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Block 20. Abstract (cont ’d)

continental United States. Computer modeling technique s p ro-
vide predictions on energy savings due to cont rol system mod i-
fications for six types of HVAC systems and two types of build-
ing construction , therma lly heavy and thermal ly li ght.

The operation of six HVAC systems is described and illustrated
for existing and Dead Band control strategy. Computer simula-
tion of these various systems demonstrates tha t substantial
energy savings can be achieved by emp loy ing Dead Band control
strategy. Bar grap hs are provided illustrating relative energy
used for each HVAC system . Eng i neering guidelines for the de-
si gn of Dead Band contro l systems are presented in form of con-
tro l schematics and log ic diagrams for each HVAC system. Eco-
nomic guidelines include techniques for estimating construction
and maintenance cost , and performing economic analysis for each
system .
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PART I H V A C  D E A D  B A N D  C O N T R O L S

A F O R E W O R D

This guide explains the Dead Band control strategy ,
a metho d used to control heating, vent ilating and
air cond itioning (HVAC) systems to produce substan-
t i al  e n e r g y s a v i n g s . The  Dead B a n d c o n t r o l  s t r a t e gy
can be applied to new construction or used to m odify
ex isting controls in HVAC systems.

To use  t h i s g u i d e:

1. Review PART I-B for an ex planation of the Dead
Band c o n t r o l  s t r a t e g y .

2. Determ ine the general type of HVAC system in
your building according to the categories in
PART I - D .

3. Consult PART II - ENGINEERI NG GUIDELINES , f o r
a description of the Dead Band controls tha t
a pply to your system.

4. C o n s u l t  P A R T  I I I  - E C O N O M I C  A N A L Y S I S , f o r
economic  cons i dera t ions . Y e a r l y  heat in g an d
cooling ener gy costs for your project mus t be
estimated or made availa ble in order to deter-
mine retrofit feasibility .

5 . See P A R T  I V  - A P P E N D I C E S , for exam ples of first
cos t , operation and maintenance cos t , energy
savings and dollar savin gs from a typical Dead
B a n d  c o n t r o l s  pro ject .

6. Provide this gui de to your engineers , contractor
or operations personnel when you install Dead
Band controls in your b uil d i n g .



B THE DEAD B A N D  C O N T R O L  S T R A T E G Y

The Dea d B a n d  s y s t e m s  d i s c u s s e d i n  t h i s  g u i d e
rely on one single factor for temperature control--
the tem perature of the space being heated or cooled.
Basically, t he  Dead Ban d c o n t r o l  s t r a t e gy c o n s i de r s
t h ree f u n c t i o n s :

Throttlin g Range: A range of acc eptab le room air
tem peratures over which the system operates. The
th ro t t l i n g r a n g e  used  i n th i s s t u dy i s  l O F ;  68F
to 78F .

Dea d Band: A po r t i on  of the th r o t t l i ng ran ge dur in g
w h i c h  ne i th e r  h e a t i n g n o r  c o o l i n g e n e r g y i s  u s e d ,
but ventilation is provided. The Dead Band used in
this study is 5F; 70.5F to 75.5F.

~pace Deman d Reset: A method by which the supply
a i r tem pe r a t u r e  i s a djus te d to heat  or coo l  the
s p ace in di rect  res ponse to i t s  thermal  deman d.

Dea d B a n d c o n t r o l  s t r a t e gy c a n  be a pp l i ed to new
construct ion or used to retrofit existing buildings.
Typ i c a l l y , i n  a Dead B a n d  r e t r o f i t p ro jec t , o,i l y
the controls of the existing HVAC systems are
c h a n ged; ex i st i ng f a n s , pumps , ductwork and piping
rema i n u n c h a n g e d. Dea d Ban d c o n t r o l  c a n  be i n cor-
porated to control a variety of HVAC systems , some
of which are illustrated in Figure 1 and explained
in the following text.

V a r i a b l e  Fan  S p eed

Fan  m o t o r  s pee d , a n d  c o n s e q u e n t ly  sy s t e m  a i r  v o l u m e ,
c a n  be m o d u l a t e d o v e r  t h e  t h r o t t l i ng r a n g e  u s i n g
space demand feedback. Variable air volum e (VAV)
systems usin g conventional damper control have prov-
en effective in reducing energy use. Special
attent ion must be paid to ductwork design , or retro-
f i t  des i g n , when vary ing air volume.

H u m i d i t y

S p ace h u m idi ty c a n  be c o n t r o l l e d  as a f u n c t i on of
space dry bulb tem perat ure using Dead Band control

2



stra tegy . This is accomplished on a h i g h — l i m i t
reset basis ; when dehumidification is needed , over-
ri de of the temperature control system occurs.

E c o n o m i z e r Da~ pers

Economizer dar np c~rs , generally controlled by outdoor
a ir temperature , ar (~ m a n a g ed u n d er t he Dea d B a n d con-
trol system using space demand feedback. This method
a l l o w s  t h e  s p ace  to d e t e r m i ne it s re q u ir e d ou t s id e
a ir volume for cooling purposes. Enthalpy override
of e c o n o m i zer  dam pe rs i s r e c o m m e n d e d w h e n  t h e sy s t em
i s i n a mec h an i ca l  coo l i ng mo d e .

VAV Wi th R e h ea t

Dea d B a n d c o n t r o l  s t r a tegy c a n  b e a pp l i e d to v a r i a b l e
a ir volume (VAV) systems with reheat. In this system ,
s p a c e  demand f e e d b a c k  is use d to con t ro l  the rehea t
an d coo l i n g co i l s . The c o n t r o l  s t r a t e gy i n a V A V
sy s tem i s s i m i l a r  to th a t use d i n a re h eat  sy s tem
w i th mo d if ic at i on for dam p er con t ro l .

Packaged Units

Pac kaged equipment is HVAC equipment which is factory-
assem bled and ready for installation. The extent of
c h a n g e s  needed  to em p l o y Dea d Ban d c o n t r o l  s t ra tegy
can var y from simple readjustment of the space thern i o-
stat to strategies used in the six common HVAC systems.
Triere fore , control modif ications must be dealt with on
a case- by-case basis due to the variety of packaged
equipment. For example, w i t h  p a c k a ge d u n i ts con tr o l l e d
by a s i n g l e  h e a t i n g/c ool i n g t h e r m o s t a t , Dead Band can
be a c c o m p l i she d by se t t i n g t he t e m p e r a t u r e  s e l e c t o r
for heating to 69F and the temperature selector for
c o o l i n g to 7 7 F , an d a dj us ti n g t h e  d if f e r e n t i a l  f o r
each setting to 2F .

Sin gle Zone Sjstems

The  s i n g l e  z o n e  u n i t  u ses a s i n g l e  tem p e ra tue c o n t r o l
z o n e .  The  u n i t  wi t h h e a t i n g a n d  coo l i n g c o i l s  ma y b e
insta l led within , or remo te f r o m , t h e  sp ac e i t s e r v e s

3
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and can operate with or without d i s t r i b u t i n g  ductw ork.
Dead Band control strategy can be incorporat ed with
s i ng le zone sy s tem s to re g u la te hea t in g an d coo l i ng
equi pment.

4
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FIGURE 1. DEAD BAND CONTROL STRATEGY
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C H U M I D I T Y

Hum idity as discussed in this guide deals with
space comfort. Space humidity control is generally
no t  c o n s i d e r e d  c r i t i c a l  i n  man y p l a c e s  i n  t he  U n i t e d
S t a t e s , but in reg ions such as Pensacola , F l o r i da ,
h i gh s p a c e  h u m i d i t y can  be a p ro b l e m . T h e r e f o r e ,
control strategies are incorporated into the Dead
Ban d design which compensate for high space humidity.
R e h e a t  sy s t e m s , wi t h a f i x e d  col d p l e n u m , offer
a u t o m a t i c  d e h u m i d i f i c a t i o n  a t  the  ex p ense  of us i ng
ener gy. Mixing type HVAC systems do not offer de-
hum idif i c a t i o n  of the to ta l  a i r  su pp ly an d are not
ge n e r a l l y  u s e d w h e r e  h u m i d i t y  c o n t r o l  i s  i m p o r t a n t .
W h e r e  h u m i d i t y  c o n t r o l  is incorporated into control
s y s t e m s , it should be done on a hi g h - l i m i t  reset
b as i s . S p ec i a l  c o n t r o l  d es i g n s h o u l d  b e em p lo yed
where close humidity control is required for other
than s p ace  comfo r t .

H i g h  h u m i d i t y  c o n t r o l  c a n  be i n c o r p o r a t e d  i n t o  t h e
Dead Band control systems with strate g i c a l l y  p l a c e d
sam ple humidity sensors. The sensor with the greatest
deman d can override the temperature control and place
t h e  s y s t e m  d e h u m i d i f i c a t i on cy c l e  i n t o  a p r i o r i ty
mode.

The c o m f o r t  e n v e l o p e , as defined by ASHRAE Standard
55-74 , shows acceptable comfort cond itions within
space conditions of 58% RH at 78F and 68% RH at 73F.
T h e s e  c o n d i t i o n s  a re  b e l o w  t h e m i n i m u m  7 0% RH d e f i n e d
by ASHRAE as requir ed to support pathogenic organisms.

