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SUMMARY

This report provides guidance for the selection and eval uation of

both applications and equipment for energy monitoring and control systems

(EMCS) at U.S. Army instal l ations. The guidance is in the form of information

relative to the potential application and their associated savings , the

various types of EMCS availabl e and their costs , and a method of compari ng the

costs to the potential savlrgs in order to determine economic feasibility.

11 
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PRE FACE

The recent escalation in the pri ce of energy has provided impetus to the
Army to investi gate better ways to achieve effective use of the nation ’s
natura l resources. Although considerable attention has been directed towards
improved methods of construction of new buildings and of reducing energy con-
sumption in existing buildings , the means of controlling heating, ventilating
and air conditioning systems and similar equipment to achieve energy savings
has been only lightly addressed.

A typical Army instal l ation is spread out over a large area and contains
a heterogeneous mixture of buildings with regard to size , age, use, and
mechani cal systems. Growth and expansion occurred primaril y during a ‘time
when neither the technology nor justifi cation existed for i ncorporating
sophisticated control equipment to achieve more effective energy utilization .
That situation has now changed and facilities engi neers must exami ne the
energy saving benefits through more effective energy management with automated
controls.

This manual has been wri tten to provide i nformation by which facilities
engi neers and Corps of Engineers Division/Distri ct personnel can evaluate
designs , estimate costs, and establish benefits of energy monitoring and
control systems to be considered for application in existing facilities
and new construction. This manual was completed before the tn -service
specification was availab le. Some of the materials listed in this manual
may not conform with the tn -service specification , however the manual
may be used for the above purposes.

i l l



CHAPTER 1 - INTRODUCTION

Primary emphasis in this study is placed in obtaining savings through
automatic control of existing heating, ventilating , and air conditioning
(HVAC ) systems by an appropriate energy monitoring & control system (EMCS).*
HVAC systems are major energy consumers at almost every Army facility. They
can generally be adapted to automatic control with only minor alterations of
existing control devices . Through judicious operation of these HVAC systems ,
It is possible to reduce both total energy consumption and peak demand. EMCS
can also serve to improve the maintenance activity and provide light i ng con-
trol . Performance of these auxiliary functions contribute to the total sav-
i ngs and should be included when comparing systems of differing capabilities .

In this manual the term “EMCS” is used to denote the application of an
automatic control system to the monitoring and control of energy consuming
equ ipment. The term “automatic control system: is used to refer to the
phys i cal dev ices , particularly the computer unit , used in an EMCS application.

1.1 Reduction in Energy Consumpt i on

Considerabl e energy and dollar savings can be achieved through use of
var ious conservation schemes. These include programed equi pment shutoff,
outside air shutoff and system performance optimization. In many cases, the
sav ings in energy Cost from these schemes al one will justify the requ i red
f i nanc ial out lay for the control system. In addition , reduction in direct
energy consum pti on wi l l  al so reduce energy losses associated with distribution
of the el ectrical power and reduce the fuel requ i rements of the generation
plan ts.

1.2 Reduction in Peak Demand

Fur ther dol la r  an d ener gy sav ings may be realized through peak shaving.
Th i s techn ique involves the shutdown of equipment during the peak electrical
consumption hours , thus reducing peak demand . Reducing peak demand will have
significant effect on the total billing from the util ity supplier when rate
schedules incorporate a demand charge that extends for several months after
the occurrence of the peak. A net reduction in energy consumption is realized
In situations where equ i pment shutdown eliminates , rather than delays , equip—
ment operations. Classic examp les of energy saving from equipment shutdown
would be in ventilating and lighting applications.

1.3 Improved Maintenance Activity

The application of energy monitoring and control systems to maintenance
functions can result In energy, dol lars , equipment support and maintenance
sav ings. These savings result from optimized equi pment operation due to:

a reduced equipment runtime ,
b monitoring of equipment condition ,
c preventive maintenance scheduling, and
d) maintenance documentation.

* DeTinitions of th~~c and otb~r spec ial i zed
terms are tabulated in ~ e glo ssary sect i on
of this man ial .

-I -

V 

- -~~~~~~~~- -~~~~~~~-~~~~~ - - .



1.4 lighting Control

Ligh ting control is frequently mentioned as an area suitabl e- for control .
Like HVAC equipment , lighting is a function that can be eliminated or greatly
reduced during periods when the area is unoccupied. Worth-while savings may
be achieved in new buildings designed for interior lighting control . Effect-
ing a meaningful reduction of energy consumption by control of ex i sting light-
ing is more difficult. First , as it is normal for light s to be turned off
when an area is unoccup ied , the additional savings available from optimum
operation is limited . Second, usage of existing el ectric circuits tends to
be mixed. Li ght i ng equipment is frequently on the same circuit as items re-
quir ing continuous power such as instrumentation , ti me cloc ks, and battery
chargers. These difficulties are offset by the ease of physically effecting
control of l ighting circuits , the lack of impact upon other functions , and the
exactness with which estimates of possibl e energy savings can be made.

— 2—
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CHAPTER 2 - USE OF MANUAL

This manual is designed to aid in the estimation of cost and benefits of
an energy monitoring and control system. Subsequent chapters in this manual
are organized to provide step—by-step guidance to the facilities engineer.
Figure 2—1 illustrates the eval uation procedure used to determine the costs
and benefits from various control schemes and building combinations .

The first step in eval uating the feasibility of an EMCS is to determine
the potential energy savings far each bui lding being considered for control .
Chapter 3 identifies control schemes to i.chieve savings in energy consumption ,
demand charges , maintenance expenses and other costs while Chapter 4 ident i-
fies those buildings most suitable for im plementation of these schemes. In-
formation presented in these two chapters permits the facilities engineer to
estimate the benefits of applying the schenes to the ex i sting buildings.

Chapter 5 describes the HVAC systems in use at U.S. Army facilities. A
local inspection is required to determine which of these HVAC systems serves
each building being considered . The type of HVAC system installation limits
the control schemes that can be utilized and determines the number of moni —
toring and control points requ i red.

The control system necessary is a function of the control capabilities
desired. The range of equipment available , the capabilities , and cost is
explored in Chapers 6 through 9. If a central control system is considered ,a
means of transmitting information from remote terminal control devices to and
from the central controller must be provided . Base Communications Command
representatives should be consulted during the early stages of the design
effort. The representatives can provide guidance in the selection and use of
proposed data transmission systems. Wiring and signal transmission cost for a
specific application is determined by the procedure described in Chapter 10.
Total cost of an EMCS for various control schemes and building combinations
can be determined from information in these chapters.

After both cost and benefits have been eval uated for various control
schemes and building combinations , an econom ic analys i s i s performed as
outlined in Chapter 11. The procedure outlined identifies those [tICS com-
binat ions which provide desirable cost benefit ratios.

— 3- .



PROCEDU RE FOR DEVELOPING COST BENEFIT RATIOS FOR EMCS APPLICATIONS

Evaruate po t en t i a l  Ie termine  ~ics costs
savings from various for various control
control schemes and schemes and buildings
buildings CONTROL

REQU I REMENTS

(Chapters 3 & 4) (Chapters 6-10)

fP ~ RMI SSIBLE CONTROL
APPLICATIONS POINTS

Identify HVAC systems
used at facility

(Chapter 5)

RPNVVTT ~ (~flS’N

Develop cost/benefit
ratios for various
control schemes and
buildings

(Chapter 11)

Select configuration
having most desirable
cost/benefit ratio
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CHAPTER 3 - APPLICATIONS FOR EMCS

Control devices suitabl e for HVAC equipment control present a range of
capabilities extending from simple time clock control of start/stop switches
to implementing complex forecasting and optimization functions. As will be
shown in later chapters of this manual , a trade—off exists between the ulti-
mate capability arid its cost and complexity of use. To logically determine
what capability is needed , each possible application for an EMCS must be con-
si dered and an estimate of the annual savings generated. The annual savings
can thus form the basis for judging the worthiness of purchasing the more
expensi ve and more complex automatic control system. In this section , a
description of possible app lications , together with possible benefits and
special equi pment requirements, will be presented. Potential applications for
an EMCS are summar i zed in Table 3—1.

Savings resulting from implementation of either a single application or a
combination of applications is site dependent. Four major factors that affect
total energy savings are:

a building size and construction ,
b building function (from people and process),
c build ing usage pattern , and
d) type and capacity of installed HVAC equipment . Previous studies* ,~fbuil dings at a specific U. S. Army facility (Ft. Belvoir , V a. )  have

invest i gated energy consumption and possible energy savings through
use of an [tICS. For certain buildings at that site, applications 1,
2 and 6 were found to yield the largest reductions in energy
consumpti on.

3.1 Scheduling of Loads

Programed shutoff of building heating and cooling equipment during un-
occupied periods results in significant energy savings , the magnitude depends
on the heat transfer characteristics of the building , equipment capacity and
type , operating efficiency , and many other factors. The basic approach is to
shut down the heating and cooling system when a building is unused and al l ow
room temperature to drift . The system is reactivated to recover room temper-
atures before occupancy Is resumea. Scheduling may be changed periodically to
account for seasonal weather variations. This application needs a binary
Input and a start/stop output point for each unit of equipment . Control is
initiate d by a time clock function.

3.2 Shutoff of Outs ide Air

During periMs when tha building is unoccupied , it Is frequentl y poss ib l e
to shut off the outside air intakes even If the heating or cooling equipment
were required to remain on. Outside air shutoff would reduce the heating or

* ~Feasfbility Study of Automatic Load Control for Fort Telvoir , Virginia ”.
ED 76 —6 , U. S. Army Facil it ies Engineering Support Agency, Fort Bel voir ,
Virginia , 22060 .

“Building Heating and Energy Consumption at Fixed Facilities , FESA-RT-?C 3~ ,
U. S. Army Fac 1l i t i’ ~c En g’~ne~r i ig Support Agenry , 1-ü rt Bel voir , V ir~~nk1 ,22060.

— 5-
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TABLE 3-1

POTENT I A L APPLICATIONS FOR THE EMCS

1. Scheduling of Loads

Individual loads are turned on and off at specified times to reflect
building occupancy patterns .

2. Shutoff of Outside Air Intake

Individual air intakes are closed and reopened at specified times to re-
flect building occupancy patterns.

3. Temperature Setback

The setpoints for thermostat control are changed during certain time
periods to reflect building occupancy patterns.

4. Outside Air Reduction 
-

Outside air intakes are set at minimu m acceptable positions during cer-
tain time periods to reflect building occupancy patterns.

5. Lighting Control

Lighting levels are reduced during specified time periods.

6. Enthal py Control

Outside air is used as a source of heating and cooling air when cond i-
tions are suitable.

7. Enthalpy Optimization

Outside air Is mixed with return air in proportions necessary to minimize
heating/cool ing load .

8. ChIller Optimizat ion

Load split between multip le chillers operating in parallel Is adj usted to
achieve the greatest system efficiency.

9. Optimal Start/Stop

eased upon weather data and other information , individual loads are
started and stopped to meet design conditions during specified time
periods with minimum energy consumption.

10. Load Cycling

Designated loads are periodically cycled on and off during operational
period to reduce system demand and energy consumption.

-6-



POTENTIAL APPLICATIONS FOR THE EMCS (Cont.)

11. Predictive Demand Limit Control

Designated loads are cycled on and off as necessary to meet specified
maximum demand limitations.

12. Run—tIme Tota lization

Total run time for various equipment is tabulated for use in maintenance
planning.

13. Equipment Malfunction Detection

Abnormal operation of equ ipment is detected and suitable alarms issued.

14. Boiler Plant Optimizat ion

Weather predictions and other information Is used to pred i ;t ~u’iandpeaks. Load split between nultiple boilers operating in parallel is
adj usted to achieve the greatest system efficiency.

15. Energy Cost Allocation

Energy consumption by each load is monitored. The results are tabulated
and used to al l ocate both direct and indirect costs.

—7—
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cooling load at steady state operation and permit a faster transient if the
bu i lding was in the process of being returned to occupancy level temperatures .
The outside air shutoff feature needs binary input and reset control output
for dampers and fans. Control is initiated by a time clock function.

3.3 Temperature Setback

If the building heating or cooling equipment is turned off, the building
tuniperature will drift toward the outside temperature. It may be desirable to
lim it this drift for the protection of equipment in facilities . This is
accomplished by installation of an additional thermostat and a reset (selec-
tion) switch. For each unit of equ i pment , a binary input and a reset control
point wil l be required . Control is initiated by a time clock function.

3.4 Outside Air Reduction

If outside air intakes cannot be turned off entirely during periods of
low bui lding occupancy, it is frequently possible to reset the dampers at a
minimum acceptabl e position during these periods. The dampers would thus have
two positions , fully open and minimally open. The control system would need
binary input and reset control output for dampers . Control is initiated by a
time clock function.

3.5 Lig_hting Control

1~ facil i tate control of a lighting circuit , the control system would
need only a reset control attached to the lighting ci rcuit. In certain appli-
cations it may be desirable to utilize a photoelectr ic cel l for control . This
would require a binary input signal from the cel l to the control system.

3.6 Enthalpy Control 
-

Outside air can be used as a source of “free ” cooling whenever its tem-
perature and humidity are within an appropriate range. Measuring the total
heat content or enthalpy of the outside air allows the economizer to improve
efficiency. The simplest fo rm of control is one that activates the economizer
when the dry bulb temperature of the outside air is equal to the suppl y air
temperature (less fan heat). The mechanical cooling system is unloaded and
outside air becomes the source of cooling.

Additional savings are available when the total heat content or enthalpy
of the outside air Is used for control . The enthalpy control accounts for not
only dry bulb temperature but al so moisture content. Such capability al l ows
the system to use outside air whenever its enthalpy is less than room des ig n
con diti ons. Thi s generally Increases the num ber of hours the econom izer can
h~’ uc~

-’~i with a enrr~cpnndin g increase in enerqy savings.

To Implement enthalpy control , the control system wi l l  need two analog
input signals for measuring wet and dry bulb temperatures of the outside air.
Reset si gnals are required to activate the opening and cl osing of the air
dampers. The chiller will require a start/stop control and a bi nary input .
Comparison logic is required for comparing enthalpy values with acceptable
ranges stored In the memory of the control system.

-8- 
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3.7 Enthalpy Optimization

An extension of the concept described as enthalpy control is that of
enthalpy optimization. The control system proportions the a~r mix (outside
air and return air) so as to impose the lowest cooling load on the mechanical
equipment .

The control system will need four analog input signals for measuring the
wet and dry bulb temperatures of both the return and outside air. One or two
analog or discrete output signals will be required to position the two air
dampers. The chiller will require a start/stop control and a binary input .
The control system nust provide arithmetic ability to calculate enthalpy and
determine the desired air mix proportions.

3.8 Chiller Optimization

The concept of optim al loa di ng of ch i l lers der i ves from the fac t tha t the
efficiency of this equ i pment is a function of load . If two or more chillers
serve a single system , the loa d of each shoul d be pro portioned so that the
Incremental operating cost of each is equal. If the load was not so propor-
tione d , total operating cost could be reduced by shift i ng some of the load
from the higher cost unit to the lower cost unit. Naturall y, operating lim-
i tations such as maximum and min imum power levels form physical bounds which
occasionally prevent the system from operating at a uniform incremental oper-
ating cost. -

Ch i l ler loa di ng can be control le d by setti ng the su pp ly water tempera-
ture. The automatic control system wi ll need two analog inputs to measure
supply and return water temperture for each unit. Water flow rate for each
unit is considered to be constant. Depending upon the mechanism utilized to
con trol ca pac ity of the ch i l l e r , either one analog output or numerous discrete
binary output signals will be required . The control system must also have
sufficient memory to store a table or incremental cost versus power level for
each chiller unit and sufficient logic capabilities to utilize this data to
achieve the desired operating conditions.

3.9 Optimal Scheduling

Time scheduling of HVAC equ i pment cutoff during unoccupied periods was
discussed in Section 3.1. A time clock function was used to reactivate
equi pment to restore normal temperatures before the next occupancy period.
For a given building, recovery time will vary depend i ng upon its HVAC system,
its heat loss or gain characteristics , and outside weather conditions . Time
schedules were set to al l ow for the expected weather extremes. Thus , equip-
ment was normall y turne d on before necessar y, but occas i ona l ly ,  during extreme
wca the r , equipment would not be started as early as required for comfort . An
optimal scheduling mode, accounting for existing weather would both save money
by delaying nortnal restart, and would al so improve comfort during extreme
weather periods.

Opt imal start/stop would require the normal binary and start/stop con-
trol points as described in Section 3.1. Three additional analog input
signals are also required ; one to measure wi nd speed. Other sensors -may be
desirable in special circumstances . The control system must provide arith-
;i~etic ability to perform the required calculation.



3.10 Load Cycling

Total demand and energy consumption can be reduced by load cycling.
Designated loads are periodically cycled on and off during normal operating
periods. The time on and the time off for each cycle are stored ui the memory
of the automatic control system. No special I/O connections are required for
this application other than those di scussed in Section 3.1.

3.11 PredIctive Demand Limit Control -

Peak reduction under this scheme is accomplished by shutting down
selected equipment (shedding) when desirable to reduce a peak during any
demand interval . In order to determine when to shut off equipment , the demand
meter used for billing is monitored by the control system. The equipment to
be shut down is determined by the control system according to a priority list
established by the user.

The desirability of shedding is determined by forecasting the demand at
the end of the demand interval and comparing the predicted val ue to an estab-
lished target demand. Should the forecasted demand be over the target val ue ,
equipment Is shut down In the order -specified by the user to lower the fore-
cast of the demand . A subsequent forecast under the target demand causes the
resui~ption of equipment to operating status or no action if there are no units
on disabled status.

In order to prevent excessive cycling, especially of large equi pment , a
min imum t ime fea ture is general l y ava i la b le with power deman d con trollers .
This feature al l ows the establishment of a minimum off time and a minimum
cycle time for each pi ece of equipment under control . The minimum off time
disallows the restart of the equipment for a fi xed period followi ng shutdown-.
The minimum cycle time requires the equipment to run for a fixed period before
It may be shut down again. Discrete binary input signals from the power
demand meter will be required in addition to the connections described in
Section 3.1. The automatic control system must provide adequate memory and
arithmetic capability.

3.12 Run Time Totalizatlon

Operating times for each unit of equipment could be automatically up-
dated and stored. Then periodically this information could be compared to the
appropriate maintenance schedules. Units nearing the end of their required
maintenance interval could then be listed al ong with their respective l oca-
tions , nature of the ma i ntenance and parts required . A pr-’~vent i ve ma inten ance
program would greatly improve .equipment efficiency and lif~time , and enhancethe effectiveness of currentl y employed ma i ntenance perso iel . A reduction in.
manpower requiremen ts m~y he pessible by a consolidation of maintenancefunctions. - - 

-

The only equipment necessary to implement run time totalizatior, would be
a single discrete binary input signal frcm each unit of equipment to detect
when the equi pment is operating. If the unit is to run solely in response to
an output signal from the control system, no input signal would be necessary.
The control system irust provide adequate memory storage and output devices for
the specific application.

-10-



3.13 EQui pment Malfunction Detection -

Equipment malfunct ion can be recognized by the automatic control system
by operation at an out-of-range condition , by a failure to respond to a
control signal or by a complete loss of coniiiunication to a unit. Suitable
detectors woul d reduce the need for roving patrol s to check for equipment
malfunction.

Additional instrumentation required for mal function detection range from
using separate analog input signals for each unit to usi ng existing discrete
binary si gnals. One simple method is to activate a malfunction alarm if no
i nput signal has been received from a device during a predefined time period.
Modest memory and logical capability pl us time clock functi on must be
available in the control system to permit implementation of this feature.

3.14 Boiler Plant Optimization

Since the bo i ler plant is a significant consumer of fossil energy on
most army bases, several methods were investigated to improve service and
reduce full consumption. One method is to use weather conditions to predict
heating demand. Then adjust output water and steam conditions to achieve
optimal efficiency for this expected demand . I/(~ require iients and demands onthe automatic control system for this use are the same as that described in
Section 3.9, Optimal Start/Stop.

If two boilers are required to furnish the heating demand , the hea ti ng
l oad split between the two boilers will affect fuel consuiliption. This results
in a problem similar to that described in Section 3.8, Chiller Optimization.

The boiler pl ant could be adapted to an automatic monitoring and control
system. Electron ic probes could constantly monitor the amount of excess
oxygen passing through the boiler pl ant stack which , in turn , al l ows the
control system to determine the heat losses associated with that stack. If
the oxygen level is outside optimum limits , the control system can init iate
control to regulate the air flow through the boiler and stack to bring the
oxygen level within proper operating limits and increase plant efficiency .

Another method of boiler plant optimization consists of decreasing the
fuel flow to the boiler as the load on the boiler decreases. During the wi n-
ter , increasing outside air temperature results in less building heat require-
ments. Therefore, the amount of heat the boiler has to produce decreases.
Fuel consu mpt ion , a i r flow , water flow , and water temperature can all be ad-
justed to obtain the most efficient operating point for the actual conditions .
At low load levels , the temperature of the fl ue gas is decreased . Generall y,
the ten%perture will remain high enough so as to not precipitate corrosive sub-
stances Inside the boiler stack. But , it is recommended that temperature
sensors be located at the top of the stack to warn ~t flue gas temperaturesbecome too low. Depending upon the su l fur content of the fuel being burned ,
the fl ue gas temperature should be maintained above 250 F to 300 F.

The last two applications would each require one analog input signal to
the control system for each parameter being measured and one analog output
signa l to activate the necessary control devices or drive output signals to
provide Information to a qualified boi l er plant operator.

— 11—



3.15 Energy Cost Allocation

Cost of operating each major unit of equi pment for a specified time
period can be determined by two techniques. If equ i pment operates only at one
power level , all that is needed to determine power consumption is the number
of hours the equipment is operated. This uses the method discussed in Section
3.12, Run Time Totalization.

If the equi pment runs at a variable power consumption , it wi l l  be neces-
sary to integrate the discrete instantaneous power consumption values over the
specified time period. Simpson ’s rule or a similar technique can be used to
approximate the integration process. The automatic control system would need
one analo g input to measure the instantaneous power consumption. Oit~ut woul d
be through the printer. The demand on the memory and logic elements of the
automatic control system would be minimal , however , a resident high level
language such as Fortran would make the programing task easier.

-12-
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Four major factors may be identified which affect the energy savings and
energy control system cost potential of most buildings. These factors should
be examined before deciding which buildings are suitable for control purposes .
they are :

a) building size ,
b) function and usage pattern ,
c) heating and cool i ng system , and
d) relative building location .

4.1 Building Size

Building size is usually the most significant factor in the select i on
process. The greater the total floor area, the greater the energy consump-
tion. One notable exception is in warehouses and shop buildings. By nature
these buildings encompass large fl oor areas which are isually not centrally
hea ted or coole d . Su per vi sor off i ces , a small percent of the floor area, may
be cooled by wi ndow units or small packaged direct expansion systems. Work
areas may be ventilated during sumer and heated in wi nter by unit heaters.
A ir temperatures are not as closely ma i ntained as in an office complex .
Therefo re , energy consumption by the heating and cool i ng system will be
rel atively small compared to-the total floor area. Heavy energy consumpt i on
i n a mach i ne sho p w i l l  probably be due to operat i on of process equipment and
air infiltration around the large doors. in general , the larger buildings
w it h large HVAC systems are the most attract i ve for connec ti on to cen tra li zed
control systems. Smaller buildings having a variety of HVAC systems
throu ghout the structure may be more attractive for local control.

4.2 Function and Usage Pattern

Patterns of building usage affect energy consumption to a large extent.
Most buildings can be loosely categorized by one of these three types of
occupancy. A descript i on of each category follows . - -

a) Even ing occupancy generally invol ves recreational buildings such as
bowl ing alley s and theaters. Time range is approximately 5:00 p.m.
to 12:00 midnight.

b) Office occupancy is confined to buildings used during the typical
work day. Time range is approximately 7:30 a.m. to 4:30 p.m.

c) Residential occupancy is essentially late evenings and early morning .
Time range is approximately 4:00 p.m. to 8:00 a.m.

