applied to fuel 
and energy resources required by a building project to 
permit a quantitative evaluation of the effect on those 
resources resulting from the selection of on-site fuel and 
energy forms, giving consideration to availability, 
social, economic, environmental, and national interest 
issues. 
resource utilization factor (RUF). Groups of 
multipliers, applied to the quantity of fuel or energy 
delivered to a building site, which provide quantitative 
estimates of the energy resources consumed in providing 
that fuel or energy. These multipliers account for the 
burden of processing, refining, transporting, converting 
and delivering fuel or energy from the point of extrac- 
tion to the building site. 

resources consumed 
RUF = energy delivered 

where: 
resources consumed. The resource extracted from the 
earth, in standard gravimetric or volumetric units of 
measure-Iitres (I) of oil, kilolitres ( k f )  of natural gas, 
tonnes (Mg) of coal, grams (g) of uranium, etc.- re- 
quired to provide the respective fuel and energy quan- 
tities supplied to the building site. Corresponding con- 
ventional units are barrels (BBL) oil, thousands of cubic 
feet (MCF) gas, short tons (S. Tons) coal, grams 
(Grams) uranium, etc. The burdens of extraction are 
not included. 
energy delivered. The fuel and energy supplied to the 
building site-litres of oil, kilolitres of natural gas, ton- 
nes of coal, gigajoules of electricity- expressed in giga- 
joules (Higher Heat Value for fossil fuels).(See heating 
vulue). For conventional units energy delivered is ex- 
pressed in millions of Btu (Higher Heat Value). 

56 - ANSI/ASHRAE/I ES 9OA- 1980 



room air conditioner. An encased assembly designed as 
a'unit primarily for mounting in a window or through a 
wall, or as a console. I t  is designed primarily to provide 
free delivery of conditioned air to an enclosed space, 
room or zone. It includes a prime source of refrigeration 
for cooling and dehumidification and means for circu- 
lating and cleaning air, and may also include means for 
ventilating and heating.6 
room cavity ratio (RCR). A number related to room di- 
mensions used in average illumination calculations.' 
S. Ton. Short Ton. Customary term for two thousand 
pounds mass [0.907 Mg (tonne)]. 
sequence. A consecutive series of operations. 
service systems. All energy-using systems in a building 
that are operated to provide services for the occupants 
or processes housed therein, including HVAC, service 
watcr heating, illumination, transportation, cooking or 
food preparation, laundering or similar functions. 
service water heating. Supply of hot water for domestic 
or commercial purposes other than comfort heating. 
service water heating demand. The maximum design 
rate of energy withdrawal from a service water heating 
system in a designated period of time (usually an hour 
or a day). 
shading coefficient (SC). 

' 

i 

Solar Heat Gain or Fenestration 
Solar Heat Gain of Double Strength Glass 

sc = 

Note: To be compared under the same conditions. See Chaptcr 26. 
Ref. No. 2 .  

shall. Where shall is used with a special provision, that 
provision is mandatory i f  compliance with the Standard 
is claimed. 
should. Term used to indicate provisions which are not 
mandatory but which are desirable as good practice. 
solar energy source. Source of natural daylighting and 
of thermal, chemical or electrical energy derived directly 
from conversion of incident solar radiation (See non- 
deple fable energy sources). 
system. A combination of equipment and/or controls, 
accessories, interconnecting means, and terminal 
elements by which energy is transformed so as to per- 
form a specific function, such as HVAC, service water 
heating or illumination. 
terminal element. The means by which the transformed 
energy from a system is finally delivered; Le., registers, 
diffusers, lighting fixtures, faucets, etc. 
thermostat. An automatic control device actuated by 
temperature and designed to be responsive to 
temperature. 
U - thermal transmittance. The coefficient of heat 
transmission (air to  air). It is the time rate of heat flow 
per unit area and unit temperature difference between 
the warm side and cold side air films W/m2-"C 
(Btu/ftz* ha F). The U value applies to combinations of 
different materials used in series along the heat flow 
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path, single materials t hat comprise a building scction, 
cavity air spaces, and surface air films on both sides of a 
building element. 

U, = thermal transmittance, overall. The overall 
(average) heat transmission of a gross area of the ex- 
terior building envelope W/rn*."C(Btu/ft*- h. F). The 
U, value applies to the combined effect of the time rate 
of heat flows through the various parallel paths, such as 
windows, doors, and opaque construction areas, 
comprising the gross area of one or more exterior 
building components, such as walls, floors, or 
roof/cei l i  ng. 

unitary cooling and heating equipment. One or more 
factory-made assemblies which normally include an 
evaporator or cooling coil, a compressor and condenser 
combination, and may include a heating function as 
well. Where such equipment is provided in more than 
one assembly, the separate assemblies shall be designed 
to be used together. 
unitary heat pump. One or more factory-made assem- 
blies which normally include an indoor conditioning 
coil, compressor(s) and outdoor coil or refrigerant-to- 
water heat exchanger, including means to provide both 
heating and cooling functions. When such equipment is 
provided in more than one assembly, the separate 
assemblies shall be designed to be used together.' 

veiling reflections. Regular reflections superimposed 
upon diffuse reflections from an object that partially or 
totally obscure the details to be seen by reducing the 
contrast. This sometimes is called reflected glare. 
ventilation. The process of supplying or removing air by 
natural or mechanical means to or from any space. Such 
air may or may not have been conditioned. 
ventilation air. That portion of supply air which comes 
from outside (outdoors) plus any recirculated air that 
has been treated to maintain the desired quality of air 
within a designated space. (See Reference 8 and Section 
5 of this Standard. See oufdoorair). 

Water-chilling package of absorption. A factory design- 
ed and prefabricated assembly (not necessarily shipped 
as a single package) of one or more condensers; evapo- 
rators (water coolers); absorbers; and generators; with 
interconnections and accessories, used for chilling 
water. 
Water-chilling package, centrifugal or rotary. A fac- 
tory-designed and prefabricated assembly (not neces- 
sarily shipped as one package) of one or more centri- 
fugal or rotary compressors; condensers; and water- 
coolers (evaporators); with interconnections and acces- 
sories, used for chilling water. 
Water-chilling package, reciprocating. A factory 
designed and prefabricated assembly, self-contained or 
condenserless, of one or more reciprocating com- 
pressors; condensers (self-contained only); water cool- 
ers (evaporator); and interconnections and accessories; 
used for chilling water. The condenser may be air-, 
evaporatively-, or water-cooled. 
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watt (W). SI unit of power equal to one joule per second 
(J/s). Also, the power delivered by one volt with one 
ampere flowing (unity power factor). (See power.) 
Work plane. The plane at  which work usually is done 
and at  which the illumination is specified and measured. 
Unless otherwise indicated, this is assumed to be a hori- 
zontal plane 0.76 m (30 in.) above the floor. 
Zone. A space or group of spaces within a building with 
heating and/or cooling requirements sufficiently similar 
so that comfort conditions can be maintained through- 
out by a single controlling device. 
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6.0 HEATING, VENTILATING AND 

6.1 Scope. This section deals with equipment and 
component performance and manufacturers’ documen- 
tation, in accordance with the criteria for effective 
utilization of on-site energy established in this Standard, 
for HVAC-system equipment and HVAC-system 
components used in new buildings. (see also 2.3) 

6.1.1 This section excludes refrigerating equipment 
not used to heat, ventilate or air-condition buildings for 
human comfort. 

6.1.2 HVAC Systems. For the purposes of this Sec- 

AIR-CONDITIONING (HVAC) EQUIPMENT 

tion, “HVAC Systems” (defined in Sec. 3) are con- 
sidered to  be of three basic types: 

a. Central Air-Distribution Systems. In this 
type, either HVAC System Equipment (6.1.2. l), or an 
engineered and field-assembled combination of HVAC 
System Components (6.1.2.2), receive recirculated room 
air (plus outside air as required) from a central duct 
system, perform the required heating, ventilating or air- 
conditioning functions, and deliver the conditioned air 
to the central duct system, for final delivery to the con- 
ditioned space(s) of the building. 

b. Central Circulating Water Systems. In this 
type, a centrifugal, or reciprocating, compression re- 
frigeration or absorption refrigeration type water- chil- 
ling package provides chilled water to a central piping 
system; either a fossil-fuel-fired or electric boiler, or 
central heat exchanger, provides heated water to the 
central piping system; and the piping system supplies 
heated or cooled water, as required, to water-air heat 
exchangers (terminal units) serving the conditioned 
space(s) of the building. The water chilling package, in- 
cluding its heat- rejecting element; the boiler; the central 
heat exchanger; and the terminal units are considered to 
be HVAC System Components. 