The  c o n t r o l  s c h e m a t i c s , ex plained in PART II -

E N G I N E E R I N G  G U I D E L I N E S , incor porate a design which
a l l o w s  f o r  t h e  s i m u l t a n e o u s  c o n t r o l  of d r y b u l b  t empera-
t u r e  an d r e l a t i v e  h u m i d i t y  at  h i g h e r  d r y b u l b
t e m p e r a t u r e s ;  i.e. 58% RH at 78F and 68% RH at 73F.
Typically, in any b u i l d i n g ,  1 to 4 h u m i d i ty sam p l e
zones can be considered sufficien t .

6
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D H V A C  S Y S T E M S

S i x  Common  Sy s tems

The six common HVAC systems are divided into two
categories , “ r e h e a t ” and ‘m i x i n g 11 . R e h e a t  sy s t e m s
first cool or preheat the incoming air to a fixed
t e m p e r a t u r e  (e.g. 55F) and then distribute this
air to each zone . For maximum cooling, the a i r
enters the zone without further treatment . For
intermediate cooling and heating , zone coils rehea t
t he  a i r  to s a t i s f y  t h e  z o n e  d e m a n d .

Mixing systems both heat an d cool the incoming air ,
then mix the two streams to del iver air to the
space at the desired temperature . In “ d u a l  d u c t ”
s y s t e m s , parallel warm and cool air ducts extend
to each zone where zone mixing dampers control the
air mix . In “ m u l t i z o n e ” Systems , each  z o n e ’ s
mixin g damper is located at the central air handling
unit and mixed air is delivere d to the zones in a
sin gle duct.

Within these two HVAC systems , “ r e h e a t ”  a n d  “ m i x i n g ” ,
the control of the outside a ir distinguishes the
three sub-divisions . The quantit y of outside air is
typically set at 100% , at a fixe d minimum such as 15%,
or is var iable. These six types of HVAC systems ,
i dent i f i ed i n th i s  gui d e , a re  s h o w n  i n  Ta b le  1 .

TABLE 1 - SIX COMMON HVAC SYSTEMS

I de n tifi cdtion Description

RI-i-100 Reheat with 100% Outside Air

RH— 1 5 Reheat with 15 1’ Outside Air

RH-VAR Reheat with Variable Ou t s i d e  A i r

M- l 0O Mixin g with 100% Outside Air

M-l5 Mixing with 15 Outside Air

M-VAR M ixing with Variable Outside Air

7
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E B U I L D I N G  E N E R G Y C O N S U M P T I O N  A N A L Y S I S

Com p u t e r  A n a l y s i s T e c h n i que

BLDS IM* is the computer simulation program which
was used to predict relative energy consumption
for bu i l d i n g s  and control strategies addressed in
this guide. Basically, the program util izes four
types of input: environmental data (weather and
solar loads); building architecture; 1-IVAC system
typ e; and con t ro l  s t r a t e gy .

The structure of BLDS IM is set up such that it
se q u e n c e s  c a l c u l a t i o n s  w h i c h  u pd at e bu i l d i n g  in-
t e r n a l  con di t i ons , mo is t a i r s t a t e s , building
com ponent  tem p e ra tu res , controller positions and
heat transfer between system and building components
on a m inute-by-minute basis. Weather data and solar
l oad data are also updated each minute from straight-
l ine interpolation of hourly weather data and 20-
m i nute s o l a r  l oad  da ta .

Arc h i tec tu r a l  d a t a  i s re q u i red to d e s c r i b e the
thermal storage and transmission characterist ics of
the b u i l d i n g  as well as the space and plenum air
v o l ume s . B u i l d i n g d i m e n s i o n s  a re  i n p u t  i n t e r m s  of
zone  f l o o r  a r e a , w a l l  h e i g h t , p l e n u m  h e i g h t  a n d
g l a s s  a rea .

B L D S I M  i s d es ig ne d to s i m u l a t e  v a r i ous  H V A C  c o n t r o l
strategies , including conventional and Dead Band
systems. The control versions used in this study
incor porate Dead Band and conventional operation
w ith six HVAC systems (R-lOO , R- 15 , R-VAR , M- 100 ,
M-l 5 and M -VAR). The fact that BLDSIM calculates ,
once each  m i nute , all s ignificant system temperatures
and moist air states makes possi ble direct, accurate
s imulation of control algorithms which have response
times of one minute or greater.

Weather data for the BLDSIM program is derived frc
the U .S. Department of Commerce Climatic Center
w e a t h e r  t a p e s .  The t a p e s  s e l e c t e d  a r e  ones  t h a t
were recorded by the weather station nearest the

* BLDS IM was developed by Dr. Gideon Shavit at
Honeywell’ s Commercial D ivision , A r l i n g t o n
Heights , I l l i n o i s .

8

-I- - — — — - — - - ——— __________________________



location under study: San Die go , C a l i f o r n i a ,
Chicago ’ s O ’Hare Airport for Great Lakes , I l l i n o i s ,
and  M o b i l e , A l a b a m a , fo r  P e n s a c o l a , Florida.

Weather data utilized by BLDSIM includes hourl y
values for dry bulb , dew point , wind velocity an d
cloud cover. To avoi d unnecessary computer costs ,
a f u l l  year ’ s ener gy consumption is calculated
based on a simulation of one representative day per
month , or 12 days . The first day is simulated twice
to set  u p i n i t i a l  c o n d i t i o n s  an d e n e r g y  c o n s u m p t i o n
for this da y is ignored. The twelve-day weather
year is a widely accepted compromise and gives excel-
lent agreement with full 365-day simulation.

Basicall y, the weather ta pes used contain an hour-by-
hour record of weather for a ten- year period. From
t h i s , a year of data is selected for analysis . This
data is then modified by a data reduction program
wh ich condenses one year of weather into 12 model
days with each day representing the effective weath er
profile for one month. The twelve typical days con-
t a i n  c o i n c i d e n t  dry  b u l b , wet  b u l b , h u m i d i t y r a t i o ,
b a r o m e t r i c  p r e s s u r e , w ind direction and wind speed
f o r  each h o u r .

Cloud cover data used in the simulation was taken
from actual Local C l im atological Data (LCD) su pplied
by the National Weather Service . Selected days from
each month were chosen such tha t the average sky cover
fo~ these days was within 10% of the long -te rm
a v e r a g e  f o r  t he  m o n t h .

Input data for the BLDSIM program used in thi s study
inclu des extensive inf ormation on building construc-
t i on , l o c a t i o n s , o c c u p a n c y , lighting and heating,
v e n t i l a t i ng a n d  a i r  c o n d i t i o n i n g s y s t e m s .

Two representative building types are studied in this
g u i d e , thermally heavy an d thermally ligh t. Both
buildings are four-story structures with most of the
glass facing East and West with shading pr ovided by
w i n d o w  o v e r h a n g s .  O c c u p a n c y  i s  one  p e r s o n  per one
hundred square feet during the day with lighting a t
three-to-four watts per square foot. The floors are
divided into two exterior zones , including East and
West window areas , and two interior zones.

Thermally heavy cons truction consists of 12—inch
heavy -weight concrete walls with 1 /4-inch regular
sheet glass. The roof is built-up on 6-inch concrete

V



with R-4 insulation . Light construction walls are
1—inch stucco , R— l l insulation , 5/8-inch gypsum
board and 1 /4-inch regular sheet glass. The roof
is built-up on 5/8-inch plywood with R- l9 insulation.

10
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PART I I  E N G I N E E R I N G  G U I D E L I N E S

A I N T R O D U C T I O N

Recommended engineer ing guidelines for the design of
Dead Band control systems are presented. Each of the
six 1-IVAC systems is discussed separately in terms of
control logic and control schematics.

F i r s t , a brief system description is presented for
each system. This system description is then follow ed
by a discussion on control logic , existing and Dead
Band , and control schematics. Next , log ic diagrams
are illustrated comparing existing control logic and
Dead Band control logic. System schematics are also
presented to illus trate controls at the central air
handling apparatus , sample zones and non -sample zones.

It should be noted that all control logic and system
schematics presented in this guide are for typical
systems and are to be used for general engineering
guidelines.

Designing a Dead Band Control System

Before a Dead Band control system can be applied to
an existing project a detailed survey of the exist-
ing building and its components must be made. The
survey must include an inventory of all contr ol com-
ponents to the extent tha t each control function and
its adjustment limit is known. A working knowledge
of the HVAC system is required , including t h e  pur-
pose and func tion of each fan , coi l , pump and valve.
The physical layout of the space and limi ts of the
existing temperature zones must be known and consid-
ered before the sample zones are- selected. Sample
zones must be analyzed to determine if their thermal
capacitance is representative and in harm ony with
the basic thermal behav ior of the buildi ng. For
exam ple, a Southwest zone with windows usually is not
a good sample zone.