4.3 Heating and Cooling System

The type of heating and cool i ng system can influence the energy savinqs
potential as well as the expense of conversion to an energy monitoring and
control system. Central heating and cooling systems found in larger, more
compl ex build ings usually produce the greatest savings potential . System
components such as air handling units , chillers , and boilers are typically
located in the same area of the building , t hu s s imp l i f y i n g  con trol sys tem
modifications .

Smaller buildings tend to have a conglomeration of widely d~str1buted
win dow units and unit heaters which are difficult and expensive to adapt to a
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centra l energy control system. Since smaller buildings tend to have smal l
savings potential , the expense nay not be just ified . In such cases , a system
of local control may be cost ef fect ive.

4.4 Relat ive Buildi~~ Locdt ion

A major cost factor in central control system costs is wiring and commu-
nication expense. This interconnection cost is a function of a building ’s
location relative to the central console . It has been assumed that each
military base owns its own telephone network , so that the use of telephone
lines between the remote panel and the central console will not incur any
expense. Where spare lines do not exist , installing additional telephone link
capacity must be included in the system cost estimate.

The connection between the control points and the remote terminal repre-
sents another expense. Closely grouped buildings with similar function and
usage patterns offer the best possibilities for controlling severa l facilities
through one remote panel. Where possible , multiple bui lding connections to
one remote panel i-s usually cheaper than insta ll in~ a rem ote panel in each
structure , in spite of increased wiring costs.

When us i ng local con tro l systems , where control point—to—controller
wiring is always within one building and where there is no need for telephone
line interfacing, building location is not a significant cost consideration.
Therefor e, isolated buildings or small energy using facilities without spare
telephone lines l end themselves very well to local automatic control.

4.5 Energy Savings

Generalized quantification of predicted energy savings becomes a diffi-
cult task due to the wide variat ions in building systems , orientation , con-
struction , age and geographic location. Accurate estimation is generally
beyond the capability of simple calculations. For purposes of determining
feasibility , however , simple calculation procedures can be sufficient. The
methods presented in this manual were developed with this thoug ht in mi nd and
are at best a rough estimate.

It is important to note that these calculations account for equi pment
efficiency and assume that the heating and cooling system operates continu-
ously with minimum outside air . For example , a system which operates only
twelve hours a day instead of twenty-four will have less potential savings.

A tabulation of 1-IVAC equipment found in existing buildings on a mil itary
base near Washington , D.C. is presented in Table 4—i. Base line energy con-
sumption for these buildings is reported in Table 4—2. Energy consumption is
assumed to be proportioned to floor area in this table and the ones that
fol l ow. Although this assumption is not completely valid , it is sufficient
tor the purposes intended .

The four energy savings schemes described in Chapter 3 that will likely
result In the largest energy savings are :

(a) scheduling of loads ,
(b) shutoff of outside air ,
(c) outside air reduction , and
(d) enthalpy control.
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Energy savings per square foot per year resulting from implementation of each
scheme are reported in Tables 4—3 through 4—6.

To determine the energy savings from the imp l ementation of any one
scheme, find a building on the list which is sim ilar to the one under consid-
eration. Multip ly the corresponding energy savings factor by the conditioned
floor area. This gives the unadjusted energy savings per year for the bui l d—
Ing. An adjustment in the savings should be made to account for differences
in climatic regions. Degree heating and cooling days for numerous locations
are listed in Tables 4-7 and 4—8. For the location being considered , divide
the heating degree days by 4,167 and the cooling degree days by 1,550 (average
number of degree days in Washington D.C.). The results are the geographic
adjustment factors. Multip ly the unadjusted energy savings by the climatic
adjustments to determine the annual energy savings. -

Savin gs are calculated in Btu per year. If necessary, these yearl y
savings can be translated into equivalent fuel quantities from information
presenLed in Table 4—9. A savings of one million Btu would be equivalent to
293 kWh of el ectricity or 6.67 gallons of No. 2 oil. Present DOD directives
requ ire the determination of the expected reduction in source energy.
Approximately 11 ,600 Btu of source energy are required to supply 1 KWh of
electrical energy as a result of the thermodynamic process used in generation
and various transmission losses.

Energy savings for certain conservation schemes will be independent of
one another. For these, the total energy savings is determined by simple
addition of the savings of each scheme being used. If schemes to be used
together impact on one another , savings from the secondary schemes should be
reduced accordingly. It is noted that these energy savings calcu lation
criteria are based on the operations of a typical Army base and should be
cons i dered as approximations.
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TABLE 4-1

BUILDING EQUIPMENT

1. E.M. Recreation Center Local oil fired boiler; electric chiller;
six air handl ing units.

2. Theatre Local oil fired boiler; direct expansion
cool ing; one air handling unit.

3. Bowling Alley 
- 

Local oil fired boiler , direct expansion
coo ling; one air handling unit.

4. N.C.O. Club Local oil fired boiler; two electric
water chillers ; six air handling units.

5. Post Exchange Central pl ant heating; direct expansion
cooling ; two air handling units .

6. Commissary Local oil fired boiler; electric water
chil ler; two air handling units.

7. E.M. Mess Local gas fired boiler;-d irect expansion
cooling ; one air handling unit.

8. Laundry Central plant heating (unit heaters); no
cooling.

9. Fie ld House Central plant heating (unit heaters), no
- cooling .

10. Chapel Central plant heating ; electric water
chiller; three air handl ing units.

11. library Central plant heating ; direct expansion
cooling ; two air handling units.

12. Office Building Two local boilers ; electr ic water
chiller; five air handling units; fan
coil units.

13. Laboratory Central plant heating ; direct expansion
cooling; three air handling units.

14. Laboratory Local gas fired boiler , local electric
boiler; direct expansion cooling ; two air
hand ling units.

15. Barracks Local gas fired boiler; direct expansion
cooling ; one air handling unit.

16. B.O.Q. Local oil fi red boiler; electric water
chiller , one air handling unit.
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BUILDING EQUIPMENT (Cont.)

17. MachIne Shop Central plant heating (unit heaters);
direct expansion cooling; two air
handling units.

18. Warehouse Central plant heating (unit heaters);
direct expansion cool ing; one air
handling unit.

19. Dental Clinic Central plant heating ; direct ex pansion
- cooling; one air handling unit.

- — 17— 
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TABLE 4-2

BASELINE ENERGY CONSUMPTION

Heating Basel ine Cool i ng Baseline
Energy Consumption Energy Consumption

In Thous~~ds Of In Thousa nds of
Military Building Typ~ Btu Per Ft’ - Year Btu Per Ft2 - Ye ar

E.M. Recreation Center 92 58

Theatre 193 39

Bowl ing Alley 36 107

M.C.0. 92 123

Post Exchange 171 120

Comm issary 19 24

E.M. I’ess 88 139

Laundry (See Note 1) 117 0

Field House (See Note 1) 40 - 0

Chape l 122 36

Library 11 27

Office Building (See Note 2) 78 36

Laboratory (See Note 3) 83 66

Laboratory (Se~ “ t e  4 ) 42 .19

Barracks 28 22

B.O.Q. (See Note 4) 77 35

Machine Shop (See Note 1) 43 54

Warehouse (See Note 1) 56 41

Dental Clinic 76 43
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BASELINE ENERGY CONSUMPTION (Cont.)

Note 1: Energy savings must be treated for specific cases. Generalized
figures unavailable.

Note 2: Energy savings based on a 132,217 square foot three-story office
building with five air handl i ng units and numerous fan coil units.
Two local boilers and a chiller provide heating and cooling. Brick
on bl ock wall construction compl eted 1952.

Note 3: Energy savings based on a 8,235 square foot sing le story lab building
with three air handling units. Centra l plant heating and direct
expansion cooling. Brick on block construction completed 1942.

Note 4: Energy savings based on a 38,566 square foot three-story lab building
with air handl i ng units. Local gas and electric boilers provide
heating. Direct expansion refri geration provides cooling.

Note 5: Energy savings based on a 18,360 square foot two—story B.0.Q. build-
ing with one air handling unit. Local oil fired boiler and chiller
provide heating and cooling.
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TABLE 4-3

ENERGY SAVINGS - EQUIPMENT SHUTDOWN SAVINGS

Energy Savings in
Thousand of Btu 1 s
Per Ft 2 Per Year

Building Type~ Heat i ng Cool i flg

1. Enl isted Men ’s Recreational Center 21.1 5.3

2. Theater 41.2 5 .3

3. Bow ling Alley 4.9 1.8

4. N.C.O. Clu b 9.9 3.4

5. Post Exchange 11.2 6.4

6. Cornissary 0.4 0.5

7. Enl isted Men ’s Mess 22.2 8.9

8. Laundry 3.6 *

9. Field House 1.2 *

10. Chapel 6.3 2.3

11. Library 1.2 0.5

12. Office Building 14.1 3.5

13. Laboratory 13.6 5.2

14. Laboratory 3.5 1.0

15. Barracks 0.8 0.7

16. B.O.Q. 0.8 0.5

17. Machine Shop 3.9 7.4

18. Warehouse 1.9 1.5

19. Dental C linic th.b 4.6

* Tnergy savings must be treated for specific cases , genera lized figures
unava ilable.
+ Typical building equipment schedule is given In Tabl e 4-1.
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TABLE 4-4

ENERGY SAVINGS - OUTSIDE AIR SHUTOFF SAVINGS

Energy Savings in
Thousand of Btu ’s
Per Ft 2 Per Year

Building Type ’~ Heating Cooling

1. Enlisted Men ’s Recreationa l Center 34.4 8.7

2. Theater 67. 2 8.8

3. Bowling Alley 6.9 2.9

4. N.C.O. Club 16.1 5.6

5. Post Exchange 18.5 10.1

6. Commissary 0.6 0.9

7. Enl isted Men ’s Mess 36.2 11.4

8. Laundry - 5.9 *

9. Fie ld House 1.9 *

10. Chapel 10.3 3.8

11. Library 1.9 0.8

12. OffIce Bu i ld i ng 
- 

23.0 5.7

13. Laboratory 22.2 8.5

14. Laboratory 5.7 1.7

15. Barrack s 1.3 1.1

16. B.O.Q. 1.3 0.8

17. MachIne Shop 6.4 12.2

18. Warehou se 3.1 2.5

19. Dental Clinic 26.9 1.6

* Energy savings must be treated for spec i f i c  cases , genera lized figures
unavai lable.
+ Typical building equipment schedule is given In Table 4— 1.
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TABLE 4-5

ENERGY SAVIN GS - OUTSIDE AIR REDUCTION SAVINGS

Energy Savings in
Thousand of Btu ’s
Per Ft 2 Per Year

Buil d ing Type~ Heating Coolin

1. Enlisted Men ’ s Recreational Center 20.2 12.5

2. Theater - 13.5 2.7

3. Bowl ing Alley 3.2 9.3

4. N.C.O. Club 22.0 28.8

5. Post Exchange 3.2 2.3

6. Commissary 1.7 2.0

7. Enl isted Men ’s Mess 16.6 26.7

8. Laundry * *

9. Field House * *

10. Chapel 1.5 0.5

11. tibrary 0.2 0.4

12. Office Building 9.1 3.9

13. Laboratory 2.7 2.1

14. Laboratory 2.8 1.4

15. Barracks 0.2 0.2

16. 8.O.Q. 0.3 0.1

17. Machine Shop * *

18. Warehouse * *

19. Dental Clinic 2.3 1.4

* Energy savings must be treated for specific cases , generalized fi gures
unavailable. -

+ Typical building equipment schedule Is given In Table 4— 1.
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TABLE 4—6

ENERGY SAVINGS - EN THALPY CONTROL SAVINGS

Energy Savings in
Thousand of Btu ’s
Per Ft2 Per Year

Building Type~ Cooli~~
1. Enlisted Men ’ s Recreational Center 13.7

2. Theater 8.3

3. Bowl ing Alley 10.6

4. N.C.O. Club 18.6

5. Post Exchange 5.6

6. Commissary 0.4

7. Enl isted Men ’s Mess 6.6

8. Laundry *

9. Field House *

10. Chapel 6.5

11. Library 5.9

12. Office Building 4.6

13. Laboratory 7.1

14. Laboratory 1.7

15. Barracks 1.8

16. B.0.Q. 3.8

17. Machine Shop *

18. Warehouse *

19. Dental Clinic 5.6

* Energy savings must be treated for specific cases , generalized figures
unavailable. -

+ Typical building equipment schedule Is given in Tabl e 4-1.
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- TABLE 4-7 -

AVERA GE ANNUAL DEGREE DAYS FOR MAJOR CITIES

Local climatologica l data obtained from National Oceanic and Atmos pheric Ad-
ministration. Reported values based upon years 1956 through 1976 for heating
and 1969 through 1976 for cooling.

Heating Cool ing

~Jfl~ 
Degree Days De9ree Days

Ab i lene , Texas 2,633 2,228

Albuquerqu e, New Mexico 4,439 1,255

Amar i l l o , Texas 4,202 1,376

Atlanta , Georgia 3,023 1,582

Bakersfield , California 2,120 2,612

Billings , Montana 7,137 568

Boston , Massachusetts 5,708 798

Brownsvil le, Texas 625 3,847

Casper , Wyoming 7,606 420

Charleston , Sout h Carolina 2,157 2,198

Chicago , Il linois 6 ,121 1,019

Col orado Springs , Col orado 6 ,550 467

Col umbus , Georgia 2,326 - 2,158

Col umbus , Ohio 5,628 852

Corpus Christi , Texas 988 3,546

Denver, Colorado 6,038 645

El Paso, Texas 2,617 2,049

Fargo, North Dakota 9,~35 538

Ft. Smith , Arkansas 3,409 - 1,788

Ft. Worth , Texas 2,407 2,548

Fresno , California 2,631 1,782

Hatteras , North Carolina 2,528 1,682
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AVERAGE ANNUAL DEGR EE DAYS FOR MAJOR CITIES (Cont.)

Heating Cool ing
Degree Da~y~ Degree Days

Honolulu, Hawaii 0 4,450

Houston, Texas 1,418 2,676

Indianapolis , Indiana 5,588 994

Jackson, Mississippi 2,342 2,311

Jacksonville , Florida 1,276 2,650

Kansas City, Missouri 4,865 1,500

Knoxville , Tennessee 3,668 1,382

Little Rock , Arkansas 3,134 1,957

Los Angel es, California 1,087 1,312

Lake Charles , Louisiana 1,538 - 2,653

Las Vegas, Nevada 2,519 3,053

Louisville , Kentucky 4,493 1,316

Memphis, Tennessee 3,215 2,050

Miami , Florida 184 4,326

Minneapolis , Mi nnesota 8,057 764

Montgomery, Al abama 2,250 2,178

Nashvi lle, Tennessee 3,706 1,598

New Orleans, Lou i s i an a 1,494 2,668

New York, New York 
- 

4,880 1,177

Norfolk, VirginIa 3,490 1,569

North Platte, Nebraska 6,880 702

Oklahoma City, Ohlahoma 3,720 1,807

Philadel phia , Pennsylvania 4,993 1,234

Phoeni x, Arizona 1,415 - 3,912

Raleigh , North CarolIna 3,576 1,365
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AVERAGE ANNUAL DEGREE. DAYS FOR MAJOR CITIES (Cont.)

Heating Coolin g
Degree Days Degree D~ys

Red Bluff , Cal iforn i a 2,688 1,972

Reno , Neva da 5,938 376

Rochester , New York 6,741 652

Sacramento, California 2,763 1,337

St. Louis , Mi ssour i 4,902 1,392

Sal t Lake City , Utah 5,874 1,013

San Anton io, Texas 1,606 2,85~

San Franc isco, California 3,030 128

Sault Sainte Marie , Michigan 9,264 157

Seattle, Washington 4,954 178

Shreve port, Lou i sia na 2,233 2,348

Tacoma , Washington 4,954 178

Ta l la hass ee , Fl orida 1,617 2,516

Tam pa, Fl or ida 662 3,428

Topeka , Kans as 5,247 1,325

Tucson , Arizona 1,739 2,700

Trenton , New Jersey 4,974 1,086

Wa to, Texas 2,097 2 ,818

Wash i ngton , D.C. 4,167 1,550

Wichita , Kansas 4,758 1,561

W i nslow , Ar izona 4,806 1,197

Yuma , Arizona 920 - 3,972
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TABLE 4—9

ENERGY SAVINGS — CONVERSION TABLE

lkWh * — 3,413 Btu (for direct cost of energy consumed)
11,600 Btu (for source energy consumed in production)

1 Cub ic Foot Na tural Gas 1,000 Btu

1 Ton Coal = 24 ,000,000 Btu

1 Cubi c Foot LPG 2,840 Btu

1 Gallon LPG a 95,500 Btu

1 Gallon No. 2 Dii — 138,700 Btu

1 Gallon No. 6 Oil 150,000 Btu

The values given above for gas, coal and oil are approximate and will vary
somewhat with supplier. The heating value of the actual fuel should be used
In calculat ion i-f available.

* Choice of conversion factor depends upon use.

(Reverse is  blank)



CHAPTER 5 — DESCRIPTION OF KVAC SYSTEMS

This chapter provides the facilities engineer wi th i nformation needed to
i dentify the appropriate control devices for existing FIVAC equipment and to
generate the performance requirements for an appropriate automat ic control
system. Ten HVAC systems that were identified as being currently used at
various facil ities of the U. S. Army are listed below.

1. Hydronic heating system.

2. Self-contained HVAC system.

3. Single zone system.

4. Fan coil system.

5. Terminal reheat system.

6. Dual duct system.

7. Mult i zone system.

8. Constant air volume system.

9. VarIabl e air volume system.

10. Induction HVAC system.

Each of these systems will be described in detail in this chapter. Typ-
Ical applications and limitations will be noted. To assist the reader in un-
derstanding these HVAC systems ,- a schematic of each has been included . Loca-
tions of the requ i red monitoring and control points are shown on the schemat-
ics in Figures 5—1 through 5—10. Tables 5—1 through 5—10 list monitoring and
control points required for each system.

Specific monitoring and control points needed for control of an HVAC
system depend both upon the characteristics of the HVAC system design and the
nature of the control schemes being implemented. Table 5— 11 summari zes the
app l icab~e control schemes for each of the 10 HVAC systems listed above.

5.1 Hydronic Heating System

Hydronic heating systems consist of a boiler , hot water supply loop, and
a series of room heating elements connected in parallel to the hot water
supply loop. The room heating elements transfer heat to the room air by nat—
ural convection . A circul~t~on pump prov id es forccd flow of wa ter through the
supply loop.

A typical application of a hydronic heating system would be irs a resi—
dence or barracks building. Occassiona lly, several buildings in a cluster
will be served by steam from a central boiler plant to take advantage of a
more efficient boiler desi gn or size. In such a case, each bu i l di ng woul d be
connected to the steam supply main and to the condensate return main. The
Indiv idual building bo iler would be replaced by a steam to water heat ex-
changer. -

—37—
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Control po i nts for a hydron ic heat i ng sys tem cons i st of i ndi v idual room
controls and system controls. Individual room controls consist of thermostats
wh ich activate off/on fl ow control valves on the individual radiators. System
controls consist of a heating water supply temperature thermostat and a start/
stop control device for the heating water flow pump. Monitoring arid control
points from this system are listed in Tabl e 5—1.
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TABLE 5-1

MONITORING AND CONTROL POINTS FOR HYORONIC HEATING SYSTEM

TYPE OF PO INT
MONITORING OR CONTROL POINT START/STOP RESET ANAL~G BI N AR Y

Room Thermostats - Two Position
(Scheme 3 ) - --. 1

Boiler or Steam Supp ly
(Schemes 1, 9, 10, 11, 12, 13, 14, j5)* 1 

- 
I

Water Pump
(Scher~es 1, 9, 10, 11, 12, 13, 15) 1 1

* Scheme numbers indicate point required -

for applications Itemized in Table 3—1.

V - 
- — - _____________________________



5.2 Sel f-Contained HVAC Syster~ 
-

Sel f—contained system consist s of an air cooled refrigeration section
with a direct expansion cooling coil. The heating section is an electric heat
strip or it could be a gas fi red furnace or just a steam or hot water heating
coi l. The blower section includes a fan ~nd air filters . Although sections
are combined together into a packaged unit , the bl ower unit becomes energized
by a central control point.

Typical applications would be warehouses , exchanges and conwnissary shops .

Control points for a self—contained system consist of individual room
control and system- control. Individual room controls consist of room thermo-
stats which activate cooling or heating section. System control s consist of
air temperature thermostats located in the air stream to control leaving air
temperature. Monitoring and control points for this system are listed in
Table 5—2. 

_
~z - _ __ 
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TABLE 5-2 -

MQN~TQR INC AND CONTROL POINTS FOR SELF-CONTA INED FIVAC SYSTEM

TYPE OF POINT
MONITORING OR CONTROL POINT START/STOP RESET ANALOG BI NAR Y

Two Position Thermostat
(Scheme 3)* 1

Air Circulation Fan
(Schemes 1, 3, 9, 10, 11, 12, 13, 15) 1

* Scbeme numbers Indicate point required
for applications itemi zed in Table 3—1 .

- -  

- - - -- - 
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5.3 SIngle Zone System -

The single zone system consists of a supply fan , heating coil , cooling
coil air cooled refrigeration system , outside air and return air dampers , and
a supply air duct. As the room thermostat calls for heating or cooling , it
would energi ze the air cooled refrigerant system or electric heating coil ,
unt il thermostat is satisfied .

A typical application would be a small store, shop , ware house , residence
or a theater.

The control poi nts of the system are the heating-cooling thermostat and
enthalpy sensors on the return and outside air ductwork . There is a system
control point at a starter for the supply fan. Monitoring and control points
for t h i s  system are listed in Table 5—3. -

-44-
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TABLE 5—3

MONITORING AND CONTROL POINTS FOR SINGLE ZONE SYSTEM

T YP E OF POINT
MONITORING OR CONTROL POINT START/STOP RESET ANALOG BINARY

- Two Position Thermostat
(Scheme 3)* 1

Hea ti ng Co i ls
(Schemes 1, 3, 9, 10, 11 , 12, 13, 15) 1

Refi gerant System
(Schemes 1, 3, 8, 9, 10, 11 , 12 , 13, 15) 1

A ir Fan
(Schemes 1, 3, 9, 10, 11 , 12, 13, 15) 1

Return A i r En thal py Sensors
(Scheme 7) 2

Return Air Damper
(Schemes 2, 4, 6, 7, 13) - 1

Outside Air Enthalpy Sensors
(Schemes 6 & 7) 2

Outside Air Damper
(Schemes 2, 4 , 6 , 7, 13) 1 1.

* Scheme numbers indicate point required
for applicat ions Itemized in Table 3-1.

-46—



5.4 Fan—coi l System

Fan-coil system consists of a boiler , hot water supply loop, cool i ng
tower , condenser water supply loop, ch iller , chilled water supply loop and a
series of fan-coil units connected in parallel to the hot water and chilled
water supply loops . Circulation pumps provide forced fl ow condenser , hot and
chille d water flow through the supply loops. The condenser water loop serves
only the chiller. 

-
A typical application would be family housing and office buildings ,

bachelor quarters, barracks , and hospitals.

The control points for this system would consist of individua l heating-
cooling thermostats located in the area served by that fan—c oil unit. Other
control points are for energizing cooling tower with affiliated condenser
pump , supply fan, return fan , boiler wi th circulating pump, chiller with
c-hill ed water pump. The cooling tower controls the water temperature of the
condenser water as it is reci rculated through the chiller condenser section.
The chiller maintains the set point of the chilled water supply loop. Moni-
toring and control points for this system are listed in Table 5—4.