Multiple Unit Systems. In this type, a num- 
ber of units of HVAC Equipment, each receiving a sup- 
ply of electric and/or fossil fuel energy, or in some cases 
steam or hot water from a central source, each performs 
the functions of heating and/or cooling air for distribu- 
tion to a conditioned space or zone of the building. 

c. 

6.1.2.1 HVAC System Equipment. HVAC Sys- 
tem Equipment (6.3, 6.5, 6.6, 6.7. 6.8) provides, in one 
(single-package) or more (split system) factory- assembl- 
ed packages, means for air-circulation, air- cleaning, 
air-cooling with controlled temperature, and dehumidi- 
fication; and optionally either alone or in combination 
with a heating plant, the functions of heating and 
humidifying. The cooling function may be either 
electrically- or heat-operated, and the refrigerant con- 
denser may be air-, water-, or evaporatively-cooled. 
Where the equipment is provided in more than one 
package, the separated packages shall be designed by 
the manufacturer to be used together. The equipment 
may provide the heating function as a heat pump, or by 
the use of electric or fossil-fuel-fired elements. 

In  the case of heat-operated unitary air- condi- 
tioners, established practice is for the efficiency or COP 
published by the manufacturer to be based only on the 
on-site heat-energy supplied to the unit. In this case, the 
system designer must add the electrical energy furnished 
to the unit, and to any auxiliaries or accessories, in 
establishing HVAC system efficiency. See also 6.5.1. 

6.1.2.2 HVAC System Components. HVAC Sys- 
tem Components (6.4,6.6,6.7) provide, in one or more 
factory-assembled packages, means for chilling and/or 
heating water, with controlled temperature, for delivery 
to terminal units serving the conditioned.spaces of the 
building. 
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One type of HVAC system component is the 
water chilling package. The chiller may be of the cen- 
trifugal, rotary or. reciprocating, electricallydriven 
type, or heat-operated type. In aircooled packages, the 
fan-motor(s1 energy is included by the manufacturer in 
determining the EER (COP) of the package. In water- 
cooled or evaporatively-cooled types, if a cooling tower 
or evaporative condenser is included in the package, the 
circulating pump motor(s) are also taken into account 
by the manufacturer in determining the EER (COP). 

In the heat-operated types, pumps included in 
the package for circulating fluids in the refrigeration cy- 
cle, are not included in determining the EER (COP) of 
the component. Chilled water pumps circulating chilled 
water through the piping systems external to the 
package, and cooling tower pumps and fans circulating 
water or air through the condenser and cooling tower 
also are not included in the EER (COP) published by the 
manufacturer for the component, but their on-site 
energy input, as well as that for internal refrigerant cir- 
culating pumps, must be taken into account by the 
system designer in computing the system EER (COP) 
and annual energy consumption of the HVAC system. 

A second type of HVAC System Component is 
the reciprocating condensing unit. This unit receives its 
suction refrigerant vapor from a packaged or field- 
assembled combination of cooling coil and fan (central 
station air handling unit), and delivers liquid refrigerant 
to the air handling unit. The EER (COP) of the conden- 
sing unit is based on the energy input to the condensing 
unit, and the change in enthalpy of the refrigerant enter- 
ing and leaving the condensing unit. The energy con- 
sumed by the heat rejecting device (cooling tower or 
heat exchanger) is not included in the condensing unit 
manufacturer's published EER (COP), unless the device 
(Le. , air-cooled condenser) is integrally incorporated in- 
to the package by the manufacturer. 

A third type of HVAC System Component, for 
use in a central circulating water system is the a water- 
source (hydronic) heat pump. Individual units are usual- 
ly installed for each space or zone, in combination with 
a water circulating system with central boiler or heat ex- 
changers, and central cooling tower or evaporative 
cooler, to produce chilled or heated air for direct 
delivery to each zone or space to be conditioned. In this 
case also, for cooling operation the EER (COP) of the 
system component does not include the energy for cir- 
culating water through the system or driving the cooling 
tower fan; for heating, the COP does not include water 
circulation on-site energy or on-site fossil-fuel energy 
for operating the boiler; these energy requirements shall 
be taken into account by the HVAC system designer. 

.6.1.3 OnSite Energy. It is recognized that virtually 
all types of quipment  used in HVAC systems will use 
energy which has been extracted, refined, transported, 
transformed, or otherwise modified to the state in which 
it is delivered to  the site and then used to drive 'the 
quipment. The manufacturer cannot predict the rela- 
tionship between a given form of energy which will be 
used to drive his products and the nature, source and 
amount of any or all forms of source energy involved. 

Therefore, in this Section 6 all energy performance re- 
quirements will be based on energy as delivered a t  the 
site. 

6.1.4 Minimum COP/ECficiency Levels. In suc- 
ceeding portions of this Section 6, minimum COP 
and/or efficiency levels are established for HVAC 
System Equipment (6.1.2.1) and HVAC System Com- 
ponents (6.1.2.2). It is intended that no lower values 
than those established in this Section shall be accep- 
table. It is further intended that where equipment of 
higher COP/Efficiency capability is known to be 
available on the open market, it shall be the system 
designer's option to specify such higher efficiencies as 
he deems to be suitable. 

6.2 Responsibility of HVAC System Equipment and 
System Component Suppliers. Suppliers of HVAC 
system equipment and system components shall furnish, 
upon request by prospective purchasers, system 
designers, or contractors, the input(s) and output(s) of 
all such HVAC products. These shall be based on equip- 
ment or components in new condition, and shall cover 
full load, partial load, and standby conditions, as re- 
quired, to enable determination of their compliance 
with this Standard. This includes performance data 
under modes of operation and at ambient conditions 
necessary to make the analysis outlined in Section 10 of 
this Standard. 

6.2.1 Where equipment efficiency levels are 
specified in this section, data furnished by the equip- 
ment supplier or certified under a nationally recognized 
certification program or rating procedure may be used 
to satisfy these requirements. This paragraph shall not 
be interpreted as removing the requirement for detailed 
part-load performance data, as agreed between the pur- 
chaser or designer and supplier, i f  requested. 
6.3 Efficiency Requirements for HVAC System Equip- 
ment, Electrically Operated, Cooling Mode. HVAC 
System Equipment as listed in 6.3.1 and qualified in 
6.3.2, whose energy input in the cooling mode is entirely 
electric, shall, at  the Standard Rating Conditions 
specified in Table 6.1 and additional Standard Rating 
Conditions specified in applicable standards for par- 
ticular HVAC system equipment, have an Energy Effi- 
ciency Ratio (EER) as defined in Section 3, or a Coeffi- 
cient of Performance (COP)- Cooling as defined in 
6.3.3, not less than values shown in Table 6.2.' 

6.3.1 These requirements apply to, but are not 
limited to, unitary (central) cooling equipment (air- 
cooled, water-cooled and evaporatively-cooled); the 
cooling mode of unitary (central) and packaged ter- 
minal heat pumps (air source and water source); 
packaged terminal air-conditioners; and room air-con- 
di tioners. 

Exception. These requirements do not apply to 
equipment serving areas such as supermarkets, having 

7 a k  6.2. Nocn 1.4 and S indkale exaplionr whkh ,hall be obmsd w h m  DOE 
~ u h l i o w  apply. 
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open, refrigerated food display cases, or computers or 
other equipment contributing a large amount of heat to 
the area served. 

6.3.2 Where components from more than one sup- 
plier are used to function as the unitary equipment, it 
shall be the function of the system designer to determine 
compliance with these requirements, using data provid- 
ed by the component supplier (See Stction 6.2). 

6.3.3 Coefficient of Performance (COP)-Cooling. 
This is the ratio of the rate of net heat removal to  the 
rate of total on-site energy input to the air conditioner, 
expressed in consistent units and under designated 
rating conditions (See Tables 6.1,6.3.1 and 6.3.2). 

The rate of net heat removal shall be defined as the 
change in the total heat content of the air entering and 
leaving the equipment (without reheat). 