I n  a Dead  B a n d  c o n t r o l  sy s tem , t h e  n u m ber of sam p l e
zones must be carefully selected. Usually, 25-40%
of the building zones are sample zones. The controls

11



of the remainin g zones are also modified , but they
do not affect the control of the central air handling
apparatus heating or cooling coils.
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B S Y S T E M  D E S C R I P T I O N , RH -1 00

S Y S T E M  T Y P E :  T e r m i r a l  R e h e a t

OUTSIDE AIR QUANTITY: 100%

F U E L

HEATING/COOLING: Natural Gas , Oil , Coal ,
Electricity

AUXILIARY: Electricity

CENTRAL EQUIPMENT

HEATING: Hot Water Boiler

COOLING: C h i l l e r

ENERGY DISTRIBUTION: Hot Water and Ch illed
Water Piping, Pum p s
and Valves

P R I M A R Y  A I R  T R E A T M E N T  -

HEATING: Hot Water Pre-heat Coil

COOLING: C h i l l e d  Water Cooling Coil

AIR DISTRIBUTION : Fans , Filters , Ductwork

ZONE AIR TREATMENT: Hot Water Reheat Coils

CONTROL SYSTEM: Pneumatic

Control Logic

In the existing control logic , Figure 2, zone thermo-
stats have a 1 .5F throttling range and a set p oint of
73F. Therefore , at 72.25F the reheat coil hot water
valve is fully open , and at 73.7SF it is fully closed.
The cooling coil and pr e-heat coil discharge air
temperatures are held constant at 55F .

Under the Dead Band control logic , Figure 2, the
sample zone contr ols have a 1OF throttling range with
the same 73F set point. The reheat coil is closed

13
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until the space temperature drops below 7O.5F and is
full y open at 68F. The cooling coil and pre -heat
c o i l  t e m p e r a t u r e s  a re  r e s e t  a c c o r d i n g to t h e  s p ace
temperature and humidity , i f  needed . W i t h i n  t he  Dead
Band , 70.5F to 75 .SF , all coil valves are closed
and no heating or cooling energy is used. As the
space demands more cooling, the chilled water valve
modulates from closed at 75 .5F to fully open at 78F.

Cont ro l  S c h e m a t i c s

I n  t he  Dead B a n d  s y s t e m  s c h e m a t i c , Fi g u r e  3 , d i s c h a r ge
air temperature from the cooling and preheat coil is
regulated by the sample zone calling for the most
cooling. This sample zone produces the highest
pressure signal which is then fed to the cooling coil
controller. These controllers then regulate the coil
control valves to maintain an optimum discharg e air
temperature. For example , as the space demands more
cooling, the chilled water coil valve modulates from
closed at 75.5F to fully open at 78F. Outside air
remains fixed at 100% for all condi tions.

The t h e r m o s t a t  o u t p u t , f r o m  the  sam p l e  z o n e  i l l u s t r a t e d
in Figure 3 , is fed through a ratio relay which pro-
duces the required press ure to regulate the hot water
control valve at the reheat coil. This thermostat
out put also goes to a pressure selector whi ch selects
the highest pressure signal from the samp le zones and
transmits it to the central apparatus control system.
Note that if existing thermostats are to be used in
sample zones , they must be modified to provide a wid er
throttling range. Otherwise , a new thermostat i~required.

Another option is to empl oy temperature sensors with
remote controllers rather than thermostats in each
zone. This allows the con trollers to be in a remote
location preventing occupan ts from tampering with
the control system. The output from a controller
leads to the reheat coil and to a pressure selector
as described above.

The space thermostat in a n on-sample zone is set at
approximately 69F , and the throttling range remains
at its ori g inal l.5F setting. In thi s situation , the
thermostat causes the zone control valve to be fully
open at about 68F and fully closed at about 7OF.

14



Humidity sample zones all ow for the simultaneous
control of dry bulb temperature and relative humidity
at higher dry bulb temp eratures; i.e. 58% RH at 78F
and 68/ RH at 73F. The strategy is that the h umidity
sensor with the greate st demand can override tempera-
ture control and pla ce the system dehumidifi cation
cycle into a priority mode.

15
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C SYSTEM D E S C R I P T I O N , RH- 1 5

S Y S T E M  T Y P E : T e rm i n a l  R e h e a t

OUTSIDE AIR QUANTITY : 15%

F U E L

H E A T I N G /C O O L I N G :  N a t u r a l  G as , Oil , C o a l ,
Electricity

AUXILIARY: Electric ity

C E N T R A L  E Q U I P M E N T

H E A T I N G : H o t Wa ter B o i l e r

C O O L I N G : Ch i l l e r

E N E R G Y  D I S T R I B U T I O N : Ho t W a t e r  an d C h i l l e d Wa te r
Piping, P u m p s an d V a l v e s

P R I M A R Y  A I R  T R E A T M E N T

H E A T I N G: N o n e

C O O L I N G : Ch i l l e d Wa ter Coo l i n g Co i l

AIR DISTRIBUTION : Fans , Fi l ters , Duc tw o r k

ZONE AIR TREATMENT: Hot Wa ter Reheat Coils

C O N T R O L  S Y S T E M : P n e u m a ti c

Con tr ol Lo g ic

I n  th e e x i s t i n g c o n t r o l  l o g i c , Fi g u re 4 , t he z o n e
th e r m o s ta ts h a v e  a 1 .5 F t h r o tt l i n g r an ge a n d  a se t
point of 73F . T h e r e f o r e , at 72 .2 5F t h e re h ea t co i l
h o t  wa te r v a l v e  i s  f u l l y o p en , and at 73.75 it is
f u l l y c l o s e d. Th e  coo l i n g c o i l  di s c h a r g e a i r  tem p e r-
ture is held constant at 55F.

Un d er th e Dea d Ban d c o n t r o l  l o gi c , Figure 4, the
sam ple zone thermostats have a 1OF throttling range
wi th the same 73F set point , but the reheat coil is
closed until the spa ce temperature drops below 7O.5F

18
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and is full y open at 68F. The cooling coil tempera-
ture is reset according to the space temperature and
humidit y, if needed. Within the Dead Band , a l l  c o i l
valves are closed an d no heating or cooling energy is
use d. As the space demands more cooling, t he  c h i l l e d
water co il valve modulates from closed at 75.5F to
f u l l y o p en a t 78F .

C o n t r o l  S c h e m a t i cs

I n  t he  Dea d B a n d  s y s t e m  s c h e m a t i c , Fi g u r e  5, d i s c h a r ge
ai r  t empera tu re  f rom the c o o l i n g co i l is re g u la ted  by
the sample zone cal l i n g  for the most cooling. This
sam p l e  z o n e  p r o d u c e s  t h e  h i g h e s t  p r e s s u r e  si g n a l  wh i ch
is then fed to the cooling coil controller. This con-
troller then re gulates the coil control valve to main-
ta in an optimum discharge air temperature. For example
as the space demands more cooling, t h e  ch i l l e d  w a t e r
co i l v a l v e  mo du l a t e s  f r o m  c l o s e d a t  7 5.5 F to f u l l y
open at 78F. Outside air remains fixed at 15% for all
c o n d i t i on s .

The  t h e r m o s t a t  o u t p u t , f r o m  t h e  s a m p l e  zon e i l l u s t r a t e d
in Fi gure 5 , i-s fed through a ratio relay which pro-
d uces  the re q u i r e d p r e s s u r e  to re gu la te t he hot w a t e r
control valve at the rehea t coil. This thermostat
ou tp u t  a l s o  g oes to a p r e s s u r e  s e l e c tor w h i c h  s e l e c ts
t h e  h i g h e s t  pr e s s u r e  s i g n a l  f r o m  the sam p l e  z o n e s  a n d
transmits i t to the central apparatus control system.
Note that if existing thermostats are to be used in
s a m p l e  zones , t hey  m u s t b e m o d i f i e d to p r o v i d e a w id er
throttl ing range. Otherwise , a new t h e r m o s t a t  i s
requ I red.

Another op tion is to employ temperature sensors with
remote controllers rather than thermostats in each
zone . This allows the controllers to be in a remote
location preventing occupants from tampering with the
control system. The output from the controller leads
to the reheat coil and to a pres sure selector as
d e s c r i b e d a b ove . -

The space thermostat in a non -sample zone is se t ~tap proximately 69F , a n d t he  t h r o t t l i n g r a n g e r e m a i n s
at its orig i n a l  1 .5F se tt i n g. I n  t h i s  s i t u a t i o n , the
thermostat causes the zone control valve to be fully
open  a t  a b o u t 68F a n d f u l l y  c l o s e d at  a b ou t 70F .