.47—
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TABLE 5—4

MONITOR ING AND CONTROL POINTS FOR FAN COIL SYSTEM

TYPE OF POINT
MONITORING OR CONTROL POiNT ~TMT/5TOP RESET ANA[OG BI N ARY

Two Position Thermostat
(Scheme 3) 1 1

Air Fan - 
-

(Schemes 1, 3, 9, 10, 11, 12, 13, 15) 1 1

Heat ing Water Pump -

(Schemes 1, 3, 9, 10, 11, 12, 13, 15) 1 1

Boiler
(Schemes 1, 3, 9, 10, 11, 12, 13, 14, 15) 1 1

Chilled Water Pump
(Schemes 1, 3, 9, 10, 11, 12, 13, 15) 1 1

Chiller
(Schemes 1, 3, 8, 9, 10, 11, 12, 13, 15) 1 

- 
1

Condenser Pump
(Schemes 1, 3, 9, 10, 11, 12, 13, 15) 1 1

Condenser Temp Sensors
(Scheme 8) 

- 
2

Cool ing Tower Spray
(Schemes 1, 3, 9, 10, 11, 12, 13, 15) 1 1

* Scheme numbers Indicate poi nt required
for applica tions itemized In Table 3—1.

I
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5.5 Terminal Reheat System

This system Is basically the same as a fan—coil system with these
exceptions:

(a) This system has a central fan which constantly supplies tempered air
throughout main trunk line.

(b) The local zone thermostat controls space temperature with the aid of
a reheat coil in the branch ductwork .

A typical application would be a headquarters or office building.

Control points for this system consists of individual room controls and
system controls. Individual room controls consist of thermostats which acti-
vate a control valve on the individual reheat coil , which allows boiler hot
water to flow through the coil thus adding additi onal heat to the zone air
flow unt il that respective thermostat is satisfied. System controls are the
same as the fan-coil system. Monitoring and control points for this system
are l isted in Table 5—5. Use of two position room thermostats would not be
effective in saving energy with the system. However , i t is possible to save
energy in both chilling and reheating by altering the temperature of supply
air during periods of low occupancy. Maximum chiller temperature is limited
by demands of the areas being served .

-50.
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TABLE 5-5

MO N ITORIN G AND CONTR OL POINTS FOR TE RMINA L PL HEAT S?STE M

TYPE OF POINT
MONITOR ING OR CONTROL POINT START/STOP RESET ANALOG BINARY

Air Fan
(Schemes 1, 9, 10, 11 , 12, 13, 15)* 1 1

Return Enthalpy Sensors
(Scheme 7) 2

Return A i r Damper -

(Schemes 2, 4, 6, 7, 13) 1 1

Ou tsid e A i r En thal py Sensors
(Schemes 6, 7) 2

Outside Air Damper
(Schemes 2, 4, 6, 7, 13) 1 1

Heating Water Pump
(Schemes 1, 9, 10, 11 , 12, 13, 15) 1 1

Boiler
(Schemes 1, 9, 10, 11 , 12, 13, 14, 15) 1 1

Chilled Water Pump
(Schemes 1, 9, 10, 11 , 12, 13, 15) 1 1

Ch i ller
(Schemes 1, 3, 8, 9, 10, 11, 12, 13, 15) 1 1

Condenser Pump
(Scheme s 1, 9, 10, 11 , 12, 13, 15) 1 1

Condenser Temp Sensors
(Scheme 8) 2

Cooling Tower Spray
(Schemes 1 , 9, 10, 11 , 12, 13, 15) 1 1

~ Scheme numbers Indi ca te po int requi red
for applications itemized in Table 3—1.
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5.6 Dual Duct System -

The dual duct system is similar to the fan-coi l system with the exception
of the following:

(a) There Is a large central supp ly fan.

(b) There is a large central return fan.

(c) The main supply trunk line sp lits Into two ducts.

(d) One main duct has a cooling coil in it and the other housing a heat-
ing coil. 

-

(e) The dual duct mixing unit is served with a hot duct supply and a
chilled air duct supply.

A typical application would be office buildings , schools and hospi tals.

The control points for this system would consist of an individual room
thermostat which controls the mixture dampers at the dua l duct mixing unit.
System control po ints incl ude duct sens i ng thermosta ts con tro l l i ng valves
allowing chille d water and hot water to fl ow through the coils and maintain a
constant supply air temperature at the main ducts. The other control points
are typical of the fan-coil system operating major system components.
Moni toring and control points for this system are listed in Table 5—6 . Use of
two position room thermostats would not be effective in saving energy with
this system. However, altering hot and cold duct supply temperatures during
periods of low occupancy is possible. Adjustment range is limited by the
demands of the areas being served.

-
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TABLE 5—6

MONITOR ING AND CONTROL POIN T S FOR DUAL DUCT SYSTEM

TYPE OF POINT
MONITORING OR CONTROL POINT START/STOP RESET ANALOG BINA1~

Supply Air Fan
(Schemes 1, 9, 10, 11 , 12, 13, 15)* 1 1

Return A ir Fan
(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

Rel ief Air Damper
(Schemes 2, 4, 6, 7, 13) 1 1

Return Air Enthalpy Sensors
(Scheme 7) 2

Return Air Damper
(Schemes 2, 4, 6, 7, 13) 1 1

Outside Air Enthalpy Sensors
(Schemes 6, 7) 2

Outside Air Damper
(Schemes 2, 4, 6, 7, 13) 1 1

Heating Water Pump
(Schemes 1, 9, 10, 11 , 12, 13, 15) 1 1

Boiler
(Schemes 1, 3, 9, 10, 11, 12, 13, 14, 15) 1 1

Ch i l l e d Water Pum p
(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

Chi l le r
(Schemes 1, 3, 8, 9, 10, 11 , 12, 13, 15) 1 1

Condenser Water Pump
- - 

(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

Condenser Temp Sensors -

(Scheme 8) 2

S Cool i ng Tower Spray -

(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

r3~heIne numbet s Indicate point requ i red
for applications itemized In Table 3—1. -
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5.1 Multi-zone Slstem 
-

The multi —zone system is basical ly the same as the fan—cofl system with
the exception of the following.

(a) There is a large centra l supply fan.

(b) There is a hot deck (heat i ng coil) and a cold deck (cooling coil).

(c) The hot and cold deck have separate motorized dampers controllable
from central control points.

A typical application would be school s, office bu~ldings , hospitals and
bachelor quarters.

The control points for this system would consist of ind Ivi du al heating —
cooling thermostats at their respective zones. System control points al so
include duct type thermostats which control valves to allow flow of chilled
water or hot water to maintain a constant temperature of discharge air
leav i ng both decks. The other control points are typical of the fan—co il
system operating major system components. Monitoring and control points for
this system are listed in Table 5—7. Use of two position room thermostats in
this system would not be effective in saving energy. However , temperatures of
the hot and cold air supplies nay be reset during periods of low occupancy to
minimize mixing loss. -

-56- 

-S



UI

~~~~

~~~~~~~~~~~ UI 

5 - U i
_ _ _ _ _  

UI

r~~
r

~~~~~~~~~~

~~

0~~0 -
Ui
-I SM U.S

5--

SMI - z 5- 
Ui

I I  4 

~~~ ~_ _ _ _  ~— 1 ,.~~~~~I I
1 ,1 0 0’-

SM X 0 1
S M U . J  U
5-- ~~- LI,

~ I :
-.5

~~ ‘*YSt\ 
L ~ U J Ua.

SM I
UI 0.

a- 

~ 
( ;-- ‘ ‘  

~~~~~~~~ I
0 

~~
-‘ I ~,‘U

SM
I-

) VS 

H UI

X I  VSc - -J 5-- CI)~ L.Ø~~~ 
L)Z

w
a-~ —~~~ D- I 

‘

~\ 
I I  N

•~~~~, 4 
-- ~~ I I  —a-

I ~~~~ I ~~~~~~~~~~ 
.-..

~~~~~~~5 4 ~~~~~~~~~~~~
UI

S.- C.,
U 04 U.S

-~~~— —~~~ Sn

04  - 

Y ZSM

~ —~ 0~~~~UI ~\ 
0 — ~~ t~~O

5- 5- -‘ 0 -~ 
~- 0 ,... I—I

- oo ~
> UI UI

00  
~z ~4 a-

4.~~< 0
Ui

z 
_ _ _ _  

1’ 0~~
_ _  _ _  

UI

I -.,~( I  ~~~~~~. 0-’
I I r - Zu

5-- ’--

~
k1

Z~~
I 

- 
0-~

SM
0
In -



- -

TABLE 5-7 
-

MONITOR ING AND CONTROL POINTS FOR MULTI—ZONE SYSTEM

TYPE OF POINT
MONITORING OR CONTROL POINT START/STOP RESET ANALOG 81NA~V

Supply Air Fan
(Schemes 1, 9, 10, 11, 12, 13, 15)* 1 1

Return Air Enthalpy Sensors
(Scheme 7) 2

Return A i r Damper
(Sc hemes 2, 4, 6, 7, 13) 1 1

- Outside Air Enthal py Sensors -

(Schemes 6, 7) 2

Outside Air Damper
(Schemes 2, 4, 6, 7, 13) 1 1

Heating Water Pump
(Schemes 1, 9, 10, 11 , 12, 13, 15) 1 1

Heat i ng Wa ter Pump
(Scheme 14) 1 1

Bo i ler
(schemes 1 , 3, 8, 9, 10, 11 , 12, 13, 14, 15) 1 

- 

1

Ch i l l e d Wa ter Pum p -

(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

Ch i l led Wa ter Bypass -

(Scheme 8) 1 1

Ch i l l e r
(Schemes 1, 3, 8, 9, 10, 11, 12, 13, 15) 1 1

Condenser Water Pump
(Schemes 1, 9, 10, 11 , 12, 13, 15) 1 1

Condenser Temp Sensors
- - C)

5.)