Total on-site energy input shall be determined by 
combining the energy inputs to all elements supplied 
with the package of the equipment, including but not 
limited to, compressor(s), compressor sump heater(s), 
pump(s), supply-air fan(s), return-air fan(s), condenser- 
air fan(s), cooling-tower fan(s) and circulating water 
pump(s), and the HVAC system equipment control cir- 
cuit. 

In the case where any of the above ele- 
ments is incorporated in the HVAC system, but not fur- 
nished as part of the package (covered by the manufac- 
turer’s Model No.), it  is the system designer’s respon- 
sibility to take the corresponding on-site energy inputs 
into account in determining the system performance and 
annual energy consumption. 
6.4 Efficiency Requirements for Applied HVAC 
Syslem Components, Electrically Operated, Cooling 
Mode. HVAC System Components, as listed in Tables 
6.4 and 6.5, whose energy input is entirely electric, shall, 
at the Standard Rating Conditions specified in Table 
6.3.1 for water-chillers and hydronic system water- 
source heat pumps, and Table 6.3.2 for condensing 
units, and at additional Standard Rating Conditions 
specified in  applicable standards for particular system 
components, have an Energy Efficiency Ratio (EER) as 
defined in Sec. 3, or a Coefficient of Performance 
(COP)-Cooling, as defined in 6.4.1 and qualified in 
6.4.2, not less than the values shown in Tables 6.4 and 
6.5. 

6.4.1 Coefficient of Performance (COP)-Cooling. 
This is the ratio of the rate of net heat removal to the 
rate of total on-site energy input, expressed in consistent 
units and under designated rating conditions. (See 
Tables6.3.1,6.3.2,6.4and6.5). 

The rate of net heat removal from the component is 
defined as the difference in total heat contents of the 
water or refrigerant entering and leaving the com- 
ponents. 

Total on-site energy input to the component shall 
be determined by combining the energy inputs to  all 
elements and accessories.as included in the component, 
including but not limited to compressor(s), internal cir- 
culating pump(s), condenser-air fan@), evaporative- 

6.3.3.1 

condenser cooling water pump(s), purge devices, and 
the HVAC system component control circuit. 

6.4.2 Where the motor-compressor, evaporator, or 
condenser is supplied by different manufacturers, it 
shall be the function of the system designer to determine 
compliance with these requirements, using data provid- 
ed by the suppliers of the elements (see Section 6.2). 
6.5 COP Requirements fo r  HVAC System 
Equipment-Heat Operated, Cooling Mode 

6.5.1 Efficiency Limitation, Equipment., Heat- 
operated cooling equipment shall have a COP-Cooling 
not less than the values shown in Table 6.7 when tested 
at  Standard Rating Conditions shown in Table 6.6. 
These requirements apply to, but are not limited to, ab- 
sorption equipment, engine-driven equipment, and 
turbine-driven equipment. 

6.5.2 Electrical Auxiliary Inputs. Table 6.7 defines 
the COP for equipment in a footnote, which excludes 
electrical auxiliary inputs from the calculation of COP. 
However, this input shall be included by the system 
designer in the calculation of the annual energy con- 
sumption of the building, or of the total HVAC system 
COP. 

6.6 HVAC System Combustion Heating Equipment 
6.6.1 Residential/Commercial Furnaces and 

Boilers. These include oil- and gas-fired residential fur- 
naces and boilers as defined in the Federal Register Vol. 
43, No. 91-May 10, 1978, 430.2 Definitions, page 
2015429 (see Section 3); to vented home heating equip- 
ment, as defined therein; and to commercial furnaces 
and boilers with inputs under 117 kW (400,000 Btu/h). 

6.6.1.1 Minimum Required Steady State Efficien- 
cies. All gas- and oil-fired residential furnaces and 
boilers, and all vented home-heating equipment, shall, 
when tested in  accordance with the applicable DOE fur- 
nace test procedures, have not less than the minimum 
steady state combustion efficiency specified in Table 
6.8. 

6.6.2 Commercial/lndustrial Furnaces and Boilers. 
For the purposes of this standard, all gas- or oil-fired 
furnaces and boilers not included in the definitions 
specified in 6.6.1 shall be referred to as commer- 
cial/industrial furnaces and boilers. 

6.6.2.1 Minimum Required Steady Slate Efficien- 
cy. All gas-and oil-fired commercial/industrial furnaces 
and boilers shall, when tested in accordance with ap- 
plicable standards have not less than the minimum 
steady state combustion efficiency specified in Table 
6.8. 

ciency of commerciaVindustrid furnaces and boilers is 
defined as 100 percent minus stack losses in percent of 
heat input. Stack losses are: 

a. Loss due to sensible heat in dry flue gas 
b. Loss due to incomplete combustion 

6.6.2.2 Combustion Efficiency. Combustion effi- I 
1 

~ 
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c. Loss due to sensible and latent heat in 
moisture formed by combustion of hydrogen 
in the fuel 

and shall be determined as provided by applicable stan- 
dards. (See Section 6.2). 

LiaVCommercial Installations. a. Residential and Com- 
mercial Installations. For residential and commercial in- 
stallations with inputs under 117 kW (400,OOO Btu/h), it 
is the system designer’s responsibility either to establish 
that the total minimum calculated infiltration rate will 
provide sufficient combustion air for fuel-fired equip- 
ment, or to provide positive means for introducing ade- 
quate outdoor air for that p u r p o ~ e . ~ ~ J ’  

b. CornmerciaVlndustrial. For commercial/ 
industrial installations with inputs I17 kW (400,OO 
Btu/h) and over, a machine room, or boiler or furnace 
room, or installation outdoors, shall be provided as re- 
quired to insure adequate direct outdoor air supply and 
to comply with governing local codes or ordinances. 

6.7 COP Hequirements for HVAC System Heating 
Equipment-Heat Pumps, Heating Mode. Heat pumps 
whose energy input is entirely electric, shall at the Stan- 
dard Rating Conditions specified in Table 6.9 and other 
Standard Rating Conditions specified in applicable 
standards for particular types of heat pumps (see 6.7. I ) ,  
have a Coefficient of Performance (COP)-Heating, as 
defined in 6.7.3, not less than the values shown in Table 
6. IO .  

Note: Heat pumps used only for the heating function of 
a complete HVAC System shall be considered as HVAC 
System Components. 

6.7.1 These requirements apply to, but are not 
limited to unitary (central) heat pumps (air source and 
water source) in the heating mode, to water source (hy- 
dronic) heat pumps as used in Multiple Unit Hydronic 
HVAC Systems and to heat pumps in the packaged ter- 
minal air-conditioner and room air-conditioner forms, 
in the heating mode. 

6.7.2 Where elements, such as indoor or outdoor 
coils, from more than one supplier are used as parts of 
the unitary heat pump, it shall be the function of the 
system designer to determine compliance with these re- 
quirements, using data provided by the component sup- 
pliers (see Section 6.2). 

6.7.3 Coefficient of Performance (COP)-Heating. 
This is the ratio of the rate of net heat output by the 

heat pump to the rate of total on-site energy input to the 
heat pump, expressed in consistent units and under 
designated rating conditions. (See Tables 6.9 and 6.10). 

The rate of net heat output shall be defined as the 
change in the total heat content of the air entering and 
leaving the equipment (not including supplementary 
heat). 

Total on-site energy input to  the heat pump shall be 
determined by combining the energy inputs to all 
elements, except supplementary heaters, of the heat 
pump, including, but not limited to, compressor(s), 
compressor sump heaters, pump(s), supply-air fan(s), 

I 6.6.3 Adequate Combustion Air. a. Residen- 

retutn-air fan(s), outdoorair fan(& cooling-tower 
fan(s), and the HVAC system equipment control circuit. 

6.7.3.1 In the case where any of the above 
elements including supplementary heaters are in- 
corporated in the HVAC System, but not furnished as 
part of the package (covered by the manufacturer’s 
Model No.) it is the system designer’s responsibility to 
take the corresponding on-site energy inputs into ac- 
count in determining the total HVAC System per- 
formance and annual on-site energy consumption. 