Hum idity sample zones allow for the sim ultaneous
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con trol of dry bulb temperatures and relative
humi d i ty  at hi g her dry bu lb  t e m p e r a t u r e s ;  i .e . 58% RH
at 78F and 68% RH at 73F. The strategy is that the
humi dity sensor with the greatest demand can over-
ride the tem perature cont rol and place the system
d e h u m id i f i c a t i on cyc l e  i n t o  a p r i o r i ty mo d e.
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D S Y S T E M  D E S C R I P T I O N , RH-VAR

SYSTEM TYPE: Term inal Reheat

OUTSIDE AIR QUANTITY: Varies: 15-100%

F U E L

HEATING /COOLING: Natural Gas , Oil , Coa l ,
Electricit y

AUXILIARY: Ele ctricit y

C E N T R A L  E Q U I P M E N T

H E A T I N G :  Hot  W a t e r  B o i l e r

C O O L I N G :  C h i l l e r

E N E R G Y  D I S T R I B U T I O N :  Hot  W a t e r  and C h i l l e d  Wa ter
Pi p in g , Pum p s and  V a l v e s

P R I M A R Y  A I R  T R E A T M E N T

HEATING: None

COOLING: Ch i lled Water Cooling Coil

AIR DISTRIBUTION: Fans , F i l t e r s , D u c t w o r k ,
D a m p e r s

ZONE AIR TREATMENT: Hot Wa ter Reheat Coils

CONTROL SYSTEM: Pneuma tic

Control Lo gic

In the existing control logi c , Figure 6, the zone
thermostats have a l.5F thro ttling range and a set
point of 73F. Therefore , at 72.25F the reheat coil
hot water valve is fully open , and at 73.7SF it is
fully closed. An economizer system is used to regu-
late ou tside and return air dampers .

UnL .. ~~~~~ Dead Band control logic , Figure 6, the
samp lt . ne thermostats hav e a 1OF throttling range
with the same 73F set point. The reheat coil is
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close d until the space temperature drops below 70.5F
and is full y open at 68F. The cooling coil tempera-
ture is reset accordin g to the space temperature and
humidity , if needed. Within the Dead Band , all coil
valves are closed and no heating or cooling energy
is used . The existing economizer system which con-
trols the ou tside and return air dampers has been
modified to res pond to the space temperature. At
temperatures below 7O.5F , outside air is at a minimum
and at temperatures above 7O .5F it varies as shown in
Dea d B a n d  c o n t r o l s , F i g u r e  6 . The s y s t e m  a l s o  i n c l u d e s
an enthalpy override feature which is activate d only
during the cooling mode to reduce outside air to a
m inimum when the outside air exceeds the heat content
of the return air.

Control Schematics

In the Dead Band system schematic , F ig u r e  7 , dis-
cha rge air temperature from the cooling coil is
r e g u l a t e d  by the samp le  zone c a l l i n g  for the most
c o o l i n g. T h i s  sam p l e  zone  p r o d u c e s  t he  h i g h e s t
pressure signal which is then fed to the cooling
coil controller. This controller then regulates the
coil control valve to maintain an optimum discharge
air temperature . For example , as t h e  s p a c e  d e m a n d s
more cooling, the chilled water coil valve modulates
from closed at 75.5F to fully open at 78F. Econo-
mizer control is modified to regulate dampers based
on a s i g n a l  f r o m  the  z o n e  c a l l i n g  f o r  t he  m o s t  cool-
ing and from the temperature and humidity sensors in
the outside air duct.

The thermostat output , from the sample zone illus-
trated in Figure 7 , is fed through a ratio relay
which produces the required pressure to regulate the
hot water control valve at the reheat coil. This
thermostat output also goes to a pressure selector
which selects the highest pressure sign i ’ l from the
sample zones and transmits it to the central apparatus
control system. Note that if existing thermostats
are to be used in sample zones they must be modified
to provide a wider throttling range. Otherwise , a
new thermostat is required.

Still another strategy is to employ temperatur e
sensors with remote controllers rather than thermo-
stats in each zone. This allows the controllers to
be in a remote location preven ting occupants from
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tampering with the control system. The output from
the controller leads to the reheat coil and to the
pressure selector as described above.

The space thermostat in a non -sample zone is set at
approximately 69F , and the throttling range remains
at its original l .5F setting. In this situation ,
the thermostat causes the zone control valve to be
ful ly open at about 68F and fully closed at about
7 O F .

Humidity sample zones allow for the simul taneous
control of drybulb temperatures and relative humidi ty
at higher drybuib temperatures; i.e. 58% RH at 78F
and 68% RH at 73F. The strategy here is that the
humidity sensor with the greatest demand can over-
ride the temperature control and p l a c e  t h e  s y s t e m
dehumidification cycle into a priorit y mode.

0

25

j  
I . - -...

~~~~~~~

_ - - . - 5 - 
_



3dfliVd3dW3l dlv WOOd A~ U311OdJ.NO~
- \  0
0~ U. > W

0 0 . 0

_ _ _  

~~1~ ~4I1~ i ~~~~~~~~

Jdfl1Vd~ dW3I dIV WOOd A~ Ofl 1OHI N O D U~ X I~ 3dfllVd3dW3l cC
~ IV 3QISIflO

A~ U]11O~ 1NO~ CDLi
(0 cCz —— 0Cr 10
z C-)C

CD

°Si ii 

~~~~~~~~~~~~ 

~~~~~~~~~~~~~ 

26



— - - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

_ _ _

_

If

T

~
: i

~~~
D
~
1 

~

I ___ -~~~~~~~



E S Y S T E M  D E S C R I P T I O N , M- lOO

SYSTEM TYPE : Mixing (Dual Duct or
Mul tizone)

OUTSIDE AIR QUANTITY: 100%

FUEL

HEATING /COOLING: Natural Gas , O i l , C o a l ,
E l e c t r i c i t y

A U X I L I A R Y :  E l e c t r i c i ty

C E N T R A L  E Q U I P M E N T

HEATING: Hot Water Boiler

C O O L I N G :  Ch i l ler

ENERGY DISTRIBUTION : Hot Water and Chilled Water
P iping, Pum p s a n d  V a l v e s

P R I M A R Y  A I R  T R E A T M E N T

HEATING : Preheat and Hot Plenum
H e a t i n g C o i l s

COOLING: Cold Plenum Coolin g C oil

A I R  D I S T R I ~ U T I O N :  F a n s , F i l t e r s , Duc tw o r k ,
Dam p ers

ZONE AIR TREATMENT: Mixi n g  Dampers

CONTROL SYSTEM: Pneumatic

Control Logic

In the existing control logic , Figure 8, zone thermo-
stats have a l .5F thro ttling range and a set point of
73F. Therefore , at 72,25F the zone mixing dampers
allow maximum warm air to enter the space , and at
73.75F they are set for maximum cool air. The hot
plenum temperatur e is reset according to the outside
air temperature and the prehea t coil and cold plenum
temperatures are held constant to main tain 55F.
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Under the Dead Band control lo gic , F i g u r e  8 , t he
sample zone thermostats have a 1OF throttling range
with a 73F set point. Zone mixing dampers all ow
maximum warm air to enter the space when space tempera-
tures ran ge between 68F and 7O.5F. At 75.5-78F , mix i ng
dam pers  a re  set f~ r maximum cool air. The hot pl enum
and  c o l d  p l e n u m  tem p e r a t u r e s  a r e  b o t h  r e s e t  by s p a c e
d e m a n d  fee db a c k .  W h i l e  t he ho t p l e n u m  hea t i n g co i l
v a l v e  i s  f u l l y o p e n  a t 68F , it is closed at 7O.5F.
The cold plenum cooling coil valv e is fully open at
78F and closed at 75 .5F. Within the Dead Band , all
coil valves are closed and no heating or cooling
ener gy is used. The pre-heat coil discharg e tempera-
ture is h el d c o n s t a n t for t h i s  sys tem .

Con t rol  Sch ema t i c s

In the Dead Band system schemati c , Figure 9, dis-
charge air temperature from the cold plenum is regu-
lated by the sample zone calling for the most cooling.
Th i s sam p l e  zone  p r o d u c e s  t he h i g h e s t  p r e s s u r e  si g n a l
w hich is then fed to the cooling coil controller.
This con troller then regulat es the coil control valve
to mainta in the optimum discharge air tempera ture.
Discharge air temperat ure from the hot plenum is
s i m i l a r l y  controlled except the lowest pressure is
use d. The pre-heat coil controller regulates dis-
char ge air from the pre-heat coil at a nearly constant
t cm p c r a t u r c . Ou tsi d e a i r  r e m a i n s  f i x e d  a t  1 00 % for
a l l  c o n d i t i o n s .

The  t h e r m o s t a t  o u t p u t , f r o m  t h e  sam p l e  z o n e  i l l u s -
t r a t e d i n  F i g u r e  9 , i s  f ed  t h r o u g h a r a t i o  r e l a y  wh i ch
produces the requir ed pressure to regulate the zone
mixing damper. This thermos tat output also goes to a
pressure selector which selects the highest and lowest
pressure signals from the sample zone and transmits
t h e s e  s i g n a l s  to t h e  c e n t r a l  ap p a r a t u s  con t ro l  sys tem .
Note that if existing therm ostats are to be used in
sample zones , they must be modifi ed to provide a
wider throttling range. Otherwise , a new thermostat
is required.