Cool i ng Tower Spray
(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

~~~ hIm~~iü~6~~s indicate point required
for appl icat ions itemized In Table 3— 1.
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5.8 Constant Air Volume System

The constant air vol ume system is basically the same as the fan-coil
system with the fol lowing exceptions :

(a) There is a large central supply fan.

(b) There is a large central cooling coil and heating coil on the
suction side of the fan.

(c) There is a main air supply trunk line.

(d) There are branch ducts supplying individual terminal units for each
zone.

A typical application would be an office building.

The control points are individual heating cooling thermostats located at
their respective zone areas , controll ing the damper at the terminal unit.
Monitoring and control poi nts for this system are listed in Table 5—8. Due to
the nature of the constant air volume system, temperature reset during periods
of low occupancy will be difficult to implement . Both two position room
thermostat and chillers (boiler) temperature reset mechanism may be required .

-
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TABLE 5-8 -

MONITORING AND CONTROL PO INTS FOR CONSTANT AIR VOLUME SYSTEM

TYPE OF POINT
MONITORING OR CONTROL POINT STMT1STOP RESET AN7~LOG BINARY

Supply A i r Fan
(Schemes 1 , 9, 10, 11, 12, 13, 15)* 1 1

Return Air Enthalpy Sensors
(Scheme 7) 2

Return Ai r  Damper
(Schemes 2 , 4 , 6 , 7 , 13) 1 1

Outside Air Enthalpy Sensors
(Schemes 6, 7) 2

Outside Air Damper
(Schemes 2, 4, 6, 7, 13) 

- 
1 1

Heat i ng Water Pum p 
-

(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

Heat i ng Wa ter Bypass
( Scheme 14) 1 1

Boi ler
(Scheme s 1, 9, 10, 11, 12, 13, 14, 15) 1 1

Ch i l l e d Wa ter Pum p
(Schemes 1, 9, 10, 11, 12, 13 , 15) 1 1

Chilled Water Bypass
(Scheme 8) 1 1

Chiller
(Schemes 1, 8, 9, 10, 11, 12, 13, 15) 1 1

Condenser Water Pump
(Schemes 1, 9, 10, 11 , 12, 13, 15) 1 1

Condenser Temp Sensors
(Scheme B) 2

• Cool ing Tower Spray
(Schemes 1, 9, 10. ii , 12, 13, 15) 1 1

~~5c1~eme numbers indicate point required
for applications Itemized In Table 3—1..
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5.9 Var iable Air Volumejistem -

The variable air vol ume system is basically the same as the fan—coil
system with the exception of the following:

(a) There is a large central supply fan.

(b) There is a large central cooling coil and heating coi l on the dis—
charge side of the fan.

(c) There is a main air supply trunk line.

(d) There are branch ducts supplying individual terminal unit for each
zone.

A typical application would be an office building.

The terminal unit of this system varies from the constant air vol ume unit
because this unit has controllable mixing dampers which govern air quantities
suppl led to the room. As the room thermostat senses satisfaction , the
terminal unit will close the supply air port and open the relief port and
discharge the air to a ceiling space. The supply fan furnishes a constant air
vol ume to the terminal unit . The room thermostat selects the volume delivered

- to the room. Monitoring and control points for this system are listed in
Table 5—9. Due to the nature of the variable air volume system, temperature

- reset during period s of low occupancy will be difficult to implement . For a
spec ific installation , both two position room thermostats and chiller ( bo i ler )
temperature reset mechanism may be required.

- - 
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TABLE 5-9

MONIT OR1i ’~G AND CONTROL ¶ i ’ ~T~ FOR VARIABLE AIR VOLI~ME SYSTEM

TYPE OF PO INT
MON ITORING OR CONTROL POINT START/STOP RESET ANALOG BTN~~Y

Supply Air F4n
(Schem es 1, 9, 10, 11 , 12, 13, 15)* 1 1

Return Air Enthalpy Sensors
(Scheme 7) 2

Return Aix Damper -

(Schcnies 2, 4, 6 , 7, 13) 1 1

Outside Air Enthalpy Sensors
(Schemes 6, 7) 2

Outside Air Damper
(Schemes 2, 4, 6, 7, 13) 1 1

Heating Water Pump
(Schemes 1 , 9, 10, 11, 12, 13, 15) 1 1

Heating Water Bypass
(Scheme 14) 1. 1

Bo i ler
(Schemes 1, 9, 10, 11, 12, 13, 14, 15) 1 1

Chilled Water Pump
(Scheme s 1, 9, 10, 11, 12, 13, 15) 1 1

Chilled Water Bypass
(Scheme 8) 1 1

Ch i l le r
(Schemes 1, 8, 9, 10, 11 , 12, 13, 15) 1 1

Condenser Water Pump
(Schem es 1, 9, 10, 11, 12, 13, 15) 1 1

Condenser Temp Sensors 
-

(Sch eme 8) 2

Coolin g Tower Spray
(Schemes 1, 9, 10, 11 , 12, 13, 15) 1 1

�~~~iiè numbers indicate point required
for applications itemized in Table 3—1.
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5.10 Induction HVAC System

The in duction system is identical to the constant air volume system with
the excepti on of the following:

(a) There has been a return air fan added.

(b) There is a re—heat coil in the induction unit to control space con—
ditions.

Typical application would be school s and offices.

- The control points for this system inc l ude a heating — cooling thermostat
control l ing the re—heat coil and a set of start/stop control s for the return
air fan. All other system control points are identical to constant air vol ume
systems. Monitoring and control points for this system are listed in Table
5—10. Use of two position room thermostats would not be effective in saving
energy with this system. Temperature of supply air may be altered during
periods of low building occupancy. Maximum chiller temperature will be
l imited by the demands of the areas being served.
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TABLE 5-10

MONITORING AND CONTROL POINTS FOR INDUCTION HVAC SYSTEM

TYPE OF PO INT
MONITORING OR CONTROL POINT START/STOP RESET ANALOG BINAW (

Supp ly A i r Fan -

(Schemes 1, 9, 10, 11, 12, 13, 15)* 1 1

Return Air Fan
(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

Rel ief Air Damper
(Schemes 2 , 4, 6 , 7 , 13) 1. 1

Return A i r Enthal py Sensors
(Scheme 7) 2

Return Air Damper
(Schemes 2 , 4, 6 , 7, 13) 1 1

Outside Air Enthalpy Sensors
(Schemes 6 , 7) 2

Outside Air Damper
(Schemes 2, 4, 6, 7, 13) 1 1

Heat i ng Wa ter Pump
(Schemes 1, 9, 10, 11 , 12, 13, 15) 1 1

Flea 4ng Wa ter Bypass
(Scheme 14) 1 1

Bo i ler
(Schemes 1, 3, 9, 10, 11, 12, 13, 14, 15) 1 1

Chi lled Water Pump
(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

Chilled Water Bypass
(Scheme 8) 1 1

Chiller
(Schemes 1, 3, 8, 9, 10, 11, 12, 13, 15) 1 1

Condenser Water Pump
(Schemes 1, 9, 10, 11, 2, 13, 15) 1 1

Condenser Temp Sensors -

(Scheme 8) 2

Cool ing Tower Spray
(Schemes 1, 9, 10, 11, 12, 13, 15) 1 1

‘ Schéi ~iiiiiil5iFs ~~~~~~ 1-~lint required
for app lications lt~ -~~ed in labl e 1—1.
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CHAPTER 6 - CLASSIFICATION OF CONTROL SYSTEMS

Control tystems which were investigated for this study ranged in capabil-
ity from mechanical time clocks suitable for load cycle control to general
purpose minicomputers with full software programing capability. In an effort
to bring order to the situation , control systems were grouped according to
t he i r  capabilities. Review of sales and eng i neering literature suggested that
available equ i pment could be divided into four rather distinct classes.
These classes , which span the range of capabil it ies currently avai lable , are
described below. -

6.1 Dedicated System for Local Instal lation

These units are typ ically preprograrrined with time cloc k sw itching capa-
bilities and certain power management routines . this class represents the
minimum system capability which is considered adequate. Units may be either
mechanical time clocks or computer based system. User control is limited to
entering on—off schedules and other coefficients. Control capacity ranges
from 1 to 16 loads. Necessary interface and input/output devices are built
into the system. An illustration of a processor suitab1e for dedicated local
control is shown in Figure 6-1.

Dedicated systems for local instal lations are most often used in small to
medium size buildings that serve a single functiona l use. A store, office
buildin g , or laboratory would be a typical application. For large buildings ,
the number of contro l circuits m ay be increased by the installation of
additional control units. Preprograirined logic generally provides for on—off
time control and for cycling of loads. The more el aborate units provide for
demand control by shedding of loads as necessary to avoid exceed ing specified
demand limits.

6.2 Dedicated System for Central Installation

These units have greater capacity than systems of the preceeding type,
but still provide no user programed software capability. Systems are capable
of handling 16 to 256 remote panels each having from 16 to 30 input/output
connections. Central consol e devices are provided to perform routine data
l ogging, status checks , and signaling for out—of—range alarms. Interface and
input/output equipment are supplied by the system vendor as part of the pack-
age. An illustration of a central console and remote panel for a dedicated
control system is shown in Figure 6—2.

Dedicated systems for central instal l ations are most often used for large
single buildings or in building comp l exes. Hospitals , school s and factories
are typical applications. Units are suitable for on-off tlimi e control and for
cyci m y  or luddS , d ud  ~e IIeIal iy p~ ~~ 1Jt~ i u ~~ ti~ e tot~i 5oticn for ccnncctcd
loads. Most units provide for load shedding to avoid exceeding specified
demand limits. As the number of loads being control led is generally large ,
the effectiveness is greater than if done on a building by building basis.

6.3 Prograninable Controller ~~~~~~~~~~~~~~ Inst al lation

Prograniiiable controllers offer user developed control progratruming capa-
bility to complement standard preprogrammed functions stored in read—only
memory. Word length (typicall y 8 bitS )-~ s sufficient for process control
logic applicat ions but is gener-illy not suitable for •~erforn m m ng float ing point
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arithmetic. Controllers in this class can support 16 remote panel terminals
each having 16 input /output connection points . Interface and input/output
units are supplied by the system vendor as part of the package . An illustra-
tion of components in a programmabl e controller system is shown in Figure
6-3 -

Programmable control systems for central installations provide adequate
resources to handle an entire military facility . Vendors generally provide a
wide range of standard control programs which can be modified sli ghtly to meet
the special requirements of specific applications . The central processor will
have sufficient capability to hand l e enthal py control and may be able to

- provide certain optimization functions .

6.4 General Purpos e Minicompute~~~y~tem

Minicomputer systems provide the maximum flexibility and expansion
capability available for an automated control system . Systems of this type
are referred to as Energy Monitori ng and Contro l Systems (EMCS). These
systems utilize microprocessor based Fiel d Interface Devices (FID’ s) at
individual buildings which function much as a dedicated system for local
installation . The FID’ s are connected and slaved to a central computer which
monitors , and stores operational data from the FID’s as well as altering
set points according to softwa re and opera tor instructions . A tn —service
guide specification for the purchase of these systems is available.
(TS 1 3941 , 2, 3, 4, 5 and IS 13946). This specification describes the system
architecture and vendor responsibilities in detail. The spec i fication calls
for d distributive processing type of arrangement which is that described
above , where the local proce’sing is handled at the site with supervisory
control coming from the central computer. An illustration of the control
processor and terminal of a general purpose minicomputer is shown in Figure
6-4. The hardwa re confi guration for an EMCS is shown In Figure 6-5. -

A general purpos e miniLomputer system provides sufficient resources to
han’fle ~ll FMCS applic ations d~ccribed In Chapter 3 including optimization
roi~tincs Minico mputer units are traditionally used as process controllers in
large factories a rid as ddt4 prc w essing devices in commercial app lications hut
have been used in ~ev~-ral large [MCS app lications. Use of Fortran language
perml t.s easy cu stomiz ation ef standard control routines to meet the exact
requ lrr~r ’ r~r fs of th e fa~ i 1i t i e s eng ineer. Multipl e job processing capabilities
allow new appl ic at ion progrdmc to t~e devel oped and tested at the same time the
machine pi~rforms Its assiqned FMCS function .
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FIGURE 6-1. ILLUSTRATION OF PI~~CESSOR FOR
DEDICATED LOCAL CONTROL SYSTEM
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FI GURE 6-2.  I L L U S T R A T I O N  OF CONSOLE AND
REMOTE PANEL FOR DEDICATED
CENT RA L CONTRO L SYSTEM
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FIGURE 6-3. ILLUSTRATION OF SYSTEM COMPONENT S
USING PROG RAMMABLE CONTROLLER
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FIGURE 6-4. ILLUSTRATION OF PROCESSOR AND
TERM INA L FOR GENERAL PURPOSE
MINI COMPUTER
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C L \ ~’T [ R  7 - COMPONENTS OF CO~4TROL SYSTEM

~ru-di vidua 1 compo lents of a computer based control system can be separated
into two Lategories , depending on whetne r or not the component attache s
dlirec-tly to the internal data bus of the processing unit . Devices , such as
CPU , memory , backplane , and input/output interfaces , which attach directly to
the data tus are generall y supp lied by a sing le source. If replacement
components are required , it is nec essary to obtain these through the original
supplier. As these i tems are all mounted onto a sing le cabinet , it may be
desir öble to consider them as one unit which is to be repaired or replaced as
~,eed~d. -

Devices which do not attach directly to the internal data bus are not so
con5tra i Ned . The devices , genera ll y called peripherals , include extended rnem-
ory (tape and disk) units , keyboard devices , printers and CR1 units , modem s ,
alarm par~els . and input/outpu t control signal devices. Signals to these pe-
ripheral c~nponents are connected to the processing unit through interface
devices. If standard signal codes and vol tage level s are utilized ori ginally ,
many~~uppliers would be able to provide replacement peri pheral components .

Standard current and vol tage levels used by the majority of eqiui pment
manufacturers for signal transmission are listed in Table 7.1 , Standard Inter-
face Signals. These include EAT Standard RS—232C , 2Oma TTY current ioop and
TTI. signal levels. RS—232C Standards were established by the El ectronic
Industries Association. TTY (Teletype ) and IlL (Tota l Transistor Log ic) are
informal standards not ri gorously defined. For transmission of character
information , the ASCI I Code is the most universal . Another character code ,
FBCDIC , Is occasionally used — especially on IBM equipment. The ASCII and
EBCDIC codes were established by the American National Standards Institute and
by International Business Machines respectively. -

In this section , individual components will be discussed as though each
was a separate entity. This tends to be the case when a general purpos e com-
puter is applied to a process contro l function . For less versatile systems ,
separate components are frequentl y bundled into a sing le hardware unit.
Nevertheless , knowl edge of the function of the various hardwa re components is
necessary to select the package most appropriate and economical for a specific
application. Recommended purchase spec i fications for each component are con-
tained In the guide specification NAV FAC TS—l3941 (December 1977). Appropri-
ate changes and additions as may be necessary and as required are to be made
when using these guide specifications .

7 . 1 r ntral p~~ rncc inv, In it

The central processing unit (CPU ) is the master control element of the
system. This device stores the instruction dictiona ry, directs the system
operations according to a stored instruction set, enters and ex tracts informa-
tion from memory , perform s log ic and arithmetic operations , and controls Input
and output signals. -

In simp ler systems , there may be only one CPU, in the central controller.
In the General Mi nicomputer System there- would be one in the Central Control
Unit (CCtJ), one In the Centra l Commun lcatiue s Controller (CCC) and one In each
Field Interface Device (FID).
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The CPU consists of a sing le LSI (large scale integration) chip, referred
to as a microprocessor. When connected to a small amount of memory, input/
output devices and a crystal control l ed clock chi p, the resulting package is
referred to as a micro computer. CPU devices general ly use a 16 bit memory
address - This permits identification of 65,536 addressable memo ry locations.
Word size of both 8 and 16 bits are common. The 8 bit word is sufficient for
most logic and integrated arithmetic operations . A 16 bit word size is desir-
able for arithmeti c operations invo lving BCD (binary coded decimals)
characters or extensive data processing functions

7.2 Addressabl e Memory

Addressable Memory is used to store data and instruction to be -processed
by the CPU . Each memory location has a unique numerical address. An address
word length of 16 bits is commonly used . This provides 65,536 uni que
numerical addresses. -

Memory dev i ces consist of special purpose LSI chips attached to printed
circuit boards. A typical circuit board may provide from 1024 to 4096 words
of memory. Some systems may start with limited memory , say 4096 words , and be
expanded at a later time i-f desired . Design of the internal data bus and

- cabinet allows this additional memory to be installed on a plug -in basis.

Memory chips consist of two types : RAM and RON . RAM (originally an
acronym for random access memory) devices can support both read and wr i te
functions , data can be both stored in and recall ed from the snecified address .
RAM memory units currently used are volatile ; if the power to the system is
interrupted , the stored info rmation will be lost. Thu s , battery backup is
desir able to prevent loss of memory during momentary power failures .

RON (read only memory ) devices can support the read function only. The
information on data in the memory uni ts are permanent’y “burned ” Into the
device , and are not affected by loss of power. When power is restored , in-
formation stored in RON will still be available. It is thus desirable to
store as much information as possibl e on RON devices . This would Include the
contro l program and operating instructions pl us nominal - values for operating
limit ation and time cloc k control coefficients . RAM is used for operating
(scratch) memory , for storage of operational da ta , and for changes to the
nomina l coefficients.

The ROM chip that would be most adaptabl e to the applications described
in this manual is the EPROM (Erasabl e Programmabl e Read Only Memory) device.
These can be programmed by the user wi th standard equipment availabl e for that
purpose . If it is later desired to change the information in storage , the
£: IOM is cra~cd by cxpo~urc to an ultr avlolct li ght source. This returns the
module to a cleared state suitable for reprogramming.

7 .3 Input/Output Interface

Information is transferred within a typical processor using 16 parallel
lines to specify the address and 8 parallel lines to specify da ta. To service
most external devices , It is necessary to provide an output Interface device
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to capture the data ~i gria1s , to transform them into serial characters , and to
r~1ease the output as req dred by the peri pheral device. In a converse man-
ner , input interface devices are needed to accumul ate the serial input data ,
translate the data i nto parall rs l si gnals , and release the information to the
internal data bus when requested by the CPU .

To assure multi ple supp liers for rep lacement of perip heral components
such as printers , CR1 units , keyboards , and modems , communications between the
interface device and the peripheral should conform with an indu strial stand-
ard . The sta ndard character set for printers , teletypes , and similar equip-
ment is the ACS II code. Standard si gnal level s are the 2Orna TTY current loo p
and the EIA Standa rd RS-?32C interface. Communications with I/O devices using
discrete signals should use standard TTL voltage levels. Analog I/O devices
should use a si gnal range not exceeding ± 10 vol ts or ± 2Oma .
7.4 Power Supp~j  , Cab ine t ~~and Ba ck~~~~e

The power supp ly, cabinet , and backpl ane are necessary to support the
CPU , memory , and I/O i nterfaces . The power supp ly provides current at the
voltage l evels required by the processor (typically + 5V , + 12V , and ground).
Battery backup at the power supp ly prevents loss of volatile memory during
short periods of power outage. Ca pacity of the ba ttery backup is generally
sized to provide sufficient power to retai n memory for a 2 to 8 hour period .
Battery capacity does not provide for normal processor operation during these
periods of power outage.

The cabinet provides a holder for the individual printed circuit boards
containing the CPU, memory I/O interfaces , etc . Frequently, the cabinet is in
the form of a desk or table. These confi gurations provide a place for setting
peripheral equ ipment or work space for the system operator.

The backp lane may be part of the cabinet , a sepa rate printed circuit
board , or a specially designed edge connector. It functions to connect the
individual printed circuit boards into the comm~n internal data bus . This
arrangement permits quick interchange of individual printed circuit boards for
maintenance purposes . It Is desirable to obtain a cabinet and backplane
arrangement that will support reasonable expansion in memory size and number
of I/O interfaces .

7.5 Fx~~~ded Me~~~

Extended memo ry devices most commonl y associated with microcomputers con-
sist of cassette tapes and floppy disk units . Conventional disk units and
core storage are used in minicomputer systems . Core memories are solid state
structures utilizing magnetic charges to store da ta . Core memory Is non—volatile
~~ t lJ~~ ~~~~ ~~ th ~~~~~~~~~~~~~~ Sy s t ~~ Is  ~~~~~~~~~~ or U u e ~~r ~.us t . Cj~,~e~.Letapes used for data storage purposes are similar in most respects to those used
for voice record i ng purposes . The quality and cost of cassette equipment designed
specifically for data storage purposes is generally hig her. Use of cassette
tapes Is slow and prone to a high error rate .

Speed can be increased and error rate reduced by use of magnetic disk
devIces . Both the standard disk or the newer floppy disk which was devel oped
from the more refined dick pack systems permits prompt random access of any
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portion of the record . In operation , the read/write head move~ radial l j
across the surface to the specified track while the disk rotation brings the
spec i fied section into position. A sing le floppy disk can store 256 .2
thou-~and bytes of data . A transfer rate of 250 thousand bits per second -‘ar
be achieved . Conventional disk units provide greater speed and storage
capacity than floppy disk and are generall y more expensive . At present , t~-e
recommended purchase spec i fication does not permit floppy disk installation.

Disk and tape uni ts should be installed in the dual mode . Besides pro-
viding twice the storage capacity , it allows the computer to take information
from one device (the original), operate upon it , and record the results on the
second device (the updated ) without destroying the ori g inal information .
Copies of both the ori gi nal and the updated Information can thus be reta i ned
as long as necessary .

To assur e max imum commonal ity amo ng components , all extended memory
devices should be compatibl e with EIA or TTY signal l evels and accept ASCII
standard character sets.

7 .6 Keyboa rd Devices

Keyboard devices permi t entry of address and data information i nto the
controller. Devices available -for this purpose include the following:

1. Binary switches ,
2. Numerical keyboard ,
3. Dedicated pushbuttons and thumb wheel switches ,
4. Standard keyboard .

Direc t data entry from binary switches Is the most basic arrangement avail-
able. A series of two position switches are set to represent the binary
values of the address and data bei ng entered. Discrete values can then be
entered through a ilL i nterface. Entering of data in a binary mode is slow
an d p rone to errors , particularly when a large amount of da ta Is to be
entered . As a resul t, binary switch entry systems are found onl y on equipment
designed for limited applications .

Use of a numerical (or hexidecimal ) keyboard reduces the effort required
to enter address and data information . A hex ideclmal c haracter may be used to
represent a series of four binary characters . The hexidecima l character set
is represented by the numbers 0 to 9 and l etters A through F. Entering of the
information In hexidecima l form reduces the number of key strokes required and
the errors associated with the data entry process. The keyboard automaticall y
trans-forms the key stroke i nto its binary equivalent for transmission to the
appropriate interface device.

Dedicated pushbuttons and thumb wheel switches are sometimes used to enter
information. Typically, these devices provide discrete binary signals to a
IlL Interface. Thei r use is easil y learned and not prone to error. Possibl e
uses woul d be for alarm ac knowl edgement, dev i ce actua ti on , or for entering
frequently changed data values . As each device must have a dedicated func-
t ion , use of pushbutton and thumb wheel switches tend to be limited .
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Th e  ~tand ard k PytU~~~
(l prr i f l its ~~ t r y  of  in f-~rrn.i t i n  by u - - i r— ~ a typewri ter-

l ike ~nyb o a r d . A I ~l 1 - 
~- t  of i r ; t a t 1 c- c h d r a c t : r - ~ is ~‘ !a 1 i a b le  us ing the

st andard ASCII code . A ~TY (t~- le type ) or I IA inter - f i .~ co nv~rt~ the coded
char acters into approp r ia t e  s i r i a l s  fri Ihe p - c r e s - r c .  d ing a st andard key-
board device , the burden of correc t data entry can he si gnif icantly shifted
from the user to the t~ .~~i nal software . ror this reason , keyboard s are gener-
a l l y associated with pr inters or CRT un1 t~ that i r - r rpora t e  considerable in-
dependent  processing power. ~ standard keyboard is requir ed if use is to be
made of assembly languages or hi gher level language such as BASIC or FORTRAN.

7 .7 Printers and CR1 Units

Printers and CR1 units are disc ussed together because of the similarity
of their functions . Each provides a mechani sm for providing information out—
put to the system operator. A pri nter provides this information in a form
su itable for long term storage. The CRT unit provides information in a dis-
play mode wh ich may be erased and rewritten whenever desired .

Printers currently avai lable spa n a wide range of capabi l i t ies . Th ey
range from moderately fast line pri nters capable of 60 lines or more per
minute Output to relatively slow teletype devices with speeds as low as 15
characters per second . Special features avai lable include dual color print
control . One color could be used for normal output and a contrasting color
could be used for alarm conditions . Careful consideration should be given to
the pro per selection of a printer. As they are a comp lex electromechanical
devic e , they tend to be expensive to purchase and require frequent main-
tenance. If the printer is to be the sol e output device , features such as
dual color print may be desired . If a CR1 display is also p l a n n e d  for the
sys tem , the prime purpose of the pri nter would be to provide a permanent
record of system operation parameters . In this rase , an unadorned tel etype
terminal may be preferred .

A CR1 display is very des i rable if signif icant programming changes or
software develop ment is planned . Large quantities of output can be viewed on
the scope without having to be printed on hard copy. This both reduces the
amount of hard copy that must be printed and stored , and permits the pri nter
to be used exclusively for generating records of system status , alarm s, and
operating summaries . The presence of a CRT display would also provide a means
for sustaining system operation during time s when the printer is off line for
repair or maintenance.

Available CR1 units range in capability from those that disp lay onl y
lines of alpha numeric characters In black and white to devices capable of
disp laying complex visual patterns In full color. For control of HVAC systems
and program develonnent . a black and white character dis p lay dev ice would be
adequa te . Howev er , capabilities for disp laying block diagrams , schematics ,
and graphs would be of unquestioned value. Full color images would contribute
to opera tor awareness. Di spl ay cap ability is a function of the Internal
software and signal generator . These capabilities vary greatly from supp lier
to supp lier .
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Both printers and CR1 units should use [IA or TTY interface standards and
the ASCII character set. This is especiall y important in sel ecting a pri nter
as these units tend to have the hi ghest failure ra te of any component in the
system. Use of a standard interface si gna l will facilita te use of equipment
by alternate supp liers if desired for either a permanent or temporary basis.

7.8 Modems

Mt tems are devices for converting di gital information to and from audio
tones suita b le for transmission over a telephone network . The operation of
modems is discussed in Chapter 10. If telephone lines are used to transm it
data to and from remote sites , modems will be required at each telephone line
connection. Modems should use TTY or [IA standard type interfaces to assume
rs~ xim um commonality for future equipment rep lacemen t . For the same reason ,
interfaces for these devices shoul d use the ASCII standard character set .

7 .9 Al arm Panel s

Alarms described in this section include visual and audio which mig ht
signal fire detection , unauthorized entry , or loss of critical data input
siq n a Is. Generally , it is desirable tha t these be immediately acknowled ged by
the system operator . Each alarm , therefore , requires one output line (alarm)
dnd one input line (acknowledge). The alarm panel would interface with the
centra l cont ro l l e r  throug h a s imp le  IlL interface.

7.10 Da ta and Control Signals

Data and control signals consist of two classes; analog and discrete.
Analog si gnals represent numerical quantities by varying the amp litude of
c :trrl s~gna1 s. Discrete signals utilize the presence or absence of a

cuntro l signal to represent the status of a two position system .

Analog i nput signals ori ginate from measurement devices such as pressure
differential meters and temperature sens i ng devices . Analog output signals
are used to provide positioning of dampers , valves , or other devices capable
of adjustment over a continual range . For input , si gnals should be no greater
than + b y  or + 2Oma . For output , required signal strength should be less
than + lOV . Analog si gnals require use of an A to D converter for input data
ønd a U to A converter for output with a typical conversion accuracy of 0.5
pert-cot. Instruments used In ~-IVAC equipment typically has an accuracy l evel
of 2 percent of ful l scale. Controllers using either 8 or 16 bit word sizes
are capable of processing the analog data from the HVAC system . An 8 bit word
length permi ts the representation of 256 unique positi ons . Thus , no point can
be further than 1/512 of full scale from a represented di gital value . Thus ,
t~—~ error rc~ult~ng f~-ors usc 3f -9 Lit cp-c ~cnt~tion is less tb~~ 0.2 p~ 

cent.
By similar log ic , the error resultin g from using 16 bit word representation is
less than 0.008 percent.

Discrete input signals ori ginate from measurement devices such as ther—
t osta ts and switches . Discrete output si gnals are used to control bina ry
operation such as motor operation and alarm activation. For maximum common—
al ity , discrete Inpu t and output si gnal s should conform to TTL standards.
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TABLE 7-1

STANDARD INTERFACE SPECIFICATIONS

Characteri stic Specification/Description

Peripheral Input Lines
EIA Data —3 V to —25 V for logic 1

+3 V to +25 V for logic 0

EIA Control +3 V to +25 V for logic 1
-3 V to -25 V for log ic 0

TTY Data and Short circui t for logic 1 . 
-

Contro’ Open circui t for logic 0

IlL Data and +3 V to +5 V for logic 1.
Control 0 V for logic 0

Module Output Lines
LIA Data -5 V to -11 V for logic 1

+5 V to +11 V for logic 0

EIA Control +5 V to +11 V for logic 1
-5 V to -1]. V for logic 0

TTY Data and 20 mA current ioop for log ic 1
Control Open circuit for logic 0

IlL Data and +3 V to +5 V for logic 1
Control 0 V for logic 0

Transmission Rates 110, 150, 300, 600, 1,200,
1,760, 2,400 , 2,800, and 9,600
baud.



CHAPTER 8 - COMPARI SON OF CONTROL SYSTEMS

Four classes of automatic control systems were identified in Chapter 6.
In this chapter capabilities of the four different classes will be compared .
The control system which will provide the best perfo rmance at the most econom-
ical price will depend upo n th2 specific app lication. No sing le control
system is best for all applica tions .

- To selec t which of the four c lasses of automati c contro l systems is best
suited for a particular EMCS app l ication , the potential usem must compare the
needs of the system as dictated by the control schemes to be imp l emented
against the capabilities of each c lass of system . For exampl e, simpl e control
schemes such as schedul i ng of loads require minima l control system capability.
Complex control schemes such as optimal start—stop and boiler optimization
require data processing capability . A guide to identify the control capabil-
ity of the various classes of contro l systems is Lrovided in Table 8-1. In-
formati on in this and other tabl es in this chapter is based upon hardware and
software capabilities of actual devices considered typical of each class.

8.1 Comparison of Hardware

The desi gn of computer hardware establishes the ultima te capability of
the contro l device. The CPU , memory , and I/O structure provide the foundation
of the system . The more powerful this foundation , the more software and peri-
pheral devices can be accommodated. A summary table of hardware capability is
presented in Table 8-2.

8.1.1 Expansion Capacity

As a minimum , hardware should support immediate demands of the EMCS
dpp licat ion . In addition , careful attention should be given to the economic
feasibility of providing hardware with sufficient capability to support reas-
onable system expansion. Preprogrammed control l ers have limited expansion
capability . Programmable controllers offer extensive capacity for growth and
expansion .

8.1 .2 Word Si ze

The a b i l i t y  of the control l er to e f f e c t i v e l y  perform cer ta in  mathemati-
cal opera t ions  is l imited by word size . Four bit word sizes would limit the
device to rel ay simulation tasks . A device using an ei ght bit word size is
suitabl e for use as a logic processor. It coul d handl e addition and subtrac-
tion of discrete numbers , and can represent analog values with a resolution of

- 1 part In 256. Additional data processing capability is available with de-
vices using a 16 bit word size. A 16 bit word size can handl e binary coded
decimal (BCD) notation, BCD notation permits transmission and storage of
noninteger values and faciltates efficient multip lication and division oper—
ation. This feature Is des i rable if the optimiza tion schemes described in
Chapter 3 are to be use d .

8.1.3 Memory Size

Memory size utilized in EMCS app lications range from as little as l ,00C
words to 128,000 words. A memory size of 16 ,000 to 32,000 words probabl y ~iouL-~
be sufficient for all applications described ir ~h1~ manual . Memory dev lc~s
should consist of a mi ’tur e of vol ~ti1e RAM oil c - i ” ~olo tile EPROM chi c~ o~
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cd r us .  1 - - - 4  -j n~~~S t t  
~ut the system should be physically interchangeable

t o  -3S~ u -~O 
- -

-  

~fng. This allows [PROM i - -iits to be programed at
j  ~~~i rH ~~ i~~j  - ~

-  
~i -~~~ 1y exchanged w i th  another memory un ~t at

the  ~ cl~ ( ~ •~ t

8.1.4 P~c~jr ic~ I~it~ -~ i s

~~o~,ram inter ~~~ ~-rov ide a means of quickly diverting control of the
CPU from the nurinal or-~i~ ~f instructions . The number of interrupts is gener-
ally the same as thc word ~~re. Certain of these are available to the user
dod certain are dedicat~~ to internal functions , such as responding to power
los s , p;~.~ r ‘-ecov ery, i i - . s~~nal error detection. Eight interrupt s level s
should b~ sufficient fur - Lhe necessary dedicated functions required for EMCS
appi icat ions. -

8.1.5 Instruction C~’c lr- 1f ~ e

Instructi on cycle rime is a measure of the speed with which the CPU
executes instructions. T

~1e two programmable devices described in this manual
- - had instruction cycle ti-u -s in the range of current technology , 2 to 4 m icro-

seconds. Modern langu aye instructions take from one to three cycles to exe—
r t -

~. P-ssiiHng two cycle- s as typical , these systems could execute 125 to 250
thousand lines of progrd~ each second. This is adequate for all anticipated
LMCS app lications . -

8.1.6 ? L P ~vtc~s
Peripheral de’~ices form the link between the user and the processor.

P - r ip heral devices compared in Table 8—2 are scope , printer , mass stora ge, and
data inpu t, devices . The typc-s of peripheral devices needed are determined by
thc se applications. If compatible with the original CPU hardware , peripheral
deviLc ~ can often b~ addcd to the EMCS at a future date. For display of in-
st~ntaneous numeric and graphic display, the scope is generally the preferred
device. Both of the programmable control devices described previously, plus
Su-fle preprogramed control devices will support a scope. For permanent data
storage of operating lc~ s, alarms , or system status summaries , a printer is
desirable. All but the si:~alles t local controllers will support a teletype
1. rinter. The more powerful processors will support line printers having a
considerable higher ui:~~~~~i~~ speed . If the processor is to serve in a data
process3r function , raHd irt put compatability would be important .

Mass storage devices are general ly supported by the programmable control
• devices. Some form of -~-:ta storage is desirable for program security , for

development work , -~t d  f c r ’  col lecting data for future analysis. Floppy disk
and cas~e~tes are t~:c typi t i  mass storage devices , although core storage

~~~~ ~~ ~;cd. C~i~~~ttc~ cod f loppy d i sk  ~~cvi dc c
storage media ~nd a rr-- h~in~sm for exchanging of large quantities of data
between usc~rs.

All control dev ice s must have some mechanism for- entering of data. Pre—
: rcyra~;: cd control l ers n -~d onl y minimum capacity devices such as numerical
kcyb~ tr~s r thurnbwhcel switches. Prograinniable controllers general ly require
a stanoard ANS I keyboard . For restart of a program after the volatile ine~ory
(RAM) has been lost , reading data previously stored on cassettes on floppy
dls l< is ;~referred . CertaLi systems used. a paper tape for this purpose.
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8.1.7 Input/Output Devices

Instrumentation and control signals can take four forms: discrete out-
put , discrete i nput , analog output , and analog i nput. Programmable devices
w ill generally support all four forms. Smaller preprogrammed controllers ,
however , will frequently support only discrete input and output. At the very
low price range , controllers wi ll only provide discrete output signals. Thus ,
they function only as el aborate time clocks. Instrumentation and control
signa l requirements are set by the HVAC system design and control scheme
selected . The number and type of instrumentation and control points (or
lines ) required for various applications was summarized in Tables 5— 1 through
5-10.

8.2 Comparison of Software

Software is the term used to describe the control instructions ’ which
direct the actions of the automatic control system . The automatic control
system can only do those functions for which software is avai lable. Various
criteria of software performance are described in this section. Based upon
these criteria , the four classes of control systems are compared in Table
8-3.

At this time , recommended preliminary specifications require that soft—
ware for the compl ete EMCS be suppl ied by the vendor. Software documentation
should al so be suppl ied to permit mod if icat ion as future system requirements
change or as new equipment is added .

8. 2. 1. ~~pa ns i on C~pabilj~~
An important aspect of system performance is its ability to support

software growth or expansion. It is likely that certain functional require-
ments of an EMCS wil l  chan~je with time as a result of normal equipment changes
or as a desire to ii. 1 t ove pc~ formance. Both the programmed dev ices have
sufficient ddapt ab il ity to support reasonable growth and expansion. The local
controller is not capable of any growth or expansion beyond controlling a
fixed number of off/on control points. Software changes to the preprogrammed
central control unit can be made only by the original supplier.

8.2.2 Language

The most basic instruction form is machine language. Operations and
program commands are entered as a numerical sequence. Both program~iab1e de-
vices being compared could utilize irtachine language. As machine language is
dif f icult  to work with , many processors offer an equival ent mnemonic language.
Alphanumeric names are used to represent various instructions. Names have
been sel ect ed to represent the operation (i.e. , HLT represents  the HALT
operation). Both programmable devices being compared could utilize mnemonic
language.

High level languages generally take the form of mathematical statements.
A single Statement could represent 10 to 20 machine language statements.
Being very standardized , programs written in high level language can be easil y
understood by people with minimu m training and can be transferred from machine
to machine with minimum difficult ies. Typic al hig h level languages are BASIC
and FORTRAN . (BASIC is not an approved DOD language at present.) Of the four
classes of controllers be i ng compared , only the general purpose ininic~nputer
offered both BASIC and FORTRAN. BASiC is available 1or the progr~m ;uablecentral controller .
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When a hi gher level language is used , either an interrupter or a compiler
is requ i red to convert the source program instruction statements into a
machine lan guage equivalent . An interpreter wil l translate and execute each
sin gle program statement before proceeding to the followi ng statement . The
mach ine language translation is not saved and is repeated each time the
program is executed . A compiler converts all statements during a single step
and provides a machine lan guage equivalent for later use in program loading
and executing. A c ompi led program wi l l  thus execute faster than one which
must be interpreted. The choice between a compiler and an interpreter is
genera lly governed by the capabilities of the host computer.