6.7.3.2 Most hydronic heat-pump systems utilize 
condenser-rejected heat from air conditioners serving 
building central core areas needing cooling during the 
heating season, or other available waste heat, to raise 
the temperature of the water from its value leaving the 
heat-pumps serving the perimeter of the building, to its 
required value entering the heat pumps. Where the 
quantity of such reclaimed heat is not sufficient, i t  must 
be supplemented by additional new on-site energy and, 
during cooling operation, on-site energy supplied to the 
evaporative cooling device. It  is the system designer’s 
responsibility to take these energies into account in 
determining total HVAC system performance and an- 
nual on-site energy consumption. 

6.7.4 Supplementary Heater. The heat pump shall 
be installed with a control to prevent electric supplemen- 
tary heater operation when the heating load can be met 
by the heat pump alone. 

Electric supplementary heater operation is permit- 
ted during transient periods, such as start-ups, follow- 
ing room thermostat set-point advance, and during 
defrost. 

A two-stage room thermostat, which controls the 
supplementary heat on its second stage, shall be ac- 
cepted as meeting this requirement. The cut-on tempera- 
ture for the compression heating shall be higher than the 
cut-on temperature for the supplementary heat, and the 
cut-off temperature for the compression heating shall be 
higher than the cut-off temperature for the supplemen- 
tary heat. Supplementary heat may be derived from any 
source including, but not limited to, electric resistance 
heating, combustion heating, or solar or stored-energy 
heating. 
6.8 Electric Resistance Comfort Heating Equipment. 
The manufacturer of electric resistance comfort heating 
equipment shall make available to prospective pur- 
chasers, designers, or contractors, upon request, full- 
load energy input, over the range of voltages at  which 
the equipment is intended to  operate. Where elec- 
tricallysperated fans, blowers or pumps are integrally 
incorporated, or separately furnished, their electrical in- 
put shall be included by the system designer as part of 
the energy input to the equipment. 
6.9 Maintenance. Equipment and components which 
require preventive maintenance to  maintain efficient 
operation shall be furnished with complete necessary 
maintenance information. Required routine main- 
tenance actions shall be clearly stated and incorporated 
on a readily accessible label, which may be limited to 
identifying, by title and/or publication number, the 
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operation and maintenance manual for that particular of any one device may be dependent on proper 
model and type of product. maintenance of one or more other components of the 

At least one copy of this information shall be furnish- system. Under such conditions, it is the function of the 
ed by the manufacturer for the original Owner upon re- system designer to provide, or cause to  be provided, for 
quest. the original owner, upon request, the necessary 

In installations that are made up of more than one maintenance information for the installation. 
item of equipment or components, efficient operation 

Table  6.1 
HVAC Syslem Equipment,  Electrically Driven' 

S tandard  Rat ing  Temperatures '  Cooling 

Water-Cooled 
(Water-Source) Air-Cooled 

Item Dry-Bulb (DB) Inlet Outlet Wet-Bulb (WB) 
26.7 (80) 19.4 (67) - - 
35.0 (95) 23.9 (75) - - Room Air Entering Equipment OC (F) 

Condenser Ambient (Air Cooled) "C (F) 
Refrigerant-Water Heat Exchanger' "C (F) 
I .  

- - 29.4 (85) 35.0 (95) 

Data in this Table 6.1 apply to the following types of equipment: 
Central Air Conditioners-Air-, Evaporatively- and Water-cooled. ARI Std. 210-78 
Commercial/lndustriaI Unitary Air-conditioning Equipment. ARI Std. 360-75 
Central Unitary Heat Pumps-Air Source, ARI Std. 240-77 (Cooling Mode) 
Central Unitary Heat Pumps-Water Source, ARI Std. 320-76 (Cooling Mode) 
Commercial and Industrial Unitary Heat Pumps-Air and Water Source, ARI Std. 340-76 (Cooling Mode) 
Packaged Terminal Air-Conditioners, ARI Std. 310-76 
Packaged Terminal Heat Pumps, ARI Std. 380-78 (Cooling Mode) 
Room Air-Conditioners, ANSI 2234.1-1972 
Standard Ratings are also based on other Standard Rating Conditions, such as. but not limited to, electrical conditions; cooling coil air 
quantity; condenser air quantity; requirements for separated (split) assemblies; and minimum external static conditioned-air flow resistances, 
as provided in the applicable standards. 
Refrigerant-Water Heat Exchanger serves as Condenser in Cooling Mode, and as Evaporator in Heating Mode, of Water Source Heat 
Pumps. 

2. 

3. 

Table  6.2 
HVAC System Equipment,  Electrically Driven' 

Minimum COP ( E E R ) - ( C o ~ l i n g ) ~ * ~ * * ~ ~  

Standard Rating Capacities 
Under 19 kW (65,000Rtu/h) I9 kW (65,000 Btu/h) and Over 

Evap. or Evap. or Water 
Effective Date Air-Cooled Water Coaled Air-Coaled Coolcd 

Beginning January I ,  1980 1.99 (6.8) - 2.20 (7.5) - 
Beginning January I ,  1984 2.28 (7.8) 2.58 (8.8) 2.40 (8.2)* 2.69 (9.2) 

1. Applies to quipment as listed for Table 6. I. All performances at  sea level. 
2. EER is Energy Efficiency Ratio. defined in Sec. 3; COP is defined in 6.3.3. 
3. The Department of Energy has established rquired test procedures for single-phased, aircooled residential central airconditioners under 19 

kW (65,000 Btu/h) in capacity, which have been incorporated into ARI Standard 210-79. EER (COP) values in Table 6.2 are based on Test A 
of the DOE Test Procedures. 

4. Any minimum efficiency standard(s) promulgated by the Fedral Government may supersede minimum values. for the products to which they ~ 

apply, established in this Table. See 2.3. 
5. For Room Air-Conditioners. DOE will base its weighted average annual efficiency on EER determined in accordance with ANSI 2 234.1- 

1972. 
6. Applies when return-air fans are not included under the manufacturer's model NO. When return-air fans are included, the rquired minimum 

values are 2.34 (8.0). 

?R 
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Table 6.3.1 
Applied HVAC System Components-Electrically Driven' 

Standard Rating Conditions-Cooling' 

Ccnlrtfugd or 
SclfContained Condenserleas 
Reciprocating Reciprocating Hydronic System 
Waler-Chilling Water-Chilllng W a t a S o u m  

Condillons Package Package Heat Pump 
6.7 (44) 6.7 (44) - 

12.2 (54) - 12.2 (54) 
Leaving Condenser Water Temp. OC (F) 35.0 (95) - 35.0 (95) 

Leaving Chilled Water Temp. 
Entering Chilled Water Temp. 

Entering Condenser Water Temp. "C (F) 29.4 (85) - 29.4 (as) 

Air Temperature Entering 

Water' Steel Tubes 0.0001a (0.0010)4 0.00018 (0.0010)4 

Fouling Factor. Refrigerant 0.000004 

OC (F) 
OC (F) 

26.70~ (so F) DB 
Indoor Portion of Unit "C (F) 19.4OC (67 F) WB 
Fouling Factor, Non-Ferrous Tubes 0.00009 (0.0005)4 0.00009 (0.0005)4 - 

0.00000 - 
- 

- 35.0 (95) DB - 
- - Condenser Air-or "C (F) 

Ambient Evap.-Cooled "C(F) 23.9(75) W B  

Compressor Water-or - 40.6 (105) - 

- 48.9(120) - 
Saturated Evap..Cooled OC(F) 
Discharge 
Temperature Air-Cooled OC (F) 

Liquid 
Refrigerant Water-or 

- Evap.-Cooled "C (F) - 35.0 ( 95) 
- Temperature Air-Cooled "C (F) - 43.3 ( I  IO) 

Air Temperature 

I .  

- - 26.7 (BO) Surrounding Unit "C (F) 
Data in this Table 6.3.1 apply to the following types of HVAC System Components: 
Centrifugal or Rotary Water-Chilling Packages ARI Standard 550-77 
Reciprocating Water-Chilling Packages ANSIIARI Standard 590-76 
Water-Source Heat Pumps ARI Standard 320-76 (For Hydronic Systems) 
Standard Ratings are also based on other Standard Rating Conditions, such as, but not limited to. electrical conditions; indoor or condenser 
air quantities; minimum external flow resistances. etc., as provided in the applicable standards. 
For Information on fouling factors, see the following standards: 
ARI Standard 450-74 for Water-cooled Refrigerant Condensers, Remote Type 
ARI Standard 480-74 for Refrigerant-Cooled Liquid Coolers, Remote Type 
ARI Standards 550-77 and 590-76 also contain procedures for adjusting ratings for other than the Standard Rating fouling factor. 
Fouling Factor Units: m2- K/W (ft*- h. F/Btu) 

2. 