Still another strategy is to empl oy temperature sen-
sors with remote controllers rather than thermostats
in ea ch zone. This al lows the control l€rs to be in
a remote location pr eventing occupants from tampering
with the control system . The output from the con-
troller lea ds to the zone damper operator and to the
pressure sele ctor as described above.
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T he s p ace  t h e r m o s t a t  i n a n o n - s a m p l e  z o n e  i s se t a t
a pp rox i ma tely 73F , but the throttl ing range remains
at its original 1.5 setting. In this si t u a t i o n ,
t he t h e r m o s ta t  o u t p u t  c a u s e s  the m i x i n g d am p ers  to
be se t f o r  m a x i m u m  w a r m  a i r  b e l o w  a b o u t 72F  a n d
m a xi m um cool air above about 74F.
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F S Y S T E M  D E S C R I P T I O N , M- 15

SYSTEM TYPE : Mixing (Dual Duct or
M ul tizone )

O U T S I D E  A I R  Q U A N T I T Y : 1 5%

F U E L

HEATIN G/COOLING Natural Gas , Oil , Co a l ,
E l e c t r i c i ty

A U X I L I A R Y : E l e c t r i c i t y

C E N T R A L  E Q U I P M E N T

H E A T I N G :  H o t  W a t e r  Bo i l e r

C O O L I N G :  C h i l l e r

E N E R G Y  D I S T R I B U T I O N : H o t  W a t e r  an d C h i l l e d W a t er
Pip in g, Pum p s a n d  V a l v e s

P R I M A R Y  A I R  T R E A T M E N T

HEATING: Ho t Plenum Heatin g Coil

C O O L I N G :  Col d P l e n u m  Cool i n g C o i l

A I R  D I S T R I B U T I O N : F a n s , F i l ters , D u c t w o r k ,
Dam p ers

ZONE AIR TREATMENT: Mixin g Dampers

C O N T R O L  S Y S T E M : P n e u m a t i c

C o n t r o l  Lo g i c

In the existin g control logic , F i g u r e  10 , z o n e
th e r m o s t a t s  h a v e  a l .5F t h r o t t l i n g r a n ge an d a set
p o i n t  of 7 3F . T h e r e f o r e , at 72 .25F the zone mixing
dam p ers a l l o w  max i m u m  w a r m  a i r  to e n t e r  the s p a c e
and at 73.7SF they are set for maximum cool air. The
h ot p l e n u m  t em p e ra t u r e  i s r e s e t  a c c o r di ng to t h e  out-
side air tempe rat~ re , and the p rehe~ t coil and col d
plenum temp ra tures are held cons t ant.
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Uno er  the Dead Ba nd control log ic , Figure 10 , the
sam ple zone ther n lostats have a 1OF th rottling range
w ith a 73F set point. Zonô mixing d al np ers allow
m a x i m u m  warm air to enter t h e  space when s l l a c e

tem p erat I~res range betw~ en 68F and 70.SF. At 75.5F- 78F .
mix i n g  d a mpe rs are set for m a x i m u m  co o l  a i r .

T h e h ot p l enum an d col d p lenum tem p era tures  are b o th
res e r by s p ace  de m a n d fee d b a c k . The  h o t  p l e n u m
h ea t i n g  c o i l  v a l v e  i s fu l l y o p en a t  68F an d c l o s e d
a t 7O .5 F ; t he col d p l e n u m  c o o l i n g  c o i l  v a l v e  i s fu l l y
open at 78F and closed at 75.5F. W thin the Dead
B a n d , a l l  c o i l  v a l v e s  a r e  c l o s ed a n d  no h e a t i n g or
cool ing energy is used.

C o n t r o l  Schemat i cs

In  the D e a d  Ban d sy s t e m  s c h e m a t i c , Fi g u r e  1 1 , d is-
c har g e a i r tem pe r a t u r e  f rom t he c o l d  pl enum i s re gu-
la ted by the sample zone cal l i n g  for the most cooling.
Th i s sam p l e  z o n e  p ro d u c e s  t h e  h i g h e s t  pr e s s u r e  s ig n a l
wh ich is then fed to the cooling coil controll er.
This con troller then regulates the coil control valve
to maintain the optimum discharge air tempera ture.
D i s c h a r g e a i r  tem pe ra tu r e f rom t he ho t p l enum i s
s i m i l a r l y c o n t r o l l e r , exce pt t h e  l o,west pressure is
use d. Outside air remains fixed at 1007 for all
conditions.

The  t h e r m o s ta t o u t p u t , f rom the samp l e zone  i llus-
trate d in Figure 11 , is fed through a ratio re lay
wh i c h p ro d uces  the re q u i re d p r e s s u r e  to re g u l a t e ~hezon e m i x i n g d am p er . T h i s  th e r m o s ta t  ou tp u t  a l s o  g oes
to a p r e s s u r e  s e l e c t o r  wh i ch s e l e c t s the hi g hest  and
low est pressure signals from the sample zones and
transmits these signals to the central app aratus
con t ro l  sys tem . N o t e  tha t i f  e x i s t i n g t h e r m o s ta t s
a r e  to b e u s e d i n sam p l e  z o n e s , they must be mod ified
to p rov id e a w i d e r  t h r o tt l i n g r a n g e . O t h e r w i s e , a
new th e r m o s t a t  i s  re q u i r e d .

Still , ano ther strategy is to empl oy temperature
sensor r with remote controllers rather than thermo-
stats in each zone. This all ows the controllers to
b e i n a r e m o t e  l o c a t i o n  p r e v e n t i n g  occu p a n t s  f rom
tam pe r i n g wi t h the c o n t r o l  s y s tem . The out put f rom
the control ler leads to the zone damper operator and
to t h e  p r e s s u r e  s e l e c t o r  as desc ri be d a b ove .
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The space thermostat in a non-sample zone is set at
approximately 73F , b u t the t h r o t t l i n g r a n ge rema i n s
at i t s  or ig i n a l  1 .5 s e t t i ng . I n  t h i s  s i t u a t i on t h e
thermos tat outpu L ~~use~ ~he m i  x i  h g  ua m r iper s to be
set  f o r  m a x i m u m  w a r m  a i r  b e l o w  a b o u t 7 2F an d m a x i m u m
cool a ir above abou t 74F.
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G S Y S T E M  D E S C R I P T I O N , M-VAR

SYSTEM TYPE : Mixing (Dual Duct or
Mul t izone)

OUTSIDE AIR QUANTITY: Var ies: 15-100%

F U E L

H E A T I N G /C O O L I N G :  Na tu r a l  G as , Oi l , C o a l ,
E l e c t r i c i ty

AUXILIATY: Electrici ty

C E N T R A L  E Q U I P M E N T

HEATING: Hot Water Boiler

C O O L I N G : Ch i l l e r

ENERGY DISTRIBUTION: Hot Water and C h i l l e d Water
Pi ping, Pum ps and Valves

P R I M A R Y  A I R  T R E A T M E N T

H E A T I N G :  Ho t  P l e n u m  H e a t i n g  C o i l

C O O L I N G : Col d P l e n u m  C o o l i n g  C o i l

AIR DISTRIB u TION: Fans , F i l ters , Duc twor k ,
Dam p e r s

Zo NE AIR TREATMENT: M ixing Dampers

C O N T R O L  SY S T E M :  P n e u m a t i c

Co Pl tr ul L,911c

I mi the existing contr ol logic , Fi g u r e  12 , z o n e  thermo-
stdt s have a l .5F thr ottling range and a set point
o f 73F. Therefore , at 72.25F the zone mixing dampers
allow maximum warm air to enter the space and at 73.75F
they are set for maxi mum cool air. The hot plenum
temperature is reset according to the outside air
temperature, and the pr eheat coil and cold plenum
temperatures are hel d constant.
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Under the Dead Band con trol logic , Figure 12 , the
sam ple zone thermostats have a 1OF throttling ran t~with a 73F se t point. Zone mixing dampers allow
max imum warm air to enter the space when space tempera-
tures range between 68F and 7O.5F. At 75.5—78F , mi x i n g
dam pe rs  ~r ~ set for m a x i m u m  cool air. The hot plenum
an d col d p l e n u m  tem p e ra t u r e s  a r e  bot h r e s e t  by s p ace
d e m a n d fee db a c k . W h i l e  t h e  ho t p l e n u m  h e a t i n g co i l
valve is fully open at 68F , it is closed at 7O.5F.
The col d plenum cooling coil v alve is fully open at
7RF and close d at 75 .5F. Wi t h i n  the Dead Band , a l l
co il valves are closed and no heating or cooling
ener gy is use d.

C o n t r o l  Sc h e m a t i c

I n  the  Dead B a n d sy s tem sch ema t i c , Figure 13 , dis-
cha rge a i r  tem p era tu r e  from th e col d p l e n u m  i s re gu-
late d by the sample zone cal l i n g  for the most cooling.
T h i s  sam p l e  z o n e  p r o d u c e s  t h e  h ig hes t p r e s s u r e  s i g n a l
w hich is then fed to the cooling coil controll er.
This controller then regulates the coil control valve
to ma intain optimum discharge air temperature. Dis-
ch arge air temperature from the hot plenum is simi lar-
l y con t r o l l e d , exce pt the lowest pressure is used.
The economizer con trol is m o d i f i e d  to regulate dampers
base d on t h e  s p ace  tem p era t u re . B e l o w  70 .5F , o u t s i d e
a i r  i s  a t  a m i n i m u m ; a b ove 7O .5F i t v a r i e s  as s h o w n
i n  th e Dead B a n d  c o n t r o l  lo g i c , F ig ure  13 . The
system also includes an entha lpy - overrid e which reduces
outside air to a minimum when i t i s  too hot and humid.