8.2.3 Error Diagnostic Packages

Software error diagnostic packages provide a convenient feature for lo-
cating and correcting errors originating from either hardware failure or sig-
nal transmission error. Action consists of either a warning being issued , the
fault being local ized and identi fied , or remedial action being taken. The two
preprogramed devices in this comparison both provide error detection and cor-
rection log ic. Limited error detection and warning logic is al so incorporated
i nto the two preprogrammed devices.

8.2.4 Software Interrupts

Software interrupts are a desirable feature whi ch permit rap id response
to specified conditions. Upon receiving an interrupt command , the computer
breaks from its normal execution sequence in such a way that the program can
resume from that point at a later time. Software interrupts may be used for
either routine or emergency situations. The programmable controller has 3
i nterrupts available whereas the general purpose minicomputer has 13 inter-
rupts available. Three interrupts is probabl y the minimum number that would
permit satisfactory software devel opment fl exibility. Thirteen interrupts are
consi dered more than necessary for any proposed application.

8.2.5 Operational Security

Operational security is desirable to prevent unauthorized changes being
made in the control system. The preprogrammed local control l er and the
general purpose minicomputer provided key locks to limit data entry into the
system. No security features are incorporated into either the preprogrammed
central controller or the programable central controller. For these devices ,
data entry terminals should be located in secure areas having restriced
admittance.

0

8.2.6 Multiprogranimi ng Capability

Mult ipregra~ ’ing ‘-apability ic ~ fpat,,re that is ~cperial l y useful during
software development. Control programs can be. modified or updated while the
EMCS simultaneously fulfills its designated function. The programmable
central controller provides this feature through an independent intelligent
terminal hav ing its own 12 K memory. Changes to programs can be entered into
the intelligent terminal and tested by simulation before being transfered to
the central and remote processors. The general purpose minicomputer had a
resident operating system capable of controlling concurrent execution of mu l-
tip le tasks. Automatic functions include task scheduling, interrupt handling,
and I/O servicing. Four levels of program priority are provided. Any number
of tasks m ay  be included at each level . This capability far exceeds the
requiremen ts of .tny anticipated application.

-86-



a,
a, 14
0 w
0. 4J
14 —. ~

~~~~ a ) a ) a ) a ) a ) m U ) a ) a , a ) a ) U ) a , a )
.-4a)U a ) a ) 0 W W W W W W W W W W W a )
a ) a )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~$4 C.) ..4
a) C
C
U Z

U
..I 14 -

b aJ
a) -4 ‘-4
E U . - ’  UE $ 4 0  Q ) U a )  .0
U 4 J 1I a ) a ) U U W . 0 . 0 . 0 a) U a ) a )~~~ . a)

Cl) 1 4 C~~~r~i øO a) C
~~ O Q O
1-4 14 0
I-I Q~
I-’

~~ U

r.) 1 4 1 4 , - ,
,-~ øO1.~~0 a ) a ) U U  a) a) a , a )  a)
,.~ 0 C 1 4  U W U W  W 0 0 0 0 W O U U O W
0 14 U i ~ ~~~>~)-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~

14 0

Cl) ~ C
I-I a)-~~4-4
~~ 1 4 U~~~ a ) a ) a) a) a) a ) a ).~ ø C u 0  a ) W a ) W a ) 0 0 0 0 U U 0 0 0 0

0 01 .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~14 .-l u
0 0. C
0 a) 0

11 0
04

S _______________

a)
0

U U
4)

a)
C i-I 410
0 ~1 ~~~~1. ~l 4 J 0

0 4.4 -.4 C C
< 0 O C  . . . Q 0 W ’ 4

4J U a) .~ -s-I 4 0 ..~ ~
..4 -.4 ~~

C — I  ~~~ U O 1 J  IJ .,4 0. IJ I J E U
0 t ~.1 ~~ -~)W ( )  4~~u Q  ~u c g u ~~4 U

~) q.4 0~~ I . 0  ~ ‘ .-l .-4 N a) C N a)~~~ 0
U .-1 U 4 . 4U 0 0 - . IN Cl) U~~~~~~~0..’U a) IJ a) 41 14 1. .-4 ~~ ~~ 

.-~ ‘I.~ 0 —4
..4 a )  ~~~~~~~l)~~~~~J 4 J  

,~~~
I.J ~~~ 41 .-4 <4.4 ,-4 00  C C I J  4j

~~~~

u
W $ 4 0 0 0 . 4 . 4 U C  0 C l.’

00’.-’ 1 4- . I u Q O  0.1.’—’ U t -I ‘a U)
O c l ) , - 4 > u ..-. 0

..4 1.’ 0~~~~ U .~4 a)C0.i C.)
~~~iJ .-i ’ e . . U U C 0 . 0 . 1 4— .~~~.4 J E U
< U~ ~~~44 $4.41 ~ 4 4 . 4  a) ‘ a Q  ~J .4  0

U 0 a ) r 4 l . 1 U U
~~~i H  .,-‘ Fi O. a) oO

Cl) 4)u0.a) .~~ J . 0  4 4 1 4 1  -.-4.-~~~-.0 0 1 . ’  001.4 4J ..4 4.4 (U 4) C ~~.4 a)

L 
0

-87-



4$
U)
0 14
0. ~14 4) U) U (U

— 0
0 4 U~~~ -‘-4 4) .0

— 
a, ~~ ~. ~~ a) U) .~~ ~“s -~~~ In Cl) Cl) Cl)

4 ) 4 4 0 ) 4 )C ‘0 ~~ 0~ ~. U i W w  0) ~U C O  41 ~..4 (\J ~ .J ~~~~~~ ~4 .
1 4 4 1  1.’ C)
4)Q ...1 ‘0 -~C C — Cl)
4) ..4 Z -

o ~

.41
04 14

‘-4 1.. 41 0) (U U -
.0 0) > U) 1-~ 0 u
‘a — — ‘.4 1~ ..4 0) 0) 0) 1.1 .0 4.-’ Cl) Cl) In 0)

- ‘d’ w U W Q )  ~ , (3)
C ‘0 ~ ‘ ~ )4~~~~4 U )  4) Cl)
U O~ ‘\ In ~~ a)

‘a ‘a
~~ 0 4-4 0

0&)0 Cl)
14 0 Z

.41
4) -, 1 4  —

U C
Z ~~~~‘a . -  ‘41 ~~ n.
0 0) 0) ~~~~ 9c
Cl) 04 4.1 0  1.1 In C) 1-4 0 ) 0 )  0) C

0 C 1 4  -.4 a i 0 a 0 4 ) 0  -.4 4 ) 4 ) 0 4 )  0
1 4 0 )4. 0 S I Z S Z~~~~Z ~~~o 1 4  ~~~~~~Z>4 ..4
A . O C  -.-‘ 4) 14 0) 41
4) C s-.) ‘a

~~ I.. ~ ~~~0 ( U  . 41
04 Z m 0 4  C 1 - .

4)— i
— E C

14
‘41 1.1 0)

~ 14 0 ) 4 1
U) U) C U

,-4 _.4 __4 4-4 .,,4
1~3 (U ,-4 .’I 0) 01 4)C I I 0 I 0 0 0  0) 0) 3 ) 0 0 0

.0 .0 >. Z Z  -
~
,v 1 4  0 S I ~~ I Z Z

-~ 0 1 .  Z 41 I.
1-4 14,3 0. .0 .0 C

L 0 0 0 0 $~~1-I0
4.1

04 - -
C U C

_ _ _  
______________________ “ Ia )

C 0)
0 1.1 >‘,

4.’ C
0 4 1  ) 0  -‘-4 0) 0 1.’ . 0 . 0
14 a) ‘41 ..-4 i-I a) 4) ‘i-I ~~ 1.1 41 1.1
1.’ 41 4-. U) ‘.4 .-4 U 4.1 0. ~ ‘.4 ‘.4
C - ’-’ ‘ a C  .0 0 4 4$ (U 4.10.0 .4-i
~J ’I.4 .—.~~~ U —

‘ ~
. “I) •.1

0 -.-’ 0. 0. C.) U -‘ 0~~~- I 4 .1Q .  04 0)
U 1.4 4-’ —4 41 O C

u r n  0 S ~ C 0 U $4 0 ) 4 ) 0 ) 0 1- 4  .0 .0
-.4 0) ‘4.4 0 — 4.. 41 ‘.4 (U 4) 41 41 .,.4 ..4

4-~ ~1 14 4.1 ‘.4 (U a) tl) 4.4 1.’ 0 4 ) 0 1 0 000 1.1 4.’
>-. O  N 0 0. 41 1 4 4 ) 1 . 4  4.4 ,-I (43 , - 4 1 4 $ 4 o~~~ 4.1 -i-I 0 U W 0 . C a) 0 4) ~~~CJ U .-’ .-4 0.0.O ‘.0 ~) ,~ 4-. ~ .C 0 ’.4U) 0.$-l ~1 . 1 4 $  0 4 . ’  ~. I-. 1-. 0 . o 1 4. ’ a m

m u  ‘a )  ‘a) a, I.’ ~~~~~~~~~~ 
~~~‘. 4 ” C C

0 .0  I.. 14 41 01 1. 
0

S.-. -Sc
U, C~~ C~ ~~ 

C 
4-4I-I 04

-88.-.

C- 
- —



•0
a)- 41

C 0
a) U I_I
a) 4-. I-. 00
0 U l.a -~Q. 1.1 41 14 U
1-. ~ 0 41 .~ U
41 0 CL. U 00

U) 01 01 0) 0 0 -..
C U U ‘41 4) — .3

.-4140 0) >4 >4 C >4 — a)
‘a l-I 4.1 ‘a 41
1 4 a),-4 w 0
al a ) C  U C~) >~ 

1.
-4 00

U a)
a) $4
00 0

CL.

‘-I
U
a)

-‘-4
U

‘-4 I..
.0 01 a)

‘41 5-4
Ca) .-- , 41 4)
~~~1 4 0  ‘41 _4 a) 41
(U 4 J 14 0 U 0) 0) 01 0 a) C
1 4 a ) 4 J  0 4) 4) ‘a 4) -.4 0 a)
0 3 U C  0 >4 00 >4 .—4 ~~ 00

CLI 0 0 0  .c~ -.4
4-. 0 -.4
04 0’-)

U
5-4 41

a)
0 4-4
Cl)

CL.
0
z
0 ‘C)
Cl) 4)
H C 4-.

~ U a)
( U - •~~~’-’ ‘C) C U

~~ 1 4 ’ a~~-4 0) ..-4 .-4
0 0 1 4 0  41 U 4) 4$ 4) .3< 4)0 0 1.1 14 ..4 C C C C C 0

O 0 0 0 0 0 ) 4 )  0 Z
0 . 4 4 0  “-‘ Z Z Z Z ~~~~~~~ Z
0 ) 0 0  .3
4,. 0 C) .-4

C~1 Q~ -.4
. U

00 CL.

0 ‘41 -
I-I a)
CL. 0 1-.

0 U
0) ‘-4 .~~14,4 ,’4 U
0 0 U 0  a) a) a) a) U a) 0
0 0 4 - .  C C C C C 41 .3 0
1 4 0 4 1  0 0 0 0 0 0 Z0.,-) C Z Z Z Z Z Z
U 0 4)

4)
-I

• C
0 .0
.4 41 U

— 4 )  4-. >~ 0.
a) U 4.’ 0)

1 4 0  ~~~0 00 1.1 ..-4 C)
41.4 4.1 ,4 a) a) 0. 14
a) (4-i *4.4 0) a) 00 41 U 41 41 00
0 -4  O C  00 U 0)) ~‘4 4-. U C
0 0 )  C f l U  U 41 C 41 14 ‘.4

a) 0. 41 00 U 0) 4$1 4 ) 4  00 C .3 0 i-~0~~ J C (U C C —4J CJ ‘4-I (U .3 — 00 I—I U 1.
U 14 i-I 41 U - C 00
0 0  > 0  C) )‘ ~~ 0) 0 00 0 )  1.I a, .4 4! ~ S.. -.-4 - 1 4
4 1 4 1  .4 .41 C a) .3 ‘a 1.’ 044 1 a )  0 4 . 1  ‘i-I 0 14 (U ‘.4
< 1 ‘a~~~ .41 $ .0 0 4.) 1. 4.1

U,

___________________________ -89-



CHAPTER 9 - COST OF CONTROL SYSTEMS

During the preparation of this manual over 80 different manufacturers of
automatic control systems suitable for energy management functions were iden-
tifi ed. Names and addresses of these manufacturers are listed in Appendix A.
Al though this list is extensive , it should not be regarded as complete. The
field of energy management is currently in a dynamic state resulting from the
introduction of logic control systems based on the inexpensive microprocessor.
Sensing that a new market is developi ng, both new and old compan ies are ag-
gressively expanding into the energy management field. It is noted that
manufacturers listed in Appendix A include the traditional companies supplying
instrumentation and control devices , companies which manufacture data
processing equipment , and fi rms whose speciality is development of computer
control logic (software).

As the capabilities of a computer based system increase , one woul d ex pect
a corresponding increase in the purchase price. This is indeed the case as
will be shown in this chapter. The increase in price, however , is not nearly
as great as that which existed only a few years ago. Major technical advances
made in LSI (large scale integration) components have resulted in prices of
logic components being reduced several orders of magnitude . One popular
microprocessor chip which uses an 8 bit and a 16 bit memory address is now
available for less than $18. RAM memory chips cost less than 25 cents per
thousand bits storage capacity. Cost of the data processing elements is seen
to be but a small fraction of the total system cost .

Cost of mass memory devices have al so declined modestly as cassettes and
floppy disk tend to replace expensive type drives and disk pack units. Other
peripheral components , such as CR1 units , printers , keyboard devices , modeme ,
and power supply devices have remained fairly stable. Cost of installation of
the systems, inclu ding sensors and control devices , have tended to increase in
response to the general economic escalation in the construction industry.

To facilitate making an economic comparison of the various classes of
control systems , a representative installation configuration is defined. The
configuration was chosen to represent the applicat ion of control system to a
typical large U. S. Army base. Nominalgy, it consists of a central control
site and a number of remote sites. Remote processors or panel s are connected
to the central processor by existing telephone lines (one twi sted pair of
wires) or by coaxial cable. All sensors and control devices are considered to
be located within 500 feet of a remote panel . Remote sites are sized to
permit control of 16 circuits.

Each remote site would serve clusters of buildings in a specific area.
Ccnerally, buildings which ~crvc as prime and support fac iliti c~ for ~ ~pccific activity will be located in clusters . Examples of activity associated
clusters are office buildings , training facilities , barracks , ma i ntenance
shops , etc. Ind ividual load clusters may often be separated from one another
by distances up to several miles . The exact number of remote sites would
natura l ly depend upon the actual base being evaluated and may be influenced by
the capabilit ies of the control system finally sel ected.

Control equi pment cost information was requested from numerous suppliers.
Equipment cost data for 15 different suppliers is contained in Appendix B.
The Information presented in this appendix is based upon published price
schedules , correspondence , conversations , and previously published information.
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The purpose of Appendix 8 is to provide the equi pment cost data necessary to
evaluate the ec~jno~:ies of the -various classes of control systems. To guide
the facilities engineer , cost for representative systems for each class are
devel oped in the following sections.

9.1 Dedicated System for Local install at ion

Cost estimates for a control system using a dedicated local control de-
vice were devel oped for two systems using equipment of differing capability .
The first uses a mechanical time cl ock suitable for load scheduling. A unit
to contro l a single circuit cost $100. Based upon 16 circuits at each remote
s i te , cost of equipment for each remote site is $1600.

The second system being considered provi des an energy man agement /pre-
dictive power demand control featuring :

Slid ing window predictive demand control
• Daily on/off scheduling & daily cycling
- Automatic adjusting demand limit
• Al arm indicating loss of meter input pu l ses

Fro~nt panel data input through push buttons and thumbwheel switches
• All output contacts rated at 24 VDC and up to 200 MA

Control capability is limited to turning equipment on and off. The only
signal input ~.ermitted is from the demand meters.. Standard features include a
desk top cabinet , input from 1 or 3 utfl i ty meters , and a battery backup
system. A single unit capable of controlling 16 l oad ci rcuits lists for
$8575.

Both types of local control units will require local wi ring as described
in Lhapter 10. There would be no central control panel cr communications
between remote sites . All data must be individual ly entered into the
controllers at the remote sites. Control ler cost (not incl uding wiring) is
shown in Fi.gure 9—7 as a function of the number of remote sites.

9.2 Dedicated System for Central Control -

Cost estimates for a control system using a dedicated central control de-
vice were develo ped from representative cost data for a typical fac i l ity
application. The preprogramed device provides start/stop control and
monitors equipment instrumentation. Standard features include an operator ’s
console wi th numerical push button keyboard and digital display, a printer
interface for a te letype printer , and software programs for energy management .
It is desirable to provide a teletype printer to obtain printout s of system
status and trend logs. Preprogranined routines perform the following
functions:

1. Automatic or programed starting (on/off control ) of equipment
according to a time schedule stored in memory.

2. Automat ic al arming of analog values whenever they exceed Individual
memory stored high and low l oads.

3. Automatic alarming of equ i pment which has exceeded Individua l memory
stored elapsed run time value -in order to perform preventative main-
tenance routines.
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An opt ional control dev ice is necessary to provide demand control . The
operator is able to change start/stop times and al arm limits for all equipment
at the control console.

A data acquisition panel (CAP) is required at each remote site to trans-
mit and receive data from the central control panel . Each CAP can support 32
binary I/O points. If start/stop control is required, 1 to 16 of the 32 bin-
ary points are used for status. Each CAP can al so support 31 analog points
Including up to 8 being used for control point adjustment. All DAP ’s requir-
ing CPA or analogs contain A/C converters so that analog signal s are converted
to digital word s for transmission - The control console can Support a total of
7874 individual I/O points.

Data transmission between the central console and the DAP ’s uses one pa ir
of twisted wires. If more than 4000 feet is required to connect the two, a
separate station must be used. CAP ’s may be connected in ei ther seri es or
parallel fashion. A typical connection is shown in Figure 9—1.

Total cost for a dedicated central control system was calculated from
component prices as shown in Tabl e 9—1. Cost for the control terminal is
$66,700. Cost for the remote terminals is $1,700. each. These cost include
the price of the required modems but do not include cost of transmission or
local wiring or of equ i pment adapter panel s, control activators , or instru-
mentation. Effective cost of control as a function of the numbers of remote
sites is shown in Figure 9—7 .
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FIGURE 9-1. iNSTALLATION DIA GRA M FOR
DEDICATED C ENT RAL CONTROL SYSTEM
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TABLE 9-1

LIST OF HARDWARE FOR DEDICATED CENTRAL CON TROL SYSTEM

Central Terminal

Processor $ 26,000

Demand Controller 3,000

Paper Tape Device 
- 

1,700

Printer 6 ,000

Modem 500

Multiplex Device 10,000

Soft ware Program Package 19,500
$ 66 ,700

Remote Terminal

Data Aquisition Panel $1 ,200

Modem 500
$ 1,700
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9.3 Pr~~r amrnab1e Controller for Central_ installation

An ndustrial control system bds~’d upon a popular microprocessor chip was
selected as representative of this class of control system. The system has
the capabil i ty for erithi~et ic computation arid a wide variety of di y ital ,
analog, and peripheral contro l. The system consists of a variety of compo-
nents that can be desi~ ned into configurations ranging from advanced program-
mabl e logic control capability to complex continuous process control . A
modular design al l ows the same basic hardware to be used for a variety of con-
trol situations . System hardware consists of four basic components; chassis
and power supply, processor , I/O interface , and the progranining term inal. The
terminal supply is a rack—mounted housing compatible in design with the pro-
cessing unit . The power supply furnishes all the power required by the pro-
cessor unit. An internal battery back—up system will maintain 4K of RAM
memory for up to 7 hours . External batteries can be added to extend RAM
memory retention. The chass is  desi gn makes use of a mother board and indi-
vidua l module slot concept that al l ows the user to “design ” h i s own system for
each app l icat ion and also to expand his system without costly wiring changes .
This fl exibility enables the system to be used for applications ranging from
machine control and power demand control to data acquisition and complete
process cont rol .

The processor consists of the central processing unit (CPU), memory,
input/output interface modules , perip heral interface modules , and data entry
and display modules. A diagram showing pl acement of major components of the
system is presented in Fiyure 9—2. Figures 9— 3 and 9—4 show detailed
component assembly for main and remote terminal applications.

T~e Central Processing Unit Module is based on a microprocessor chip,
which is the heart of the system. The chi p is an 8 bit microprocessor which
has a typical execution ~~~~ of two microseconds per instruction. Directly
adJacent to the CPU is the library memory. The library contains routines
which are conincnly used in industrial applications , such as timers , tempera-
ture control l ers, etc. By putting these routines in a library , they are made
available to the user simply by calling them. Next to the library memory is
the user memory modules , of which there are three types available: modules
con ta in i ng 4K of EPROM , modules conta ining 4K of RAM , and modules containing a
mixture of both EPROM and RAM. The maximum memory capability of the system is
48K. This can be intermixed between RAM and EPROM.

The input/output interfaces consist of two distinct types. One type is a
TTY interface required to connect the processor with standard perip heral com-
ponents , such as printers , modems , etc. A second type of interface is used
for input arid output of data for instrumentation and control purposes. Both
types of interfaces are components that plug into slots in the chassis.

The 1/0 system for instrumentation and control consists of system driver
modules , track units , and individual track modules. The system driver module
fits in the chassis. The system driver module is interfaced to the track unit
through an 18 twisted pair , ov erall shielded cable. This cable can be up to
500 feet long. That is , the last track unit can be 500 feet from the main
chassis. Up to 16 track units , each with up to 16 track modules , can be
connected to each system driver m odule. Thus , each driver is capable of
addressing 256 track input or Output modules. A system can have up to 8
system drivers for a total capacity of 2048 connection points.
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The follow ing types of track I/O modules can be intermixed on the same
track in any conf iguration :

120 VAC In put
240 VAC Input
1-.32 VDC Input
120 VAC Output
240 VAC Output
4—55 VDC Output

The track I/O system and the power supply are each immune to + 600 volts
peak noise superimposed on the 120 Volt RMS line. Each module al so provides
2324 volts peak optical isolation between the external high voltage signal s
and the internal IlL logic.

An intelligent CR1 terminal is used to program the system. The CR1
Programm ing Terminal has 12K of internal memory (16K optional), a 12 X 80
character screen, and a dual cassette tape drive. All programs are generated
on the CRT programmer which al so is used to load the memory and monitor the
system on l ine. The CR1 programmer is capable of directly l oading a program
into RAM memory. However, it is not capable of directly setting EPROM memory.
To set EPROM, a programmer module is used.