3. 

4. 

Table  6.3.2 
Applied H V A C  Syslem Components-Electrically Driven' 

S tandard  Rating Conditions-Coolingz 

Temperatures 
(Evaporator)* Condenser3 

Evaporalively- 
Air-Cooltd' Water-Cookd Cooled 
Air Enterlng Air Enlcrtng 

Water 
Group blural lon Relurn GU (Dry Bulb) In OUI (Wet Bulb) 

No. O C  (F) O C  (F) Oc (F) "c'(F) "C (F) "c (F) 
- - 35 (95) - I 7.2 (45) 18.3 (65) 

2 4.4 (40) 18.3 (65) - 29.4 ( 8 9  35 (95) 23.9 (75) 

I. Data in this Table apply to HVAC Condensing Units. Scc ARI Standard 520-78 for Positive Displacement Refrigmnt Compressors, Cam- 
pressor Units and Condensing Units. Data are from Table 3 of ARI 520-78. Groups I and 2. 

2. Not put of Condensing Unit; conditions lo be maintained by scwIralely furnished condenser. 
3. Refrigmnt liquid rubcooling, in Oc (F), shall be stated by the manufacturer as obtained under the conditions below as measured at  the liquid 

line leaving the Condensing Unit. 
4. With 35'C (95 F) dry bulb ambient air temperature surrounding unit. 
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Table 6.4 
Applied HVAC System Components, Electrically Driven' 

Minimum COP (EER)--Coolingz 

Types Condenser Included Condendesa  Water S o u m  
C O l l d C W r  Under 19 kW 19 kW (65,OOO Btu/h) 

Water Chilling Packrges Hydronk H n t  Pumps 

Coding Mum Air WDtU Air W8bf (65,OOO Btolh) and Over 

Beginning C 2.28 (7.8)r 3.98 (I3.6)4 - - - - 
Januaryl, 1980 R 2.20(7.5) 3.40 (1 1.6) 2.78 (9.5) 3.40 (1 1.6) - - 
J a n u a y l .  1984 R 2.46(8.4) 3.51 (12.0) 2.90 (9.9) 3.51 (12.0) - - Jjcginning C 2.34(8.0)4 4.04(13.8)4 - - 2.64 (9.0) 2.75 (9.4) 

1. Applies to quipmcnt as listed in Table 6.3.1. AI1 performances at  sea level. 
2. Performance of Water-Chilling packages does not include energy to drive chilled-water and condenser-water pumps, or d i n g - t o w e r  fans; 

for Hydronic Heat Pumps it does not include the energy to drive circulating water pump(s) and cooling-tower fan(s), but does include the 
conditioned supply-air fan-motor energy when included as part of the model number of the heat pump. The system designer shall determine 
the amount of the non-included energies and take them into account in determining the HVAC System COP (EER) and annual energy 
consumption. 

3. C 5 Centrifugal or Rotary Type (ARI Standard 550-77) 
R J Reciprocating Type (ARI Standard 590-76). 

4. Where double-bundle heat recovery is employed on centrifugal or screw compressor units, a lower EER is acceptable, provided that the gain 
by heat exchange exceeds the loss by lower EER; See 5.9. 

Table 6.5 
Applied H V A C  System Components ,  Electrically Driven 

Condensing Units 19 k W  (65,000 Btu/h) a n d  Over '  
Minimum COP (EER)-CoolingI 

Positive Displacement 

Condensing Means  Air  Evaporative Water  

Beginning January  I ,  1980 2.50 (8.5) 3.48 ( I  1.9) 3.48 (1 I .9) 
Beginning January  I ,  1984 2.78 (9.5) 3.66(12.5) 3.66 (12.5) 

1. Per ARI Standard 520-78 for Positive Displacement Refrigerant Compressors, Compressor Units and Condensing Units. 
2. Based on Standard Rating Capacity at Conditions in Table 6.3.2 and at sea level. 

Table 6.6 
H V A C  System Cooling Equipment, Heat-Operated 

Standard Rating Conditions- Cooling 
Heat Source 

Direct Fired Indirect Fired 

Air Conditionen' Units Temperatures Temperatures 

Entering Condenser Air "C (F) 35.0 (95) DB; 23.9(75) WB 
Wrter Chillers' 
Leaving Chilled Water OC (0 7.2 (45) 6.7 (44) 

(Steam, Hot Water) Standard Rating Conditions (Cas, Oil) 

Entering Conditioned Air OC (F) 26.7 (80) DB; 19.4 (67) WB - 
- 

Fouling Factor m* * W W  (ft2 h * F/Btu) .00009 (.OOoS) 

Fouling Factor mz K/W (ftz h F/Btu) .oO018 (.OOo5) 

Entering Chilled Water "C (F) Per Mfgr. Spec. 12.2 (54) 

Leaving Condenser Water "C (F) 

Entering Condenser Water "C (0 23.9 (75) 29.4 (85) 

33.0 (95) - 
I - Pa Mfgr. Spec. Condenser Water Flow Rate 

I Per ANSI Standard Z21.40.1-1973 and Addenda for Gm-Fired Absorption Summer Air-conditioning Appliances 
2Per ARI Standard 560-75 for Absorption Waler-Chilling Packages 

litre/W * min (gpm/ton) 

i 

30 
, -  
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Table 6.7 
HVAC System Cooling Equlpmcnt, Hcat-Operated~ 

Minimum COP' 
Heat S u m  -- 

Direct Fired Indired Fired 
(Gas, Oil) (Steam, Hut Wnter) 

0.48 0.68 - .- 

I As listed in Table 6.6. At sea level. 

--- Net Cooling Output 
Total Heat Input (Electrical Auxiliary Inputs Exciudcd) 

ZMinimum COP = 

Table 6.8 
HVAC System Heating Equipment-Gns- and Oil-Fired 

Minimum Steady-State Combustion Efficiencies 
Residential/Commercinl Commerclnl/lndustriaI 

Boilers and Furnaces Boilers and 
Residen tiai/Commercial 1 2  FurnncesZJ.' Residential1 

Furnaces with Inputs 
less than 65.9 kW (225,000 Btulh) 

Boilers with Inputs Residential Boilers with Inputs Boilers and 
less than 87.8 kW (300.000 Btu/h) 

In  accordance with Commercial Boilers and Btu/h) or more 
DOE Test Procedures 

Residential Furnaces with Inputs 
65.9 kW (22S.000 Btu/h) up to 
I I7 k W (400.000 Btu/h) 

87.8 kW (300,000 Btu/h) up to 
I17 kW (400,000 Btu/h) 

Furnaces with Inputs 
up to I17 kW (400,000 Btu) 

Steady-State Combustion Efficiencies. Percent 

Commercial/lndustriaI 

Furnaces with Inputs 
117 kW (400,ooO 

Types of Equipment 
Forced-Air Furnaces and 
Low-Pressure Steam or 74 74 7s 
Hot-Water.Boilers 
Gravity Central Furnaces 
and other Vented 
Home Heating Equipment 69 - - 

I Residential/Commercial Equipment Including Residential 
Equipment Covered Under DOE Requirements 

ARI 280-74 Central Forced Air Electric Heating Equipment 
ANSI 221.1 1.1-1977 (with Addenda 1979)-Gas-Fired Room 

ANSI 221.13-1977 (with Addenda 1979)-Gas-Fired Low- 

ANSI 221 4-1977 (with Addenda 1979)-Gas-Fired Gravity 

ANSI 221.47-1978-Gas-Fired Gravity and Forced-Air 

ANSI 221.48-1979-Gas-Fired Gravity and Fan-Type Floor 

ANSI 221.49-1979-Gas-Fired Gravity and Fan-Type Vented 

ANSI 291.1-l972-Perfor1nancc Requirements for Oil- 

ANSI/UL 727-Safety Standard for Oil-Fired Central 

ANWUL 729-1975-Safcty Standard for Oil-Fired Floor 

ANSI/UL 730-1978-Safcty Standard for Oil-Fired Wall 

UL896-197CSafety Standard for Oil Fired Room Heaters 
HI (January 1977)-Testing and Rating Cast-iron and Steel 

Heaters, Vol. 1-Vented Room Heaters 

Pressure Steam and Hot Water Heating Boilers 

and Fan-Type Dircct-Vent Wall Furnaces 

Central Furnaces 

Furnaces 

Wall F W M ~  

Powered Central Furnaces 

Furnaces (October 1975) 

Furnaces 

Furnaces 

Heating Boilers 

*Commerciai/Industrial Equipment 
ABMA Packaged Firetube Boiler Ratings-1978 
ABMA Packaged Commercial-Industrial Boiler Rating 

ASME PTC 4.1-ASME Power Test Code for Steam 

ANSI 221.34-1971-(with Addenda 1973,1974)--Gas-Fired 

ANSI 221.52-1971-(with Addenda 1973) Gas-Fired Single- 

ANSI 221.59-1974-Gas-Fired High-Pressure Steam and Hot 

ANSI 283.3-197I-(with Addenda 1972,1976)-Gas Utiliza- 

UL795-1975-Safety Standard for Gas-Fired Heating 

In addition, ANSI Z21.13, ANSI U1.47, ANSI 291.1, ARI 
280 and HI standards listed above are also applicable to 
commerciaVindustrial installations. 