The thermostat output from the sample zone illustrated
in Figure 13 is fed through a ratio relay which pro-
duces the required pressure to regulate the zone
mix ing damper. This thermo stat output also goes to
a pressure selector which selects the highest and
lowest pressure signals from the sample zones and
transmits these signals to the central apparatus
control system. Note that i f e x i s t i n g t h e r m o s t a t s
are to be used in sample zones , they must be modified
to provide a wider throttlin g range. Otherwise , a new
thermostat is required.

St ill  another strategy is to employ temperature sensors
with remote controllers rather than thermostats in
each zone. This allows the controllers to be in a
remote location preventing occupants from tampering
with the control system . The output from the con-
troller leads to the zone damper operator and to the
oressure selector as descri bed above.
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The space thermostat in a non-sample zone is set at
approximately 73F , but the throttling range remains
at its original l .5F setting. In this situation the
thermostat out put causes the mixing dampers to be set
for maximum warm air below about 72F and maximum cool
air above about 74F.
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P A R T  I I I  E C O N O M I C  A N A L Y S I S

A E C O N O M I C S

T h e f ir s t cos t  o f a Dea d Ban d c o n t r o l  sys tem r e t r o f i t
w ill depend on many factors. The type of system ,
n u m ber of sa mp l e  z o n e s , b u i l d i n g  construction type ,
and the cost of equipment (i.e. heating coil controls ,
e c o n o m i ze rs , etc.) must all be considered. In some
cases , ce rt a i n ex i st i ng c o n t r o l  i t em s , such  as thermo-
stats , can be modified while in other cases they must
be replaced with new equipment.

The estimate d cost of various items required to retro-
f i t a b u i l di n g w it h Dead  B a n d c o n t r o l  i s s h o w n  i n
Ta b l e  2 - R E T R O F I T  COST E S T I M A T E S . Wo r k shee t s for
ins tallation cost estimate and operation and mainten-
a n c e  cos t es t i m a t e  f o r  Dea d Ba nd c o n t r o l s  a re pr ov ided
i n Fi g u r e s  1 7 an d 18. The a s s u m p t i ons  u s e d to d e ter-
m ine fixed in s t a l l a t i o n  costs for Dead Band retrofit
are listed in Table 3 - R E T R O F I T  COST E S T I M A T E
ASSUMPTIONS. F ixed costs are given on these work
s h e e t s , but n o n h u m i d i t y  sample zone cost must be
interpolated from the given graph.

Cos t E s t i m a t e  -

T h e co st o f a Dea d B a n d c o n t r o l  re t r o f i t w i l l  v a r y
with the type of system required. For examp le , a
mi x i n g  system of the multi-zone type wi l l  h ave a mi n i —
mum c o s t  b ec a u s e  new tub i n g r u n s  b e t w e e n  t h e  s e l e c ted
sample zones and central apparatus are not needed.
Still another system may have old equipment and diffi -
~u l t w o r k i n g con dit i o n s  th e r e by h a v i n g m a x i m u m  c o s t
associated with retrofit. Typically, in any b u i l d i n g
25-4 0’. of all zones are sample zones. In cases where
humidity control is needed , 1-4 humidity sample zones
can be considered sufficient for most buildings.

P a ,yback An a~y~ is

Dead Band control strategy wil l  produce substanti al
economic savings when applied to the HVAC systems
described in this guid e. The actual savings will

43

V.,



depend on many factors , inc l u d i n g  the HVAC system
i n v o l v e d , the price of fuel saved , the cl i mate  an d
the th ermal  c h a r a c t e r i s ti cs of the b u i ld i ng. Fi g ures
14 , 1 5 a n d 1 6 com p a re r e l a t i ve e n e r gy u s e d for a Dea d
B a n d re t rof i t w i t h  c o n v e n ti o n a l  c o n t r o l  s t r a te g i e s .
T h e se g ra p hs are in ten d ed as g ui d e l i n es for p re di c t-
ing energy savings. Actual savings may vary from
the guidelines to the extent that a candidate b u i l d i n g
an d e n v i r o n m e n t di f f e r  f r o m  t h e  s i m u l a ted con diti o n s
d esc r i bed i n  P A R T  I , E.

Economic sav ings may be expressed in many ways. The
illustrated method is the simple payback period -—the
ti me it ta k es the a c c u m u l a t e d s a v i n g s to e q u a l  f i r s t
cos t. Table 2 and Figures 14-18 can be used to cal-
c u l at e i n s t a l l a ti on c o s t s , annua l  i n c r e a s e  in o p era ti on
an d ma i n t e n a n c e  cos t s , an d a n n u a l  d o l l a r  s a v i n g s
ass o c i a t e d w i t h  a Dea d Ban d c o n t r o l  sy s t e m  m o d i f ica-
ti on . T h i s  d a ta ma y then b e use d to c a l c u l a t e  a
simple payback , l i f e  c y c l e  cos t , or E C I P  p ro jec t
jus t i f i c a t i o n . I t  s h o u l d b e n o t e d  t h a t  a n n u a l  hea t-
i ng an d cool i ng energ y c o s t s  for  your p ro jec t must
be obtained , or estimate d , f o r  p a y b a c k  a n a l y s i s .

A-n exam ple of a simple payba ck calculation is given
in the APPENDICES. Historical payback peri ods for
re t ro f itt ed b u i ldi ng s ran ge f rom th ree  to f i f t e e n
months in the San Diego area.
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X 700 $/EA =ECONOMIZER(S) 
X 250 $/EA =________ CONTROL PANEL —______ _________

________ TUBING (FEET ) 
_________ _________

________ OTHE R _________ __________

________ OTHER 

SU~ T0TAL _________

________ OVERHEAD X ______ 7. + 100 

SUBT OTAL =
_________ ______ 7 1UO 

__________
_______ P R O F I T  X 

TOTAL =

FIGURE l7~ WORKSHEET , INSTALLATION COST ESTIMATE FOR
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0 10 30 50 70 90 110
0 NONHUMIDITY SAMPLE ZONES

ZONE DATA:

_______NON SAMPLE ZONE (S) X 0 $/YR =

_______ NONHUMIDITY SAMPLE ZONE(S) x $/YR =

_______ HUMIDITY SAMPLE ZONE(S) x 70 $/YR =

C E N T R A L  AIR HANDLING APPARATUS:

_______COOLING COIL (S) x 25 $/YR =

_______HEATING CO-I L(S) x 25 $/YR =

PREHEAT COIL(S) x 25 $/YR =

______ EcONOMIZER (S) x 40- $/YR =

_______OTHER x $/YR =

_______ OTHER x $/YR =

SUBTOTAL = 
_________

______ OVERHEA D X
__

~ 100 - =

- SUBTOTAL = 
_________

_______ P R O F I T  X ______ 7. 100 = ________

TOTAL _________

FIGURE l8~ WORKSHEET , OPERAT ION AND MA I NTENAN CE COST ESTIMATE
FOR DEAD BAND CONTROL SYSTEM MODIFICATIONS
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Table 2 - RETROFIT COST ESTIMATES

C on t r o l  I tem E s t i m a t e d  Cos t R e m a r k s

T h e r m o s t a t $ 2O .OO /EA R e c a l ib ra te Ex i s ti n g

Thermostat $ 8O.OO/EA Replace Existing
wi th New

Pre s su re  -

Selec tor $ 25.OO/EA Per Sample Zone

Rece i yen
Co nt r o l l e r  $ 2 00 .OO /EA New

Ra tio Relay $ 4O.OO /EA New

Duct  Sens ’or $ 100 .OO /EA New

Con t ro l  One  C o n t r o l  P a n e l
Panel $ 250 .OO /EA Per System

Room Re p l a c e  E x i s ti n g
Sensor $ 80 .OO/EA Thermostat with

Sensor

Cont rol R e c a l i b ra te  Mai n
Valve $ 100 .OO/EA Control Valve

P n e u m a t i c $ 0 .2 0/ to T u b i n g C o s t  V a r i es
Tubing 2 .OO/LF With Type (Plastic

or Co pper ), B u i l d i n g
C o n s t r u c t i o n , Com-
plexi ty and
Accessibili ty .

M i s c e l l a n e o u s  Co st f o r  A dj us tmen ts
Ar e Included in the
A bove Estimates.
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TABLE 3 — RETROFIT COST ESTIMATE ASSUMPTIONS

E s t i m a ted
Item Co s t Remar k s 

- -  - -

Cooling Co il ControLs

Rece iver/Controller $ 200.00 New
Duc t Sensor 100.00 New
Con trol Valve 100.00 Recalibrate Main

-- — 
Con t ro l  V a l v e

TOTAL $ 400 .00 Typ i c a l  Con t r o l s
Cost for Coolin g Coil

Hea ti n g C o i l  Con tr o l s

R e c e i v e r /C o n t r o l l e r  $ 20 0.00 New
Duct Sensor 100.00 New
C o n t r o l  V a l v e  100 .00 R ec a l ib ra te Ma i n

_________ - - 
C o n t r o l  V a l v e

TOTAL $ 4 00 .0 0 Ty p i c a l  C o n t r o l s
Cos t  f o r  H e a t i n g Co i l

Preh eat C oi 1 C on trol s

Rece i v e r /C o n t r o l l er $ 2 00 .00 New
Duc t Sensor 100.00 New
Con t ro l  V a l v e  1 0 0.00 R e c a l i b r a t e  M a i n

Control Valve

T O T A L  $ 400 .00 Typ i c a l  C o n t r o l s
Cos t f o r  P r e h e a t  C o i l

Economizer Cont rols

Receiver/Controller
(2 Required ) $ 400.00 New
Duct Sensors
(3 Requ i -ed) 300.00 New

TOTAL $ 700 .00 Typical Control
Cost for Economizer

Notes: 1 . For Economizer control, d am p er re p a i r may
require considerati on.