The fl exible hardware structure of the control system al l ows varied
configurations to be developed specifical ly for the application requirement .
Modules are selec ted , located within the chassis , and the fi nal system char-
acteristics determ i ned by the designer. Selection of various module functions
allows most control requirements to be readily impl emented by the user. The
system l ayout described is for illustration purposes only. The actual con-
figuration will depend upon the specific applic ation. Figure 9—3 shows a
ronfiguration suitable for use as a central control processor. A configura—

on suitable for use as a remote site controller is shown in figure 9—4. The
costs of components for these two configurations are listed in Tables 9-2 and
9-3 respectively. Cost for the central control terminal is $29,575. Cost of
the remote terminal s is $7,271. each. These costs inc l ude the price of the
required modules but do not include cost of transmission or local wiring or of
equi pment adapter panels , control actuators, or instrumentation. Effecti ve
cost of control as a function of the number of remote sites is shown in Figure
9-7.
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TABLE 9—2

LIST OF CENTRAL TERMINAL HARDWAR E FOR PROGR AMMAB LE CONTROLLER

Component List Price

Central Processor Module $ 795

Executive Program Module 830

2-4 K RAM Modules 0 $475 950

4 K EPROM Module 780

4 K RAM/EPROM Module 625

Timer Module 275

CRT Terminal Interface 250

9 TrY Interface Modules @ $800 3,600

EPROM Progranrer Module 300

EPROM Erase Light 265

Power Supp ly 1,090

17 Slot Chas ls 520

16 K Intellegent CRT Terminal 10,995

10 Spare Tapes 160

Printer 3,100*

8 Modems @ $600 4,800*

Cables for Power Supply, Pr inter ,
Modem and CR1 Terminal

240
$ 29,575

~~t4ot supplier component. Price represents cost
of similar component from al ternate source.
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TABLE 9-3

LIST OF REMOTE TERMINAL HARDWARE FOR PROGRAMMABLE CONTROLLER

Component List Price

Central Processor Module $ 795

Execut ive  Program Modu le 830

4 K RAM/EPROM Module 625

Timer Module 275

Try Interfac e Module 400

Load Driver Interface 465

AID & 0/A Converter 200

Ana log Input Interface 0 405

Analog Output Interface 450

Blank Panel 16

Power Supply 1,090

10 Slot Chasis 350

Modem 0 600*

I/O Track Interface 335

I/O Track 320

Cables for Power Supply,
Modem and I/O Track 115

~~
0

7 27I

~Ti~ip~1Wr component . Price represents cost
of similar component from alternate source.
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— - -

-a



9,4 General Purpose Minicomputer System

A genera l purpose minicomputer provides the power and fl exibility re-
quired for a multitude of applications from miniaturized controllers to large
data base management and i nformation systems . An extensive sel ection of0 
peripheral components is availabl e from the various manufacturers . These
include CR1 termi nals , I/O interface modul es, disk storage , and hard
copy printers~

A 16—bi t machine device was sel ected as being representative of these
systems~ The device provides 16 interrupts. A memory mapping feature
providing memory protection and privileged instructions support memory
expansion to one million 16—bit words . A 16—bit paral l el data bus , offeri ng
asynchronous operation and hi ghspeed I/O, links CPU , memory and periphera l
devices.

A comprehensive software package , supp lied with the system permits the
user to genera te, edi t, assem bl e, and evaluate programs . The standa rd
software includes a debug moni tor , which combines a powerful interactive
debugg ing facility with system support functions , and a keyboard command
interpreter for full user control of the system. A cassette—based source
editor operates under control of the debug monitor and provides a facility
that enabl es the user to generate , edit , and save source programs . A one—pass
assembler processes source i nput from cassettes and generates relocatable ,
linkable object modul es. A link edi tor accepts object modules generated by
the assembler and l oads them into memory as an executabl e program . The user
may then execute the program directl y or under the control of the debug
monitor. Wi th the debug moni tor , the user can examine and modify parts of
memory and registers , set mul ti ple breakpoints and , if necessary , execute with
a complete trace.

Standard software Includes both memory—resident and disk—based operating
systems suited for real—time , mul ti—tasking environments. The programming
lan gua ges encom pass FORTRAN IV , COBOL, and BASIC. Software development utili-
ties are availabl e to facilitate application program editing and testing . A
completed program may be saved on cassette or may be directl y burned into
EPROM with the optional EPROM programming unit.

The hi gh— level languages allow application software to be written In a
format that Is easy to undertand and maintain. Memory can be expanded to a
total of 128K words using a combination of RAM and EPROM . An optional battery
pack is availabl e to prevent memory loss of RAM during interruption of main
power.

The manufacturer of this sytem does not provide standard software pack-
ages for energy management and demand control . Nor does he supply the modu les
necessary for connecti on of instrumentation and control devices to the I/O
interfaces. Suppliers of comparable equipment offer both appropriate software
and device connection modules . 0

A system l ayout for a minicomputer based EMCS system Is shown In
Fi gure 9—5. This is the distributive processing configuration described
by the tn —service guide specification. Example cos t of components for
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this configuration are listed in Tabl e 9—4. Cost for the central contro l center
is $57,080. Cost for each Fiel d Interface Device is $7,500. These
costs include the price of the required modul es but do not include cost of
transmission or local wiring or of equipment adaptor panels , control actuators ,
or instrumentation. Effective cost of control as a function of the number
of remote sites is shown in Fi gure 9—6.
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TABLE 9-4

LIST OF HARDWARE FOR GENERAL PURPOSE MINICOMPUTER SYST~’1

Component List Price

32 K Minicomputer With $ 30,000
Dual D i sk , Graphics CRT,
Scope & Keyboard Terminal

Minicomputer for CCC 10,000

Battery Pack 350

Clock Module 275

Printer 3,865

EPROM Programing Device 650

EPROM Adapter Panel 200

EPR~I Erase Kit 100

8-TTY Interfaces 0 $480 3,840

8 Modems 0 $600 4,800

“For tran IV ” Sof tware Pac kage 1 ,000

“Basic ” Software Package 2,000

Total Central Terminal Har dware $57 ,080

Each F iel d Interface Dev ice 7 ,500
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9.5 Effect ive Cost Per Remote Site

Cost of control devices for the facility is the sum of the central con-
trol uni t cost and costs of all the remote terminal devices. For control de-
vices hav ing a central terminal , the effec ti ve cos t per remote s it e decl i nes
as the number of remote sites being controlled increases. Figure 9—6 shows
the effective cost per site for the various classes of control systems. The
indicated reduction in effective cost will eventually become offset by a lack
of sites with suitable conservation potenti al as less desirable remote sites
are added to the control system.
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CHAPTER 10 - WIRING AflD SIGNAL TRANSMISSION

Wiring requirements for an automatic control system can be divided into
three categories:

(1) Branch circu it wiring which is necessary to provide power for EMCS
equipment.

(2) Control signal circuit wiring which is necessary to provide the
electrical link between equipment control points and the local control device.

(3) Trunk l ine transmission circuit wiring which is necessary to connect
the local control device with the central control unit.

The function of each of these circuits is discussed and equipment nec-
essary to facilitate the connections is described in this chapter. Methods
for estimating wiring costs for a typical installation are al so presented.

10.1 Branch Circuit Wiring

Motor starting surges and other momentary disturbances on two wi re dis-
tribution circuits can cause adverse effects in data processing equipment.
These effects can be minimized by connecting the data processing components to
the nearest distribution panel. The requi red 115 volt service must be in-
stall ed in conduit. No other out l ets or equipment should be connected to this
circuit. The cost for a branch circui t m ay be estimated as follows : The
equipment location and nearest power panel are assumed to be in an equipment
room with 30 feet of wall distance between them. With routing of the branch
circuit , the wiring will be 50 feet long , approximately. The installed cost
of a circuit breaker is $10, the wiring and conduit cost at $6.00 per foot is
$300, and connection costs are $10 each. This yields a total cost of $330 for
the branch circuit.

Related to the branch circuit is the surge ground i ng ci rcuit. The data
transmi-’-ion trunk wiring is sensitive to randomly induced surge voltages ,
mainly t. m lightning. This signal wiring and the equipment ’s metall ic frame
require a separate grounding circuit isol ated from the branch circuit wiring .
Typically, an AWG Number 6 wire is used and it may be installed in conduit
also to provide it with mechanica’ protection. This wi re is connected to the
building ’s grounding conductors at the nearest avail able point . Surge arres-
tors of the type to protect the trunk cable termination within the equipment
require this grounding circuit.

The cost of this circuit is estimated by the same method employed for the
branch circuit. Figure 10—1 illustrates these circuits.

10.2 Control Signal Circuit Wiring

O A typical HVAC device that the EMCS is to control is shown in Figure
10—2. This Illustration shows a compressor located in a utility room of a
bui lding. It typically has an el ectric motor drive with the motor controlled
by an electric-motor starter. This starter is the basic on-off device for the
compressor which closes and interrupts the motor ’s electric power circuit.
Two EMCS control points are Illustrated as an example of control signal c m —
cult wiring for this compressor: a control on-off point and a status on-off
point.
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The compressor ’s ex i sting control circuits are wired into the motor
starter . These nay typic a lly ln( lu( ip high and low pressure li m i t switching ,
interlocks or safety limits , etc. In the event of EMCS system malfunction , or
power loss , these circuits dre to retain their function; therefure , the wiring
for the EMCS wil l b€ id -~~d in s’ ch a way as to acc~mp lis h th is r~ quiremcnt.
FIgure 10.3 shows the schem atic wi r ing for the starter.

Figure 10.4 shows how the EMCS controls are typically wi red into the
existing control wiring. The starter solenoid wiring is extended into an
adapter panel where an on—off control rel ay is added to the solenoid ’s c i r-
cuit. An el ectrical current on conuliand from the EMCS energizes this relay ,
which cl oses the starter solenoid in turn and starts the compressor motor. An
off command de—energizes this relay which interrupts the starter sol enoid.
This opens the starter ’s power circui t for the motor. The spare contacts
shown in Figure 10—3 are utilized as the si gnal source for the on—of f status
of the compressor.

The adapter panel is wi red to the starter with el ectrical wiring in con-
duit. This is required by el ectric safety codes. EMCS signals are wired into
the adapter panel utilizing low power signal wiring. This type wiring does
not require the same electrical ratings or protection as el ectrical wiring in
conduit and is more econot imical . The EMCS signals for on—off control of the
compressor and the operating status of the compressor are thus contained in
the control cable that is wi red into the new adapter panel shown in Figure
10— ?. This cable is routed to this adapter panel from the nearest EMCS remote
term inal control device.

If one equipment room were to contain several different units to be con-
tro l led by the EMC S , one adapter panel could serve all the equi pment. Many
signals could be r’;uted to this adapter from the EMCS remote terminal contro l
~ vice , which li jht he in ar adjacent bu ’ldi ng. A multi—conductor control
‘ able would be uti lized with sufficient signal pairs for the required connec-
tions. Moreover , one adapter panel may serve as a junction poi nt for other
nearby adapter panels , thereby requiring only one large cable between this
junction panel and the reiiiote EMCS terminal control device.

Wiring costs for these signal cables are gi ven in Table 10—1. Cost
estimates for adapter panel s are made by utilizing Table 10-1 , Control S ig nal
Circuit Cost . There are two terminations in the adapter panel and one termi-
nation in the starter. Each of these three terminators has four wi res. Cost
of a four—wire termination is $22. The adapter panel cost of $35 inc l udes the
short length of wiring in conduit. Appropriate ;ignal wiring to the local
control device will cost $3.50 per foot installed plus a fourth termination.

The total cost of this control signal circuit is thus $123 plus $3.50 per
i oot of ~ignai w ’ e reg u i i e d .

10.3 Trunk Line Communications

If a central control system is desired , a means of transmitting infor-
mation from remote terminal control devices to and from the central contoller
must be provided . Radio transmission , coax cab le , and phone lines are among
the method s that are used in si gnal transmission. Base Communications Command
representatives should be consulted during the early stages of any design
effort. The represent.~tive s can provide guidance in the selection and use of
proposed data transmission systems . 

-
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TABLE 10-1

CONTROL SIGNAL CIRCUIT COST

Adapt er Panel Cost

35 Dollars Per Unit of Equipment

Control Signal Wiring Cost

Number of Number of Multi Conductor Installed Installation Cost
Remote Points • -Wires In Single Cable Cost per Foot per Termination

1—2 2-4 $ 3.00 $ 11.00

3-4 6—8 3.50 22.00

5—6 10—12 4.50 33.00

7-8 14-16 6.00 44.00

9- 10 18—20 6.50 55.00

11-12 22-24 6.75 66.00

13-14 26—28 7.00 77.00

15-16 30—32 7.50 88.00

17-18 34—36 9.50 99.00

19-20 38-40 10.50 110.00

21—22 42-44 11.00 120.00

23-24 46—48 13.00 130.00

_ 0 
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10.3.1 Radio T ransi niss~on -

Data coniii unications between remote terminal control devices and the
centra l console is accomplis hed by V HF radio frequency s ignal s .  Frequency and
emission of such radio ~y~ teis •tre governed by Federal Ci:~~~Ii •~~ t (j f l5
Coniiiission ’s Autho rizations. Data coninunication is achieved by noricontinuous
scanning of remote status . Transmission speed is 120 Bdud (bits er second).
VHF radio control switches cost $15 each. VHF trar~sinitter/rece~ier units for
remote sites cost $3400. Cost of a base station encoder , trans itter and
recei ver is approximatel y $12,000.

10.3.2 Coax Cable

Coaxial cable can be used to connect remote terminal control devices with
the central control unit as shown in Figure 10—5. Some manufacturers have
their own specia l cable for this purpose , howev er, it is assumed that the
price of coaxial cdble is representative for cost estimation purposes. In-
stallation of tne coaxial cable can be made by attachment to pole lines or by
direct burial. Aerial wiring can generally be accommodated on existing poles.
From the installed cost data in Table 10—2 it is seen that , except for the
most unusual routing situations , attachment to existing poles is the most
economical al ternative. For runs in excess of 5000 feet repeater amp lifiers
may be required . Cost of these repeaters is added to the coaxial cable cost
to determine total line cost .

The method for determining coaxial cable costs for the base is as
follows :

(a) map the locations of equ i pment and draw in routes as described
previously,

(b) Determine lengths using direct burial routes and pole line routes ,

(c) multiply the lengths of the routes by their respective cost per foot 
0

found in Table 10-2 ,

(d) multiply the cost of splices and termination by the number of remote
panels ,

Ce) add (c) and (d)

(f) decide on whether to use direct burial or pole.

Example: Determine the cost of a coax cable installation serving 8
remote sites , requiring either 20,000 feet if direct
burial is used or 2b,000 feet if attached to existing po le
lines.

Solution: Using direct burial: 0
(20,000 ft)(3.50 $/ft) + (8 Sites) (35 $/Site) =
$70,280.00 -