Criteria- 1978 

Generating Units-1976 

Duct Furnaces 

Firebox Boilers 

Water Boilers (Inputs not over 4oo.OOO Btu/h) 

tion Equipment in Large Boilers 

Equipment, Commercial-Industrial 

'See 6.6. I 
'See 6.6.2 
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Tabk 6.9 
HVAC System Heating Equipment (Heat Pumps), Electrically Opcrntcd’ 

Standard Rating Conditions’ 
Conditions Type Air Source Water Source 

Air Entering Equipment “C 21.1 DB 21.1 DE 21.1 DB 
(F) (70 DB) (70 DE) (70 DB) 

Outdoor Unit Ambient “C 8.3DW6.IWB -8.3 DB/-9.4 WB - 
(F) (47 DB/43 WB) (17 DB/15 WB) - 

- - 15.6 
(F) (70) 

Entering Water Temperature OC - - 
Water Flow Rate As used in 

coolinn mode3 

‘DaU apply to Idlowing: 
Air-Source Unitary H a t  Pump Equipment-ARI Sundud 240.71 
Cmval Water-Source Heat Pump-ARI Sundard 320-76 
Commnr*l and 1nduuri.l H a t  Pump Equlpmcnt-ARI Standard 340-76 
Packawl Tarnind H a t  Pumps-ARI Standard 380.78 

2AdditiomI Standard Ratin# Requirements are rpcc ir i  in the applicabk rundard 
ARI Standards 320-76.3Ub76 

Table 6.10 
HVAC System Heating Equipment and System Components, Electrically Driven (Heat Pumps)’** 

Minimum COP3 
Air-Source Water-Source 

Heal Source Enlering Temperature OC 8.3 DBl6.I WB -8.3 DB/-9.4 WB 15.6 
(70) (47 DB/43 WB) (17 DB/I5 WB) (F) 

Beginning January I ,  1980 2.5 1.5 2.5 
Beginning January 1, 1984 2.1 1.8 3 .O 

‘Equipment as listed in Table 6.9. All performances at sea level and exclude supplementary heat. 
,“Equipment” here refers to central heat pumps, both air-source and water-source; “Components” refers to water-source heat pumps in 
hydronic systems. 

]For both central and hydronic system water-source heat pumps, the COP values in the table do not include the power consumed by the water 
pump. In order to determine total system performance, i t  is the system designer’s responsibility to take this power consumption into account. 
In addition, new (fossil fuel or electric) energy supplied to a boiler or other water heating device to restore the water-source temperature en- 
tering the heat pump shall be taken into account by the system designer. (See 6.7.3. I ) .  

4Any minimum efficiency standard(s) promulgated by the Federal Government may supersede such minimum values established in this Table. 
See 2.3. 

7.0 SERVICE WATER HEATING 
7.1 Scope 

7.1.1 The purpose of this section is to provide 
criteria for design and equipment selection that will pro- 
duce energy savings when applied to service water 
heating. 

7.1.2 I t  is not the intention of this section to develop 
either a procedure or method for designing a hot water 
distribution system, other than to offer criteria which, 
when applied, will reduce unnecessary uses of energy. 
For a more complete systems design guide, the reader 
should consult the 1976 ASHRAE HANDBOOK and 
Product Directory, Systems Volume, Chapter 37, Ser- 
vice Water Heating.25 
Note: The Department of Energy is developing 
minimum efficiency standards or several classes of 
residential appliances in accordance with Public Law 
95-619. If and when such standards become effective, 
they may preempt the recommended minima in this 
standard. 

7.2 General. Hot water for domestic, sanitary and 
swimming pool purposes shall be generated and 
delivered in a manner conducive to saving energy. 
7.3 Water Heaters, Storage Tanks, Boilers and Piping 

7.3.1 Performance Efficiency 
7.3.1.1 Electric Water Heaters 

7.3.1.1.1 All automatic, electric, storage water 
heaters having a storage capacity of 450 liters (120 
gallons) or less, and an input rating of 12 kW or less, 
shall have a standby loss not exceeding 43 W/m* (4 
W/ftz) of tank surface area, or 43 W, whichever is 
greater, when tested in accordance with section 430.22e 
of the D.O.E. water heater test procedure published in 
the October 4, 1977 Federal Register, amended as to 
final rule in the September 7, 1979 Federal Register, and 
calculated at a 44.4OC (80 F) temperature difference. 

heaters having either a storage capacity greater than 450 
litres (120 gallons) or an input rate greater than 12 kW 

~ 

i 
7.3.1.1.2 All automatic, electric, storage water 1 
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' I shall have all water backed storage tank surfaces in- 
sulated to an R value of at least 1.76m2*OC/W (10 ft2. 
h*F/Btu) or a standby loss not exceeding 43 W/m2 (4 
W/ft2) of tank surface area when tested in accordance 
with Section 4.3.1 of ANSI C 72.1-72 Household 
Automatic Electric Storage-Ty pe Water Heaters. I ' 

7.3.1.2 Gas and Oil Fired Water Heaters 
7.3.1.2.1 All gas and oil fired storage water 

heaters having an input rate of 22 kW (75,000 Btu/h) or 
less shall have a recovery efficiency (E,) not less than 75 
percent and a stand-by loss not exceeding 

S = 2.3 + 250/V 
where S is expressed in percent per hour of the stored 
thermal energy and where V = volume in litres (S = 2.3 
+ 67/V, where V = rated volume in gallons) when test- 
ed in accordance with section 430.22e of the D.O.E. wa- 
ter heater test procedure published in the October 4, 
1977 Federal Register, amended as to final rule in the 
September 7, 1979 Federal Register. 

7.3.1.2.2 All other gas fired water heaters shall 
have a thermal efficiency (E,) of not less than 75 percent 
when tested in accordance with section 2.8 of ANSI 

7.3.1.2.3 All other oil fired water heaters shall 
have a combustion efficiency (E,) of not less than 80 
percent. Where combustion efficiency is 100 - flue loss, 
when measured at smoke = 0 (trace is permitted). 

7.3.1.2.4 All gas and oil fired water heaters 
having an input rate over 22kW (75,000 Btu/h) but less 
than 0.3kWAitre (4,000 Btu/h per gallon) of self stored 
water shall also have a standby loss not exceeding 

S = 2.8 + 25.9 Q/V (S = 2.8 + 0.002 Q/V) 
After January 1, 1982 the standby loss shall not exceed 

Where V is the volume in litres and Q is the input in kW 
(where V = rated volume in gallons and Q = rated input 
in Btu/h). 

7.3.1.2.5 All natural gas and oil fired water 
heaters having an input rate of more than 0.3 kW/litre 
(4,000 Btu/h per gallon) of stored water and having a 
pilot input rate greater than 0.5 percent of the maximum 
heater input rate (but not exceeding .22 W (750 Btu/h) 
shall be equipped with an ignition system which is not a 
continuously burning pilot light. 

221.10.3 - 1975. 

S = 2.8 + 250/V (S = 2.8 + 67/V) 

7.3.2 Combination Service Water Hea!ing/Space 
Heating Boilers. Service water heating equipment shall 
not be dependent on year round operation of space 
heating boilers, that is, boilers that have as another 
function winter space heating, and vice-versa. 