2. No tubing costs are included in the above
estimates. Typ ically 150 to 200 feet of
tubing may be considered per air handling unit.
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P A R T  I V  A P P E N D I C E S

L Q ~T±~LIi~ J± OF DEAD BAND RETROFIT

P R O B L E M :

De term i ne i n s t a l l a ti on c o s t  a n d  a n n u a l o pe r a t i on an d
ma intenance cost for Dead Band control system m odi -
fications of example b u i l d i n g .

E X A M P L E  B U I L D I N G :

A re heat system with an economizer is used in a th r ee -
stony bu i l d i n g .  There is one air h a n d l i n g  unit and
20 z o n e s  p er f l o o r , five of which are selected as non -
humidity sample zones. Humidity is considered to be
a p ro b l e m , therefore, one humidity sample zone w i l l
be used for each air hand l ing system .

SO L U T I O N :

Step 1:

Refer to Figure 19 , Exam ple Work Sheet , Ins ta l l a t i on
C o s t  Es ti ma te f o r  Dea d B a n d Ret ro f i t , page 58.

Step 2:

[)ete rm i rl e Zone Uata

a. Num ber of Non -sample Zones

= (Total Zones - Sample Zones - Humidity Sample
Zones)

= (20 - 5 - 1) = 14 Non-sample Zones/Floor

= (14 x 3 Floors)

= 42 Non-sample Zones
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b. Number of Non-humidity Sample Zones

= (Non-hum ~ dity Sample Zone/Floor x No. Floors )

= (5 x 3)

= 15 Non-humidity Sample Zones.

c. Refer to “N on- humidity Sample Zone Chart” , page
58 for non-humidity sample zone cost. For this
exam p le , the tubing runs and working conditions
are not considered difficult; therefore , a median
v a l u e  of $410 /S a m p l e  Z o n e  i s s e l e c t e d f rom t h e
char t.

d. Number of Humidity Sample Zones

= (Humidity Sample Zones/Floor x No. Floors)

= (1 x 3)

= 3 H u m i d ity Sam p l e  Z o n e s

Step 3:

De termine Central Air Handling Apparatus Data

a. Number of Coolin g Coils

(1 Cooling Coil/Air Handling Unit x 3 Floors )

= 3 Cooling Coils

b. N u m b e r  of H e a t i n g C o i l s  = 0

c . N u m ber of P r e h e a t  C o i l s  = 0

d . N u m b e r  of E c o n o m i z e r s

= (1 Economizer/Air Handling Unit x 3 Floors)

= 3 Economizers

e. Number of Control Panels

Assume 1 Control Panel /Air Handling System

= 3 Control Panels
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f. Length of Tubing Required

Generall y, 150—200 feet per air h~a n d 1 i n j  unit
is required ; therefore , for t h i s  ~x a m p1n
(3  x 150)

= 450 Feet/Tubing

g. Determine Cost of Tubing f r o m  Table 2 . pa q~ 61.

P l a s t i c ’ tubing is used for this example and
i n s t a l l a ti on con d i t i o n s  ar e cons ider e d to b e
not difficult;

cost = $0.35/Foot

Step 4:

En ter a b ove d a ta on F i g u r e  1 9, E x a m p l e  W o r k  Sh eet ,
I n s t a l l a t i on C o st  E s t i m a te for Dea d B a nd R e t r o f i t ,
page 58, and calculate cos t.

Step 5:

R e f e r to F i g u r e  20, Exam ple Work Sheet , O peration
and Maintenance Cost Es timate for Dead Band Control
Sy stem M o d i f i c a ti ons , page 59. —

Step 6: - 
- -

De term i ne Z o n e  Da ta

a . Number of Non-sample Zones .

Operation and maintenance cost remains unchanged
for non-sam ple zones; no new costs are incurred
because of retrofit.

b. Number of Non-humidity Sample Zones

= 1 5 ; See Ste p 2b. -

c. Refer to “Non -humidit y Sample Zone Ch art ” , page
59 , for non-humidity sam ple zone operation and
maintenance Cost . For this example , use  a
median value of $35/Sample Zone.

d . N u m ber of H u m i d i t y  Sam p l e  Z o n e s  -

= 3; See Step 2d

54

-~~~



Step 7:

Determ ine Central Air Handling Apparatus Data

a . N u m ber o f C o o l i n g Co i l s  = 3
See Step 3a

b. Number of Heating Coils = 0

c . Number of Preheat Coils 0

d. Number of Economizers = 3
See Step 3d

e . I f  a m a i n t e n a n c e  c o n t r a ct i s to be o bt a i ne d ,
over head and profit may be considered. For
t h i s e x a m p l e , overhead an d profit are not
m d  uded.

Step 8:

Enter the above data on F igure 20-;- Exam ple Work
S h e e t , O p e r a t i o n  an d Ma i n t e n a n c e  C o s t  E s t i m a te
page 59 , an d c a l c u l a t e  t o t a l  a n n u a l  o p e r a t i on an d
maintenance cost incurred by Dead Band retrofit.
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E X A M P L E  - P A Y B A C K OF D E A D  B A N D  R E T R O F I T

P R O B L E M :

Determine the simple payback period for the example
b u i l d i n g  with Dead Band retrofit.

E X A M P L E  B U I L D I N G :

Recall that a reheat system with an economizer is
use d in a three-story building. The b u i l d i n g  is
located in San Die go , Cal i f o r n i a , an d i s cons i dere d
to be heav y construction. Exi s t i n g  annual heating
and cooling costs are $2 ,120 and $23 ,859 respectively.

SOLUTION:

Ste p 1:

D e t e r m i n e  F i rs t Cos t

a . From Fi g u r e  1 9, total f irst cost was found to
be $15 ,728.

Step 2:

De term i ne En e r gy Sav i n g s

a . The p e r c e n t e n e r gy s a v i n g s f o r  h e a t i n g a n d
cooling can be found from Graph RH -VAR ,
F ig ure 14 , R E L A T I V E  E N E R G Y  U S E D  - SAN D I E G O ,
CALIFORNIA. See pa ge 

- 
-

Heat ing Savings = lOO~’ - 11 % = 89/
Cool i n g S a v i n ~js = l0O~ - 36% = 64Y ’-

b. Annual Energy Dollar Savings

Heating = (0.89 x 2,120) = $ 1 ,887

Cooling = (0.64 x 23 ,859) = $15 ,270

Total Annual Savings = $17 ,157

~~I 
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c. Net Annual Dollar Savings

= (Annual Energy Dollar Sa.vi ngs - Annual
O p e r a t i o n  & Maintenance Cost Increase )

= ($17 ,157 - $930)

= $16 ,227.

Step 3:

Calculate Payback
Fi r st C o s ta. Simple Payback = 
Net Annual Dollar ~~~~~~~

S i m p l e  Pa y b a c k  = ________

= 0.97 YR
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4iô SAMPLE fl~oBLEM
600 -

MAX IMUM
500 — -: - - - . . 

- 
- . - - - - - -

~LJ
-j
a
~~ - 

— —— - - - - - -

Cl)

2CH 
~~~~~~~I 1 I I I I i I I I I

10 30 50 70 40 110

NONHUMID ITY SAMPLE ZONES

ZONE DATA:

4 ~~~~
‘ NONSAMPLE ZONE(S) X 20 $ / E A  = ~ 40

I~~~~~NONH UM IDITY SAMPLE ZONE (S) X 410 $/EA  = ~,I 50
i__HUMIDITY SAMPLE ZONE(S) X 600 $/EA = (

~0O
CENTRAL A IR HANDLING APPARATUS:

,3__ cOOLING COIL(S) X 400 $/EA =

________ HEATING COIL(S) X 400 $/EA = —

~
, PREHEAT COIL(S) X 400 $/EA —

• ECONOMIZER(S) x 700 $/EA = 7.1cr )

________CONTROL PANEL - X 250 $ /EA  =

4 T U B I N G  ( F E E T )  X 
________ _________

__OTHER X _________ __________

__ OTHER X ________ _________

SUBTOTAL =~~~c~c~1g

_______ OVERHEAD X 10 
~~ 100 = 1 300

I4~
q
~~PROFIT x /0 7~ : 100 

SUBTOTAL ________

- TOTAL = 15122

FIGURE 19 , EXAMPLE WORKSHEET, INSTALLATION COST
ESTIMATE FOR DEAD BA ND RETR OFIT

58

4-
S - -