Sol ut ion: Usi ng existing pole lines :
(25 ,000 ft)(0.90 $/ft) + (8 Sites) (35 $/SIte) =
$22 ,780.00 

~~~~~~~~~~~~~~~~ 
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TABLE 10—2

• COAXIAL CAB LE COST

Installed Total Cost of Termina-.
Cost tion per remote Panel -

Per Control Console Coax ial
Foot Cable Run -•

Direct Burial $ 3.50 $35.00 -
Poles .90 35.00 0



10.3.3 Telephone Lines

As an al ternative to the high installation costs of coax cables , existing
telephone lines can be used. Both the central control unit and the local con-
trol devices are linked to the telephone line through modems using EIA Stand-
ard R5—232C I/O interfaces . Figure 10—6 illustrates the use of tel ephone
lines in linking central control devices with remote devices . The modem at
the central processor and control unit converts the signal pulses (digital
signals) from the computer to tones (modulated audio signals) for transmission
over the telephone network. The receiving modems at the remote panel converts
the tone signal back to serial pulses.

Ordinary transmissions over the telephone network make use of coninunica—
tion channels having bandwidth limitations suitable for voice frequencies . If
one half to one tone cycle is needed for recognition , line speeds are limited
to approximately 6,000 Baud (bits per second). In practice , tel ephone network
transmission line speeds are limited to approximately 2400 Baud .

Three types of transmission modes are available; full duplex , half duplex
and simplex. Only full duplex and half duplex have the capability of
bidirectional signal transmission. Full duplex transmission generally
utilizes two pairs of wi res. One pair is dedicated to data receiving and the
other is dedicated to data transmission. The full duplex system is capable of
simultaneous transmission and reception. A half—du plex transmission system is
capable of transmitting data in only one direction at a time. As the modem
sw itches from a transm itter rol e to a receiver role , a turn—around del ay is
encountered which also reduces line speed.

Many modems prov ide a choice of ooerati ng in either the sync hronous mode
or the asynchronous mode. Us i ng the asynchronous transmission mode, extra bit
characters ar3 transmitted with each word of data to identify the beginning
and the end of the word . This method al l ows data transmission from sources
with highly irregular data input rates. The probability of cumu l ative errors
Is minimized but effective line speed is reduced because of the extra bits
that must be transmitted along with the data. Usi ng the synchronous transmis-
sion mode , data is transmitted in a large bl ock with synchronizing character-
istics required only at the beginni . • ~nd end of the bl ock. This mode permits
higher data transmission rates but i~ snore susceptible to error. One bit
added to or missing from the data stream woul~ ~~. the entire bl ock of data
to be in error. The final choice of transmission mode will be based upon the
qual ity of the telephone service connection and the data rate necessary for
system control purposes. -

Whether or not existing telephone lines can be utilized for data trans-
mission depends on the availability and acceptable quality of spare pairs in
thc tclcphonc cables running to cach of thc buildings in which the rc:nctc
panels are located. Since many military bases own their own tel ephone lines ,
It Is assumed that no leasing charge will be incurred for the use of the
te lephone line network. The only costs are the init ial capital cost of the
modems and the connection cost between the phone lines and the modems . The
Ba se Comunications Command representative sh’ould be consulted to determine
the adequacy of existing facil it ies .

There are four major series of moderns furnished by the major phone com-
pany. The 100 series modem is used for low speed data transmission and h~is
max imum data rate of 3c0 bps in the asynchrono~ mcde. The 200 serl a~ nc ‘~~~ ,
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considered meduim speed , can transmit up to 1200 bps in asynchronous and 3600
bps in the synchronous mode. The 300 series is used for very high speed (460K
bps) or wide baud transmission. The 400 series is used for transmitting and
receiving tones in parallel . Neither the 300 or the 400 series modems are
general ly used in EMCS applications.

Modems can be leased from the major phone company for connection to their
equipment. Independent suppliers sell “Bel l 1’ compatible equipment with a wide
range of capabilities. Costs of modems available from several independent
suppliers are lis ted in Table 10—3.
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CHAPTER 11 - ECONOMIC EVALUATION OF EMCS

Energy mon i toring and control systems are designed to meet specific
control requ i rements for particular applications . With such specialization ,
capital and operating cost associated with each system are uni que to a
particular application. Thus , the poi nt at which increasing costs fail to
yield increasing benefits will vary from installation and even among m di-
vi dual facilities within a single installation. For thi s reason, it is
necessary to measure the investment merits of energy monitori ng and control
systems on a case by case basis.

A detailed study must be made to determine applicability and economics
• of various equipment for energy control at military installations . As a

result of variations in building size, cons tructi on , and usa ge, most military
installat i ons w i ll use a mi x of time cl ocks , l ocal control s, and central
control s to minimize cost and maximize energy savings. At the completion of a
thorough economic study , one shoul d have all bui ldi ngs on the installa ti on
classified into one of the four groups :

a) Bui ldings considered suitable for central control .
b) Buildings considered suitable for local control .
c) Buildings considered suitable for time clock control.
d) Buildings considered not suitable for any additional control .

In performing the evaluation , all buildings over 5,000 square feet shall
be considered possible candidates far connection to a central control system.
An initial estimate of energy savings can be based upon the implementation of
load scheduling, outside air shutoff, and enthal py control as these schemes
provide the largest conservation potential . Expected savings for each
building are then compared with the costs of connecting the building to the
central system. These costs include expenses for trunk line coninunication ,
remote term i nal (FID) , and necessary monitoring and control points. Buildings
having cost/benefits ratios which do not justify connection to a control
system are then evaluated for local control system and time cl ock
Implementation.

After identifying buildings that are acceptable candidates for central
control , it is necessary to determine the size and capability required for the
central control unit. Required size and capability depends upon the number of
monitorin g and control points and the comp lex ity of the energy conserva ti on
schemes being utilized. To determine an economic preference, the sav i ngs
resulting from the imp l ementation of each of the various control schemes
should be tabulated and compared with the incremental cost imposed upon the
control system. These incremental costs shall include the expense of
~~nitorln g a1id control points ~ot otherwise rcq~i red , the “extra ” cos t of t~ccentral control system necessary to perform the function , and the cost of any
special software required. Starting with the most demanding schemes such as

• the optimization funct ions , savings are compared with the Incremental cost to
determine if the additional control capability is economically justified .

If a survey reveals that only a few buildings are acceptable candidates
for central control It may be economical to util ize a central control unit at
another Installation. By connection through phone lines , installations
hundreds of miles appart can be handled effectively with a single large
computer. Lease charges f~v~ the telephone lln t~ used must be Inc l uded in th~’economic analy.is .
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11.1 Life-~1c 1 e An alysis Methodolo~~
Execut i ve Order 12003 and recent legislation require an t~ onomic

analysis based upon present worth techniques to determine a berleHt/cost ratio
for each project being orsidered. The econom ic comparison of dl em ote
energy management and control systems is accomplished by perfo rming an
economic analysis us i ng the life-cycle costing technique. Life-cycle costing
is a method of financi al evaluation which recognizes all the financial
requirements and benefits of a system in terms of cash out l ays and benefits.
This technique measures the discounted present val ue of an inve st:ent ogainst
the discounted present value of its corresponding benefits based upon the
timing of cash flows . This method provides a simple , straightforwa rd
methodology for developing life—cycle cost/benefit rates of al ternativ e EMCS
designs.

The ECIP is a Military Construction (MILCON ) funded program for
retrofitting existing DOD facilities to make them more energy efficient wh ile
providing substantial sav ings in utility costs. It is an integral part of the
DOD Energy Conservation Program and is designed to achieve a major portion of
DOD energy conservation goals for existing facilities as required by
Exec utive Order 12003. The appropriate form for an ECIP analysis is presented
in Appendix C.

When a project does not meet the criteria established for funding by
FCTP , or where a more detailed approach is required , the Fconomir An al ycis and
Program Evaluation for Resource Management format should be used. This format
is described in DOD directives and in AR 11-28. Appropriate forms from AR
11-28 are presented in Appendix 0.

11.2 ~9~LreCUrr~~~~~!~.

Nonrecurring costs include construction and supervision , inspect ion ,
overhe ad , final design costs and other initial one—time costs. For the EMCS ,
nonrecurring costs are the initial captial investments in a system plus fixed
capital replacement costs. In addition to these , housing for a central con-
trol system must be considered . If surplus space is not available , it will be
necessary to provide a 900-square foot special building or an equivalent
addition to the present facilities. Construction costs wfll vary from area to
area and will escalate with time. Rates of escalation should be reviewed with
current documents , such as Engineering News Record trend sun~ii~ries . A 1978
value of $30 per square foot is cons id ered reasonable for cos t es ti mati on
purposes. -

11.3 RecurrinLCosts

~(ecurriny ~u~ ts III. ude uperd Lirly dnd ldi nc erIdrIce ex pens es pl us a
continuing cost for mainta in ing a hig h level of operator competence.
In the case of central control systems, operational costs must include the
salary of the opera tor , which is estimated •to be $14,000 per year per shift .
In addition to this , it is necessary to add supervision costs to all salaries
plus benefit provisions as reconinended in AR 11—28 , AR 37-108 and Federal
Personnel Manual supp lements 831-1 , 870-1 and 890—1. Thus , the total salary
may become n x $14,000 x 1.25 (supervision) x 1.29 (benefits) where n Is the
number of shi fts manned . Training cost for fi ve man-days of vendor
instruct ion b i—annua lly is estimated as $1 ,500. Since the training is free at
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the time of installation , the project years when training must be included are
3, 5, 7 and 9.

Several maintenance options are available. A full service ma i ntenance
agreement could be negotiated with the supplier. This would provide for on—
site service of equipment and for replacement of components as necessary.
Annual cost of this type service runs approximately 15 percent of the equip-
ment purchase price.

A second maintenance option is the on—cal l agreement where the supplier
will furnish on—site repair as requested. Charges are based upon a designated
hourly rate plus cost of parts required. Annual cost of this type of service

• depends upon the •failure rates of the individual equipment , parts cost, and
the speed with which the failures can be diagnosed and repaired . As existing
staff could perform limited maintenance , cost of this service should be some-
what lower than for a ful l service maintenance agreement.

A third mai ntenance option is to provide i n—house maintenance capability
in facilities engineering staff. This option would require purchase of cer-
tain testing and diagnostic equipment , a variety of spare components, and
periodic staff training. Users of computer equipment estimate that an
adequate spare parts inventory and limited testing equipment would cost be-
tween 15 and 20 percent of the initial hardware cost. Spare components , con-
sisting of LSI chips , circuit boards , and functi onal modules , woul d be se-
lected based upon the manufacturer ’s recommendat i on for the part icular system
chosen. As these spares are used , inventory must be replaced w it n new or
repaired items. Computer users estimate that annual cost spare parts replace-
ment and outside repair will be approximately 5 percent of hardwa re cost.
Salary and tra i ni ng ex penses for maintenance personnel are s imi la r to those of
an operator.

11.4 Benefits

Based upon the data developed in Chapters 3 and 4, the projected heat-
ing and cool ing energy savings can be cal culated in Btu ’s per year for the
given combination of control schemes. These savings are converted to dollars
using Table 4—9 and Section 11.6. Savings in demand charges are cal culated
directly in dol lars .

11.5 Economic Factors

The actual val ue of economic factors depend upon the location of the
facilit y and will change with time. Exact values for local energy cost can be
determined by the faci l i t ies engineer from recent supplier billing data.
Appl icable escalation factors can be obtai ned from government economic
forec~~t. Fvampl e va l” es for ~‘rnnnmir f?rtorc necessary for analysis of
alternate cases are sumerized below.

Economic Life of Equi pment - 15 Years

Heating Oil Cost — $2.80/106 Btu

Heating Oil Escalat ion — 14%/Year

Electricity Cost - $O.0350/kwh

Electric Cost Escala tion Factor — 13%/Year
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Natural Gas Cost 
-~ — $1.75/106 Btu

Natural Gas Escalat i on Factor — 14%/year

Sa lary Cost Escalation — 6%/year

Training Cost Escalation — 6%/year

Construction Cost Escalation — 6%/year

General Cost Escalation — 6%/year

Tab le 11-1 shows the annual escalation factors for 6%, 13%, and 14%
rates. Escalat ion factors should not be confused with the discount factor
used for determining present value of future cost and benefits.
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TABLE 11-1

ESCALATION FACTORS

6% 13% 14%
Proj . Esca lation Escalation Escalation
Year - 

- _Factor - Factor Factor

1 1 1 1
2 1.06 1.13 1.14
3 1.12 1.28 1.30
4 1.19 1.44 1.48
5 1.26 1.63 1.69

6 1.34 1.84 1.93
7 1.42 2.08 2.19
8 1.50 2.35 2.50
9 1.59 2.66 2.85
10 1.69 3.00 3.25

11 1.79 3.39 3.71
12 1.90 3.84 4.23
13 2.01 4.33 4.82
14 2.13 4.90 5.49
15 2.26 5.53 6.26

16 2.40 6.25 7.14
17 2.54 7.07 8.14
18 2.69 7.99 9.28
19 2.85 9.02 10.58
20 • 3.03 10.20 12.06

21 3.21 11.52 13.74
22 3.40 13.02 15.67
23 3.60 14.71 17.86
24 3.82 16.63 20.36
25 4.05 18.79 23.21
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11.6 Discounted Present Value and Benefits

The determination of discounted present value of EMCS costs and benefits
is performed in accordance with DUO directives , which consider the time va l ue
of money . That is , a future cost is discounted since a delayed investment
means an extended period of return on the uninvested capital. Sim ilar ly,
future benefits are discounted because they would represent greater value if
they were available for investment at the present time. Therefore, each
annual cost and benefit must be mult ipl ied by the di scount factor for the year
in which the cost or benefit occurs. The 000 has recommended that a 10%
discount rate be used. The discounted present worth factor automatically
provides for general inflation during the economic life of the project. Tables
11—2 , 11—3 and 11-4 provide single amount and cun~nulative uniform series
discount factors for a disconnect rate of 10% and differential escalation
rates or 0, 7 and 8%.

•

,
H . 
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TABLE 11—2
PRESENT-WORTH DISCOUNT FACTORS

Di f ferent ial Inf l a t ion Rate = 0%
Discount Rate 10%

Recurring
Economic Life One Time Benefits/Costs

Years Cost Factors Factors

1 0.954 0.954
2 0.867 1.821
3 0.788 2.609
4 0.717 3.326
5 0.652 3.977

6 0.592 4.570
7 0.538 5.108
8 0.489 5.597
9 0.445 6.042
10 0.405 6.447

11 0.368 6.815
12 0.334 7.149
13 0.304 7.453
14 0.276 - 7.729
15 0.251 7.980

16 0.228 8.209
17 0.208 8.416
18 0.189 8.605
19 0.172 8.777
20 • 0.156 8.933

21 0.142 9.074
22 0.129 9.203
23 0.117 9.320
24 0.107 9.427
25 0.097 9.524
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TABLE 11—3~

PRESENT-WORTH DISCOUNT FACTORS
Di fferential Infl ation Rate = 7%

Discount Rat e = 10%

Recurr ing
Economic Life One Time Benefits/Costs

Years Cost Factors Factors

1 0.986 -0. 986
2 0.959 1.946
3 0.933 2.879
4 0.908 3.787
5 0,883 4.670

6 0.859 5.529
7 0.836 6.364
8 0.813 7.177
9 0.791 7.968
10 0.769 8.737

11 0.748 9.485
12 0.728 10.212
13 0.708 10.920
14 0.688 11.608
15 0.670 12.278

16 0.651 12.930
17 0.634 13.563
18 0.616 14. 180
19 0.600 14.779
20 0.583 15.363

21 0.567 15.930
22 0.552 16.482
23 0.537 17.019
24 0.522 17.541
25 0.508 18.049
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TABLE 11—4

PRESENT—WORTH DISCOUNT FACTORS
Differential Infl ation Rate = 8%

Discount Rate 10%

Recurring
Economic Life One Time Benefits/ Costs

Years Cost Factors Factors

1 0.991 0.991
2 0.973 1.964
3 0.955 2.919
4 0.938 3.857
5 0.921 - 4.777

6 0.904 5.681
7 0.888 6.569
8 0.871 7.440
9 0.856 8.296
10 0.840 9.136

11 0.825 9.961
12 0.810 10.770
13 0.795 11.565
14 0.781 12.346
15 0.766 13.112

16 0.752 13.865
17 0.739 14.603
18 0.725 15.329
19 • 0.712 16.041
20 0.699 16.740

21 0.687 17.427
22 0.674 18. 101
23 0.662 18.762
24 0.650 19.412
25 0.638 20.050

.
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11.7 ~~~~~~~~~~~~~~~~~~~~~~~~

An example problem , illustrating the m ethod of evaluatin g the economics
of a proposed EMCS alternative , is presented in Appendix E. The example was
chosen to provide computational guidance and is not meant to represent a
comprehensive look at an actual EMCS application. However , data used in the
example is based upon actual bu ildings and conditions at Fort Belvoir ,
Virginia.

11.8 Calcula tion Program

Information presented in the report forms the basis of the economic and
energy analysis required to justify funding request. If the calculations
i nvolve a lar ge number of bui ldi ngs , a considerable amount of time ~nd effortwill be required . A program , documented in REPORT FESA - RT - 2033, is
ava ilable which automates the procedure. The program calculates the energy
savings achievable in terms of BTU ’s and dollars , implementation costs and
equipment requirements , and gives the economic analysis for single or multipl e
buildings (facilities and installations).

A sumary of the program description and user instructions is presented
in Appendix F. The documentation , approved for unlimited distribution to the
public can be obtained from U. S. Army Facilities Engineering Support Agency ,
ATTN : Research and Technology Division , Fort Belvo ir , Virginia 22060.

- - 
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CHAPTER 12 — EVALUATION OF SUPPLIERS

Once it has been determined that a purposed EMCS installation is feas-
i ble, plans and specif ications for the system will be devel oped and bids
solicited from manufacturers who are capable of supplying the sel ected type of
equ i pment. It is reasonable to expect variations in the specific details of
each suppliers equipment and in the overall capability of the systems and the
suppliers themselves . These variations must be evaluated to determine which
bid is most attractive to the Government. The purpose of this chapter is to
provide guidance in the eval uations of potential EMCS suppliers.

The evaluation criteria is divided into three categories : technical ,
support and finar~cial . Techn ical criteria are used as the basis for evalua-
ting computer architecture , required i/O devices , peripherals and auxiliary
storage , ease of programing, quantity and quality of support i ng software, and
potential growth and expansion capability and modularity. Support criteria
are used to evaluate reliability of equi pment, le vel of hardware and software
ma intenance , quality of documentation , extent of vendor or manufacturer
cooperation and wcrranty . The financial criteria are used to measure prices ,
discount terms, pnce—performance ratios , the level of system assemb ly and
fiel d ma i ntenance requi red , and the financial stability of the hardware
manufac turer.

12.1 Techn ical Criteria

Computer architecture describes the internal comunication structure used
by the control l er. This structure governs the address length , the word
length , and the computational speed. These items are discussed in Chapter 7.
An architecture suitable for EMCS application would provide either an 8 bit or
16 bit word length and 16 to 32 K memory. Sufficient I/O interface ports must
be available to provide attachment to desi red peripheral devices and modems.

Input/output devices , peripheral equipment , and auxilary storage devices
are discussed in Chapter 7. Moderns, which m ay al so be considered as a peri-
pheral dev ice , are discussd in Chapter 10. As these items will affect total
EMCS performance , they must be suitable for performing their system function.
Important parameters to be considered are operational speed , accuracy, re-
liability, service and parts availability and replaceability. Special care
should be given to identifying components whose failure may jeopardize the
operation of the entire system.

Ease of programing is obtained by providing a programing language such
as FORTRAN or BASIC which are relativel y easy to learn. Mnemonic languages
requi re special training and are more time consuming to utilize. Prepro—
granined controllers are not user programable in the traditional sense, but
still require operating data to be entered into the system. Ease of pro—
graming, for these devices , would refer to the training and effort needed to

• enter and change data coefficients in the controller.

Supporting software inc l udes the programs needed to perform the energy
conservation functions as wel l as the operating systems necessary control I/O
and peri pheral equipment . Minimum supporting software should provide for all
control schemes initially being considered plus provide a reasonable base for
future program development and modificiation.
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Growth and expansion capability is desirable to al l ow for both foreseen
and unforeseen developments. It is desirable to be able to increase memory
size , add additional interface ports , and significantly al ter the control
programs . Growth and expansion capability is aided by modularity in design ,
permitting replacement of individual components within the existing system
archi tecture.

12.1 Support Criteria

Equ i pment reliability is measured in terms of mean time between component
failure. Past experience is useful in identify i ng components with high
failure rates. For high system reliability, components subject to frequent
failure should not be placed in a critical capacity. Evaluation of equipment
maintenance is based on the manufacturers reputation for service , the nearness
of service centers , and the availability of maintenance service contracts.
Software maintenance refers to treatment of initial loading failures , periodic
program updates , and willingness to work on non—standard programs. Quality of
documentation can be judged from information provided by the manufacturers .
Documentation should be clear to avoid confusion and sufficiently thorough to
cover important questions which may be expected to arise in normal operations .
Vendors cooperation is a measure of the willingness of sal es and engineering
personnel to discuss system application , sel ection , and component prices .
Cooperation may range from mailing non—technical pro iiiotional literature to
personally discussing detailed operating capabilities. Warranty protection is
desirable to protect the purchaser from the risk of obtaining equipment which
is initially faulty or which fails soon after installation. For evaluat ion , a
one year warranty period is considered acceptable.

12.3 Financ ial Criteria

The price criteria is used to measure the wil lingness of the suppliers to
provide compcner .t price dat~ upon which economic evaluatio ns could be ~3sed.
System assembly and maintenance criteria rel ates to the wil lingness of the
suppliers to perform comp lete system ass embly and checkout . It al so rel ates
to the availability of long term maintenance agreements. Al ternate suppliers
are desirable to assure competition if components or major subsystems must be
repl aced. Equipment that is compatible with only components from the original
supp liers should be avoided. Peripheral equipment should utilize standard
interfaces connections. Central controllers design should be compatible with
any remote site coritrol l~ rs through standard modem connections .

Financial stability of the manufacturer is important in evaluating
whether future service guarantees will be honored , or even whether replacement
com ponents will be available when needed. The company size will often affect
the extent of qeoqraphic coverage and the number of field service centers.
Being located near a field service center should result in less outage time
due to the faster service and better availability of parts.
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GLOSSARY OF TERMS AND ACRONYMS

ADDRESS - A coded representation of the ori ’~in or destination of a
data messa ge.

ALARM - A warning signal i ndicating that a condition is not normal
and not within operating limits.

ALGORITHM - A rule of procedure for sol ving a recurrent mathematical
prob lem.

ALPHANUMERIC - Al phabetic characters , numeral or s pec i f i c symbols.

ANALOG - A continuously varying signal value (temperature,
current , p ressure , etc).

ARCHITECTURE - The general organization and structure of hardware and/
or software .

ASCII - (American Standard for Coded Information Interchange):
Coded character set to be use d for the general i nterchange
of i nfo rmation among i nformat ion p rocess i ng systems ,
coninun ication systems and associated equipment.

ASSEMBLER - Utility p rogram wh i ch transl ates assembly lan guage
- source code i nto the machine-executable object code.

ASSEMBLY LAN GUAGE - A low-level language used to program and manage the
operat i ons of a computer.

ASYNCHRONOUS - Each event or the performance of each operation starts
as a result of a signal generated by the completion of
the p rev ious event or opera t ion , or by the availability
of the parts of the computer required for the next event
or operation.

BACK PLANE - A devi ce for connecti ng individual cards or printed
c i rcuit boards used i n a micro computer.

BASIC - A programing language noted for its ease of learning.

BAUD - Modul ation rate used to describe the speed of serial
data transfers of i nformation bits (bits/sec).

BCI) - Binary Coded Decimal ; a method for representing
non-inte ger number in a computer. (See Integer)

BIT - A data element wh ich is either a “zero ” or a “one ” .
contraction for the words “Binary Digit” .

LIT ERROR RATE - The number of Incorrect or erroneous bits divided by t t o
total number (correct plus i ncorrect) over some st r~ 

-
~~

period of time .
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F~OOTSTRA P - A technique or device designed to bring a compute r into
a desire d state by means of its own action.

HRLAK POINT - A point in a program where an instruction or other
condition enables a prograririme r to interrupt the running
of a program by external intervention or a monitor
routine . Used in debugging .

WFFER - A device which stores i nformation temporarily during
data transfer.

BYTE - A group of eight bits . -

CABLE - Insulated electrical conductor(s) covered with a
protective sheath .

CALL - A term used to des ignate the softw a re p rocedure by w hi ch
software control is transferred to a callable subrouti ne.

CA LLABLE - A su brouti ne module to wh i ch so ftw a re control can be
transferred.

CARD - A hardware component of an electronic system , generally
consisting of a single printed circuit , designed for
ease of removal and repl acement.

CATHODE RAY TUBE - An electron beam tube in which the beam is focused to a
( CRT) small cross sect ion on a lum i nescen t screen and va ri ed

in position and intensity to produce a visible pattern .

CEI~TRAL - The subsystem of the MCR performing data gathering
COMMUNICATIONS and disenini nation from and to the FIDs as well as
CONIROLLER (CCC) providing limi ted backup to the CCU.

CENTRAL MEMORY - Core or sem i conduc tor memory comun ica ti ng di rectly w ith
a central p rocess i ng un i t.

IFNTRAL PROCESSING - The portion of the computer (CCU) that performs the

~ IT (CCu) interpretation and execution of instructio ns. It does
not include memory or I/O.

CENTRAL CONTROL — A process control digita l compute r that includes a CPU ,
I~~IT ( CCII) central memory and an I/O bus.

COMMAND LINE - A se t of fi xe d, simplified English commands designed to
MNEMONIC (CLM) ass ist operators unfamiliar wi th computer technology in
INTERPRETER (CLMI) operating the EMCS.

COAX - Specially constructed cable havin g specifi c electri cal
(COAXIAL CABLE) character istics for transmission of data information ,

generall y consisting of a central insulated wire and a
surrounding conductive sheath which Is protec ted by an
i nsulat ive cover.
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COBOL - A prograniiii ng langua’~ noted for its application to
business and data handling problems .

COMPILER ! — System software u~ed for converti r.~ P,igh leve l language
INTERPRETER instructions into the machine language of the computer.

COMPUTER - A device capable of solvinq p~-cHems by Qccepting data ,performing prescribed opcration~; with the data and
pro-.u cing results of such t.~Pra$’cr .~.

CONTROLLER — A device that measures changes in controlled varidbles
and sends an appropriate signal to adjust sucP~ systemfunctions.

CONTROLS - Devices which govern the performance of a system.

CONTROL SEQUENCE - Equipment opera ting order es tabli she d upon a correlate d
set of data environment conditions.

CYCLE TIME - In microseconds/word for central memory is the minimum
t ime i nterval that must ela pse between the s tarts of two
success i ve accesses to any one storage locat ion.

DATA - A collection of fac ts , nume ri c and/or al ph abet i cal
characters whi ch are p rocesse d for or generated by a
computer.

DI GITAL - A non—continuous signal . In radix 2 the signal is
either on or off (zero or one).

DIRECT MEMORY - Provision for transfer of data blocks directly between
ACCESS (DMA) central memory and an external device i nterface.

DISK MEMORY — A bulk storage, random access dev i ce for stori ng dig i-
tally coded i nfo rmat ion, usually constructed of a thin
rotating circular plate containing a magnetizable
coating, a read/write head and associated control
equipment .

DISTRIBUTED - A system of multiple, programable processors each
PROCESSING - perfo rmi ng it s own task , yet work i ng together as a
SYSTEM complete system to sol ve still other tasks.

DI~CRETC - Data de5crib ing tho ~tat~ of a t~:o-pos ition con trol
point, either “zero ” or “one”.

DRIVER /HANDLER - Softw are which manages input/output to and from a given
periphera l device .

DUPLEX - Simultaneous two-way i ndependent transmission .
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CMCS - Ene ry~ Monitori ng and Contro l System; a system designed
and op( rated to control the energy-consuming equipment
of ir’ institution or installation of buildings . The
system includes control points , signa l transmission ,
computer components and attendent software .

EIA — A component or coupling device that conforms to Elect-
ronic Industri es Association standard s, which spec-
i al i zes i n the e lectr ical and funct ional charac ter i sti cs
of interface equipment.

EXECUTIVE PROGRAM — The main system program des i gned to establish priorities
and to process and con tro l ot her programs . Some ti mes
called the Operating System.

FIELD INTERFACE - A small , i ntelligent hardware device containing software
DEVICE (F.I.D.) which implements the distri buted p rocess i ng as pects of

operat i on with the central computer as well as ma i nta i ni ng
effective control of fiel d control loops in the absence
of higher level i nfl uence. Ope ra ti ng cons tan ts are
changed by down-line loading from the CCC as wel l as from
within the FID.

FORTRAN — A hi gh—level , English-like programing language used for
(FORmula TRANSlator) techn ical applications .

FUNCTION KEYS - Keys which , when depresse d, are i nterpreted by the
computer as a spec i fic command.

HALF DUPLEX - A method of operation of a comunications line in which
each termi nal can transm i t and rece i ve , but not
simultaneously.

HARDWARE - The EMCS equipment such as.CPU , peripherals etc . as
opposed to software .

HARDWARE VECTORED — Hardware feature which allows the CPU to direct ly
INTERRUPTS determine the identity of an interruptive device and to

automaticall y transfer control to a program which will
serv ice the interrupt.

II~DICATION - A vicual displ ay of status .

LNILGLR - 
- A number having no tractional pdrL.

INTERFACE - A comon boundary between compute r systems or parts of a
single system.

INTERRUPT - An externally generate d s i gnal request i ng that current
operations be suspended to perfo rm more important tasks.

I/O - Input/Output
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I/O BUS - The connection through which data is transmitted and
received from peripheral devices wishing to interact
w ith the p rocessor.

K - (as in 64K words) 1K = 1024

LAR GE SCALE — Manufacturing technology in micro—miniaturization in
INTEGRATION (LSI) which many thousands of components are packaged into a

small “chip ” .

LINE DRIVER - A hardware element which enables digital signals to be
directly transmi tted over circuits to other devices some
di stance away .

LINE PRINTER - A printer dev i ce that can s imul taneous ly pri nt several
character graphi cs as a permanent recor d .

LOADE R - A program used to prepare the computer and store other
programs into memory locat ions i n p repara tion for
mach i ne exe cut i on.

MACHINE LANGUAGE - A programing language which allows computer control and
mana gement at the “zero” and “one ” (digital ) level .

MACRO - A single programing symbolic instruction that generates
mul tip le absol ute language i nstruct ions .

MEDIUM SCALE - As i n LSI to a lesser degree.
INTEGRATION 0151)

MASTER CONTROL ROOM - The central facility containing the operator console ,
(MCR) CCU , CCC , and relate d equi pment for control and

supervision. of the complete EMCS.

MEMORY - A device or media used to store i nformation .

MEMORY MODULES - Increme nts of memory , usuall y 4K , 8K, or 16K words in
length.

MICRO-COMPUTER - A small computer consisting of a microprocessor toget~-~”
wi th memory, I/O i nterfaces and peripheral devices .
Microcomputers typically provide an 8 bit wc”d length .

MICRO—PROCESSOR - A large scale i ntegration p rocessing unit cunt~.ining ~
sin gle i ntegrated circuit (IC) chip or a set of IC chi~~
with limi ted memory.

MINI-COMPUTER - A small computer with word length , storage, and pr~cc~’- -
ing capabilities generally exceeding that available in a
microcomputer. The mini-computer typically provides a
16 bit word length and used prepherial equipment origin-
ally designed for full size business and scIeitif~
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MNEMONIC - A symbolic representation or abbrevi ation designed to
hel p operators remember.

MODEM (MODULATOR— — A hardware device for converting digital i nfo rmation to
DEMODULATOR) and from a form sui table for transmission over a

telephone system.

MULTIPLEX — A device which combines multiple signals on one
(MUX) transmission media.

NONVALAT ILE — A memory which reta i ns i nfo rma ti on in the absence of
MEMORY appl i ed power. -

OBJECT CODE - A term use d to descr ib e mac hi ne language code.

OPERATING SYSTEM - A complex software system which manages the compute r and
its components and allows for human inte raction .

PARAMETER — A variable that is given a constan t val ue for a specific
purpose or p rocess.

PARITY - A checking code within a binary word used to hel p
ident i fy errors .

PERIPHERAL - Equipment used for man-machine communications and
EQUIPMENT further support of a processor.

POINT - Actual input to or output from the EMCS from or to the
systems being monitored and controlled.

PREDICTOR! - - Continuous prediction of a future val ue and subseq uent
CORRECTOR PROGRAM correction based on actual measurements.

PROGRAM - A series of instructions which defi ne in detail the
computer steps necessary to perform a function .

PROCESS AUTOMATION — Process control without human i ntervention.

PROCESS CONTROL - The collective functions performed by the equipment
which is to control a variable.

PROMP~!RESPONSE - Man-Machine dialogue by which the compute r asks
SEQUENCE questions and requests responses from the operator.

RAM - Random Access Memory.

REAL-TIME - A situation in which a computer mon i tors, evaluate s,
reaches decisions and effects controls w ith i n the
relaxa ti on time of the fas test loop or s pec ifi ed
response time .

REGISTER - A digital-computer device capable of retaining information
often that contained in a small subset of the aggregate
info rmation.
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ROM, PROM , EPROM - Read-Only-Memo ry , Programmable-Read-Only Memory,
Erasable-Prograninable-Read-Only-Memo ry.

RTDOS / E - Real-Time Disk Operating System/Executi ve .

RS-232C  - A standard developed by the Electronic Industri es
Association applicable to the i nterfacing of data
terminal equipment .

RELAY - A device for converting an electrical or pneumatic
signal into an electromagnetic swi tching device having
elec tri cal contac tors energ ized by elec tri cal curren t
through its coil.

SCAN - To exami ne stored i nfo rmati on for a specifi c purpose as
for content and a rrangeme nt; to exami ne the sta tus of
input/output channel s to determi ne whether data is being
received or transmi tted.

SCHEME — Energy control method .

5ELECT IVE - Wh ere the mana gement of i nput/output i s res tricte d to
GI NERATION selected peri pherals.

SENSORS - Devices used to detect or measure physical phenomena.

SINGLE STEPPING — Procedure by which the next statement in a core resident
program is executed by depressing a switch.

SNAPSHOT - Picture of the instantaneous status and sta te of a system.

SOFTWARE - A term used to descri be all programs whether In machine,
assembly , or high-level language .

SOURCE CODE - 
- A term used to describe assembler and high level

programmer developed code.

STAN D—ALONE - A term used to designa te a device or system wh i ch can
perform i ts funct ion totally i ndependent of any other
device or system.

SUPERVISORY - Separate (and usually remote) control and monitoring
CONTROL of local control loops . (see Di rect Digital Control).

SYSTEM STATUS - The condition of a particular point of a system such as:
Normal, Abnormal , On, Off , Up, Alarm , and Overload.

TRUE DIGITAL - A representation of any value by symetric digits , used
to form fi xed length words.

TTL — An i nterface compatible with total transistor logic
components suitable for discrete data transmission .
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TTY - An interface compatible with teletype equipment suitable
for serial data transmission .

TRUNK WIRING - The transm iss ion circu it us ed to send s ign als between
the central control console and the remote sites.

UNIT - Description of equipment (chillers , boiler , etc.) wh ich
may conta i n any combination of points .

WORD - A set of binary bits handl ed by the computer as the
prima ry unit of i nformation .

ZONE - An area composed of a portion of a building, a building ,
or a group of buildings affected by a single device or
equipment.
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LIST OF SUPPLIERS OF
AUTOMAT IC CONTROL SYSTEMS

Adcom Systems Corp. , 31 East 28 St., New York, N.Y. 10016
Advanced Energy Control Systems , 20 Booker St., Westwood , N.J. 07675
Aegis Energy Systems, Technology Center, Montgomeryville, Pa. 18936
Allen—Bra dley , 1201 S. Second St., Milwaukee Wis. 53204
Amer ican Multi p lex Systems , 1600 N. Orange Thrope Way, Anaheim , Calif. 92801
Andover Control Corp., York and Haverhill Sts., P.O. Box 34,, Andover , Mass.

01810
Applied Control Systems, 1828 Jefferson St., N.E. Minneapolis , Minn . 55418
At hena Control s , 2 Union Hill Rd. Conshohocken , Pa. 19428
A.T. Anerican Leasing Inc., 65 E. El izabeth Ave., Suite 500, Bethlehem, Pa.

18018
Automated Logi c , 2675 Cumberland Pkwy., Atlanta , Ga. 30339
Automation Product , 3030 Max Ray St., Houston, Tex. 77008
Au tomation Systems Inc., P.O. Box K, Lancer Park , Iowa 52748
Barber-Col eman Corp., 1300 Rock St., Rockford, Ill. 61101
Borktronics , P.O. Box 2398, Miami , Fla. 33140
Careco Systems , Inc ., 1533 E. Spruce St. , Ol athe , Kan. 66061
Chesterfield Products Inc ., 511 Victor St., Sadd le Brook , N.J. 07662
Compugard Corp., 709 Baum Blvd 1 Pittsburgh , Pa. 15213
Conservat ion Controls Corp., 295 Freeport St., Boston, Mass. 02122
Control Analysis Corp. , 800 Welch Rd., Palo Al to, Calif. 94304
Controlled Electrical Energy Systems Inc., 4201 Cathedral Ave. N.W.,

Wash ington, D.C. 20016
Controlled Energy Systems Co., 11716 15th St., N.E., P.O. Box 55165, Seatt le,

Wash . 98155
Control led Power Corp., 17921 S. Western Ave., Gardena , Calif. 90248
Conversa ti onal Systems , 31 E. 28th St., New York , N.Y. 10016
CSL Industries , 1830 Second Ave. , Roc k Island , Iii. 61201
Datrix Corp. , 1810 Palmer Ave., Larc hmont, N.Y. 10538
Digital Equipment Corp., 146 Main St., Maynard, Mass. 01754
Dynalco Corp., 5200 N.W. 37th Ave., P.O. Box 8187, Ft. Lauderdale , Fla. 33310
Dynapar Corp.. 1675 Delany Rd., Gurnee , Ill. 60031
Eagle Signal Div. , Gulf & Western Manufacturing Co. , 736 Federal St. , Davenport ,

I owa 52803
Econowatt Corp., P.O. Box 321, Pel ham, N.Y. 10803
Electrolock Energy Management Systems Inc., 1280 Court St., Cl earwater , Fla.

33516
EM Group LTD., Center Marketing, 6104 East 32nd St., Tulsa , Okia. 74135
Encon Systems , Energy Conservice Co., Main St. , South Salem, N.Y. 10590
Energy Automation Inc., 41 River Road , Sumit N.J. 0790 1
Energy Management Corp., 1107 Kenilworth Dr., Towson , Md. 21204
Energy Management Systems, 202 Lane Ave., G loucester , N.J. 08030• F~ t~rline F lprtrnnirc , 35(11 Harbor Blvd. , Costa Mesa , CalIf. 92626
Flex—Core , 9345 Susses Dr., Clevelan d, Ohio 44 138
Foxboro Corp., 120 Norfolk St., Fox boro, Mass. 02035

• General Electr ic Co., P.O. Box 2913, Bloomington, Ill. 61701
Gould Inc., Control & Systems Div., 47 Concord St., North Reading , Mass. 08164
Hamilton Standard , Windsor Locks , Conn. 0 906
Haughton Elevator Co., 671 Spencer St., Toledo, Ohio 43609
Honeywell Inc ., 10800 Lyndal e Ave., Bloomi ngton, Minn. 55420
Hughes Aircraft Co., 500 Superior Ave. , Newport Beach , Calif. 92663
IBM, General Systems Div ., P.O. Box 2150, Atlanta , Ga. 30301
In docomp Inc ., 5038 eafdale Blve. , Royal Oa k , Mich. 48073
Interna~tlona1 Energy Conservation Systems , Suite 100, Prado West, 5600 R o c v .l

Rd., N.E. At1anta~ Ga. 3034?
ITE Datametr lcs , 340 Fordha in Rd., t unington , t1a~~ . 01887
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International Energy Management Corp., 5650 W. 85th St., Indianapolis , m d . ,
46218

Interactive Systems Inc. , 3980 Varsity Dr., Ann Arbor , Mich. 48104
J&C Lamb Cor p., 2420 Jackson Ave., Long Island City , N.Y. 11101
Johnson Controls Inc. , Milwaukee , Wis. 53201
Kenmark Crandall Inc. , 20 Woodsbridge Rd., Katonah , N.Y. 10536
KVB Inc., 17332 Irvine Blvd. , Tustin , Calif. 92680
Leeds & Northrup , North Wales , Pa. 19458
LFE Corp., Control Systems Industr ies , 2920 San Ysidro Way, Santa Clara , Calif.

95050
Lockheed Electroncis Inc. , U.S. Highway 22, Pla infield , N.J. 07061
The Madsen Co., 23465 Madison St., To rrance , Calif. 90505
McQuay Group , Mcquay-Perfex Inc. , 13600 Industrial Park Bl vd. , P.O Box 1551 ,

Minneapolis , Minn. 55440 -

Mea surex , One Results Way , Cupertino , Calif. , 95014
Micro Control Systems Inc. , 6111—ON , Teutonia Ave., Milwaukee , Wis. 53201
Modicon Corp. , P.O. Box 831, Shawsheen Village Station , Andover , Mass. 01810
National Semiconductor , Systems Div ., 1130 Ki fer Rd., Sunnyvale , Cal if. 94085
Pacific Technology Inc., 235 Airport Way, Renton, Wash. 98055
Powers Regulator Co.,- 3400 Oakton St., Skokie , Ill. 60076
P rocess Systems , Inc. , P.O. Box 15451, Charlo tte , N.C. 28210
Radix II Inc., 6192 Oxon Hill Rd. , Suite 505, Oxon Hill Rd. , Md. 20021
Realistic Control s Corp. , 404 West 35th St., Davenport , Iowa 52806
Reliance Electric Co., 24701 Euclid Ave. , Cl evel and , Ohio 44117
Robertshaw Controls Co., P.O. Box 27606, Richmond , Va. 23261
Sangamo Electric Cc., Energy Management Div ., P.O. Box 3347, Springfiel d , Il l.

62714 -
Seaboard Systems , Pembroke 1, Virginia Beach , Va. 23462
Sentinel Electronics . Corp., 1306 West County. Rd. F., St. Paul , Minn. 55112
Sigma Instruments , Inc. , 170 Pearl St., Braintree Mass. 02185
Sol ar State Systems, 2821 Ladybird Lane , Dallas , Tex . 75220
Solid State Systems Inc ., 1990 Del k Industiral Blvd. , Marietta , Ga. 30062
Square D Co., P.O. Box 472, Mi l waukee , Wis. 53201
Surgeonics , P.O. Box. 493, Bedford Hills , N.Y. 10507
Systems Technology Corp., 18845 W. rtNichols , Detroit , Mich. 48219
TA Controls , 36 Sherwood P1., Greenw ich , Conn. 06830
Tech—S Inc. , 32720 Plymouth Rd. , Livonia , Mich. 48150
Texas Control s Inc., 2525 Walnut Hill Lane , Dall as , Tex. 75229
Texas Instruments Inc .,- Control Products Div ., 30 Forest St., Attleboro , Mass.

02703
Thernio Elec tron Co., 85 First Ave., Wal tham, Mass. 02154
Tn City Electric , 5713 Azie St., Ft. Worth , Tex. 761 14
TRW Inc ., Datacom Div ., 10880 Wilshire Blvd., Los Angeles , Calif. 90024
U.S. Energy Savers Inc ., 78-40 164th St. , Fl ushing, N.Y. 11366
Versatex , P.O. Box 354, Brighton , Minn. 48116
Warhenhut Flertronirs Syct~mc Corp .) 1 742 N.W. 69th Avp ., Mi .~mi , Fla. 33126
Warner & Swansey , 7412 Washington Ave. S., Mi nneapol i s , Minn. 55435
Wel tronic Co. Inc., 495 E. Holley St., C lare , Mich . 48617
Westinghouse Electric Corp ., Industrial Systems Div. , 200 Beta Dr., Pittsburgh ,

Pa. 15238 • -

Westinghouse Electric Corp. , Madison Heights , Mich. 48071
Xencon , 50 Michell Blvd. , San Rafael , Calif. 94903
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APPENDIX B

CONTROL EQUIPMENT COST INFORMATION

Control Equipment Cost Information 
-

Cost Information for control equipment Is presented in Table B-i through
8—15. Data is based upor~ pri ce schedules , correspondence , conversations , and - -

previously published informat i on. It is noted that equipment ava ilability and
prices are subject to frequent change. The prices shown in this appendix are
adequate for the usage intended — to provide a source for equipment cost -

needed for feasibility studies. Final economic evaluat ions should be based
upon prices In effect at the time of impl ememtation.

8-1 
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TABLE B—i

AMERICAN MULTIPLEX SYSTEMS

Ce ntral_Equipment Cost

Minicentral Mul tiplex Terminal $ 3,400.00

Program Control Unit 720.00

Printer (Including cable and interface) 2,520.00

Graphic Slide Projec.tor* 3,000.00

Display Module Chassis Including:
a) Disp lay Status Module 1,700.00

Manual Control Panel 1,300.00

Central Station Transmitter 1,350.00

Program Control Modu le 1,900.00

Remote Equipment (no remote intelligence ) -

Miniremote Multiplex Terminal 200.00

Miniremote Multip lex Universal Terminal - 400.00

Analog — Digital Convert with Digital Transmitter
per remote panel • 600.00

Software

Outdoor Air/Return Air Optimization Program 4,500.00

Run Time Totalization Program 1,500.00

Optimum Start/Stop Program 5,000.00

Load Management Forecast Program 5,000.00

Ch iller Optimization Program 5,000.00

i emperature Reset Program 5,000.00

* Components not compatible with recomended purchasing specification.
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TABLE B-2

AMF PARAGON

Local Equipment • Cost

7 Day Time Clock (Mechanical ) $ 100.00

7 Day Time Clock with Ener9y
Time Optimi zer (Mechanical ) 500.00

B- 3
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TABLE B-3

BARBER-COLEMAN

Central Equipment Cost

Central Processor $ 26 ,000.00

Demand Controller 3,000.00

Paper Ta pe Dev ice 1,700.00

Pr i nter • 6,000.00

Modem 500.00

Multiplex Device 10,000.00

Remote Equipment (no remote intelligence )

Data Acquisition Panel 1,200.00

Modem 500.00

Software

Outdoor Air/Return Air Optimization Program 4,500.00

Load Management Forecast Program 5,000.00

Chiller Optimization Program 5,000.00

Temperature Reset Program 5,000.00
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TABLE 8-4

DIGITAL EQUIPMENT CORPORATION

Central Equipment Cost

PM7O1 Power Management System Includi ng:

a. medium-scale real-time , program development
and control system with 64 K byte

b. two 1.2 rn-word disks

c. Industrial control subsystem

d. keyboard printer

e. DEC cassette

f. software $ 46,800.00

Remote Equipment (with remote i ntelligence )

PM3O1 Power Management System Includ ing:

a. PDP 11/10 Processor with 32 K byte memory

b. DEC writer terminal

c. dual DEC cassette

d. ICS 
-

e. software 18,750.00

Software

Power management software
included in equipment price.

B— 5
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TABLE B-5

EAGLE SIGNAL

c!!~r.~ 
l E ~jU1~~1e~tt

Centra l Processor Moaule $ 795.00

Executive Program Module 830.00

RAM Module 475.00

EPROM Module 780.00

RAII/EPROM Module 625.00

Timer Module 275.00

CRT Terminal Interface Modules 250.00

TTY Interface Modules 800.00

Blank Panels 16.00

[PROM Programmer & Erase Li ght 565.00

Power Supply & Chas i s ( 17 Slot ) 1,610.00

Power Supp ly & Chasis (10 Slot ) 1,440.00

int elli nge r~1. CRT Terminal 10,995.00

Spare Cassette Tapes 10.00

Cables for Central Controller 135.00

Remote Eq~i pment_~with remote inte llig enç~J

Load Driver Interface 465.00

A/D and D/A Converter 200.00

Analog Ir~put Interface Module 405.00

Ana ’og uutput ~! ILe rt d c e module 4~ U.UU

I/O Track Interface & 1/0 Track 655.00

(Other remote equipment same as central equipment)

Software

Power managei.ient software Included
In equipment prici.



TABLE B-6
ESTERLINE ELECTRONIC CORPORATION

Central Equipment Cos t

CPU 16 K Memory and Accessories $ 13,519.00
Disc Equipment 2.5 Mega—Word Dlxc Dri ve
and Control l er 14,257.00

Keyboard CRT - 
6,780.00

ASR-33 Teletype 2,089.00

Quad Interrogator and Control Assembly - 4,293.00

Enclosures , System Hardware, Cabl i ng, etc. 5,486.00

System Integration , Test and Standard Software 7,127.00

Remote Equ i pment (no remote Intelligence ) -

Remote panel (transponder) with
16 remote point capacity 650.00

Software

Run Time Totalizatlon Program - 2,000.00

Outdoor Air/Return Air Optimizat i on Program - 4,500.00

Load Management Forecast Program 5,000.00

Optimum Start/Stop Program 5,000.00

Chiller Optimization Program 5,000.00

Temperature Reset Program 5,000.00
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TABLE 8-7

FISHER—PIERCE

Central Equipment Cost

Base Station Controller including:

a. encoder

b. decoder - 
-

c. display module with lights and
(2) analo g displays - 8 8,000.00

Prin ter/CRT Interface 1,000.00

Additional Channel Interfacing (No Charge )

Transceiver (each) 2,000.00

Pr inter 2 ,000.00

CR1 W i th Keyboard 2,000.00

Remote Equipment (no remote intelligence)

Remote Stati on includes:

a. two-way transmission capability

b. antenna 3,400.00

Remote Station Includes :

a. one—way transmission capability

b. antenna 500.00

Remote Sw it ch Includes :

a. recei ving capability

b. antenna 75.00
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TABLE B-8

HONEYWELL

Central Equipment Cost

Centra l Console

a. central processing unit

b. operator ’s console

c. Honeywell 316 computer w/ 16 k core -

d. CR1 w/keyboard

e. basic programs $ 83,000.00
Model 33 Printer • 8,200.00

Model 35 Printer 10,500.00

256 Word Analog Memory

a. w/start/stop and limits 6,300.00

Each Additional Memory - 900.00

Second Channel 2,100.00

Third through Ninth Channel (each) 1,100.00

81 Slide Projector and Slides wi th
Automatic System Displ ay 12,500.00

81 Sl ide Projector and Slides without
Automatic System Display 

- - 5,800.00

Remote Equ i pment (no remote intelligence)

Data Gathering Panel w/Ana log—Dig lta l Converter 2,000.00

- Software

Basic Program Costs (Included)

Return Air/Outdoor Air Optimization Program - 4,646.00

Run Time Totall zatlon 5,457.00

Load Management Forecast Program 5,00rbOO

Opt imum Start/Stop Program 5,000.01

Chiller Optimization Program 5,000.00
Temperature Reset Program • 

5,000.00
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TABLE B-9

HUGHES AIRCRAFT COMPANY

Central Eguipment Cost

Control Console Including:

a. DEC PDP11/40 Computer

b. operator ’s console with printer

c. CR1 with keyboard -

d. core or MOS memory

e. dual disk pack

f. Basic programs $ 40,000.00

Interface Transla tor and Central Modem 3,000.00

Remote Equipment jno remote intelligence )

Monitor and Control Terminal 3,000.00

Remote Modem 15.00

Software

Basic Software Package (inc l uded )

a. logging and total izing

b. demand monitoring and load shedding

c. start time optimization

d. chiller/boiler optimization

_ 
~~~~~_ • _ _  _