7.3.2.1 hhption: For systems where the use of a 
single heating unit will lead to energy savings then such 
a unit should be utilized. 

7.3.2.2 Euception: Excepted from the provisions 
of 7.3.2 are systems with service/space heating boilers 

having a standby loss of W (Btu/h) less than 

3.7 x IO6 pmd + 117 (13.3 pmd + 400) 
n n 

where pmd is the probable maximum demand in m3/s 
(gallons/h) determined by the fixture count method as 
per Chapter 37 of the 1976 ASHRAE HANDBOOK and 
Product Directory, Systems Volumezs and n is the frac- 
tion of the year when the outdoor daily mean 
temperature is greater than 18.3OC (64.9 F). 

The standby loss IS to be determined for a test 
period of 24 hour duration while maintaining a boiler 
water temperature of 32°C (90 F) above an ambient of 
16°C (60 F) to 32°C (90 F) and a 1.5 m (5 f t )  stack on ap- 
pliance. 

7.3.3 Insulation 
7.3.3.1 Heat loss from unfired hot water storage 

tanks shall be limited to a maximum of 43 W/m2 (13.6 
Btu/h. f t2 )  of external tank surface area. The design 
ambient temperature shall be no higher than 18°C (65 
F) . 

7.3.3.2 For recirculation systems, piping heat loss 
shall be limited to a maximum of 16.8 W per linear 
metre (17.5 Btu/h per linear f t )  of pipe in accordance 
with Table 7.1 which is based on design external 
temperature no lower than 18°C (65 F). Other design 
temperatures must be calculated. 

Exceptions: Piping insulation is not required 
when the heat loss of the piping, without insulation, 
does not increase the annual energy requirements of the 
building. 
7.4 Temperature Controls. Service water heating sys- 
tems shall be equipped with automatic temperature con- 
trols capable of adjustment from the lowest to the high- 
est acceptable temperature settings for the intended use. 
(See Table 1 from ASHRAE 1976 HANDBOOK and 
Product Directory, Systems Volume, Chapter 37.25) 
7.5 Shut Down. A separate switch shall be provided to 
permit turning off the energy supplied to electric service 
water heating systems. A separate valve shall be provid- 
ed to permit turning off the energy supplied to the main 
burner(s) of all other types of service water heating 
systems. 
7.6 Pump Operation. Circulating hot water systems 
shall be arranged so that the circulating pump(s) can be 
conveniently turned off (automatically or manually) 
when the hot water system is not in operation. 

7.7 Conservation of Hot Water 
7.7.1 Showers used for other than safety reasons, 

shall limit the maximum hot water discharge to 0.19 
l i treds (3 gpm) rated at  pressure differences of 138 to 
551 kPa (20 to 80 psi). 

7.7.2 Lavatories in restrooms of public facilities 
shall: 

a. Be equipped with outlet devices which limit the 
flow of hot water to a maximum of 0.032 litreds (0.5 
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Tibk 7.1 
Minimum Pipe Insulation 

Insulrllon Thkkncaa for Pipe Sizes* 
Non-clrculrllnp tunouts ClrculrUng Mnlns 6r Runouts &Wkt  WDtW 

Hcatlng Tempmlum up to 1' upto1 1/4 1 l/Y-Y Ova Y 

76.5-82 170-180 12.7 0.5 25.4 I .O 38. I I .5 50.8 2.0 
"C F mm In. mm la. mm In. mm In. 

60.7 1 140-160 12.7 0.5 12.7 0.5 25.4 I .O 38.1 1.5 
25.4 1.0 38-34 1Ool30 12.7 0.5 12.7 0.5 12.7 0.5 

*Nomind Iron plpc Ja and InwMon Ihkkncu. 
C a d d v h y  K .17 

gpm) or, be equipped with self-closing valves that limit 
delivery to a maximum of 0.94 litres (0.25 gallons) of 
hot water for recirculating systems and to  a maximum 
of 1.9 litres (030 gallons) for non-recirculating systems. 

b. Be equipped with devices which limit the outlet 
temperature to a maximum of 43OC (1 10 F). 

Exception: Separate lavatories for physically hand- 
icapped persons shall not be equipped with self-closing 
valves. 

7.8 Swimming Pools 
7.8.1 Pool Heaters 

7.8.1.1 All pool heaters shall be equipped with an 
ON-OFF switch mounted for easy access to allow 
shutting off the operation of the heater without ad- 
justing the thermostat setting and to allow restarting 
without relighting the pilot light. 

7.8.1.2 After January 1, 1982, all gas and oil fired 
pool heaters shall have a thermal efficiency of 75 
percent when tested in accordance with ANSI 221.56- 
1975. 

7.8.1.3 Active solar heating systems should be 
used to supply a portion of the pool heating 
requirements when conditions permit their cost effective 
installation. 

7.8.2 Pool Covers. Heated swimming pools shall be 
equipped with a pool cover. 

Exceptions: Outdoor pools deriving over 20 percent 
of the energy for heating from non-depletable sources 
(computed over an operating season.) 

7.8.3 Time Clocks. Time clocks shall be installed so 
that the pump can be set to run in the off-peak electric 
demand period and can be set for the minimum time 
necessary to maintain the water in a clear and sanitary 
condition in keeping with applicable health standards. 

7.9 Utilization of Waste Heat or Solar Energy 
7.9.1 Consideration should be given to the use of 

condenser heat, waste energy, or solar energy to sup- 
plement hot water requirements when the first year's 
fuel cost savings resulting from the installation of such 
devices exceeds 20 percent of the initial additional cost. 

7.9.2 Storage should be used to optimize heat 
recovery when the flow of heat to be recovered is out of 
phase with the demand for heated water. 

' 
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ASH RAEllES 90B-I 975 
(Sections 10 and I 1  

of ASH RAEllES Standard 90-75) 
The following Sections 10 and 11 (9OB-1975) are identical to Sections 10 and 11 of Standard 90-75. They 

90B-1975 (designated for review 90.2-75R) is currently under revision and when and if the revision is a p  
are included here for completeness and for the convenience of the user. 

proved it will supersede the Sections 10 and 11 in this document. 
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10.0 ENERGY REQUIREMENTS FOR BUILDING 
DESIGN ON SYSTEMS ANALYSIS 

10.1 scope 

This section is included to provide an opportunity to 
deviate from the specific design criteria of Sections 4 
through 9 by demonstrating that such deviations will 
result in annual energy consumption equal to or less 
than that resulting from compliance with these criteria. 

10.1.1 Annual energy anolyoes are nor required for 
buildings and alternative designs using various combina- 
tions of source energy which comply with Sections 4 
through 9. Analysis criteria set forth in th is  section 
m y  be used to establish the annual energy require- 
ments of each proposed design and in so doing will 
indicate the relative energy effectiveness of eachdesign, 
thereby providing a basis on which the building owner 
and/or designer may select one system over another. 

10.1.2 If any proposed design deviates from the 
specified design criteria of Sections 4 through 9, that 
design's annual energy consumption shall be compared 
to a similar building/system/energy source combination 
which does conform to Sections 4 through 9 (defined 
as a "standard design") to qualify it w an acceptable 
design. For instance, if electric heating and/or electric 
cooling are proposed for an alternate design which de- 
viates from the criteria of Sections 4 through 9, then 
electric heating and/or electric cooling shall also be used 
in the comparative standard design to justify the devia- 
tion from the design criteria of Sections 4 through 9. 

10.2 Equivalent Annual Energy Consumption 

The standard design, conforming to the criteria of See 
tions 4 through 9, and the proposed alternative design 
thou be analyzed using the same procedures. The com- 
parison thcrll be on a common basis. That is, it shall use 
qual floor area and equal environmental requirements. 
The comparison shall be expressed as Btu input per 
gross building quare foot per year (MJ/m* per year). 

10.2.1 Bas& for Comparison. All forms of energy 
usage by both designs (standard and proposed alternate) 
covered under the provisions of Sections 4 through 9, 
rholl be included in the comparison. Common climatic 
data, building occupancy, and building usage operational 
cchedules tho11 be uad  in c o m p h n .  Where dmilar 
generic types of equipment and energy lources are 
appliabb to the drndud and propoaed alternative 
de@, ruch eqdpment ud rpedfic put lod perform- 
mca of auch equipment a loq  with re4ted ~c<#asorka 
rhollbe wed in thecompuiron.Inthiatypeofcom- 
pariaon, identical energy forma MI menre'the aame 
purpor L both the r t r n d d  and propoced dtemtive 
designs. (Ebctric ~ l l n g  rtroR be compued to electric 
cooling, gaa heating rhoa be compared to p a  heating, 
etc.) 