~~~~



3 ~ ~~ A~It PL ~ F~~O BLEM
/

~ 60 - MAX IMUM

— 30

~ 2’) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

L 

10 
I 

MINIM(t~1 

~~ I

N O N H U M I D I T Y  SAMPLE ZONES

ZONE DATA:

42. NONSAMPLE ZONE(S) X 0 5/YR =

I NONHUMIDITY SAMPLE ZONE(S) X 35 S/YR = 525
______ HUMID ITY SAMPLE ZONE(S) x 70 ~/ Y R = Z(0

CENTRAL AIR HANDLING APPARATUS:

-.3 COOLING COIL(S) x 25 S/YR = IS
O HEATING COIL(S) X 25 S/YR =

0 PREHEAT COIL(S) X 25 S/YR —

_ _ _ _ _ _ _  ECONOMIZER(S) x 40 S/YR = I~ 0
_ _ _ _ _ _ _ _  OTHER X S/YR =

________ OTHER X S/YR =

SUBTOTAL =

_ _ _ _ _ _ _  OVERHEAD X _______ 7

~ 

:- 100 = —

SUBTOTAL = 
_ _ _ _ _ _ _ _

_ _ _ _ _ _ _  P R O F I T  X _ _ _ _ _ _  7. :- 100 = 
_ _ _ _ _ _ _ _

TOTAL ~~~3O

FIGURE 2O~ EXAMPLE WORKSHEET, OPERATION AND MAINTENANC E COST
ESTLM A TE FOR DEAD BAND CONTR OL SY STEM MOD I F ICAT I ONS
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1 0 0 - —  —— — 100-— — — i 0 0 - — - ~~~ —

8 0 -  - - —-- ---— — -— 80 .  —— ____ 8 0 - —

60 - — —-— ______ 60 - — _____ 60 - — _____ ______
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4 0 .  — - 40 - - ____ 

::. 
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HEATING COOLING HEATING CO ’JLING HEATING COOLING

R -i00 ~~~~~MPL~~~H RH 1 I 70 RH-VAR

lIJO - — — 100 - — — ~~~~~~~~~~ - — 100 — — —

80 — _ . .  —- 80 - — ______- SO - —

60- - — - .
~ 60. -

~~~~~~~~~~~~~~ ~:~~ii Y::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

HEATING COOLING HEATING COOLING HEATING COOLING

M-100 M-15 N-VAR

HEA V Y OR L I G H T  DEADSAND CONTROLS DEADBAND CONTROLSI I C1)N~~T R U C T I 0 N  F~~-1 HEAVY CONSTRUCTION i~:1 LI GHT CONSTRUCTION
L.~.J EXISTING CONTROLS ~~~~

F I G U R E  1 4, RELATIVE ENER GY USE - SAN DIEGO, CALIFORNIA

60



T a b l e  2 - PE 1 R O F I T  CO S~ E S T I M A T E S

Con t r ol I torn t i ma t c no -
~ t P etna r

T h e r m o s t a t . $ 20.00 /IA Reca l ibrate E x i s t i n g

Ther m ostat S 80.OO/ [A Replace E x i s t i n g
with New

Pre s ~~ure
~e 1ector S 25.O 0/EA Per Sample Zone

R e c e i v e r !
Con troller 5 2O (LOO/EA New

Ra tio Relay $ 40.O0/EA New

Duct  S e n s o r  $ 100.OO/EA New

C o n t r o l One  C ontr ol  P a n e l
Panel $ 2 5 0 . 0 0 / F A  Per Syste m

Room Replace E x i s t i n g
S e n s o r  $ 80 .0O/EA T h e r m o s t a t  w i t h

S e n s o r

Control Recalibrate Main
V a l v e  $ lO0. OO/EA Control Valve

P n e u m a t i c  $ 0.20/ to T u b i n g  Cost V a r i e s
T u b i n g  2.0O/LF With Type (Plastic

or Copper ), B u i l d i n g
C o n s t r u c t i o n , Corn-
p l e x i t y  and -

Access ibi 11 ty.

M i s c e l l a n e o u s  Cost for Adjustments
Are I n c l u d e d  in the
Above Estimates.
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TABLE 3 - R E T R O F I f  COST E ST IM4 T [ 4SSUMPT ~ 0N~

Es t i mated
Item C o s t  Remar (s 

Cc in ~ C o i l  C o n t r o l s

1 e c e i v e r / i o r l t r o l l e r  $ 2 0 0 . 0 0  Ne~i2 u c t  S e n s o r  100.00
C o n t r o l  V a l v e  

- 100.00 R e c a l i b r a t e  M a i n
C o n t r o l  V a l v e

TOTAL $ 400.00 Typical Controls
Cos t for - Cool ing Coi l

I l e a  t I ng C o i l  C o n t r o l s

R e c e i v e r / C o n t r o l l e r  $ 200.00 New
Duct  S e n s o r  100.00 New
C o n t r o l  V a l v e  100.00 Rec al ib ra t r Mai n

C o n t r o l  V a l v e

T O T A L  $ 400.00 Ty p i c a l  C o n t r o l s
C o s t  fo r  H e a t i n g  Co i l

P r e h e a t  Co i 1 C 0 nt ~ 
-

R e c e i v e r / C o n t r o l l e r  $ 200.00 New
Duc t Se n so r 100 .00 N e w
Con t rol V a l v e  100 .00 R ec a l i b ra te Ma i n

C o n t r o l  V a l v e

TOTAL $ 400.00 T yp i c a l  C o n t r o l s
Cos t for P r e h e a t Co i l

Econom izer Con t r o 1 s

Receiver /Controller
( 2  Re quir ed ) $ 4 0 0 . 0 0  New
D u c t  Se n so r s
(3 Req u i r e d )  300.00 New

T O T A L  $ 70 0.00 Typical Contr ol
C o s t  for E c o n o m i z e r

N o t e s :  1. F o r  E c o n o m i z e r  c on t ro l , damper repair may
re quire c onsideration.

2. No tubin g costs are included in the above
estima tes . Typically 150 to 200 feet of
tubing may be considered per air h a n d l i n g  uni t.
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L E G E N D

Syrn b ol 1~b b re v i a t i o n

M Main Air Supply

HI ,LO Hi g h e s t  P r e s s u r e  Si g n a l ,
L o w e s t  P r e s s u r e  Si g n a l

S T A T  S p ace  T h e r m o s ta t

Ei~1 H S p ace  Hum i d i t y Senso r

E~I1 S S p ace  Tem p e r a t u r e  S e n s o r

L~J Duct  T e m p e r a t u r e  S e n s o r

Duc t Hum id i ty Sensor

1~/ C I  R /C Rece i ve r  Con t r o l l e r
1_____] (Mas ter/Submaster)

R/R Ratio Relay

D a m p e r

C o n t r o l  V a l v e s

H e a t i n g Co i l

Coolin g Coil

T . R . T h r o t t l i n g  R a n ge

S .P.  Set P o i n t

S .A. Supply Air
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D P R E C A U T I O N S  AND T E C H N I C A L  N O T E S

1. It is critical that the set points of the sample
zone thermostats remain properly adjusted as
the sample zone thermostats control the tempera-
tures at the central air h a n d l i n g  units. A
single thermostat can cause the entire system
to use more energy than necessary by forcing
the air temperatures too high or too low.

To e l i m i n a t e  t h e r m o s t a t  t a m p e r i n g , the use of
non-ad justable temperature sensors with remote
con trollers is recommended. Alternately, the
covers of adjustable thermostats can be replaced
with covers that dis courage tampering.

2. Sample zones must be selected with great care
as a l l  sam p l e z o n e s  m u s t  be re p r e s e n tati ve o f
the b u i l d i n g ’ s general heat transfer charac -
ter istics. For example , a So u t h w e s t z o n e  wit h
large window loads and no sun shade devi ces
w o u l d  no t  b e a g oo d sam p l e  z o n -e .

3. it may be necessary to perform air and water
balance for the HVAC system to obta i n - m a x i m u m
performance from a Dead Band retrofit.

4. Ratio relays are used in conj unction with exist-
i n g con t ro l  v a l v e s  an d d am p er o p e r a t o r s to m a k e
t hem com p a t i b l e  w i t h the Dea d B an d c o n t r o l s .
Con trol valves equipped with pil ot positioners
m a y  not need a ratio re lay.

5. Existing space th ermostats may be incorporated
i f the y ar e re ca l i b ra te d to p rov i d e a t h r o t t l i ng
range of 1OF.

6. Dead Band control strategies shown in this guide
are  i n terms o f pneumatic control instrumenta —
tion. The fact that an exis ting HVAC system may
he equipped with an electric or electronic con-
trol system does not eliminate it as a candidate
for Dea d Band re trofit. For example , wi t h
electric controls a v a r i a b l e  v oltage output would
be ana la r jous to a v a r i a b l r  air pressure output,
and contr o l soq uen ce s would be arranged accordingly.

7. All com puter s i m u l a t i o n s  wi~rr’ performed at constant
fan motor spee d. ~u r t h~~r st u dy is needed to d r—
ter ni ine e xi ct sa vings from v a r y i n g  t an motor speed.
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