If the proposed alternative design results in M in- 
c rew  in consumption of one eneray aourcc urd a de- 
crease in another energy source (even though dmllu 
sourm are used for similar purpoacs) the differences in 
each energy source shulI be converted to equivalent 
energy units for purpoacs of comparing the total energy 
used. 

10.3 Analysis Procedure 

The analysis of the annual energy usage of the standard 
and the proposed alternative building and system 
designs shall meet the following criteria: 

10.3.1 The building heating/cooling load dcula-  
tion procedure used for annual energy consumption 
analysis shuN be of sufficient detail to permit the evdu- 
ation of effect of building data (such as orientation, size, 
shape, transfer characteristics of mass, air, moisture, 
and heat) and hourly climatic data. 

10.3.2 The calculation procedure used to simulate 
the operation of the building and its service systems 
through a full year operating period shall be of sufficient 
detail to permit the evaluation of the effect of system 
design, climatic factors, operational characteristics, and 
mechanical equipment on m u d  energy usage. Manu- 
facturer's data or comparable field test data shall be 
used when available in the simulation of d system 
and equipment. The calculation procedure shall be 
based upon 8760 hr of operation of the building and 
its service systems and shall utilize techniques reoom 
mended in the appropriate ASHRAE publications or 
produce results consistent with auch recommended 
procedures. 

103.2.1 The calculation procedure shulI ex- 
pllcitly cover the following items: 

a. Climatic daw coincident hourly data for tempera- 
tures' mlu radiation, wind and humidlty of 
typicat days in 'the year reprurentlng auond 
variation 

b. Build@ d i t s  orientation, dte, ahape, maas, air, 
molstum and heat trander chuacteristlu 

c. Operational characteristics: tempentuts, humid. 
ity, ventilation, tnumination, control mode for 
occupied and nonoccupied houn 

d. Mechurlcll equipment: d e w  apaclty, put fod 
prome 

e. Internal heat genention, lighting, equipment, 
number of peopb du- occupbd and non-occu. 

'pbdpetkdr 

10.4 Doauacntrtkn 
Ropoced alternative dedgnr, aubmltted u reqwrtr for 
exception to the atandud dodgn criterlr, rhpa bo (9 
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companied by an energy analysis cornpubon report 
prepared by a regirtered engineer. The report dud1 pro- 
vide sufficient techdcd detail on the two building urd 
system dedgns and on the data wed In and rearltlng 
trod the comparative ~rlyds to verify that both the 
mdyds and the dedgns meet the criteria of 10.1 
through 10.3.2. 

10.4.1 The documentation rhou demonstrate that 
the analysis used is consistent with the tqchniques and 
procedures specifEd by the following ASHRAE docu- 
ments: 

a. 1972ASHRAE HANDBOOK OF FUNDA- 

b. 1973 ASHRAE HANDBOOK & Product Direc- 
tory, Systems Volumez 

c. Energy CblcuLtions I: “Procedures for Determin- 
ing Heating and Cooling Loads for Computerizing 

M E N T A L S ~  

References Used in Section 10 

ASHRAE HANDBOOK OF FUNDAMENTALS, ASHRAE, 
New York, NY, 1972. 
ASHRAE HANDBOOK & Product Directory,Systcmr Volume, 
ASHRAE, New York, NY, 1973.  
Energy Culculurions I:  “Procedure for Determining Heating 
and Cooling Loads for Computerizittg Energy Calculations - 
Algorithms for Building Heat Transfer Subroutines,” ASHRAE. 
New York, NY, 1975. 

11 .O REQUIREMENTS FOR BUILDINGS 
UTILIZING SOLAR, GEOTHERMAL, 

ENERGY SOURCES 
WIND OR OTHER NON-DEPLETING 

11.1 General 

When a proposed alternative building and service system 
design, submitted and evaluated in accordance with 
Section 10 of this Standard, utilizes solar, geothermal, 
wind or other nondepletable energy sources (see Sec- 
tion 3 -Definitions) for all or part of its energy sources, 
such non-depletable energy supplied to the building 
shull be excluded from the total energy chargeable to 
the proposed alternative design. To qualify for this ex- 
clusion, solar energy must be derived from a specific 
collection, storage and distribution system, The solar 
energy passing through windowsdull also be considered 
as qualifying if such windows are provided with ( I )  
operable insulating &utters or other devices which, 
when drawn or closed, sholl cause the window area to 
reduce maximum outward heat flows to those in ac- 
cordance with Fig. 1 and 3 of Section 4, and (2)’the 
window areas are shaded or otherwise protected from 
the direct rays of the sun during periods when cooling 
is required. 

Energy Cakulations - Algorithms for Building 
Heat Transfer Subroutines,” 1975 ’ 

d. Energy Ccrlculcrtions 11: “Procedures for Simulat- 
ing the Performance of Components and Systems 
for Energy Calculations,’* 1975‘ 

EXCEPTION. Proposed alternative designs for dngla 
family, detached residential buildings and for light com- 
mercial structures having the indoor temperature con. 
trolled from a single point m y  be exempted from the 
full-year energy analysis as described in 10.3. A regis- 
tered professional engineer shull, however, provide a 
cornpadson of energy consumption between the alter- 
native design and the standard design. Simplifiidenergy 
analysis, such as bin or Degree-Day methods, details of 
which can be found in Chapter 11 and 436 of the 
1973 ASHRAE HANDBOOK & Product Directory, 
Systems Volume, may be used for this comparison. 

Energy Culculurions I / :  “Procedures for Simulating the Per- 
formance o f  Components and Systems for Energy Calculations:’ 
3rd e,, ASHRAE. New York, NY, 1975. 
ASHRAE HANDBOOK & Product Directory, Systems Volume, 
Chapter 1 1 ,  ASHRAE, New York. NY, 1973. 
ASHRAE HANDBOOK & Producl Directory. Systems Volume, 
Chapter 43,  ASHRAE, New York, NY, 1973. 

11 .I . I  This provision shall also apply to nocturnal 
cooling processes in lieu of energy-consuming refrigera- 
tion processes. 

11.1.2 All other criteria covered in Section lOsholl 
apply to the proposed alternative designs utilizing non- 
depletable sources of energy. 

11.2 Documentation 

Proposed alternative designs, submitted as requests for 
exception to the standard design criteria, shull be ac- 
companied by an energy analysis prepared by a regis- 
tered engineer, as defined in Section 3. The report shufl 
provide sufficient technical detail on the alternative 
building and system designs and on the data employed 
in and resulting from the comparative analyses as to 
verify that both the analyses and the designs meet the 
criteria of 10.2 and 10.3 and this section. The energy 
derived from nondepletabk sources and the reduction 
in conventional energy requirements derived from noc- 
turnal cooling, shall be separately identifEd from the 
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Ovcrg buildfnl enorgy we. Supporting documentation, 
on the basis of the porfonnance estimates for the afore- 
mentioned nondepletabb energy sources or nocturnal 
cooling means, must be submitted. 
EXCEPTIONS. Proposed alternative designs for red- 
dentid and light commercial structures of leer thrn 
20,000 ft (1 860 m2) that derive 8 significant portion 
of their total m u d  energy usage from nondepletable 
murces or from nocturnal cooling, shall be exempt 
from the requirement of a full-year energy system 
M ~ Y S ~ S ,  providing thaCa registered engineer concurs in 
writing that the average annual input of such nons 
depletable sources, or the extent of such nocturnal 

- 
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cooling can reasonably be expected to moat tho 
demands imposed by the proposed dtemotive design. 
Other commerdrl,inrtitutional and industrial structurer 
that derive over 50 percent of their m u d  thermal re- 
quirements (heating, cooling, acrvice water heating) or 
over 30 percent of their mud total energy require- 
ments from nondepletable sources s h d l  be exemptad 
from the necessity of comparing the propored design 
to a standard design which follows the provisions of 
Sections 4 through 9. Documentation, provided by a 
registered engineer, verifying the percentage of annual 
energy use derived from such nondepletable sources 
dull be required as provided in 11.2. 
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