TABLE 8-10
JOHNSON CONTROLS

Central Equipment Cost

Model JC/80/55 Central Console

a. JIl 32k computer with 524k dIsc
b. paper tape reader
c. comunications package for

loop Interface $76 ,150.00

80 SlIde Projector - 
3,000.00

Slides (each) i25.O0

Tel etypewriter ASR-38
( read/write with bl ack and red) 6,120.00

Line Printer 6,120.00

CR1 With Keyboard 6,150.00

Intercom 250.00

Loop Interface Package 6,700.00

Remote Equipment (no remote intelligence) -

Loop Controller

a. programmer ’s console -

b. 24k memory 22 ,800.00

Loop Remote Extender -

a. 23 modems (maximum allowed ) 37 ,160.00

Extended Loop Remote

a. modem 2,500.00

Loop Remote 2,614.00

Software

Basic Programs 10,200.00

Return Air/Outdoor Air Optimization Program 3,200.00

Run Time Totalization Program - 1,300.00

Optimum Start/Stop Program 5,000.00

Load Management Forecast Program 5,O0!~.00

Chil ler Optimi zation Program
Timperatur. Reset Program 5,000.00

8-11
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TABLE B-li

POWERS REGULATOR COMPANY

Central_~quiprnent Cost

Central Console including :

a. min icomputer with 32K storage

b. CR1 with keyboard

C. intercom~
d. (2) extel printers

e. basic programs $ 57 ,100.00

256 K Disc 20,000.00

Manual Backu p Unit 
- 5,040.00

S lide Porj ector 4,400.00

Remote Equ ipment (no remote intelligence )

Remote Panel with 120 Remote Point Capacity 2,895.00

Analog—Digital Converter - ( included )

Software

Run Time Totali zation Program 25.00/Point

Outdoor Air/Return Air Optimi zat ion Program 5,000.00

Load Management Foreca st Program 5,000.00

Optimum Start/Stop Program 5,000.00

Chi ller Optimization Program 5,000.00

Temperature Reset Program 5,000.00

8-12
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TABLE B-12

PROCESS SYSTEMS

Central Equipment Cost

16 k Nova—line Minicomputer Including:

a. basic programs

b. ASR-33 printer $ 15,000.00

Chassis with:

a. power supply

b. buffers

c. 288 Input/output capacity 4,900.00

Set of 32 Input/Ouput Lines Used in
Above Chassis (each) 475.00

First Digital Interface—16 Input/Ouput 1,300.00
Per Set Additional Digital Interface
Set s of 16 Input/Output Up to a Total -

of 288 Input/Ouputs (each) 825.00

Remote Equipment (no remote intelligence)

Termination Panel With 16 Input/Ouput Capacity 780.00

Termination Panel With 32 Input/Ouput Capacity 1,480.00

Software -

Sta ndard Power Demand Control Programs 8,000.00

8-13
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TABLE B—13

ROBERTSHAW

Basic Consol e $ 40,000.00

Color CR1 8,500.00

Printer 5,000.00

Intercom 900.00

Battery Backup 5,000.00

Remote Equipment (no remote intelligencej

Start/Stop 625/po int

Temperature Indication - 625/point

Humid ity Indication 750/point

Contact Alarm 410/point

Remote Control Point Adjustment
with Temperature Indication — 750/point

Software

Standard Energy Management Software (included )

~- l4
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TABLE B—14
TECH—S

Local Control Equipment

Model 180 Control ler -

(16 line output capacity ) $ 8575.00

Software

Power Detuand Control and
Energy Management Programs (included )

_ _ _  - 
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TABLE 8-15

TEXAS INSTRUMENTS

Central Equipment Cost

990/10 Development System Includes :

32k min icomputer , dual floppy disk ,
scope and keyboard termi nal $ 13,500.00

Battery Pack 350.00

Printer - 3,865.00

EPROM Adapter Panel Programing
Device and Erase Kit - 950.00

TTY Interface 480.00

Modem 600.00

Remote Equipment (with remote intelligenc~J~
8k Mini computer 1,975.00
Battery Pack 350.00

TTY Interface 480.00

Modem 600.00

I/O Interface Module 300.00

A/D Converter 1,450.00

0/A Converter 1,800.00

Software

Fortran IV 1,000.00
Basic 2,000.00

Cobol 2,750.00

B-i 6
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APPi~NLl1x C

TABLE C-i

ECIP COST ANALYSIS FORM

COSTS
1. Non—recurring Initial Capital Costs

a. CWE $
_______

b. Design $
_______

C. $ -

d. Total $
________

BENEF ITS
2. Recurring Benefi t/Cost Differential Other Than Energy

a. Annual Labor Decrease (+)/Increase (-) $ ./Yr.
b. Annual Material Decrease (+)/Increase (. ) $ /Yr .
c. Other Annual Decrease (+)/Increase ( — ) $ /Yr.
d. Total Costs $ /Yr.
e. 10% Discount Factor $

____________

f. Di scounted Recurring Cost (d x e) 
_________

- 3. Recurring Energy Benefi t/Costs - - 
-

a. Type of Fuel 
______________

(1) Ann ual Energy Decrease (+)/Increase ( - )  f~ TU
(2) Cost per MBTU $ /f’~TU
(3) Ann ual Dollar Decrease/Increase ((1)’x (2)) $ /Yr.
(4) Di fferential Escalation Rate ( % )  Factor $

_____________

(5) Discounted Dollar Decrease/Increase (3) x (4) $_____________

b. Type of Fuel Electricity
(1) Annual Energy Decrease (+)/Increase ( — )  

_____________

(2) Cost per MBTU ( Based on Source ENERGY ) $ /f~ TU
(3) Ann ual Dollar Decrease/Increase ((1) x (2)) $ /Yr.
(4) Di fferentia.i Escalation Rate ( % )  Factor _________ —(5) Di scounted Dol l ar Decrease/Increase ((3) x (4))$____________

c. Type of Fuel 
________________

(1) Annual Energy Decrease (+)/Increase ( — )  $ I~ TU
(2) Cost per MBTU $ /I~ TU
(3) Annual Dollar Decrease/Increase ((1) x (2)) $ /Yr.
(4) Differential Escalation Rate (_%) Factor 

________

(5) Di scounted Dollar Decrease/Increase ((3) x 
_______

d. Type of Fuel 
______________

(1) Annual Energy Decrease (+)/ Increase ( — )  ~~TU
(2) Cost per MBTU $ /I~ TU
(3) Annual Dollar Decrease/Increase ((1) x (2)) $ /Yr.
(4) DIfferential Escalation Rate (_%) Factor 

________

• (5) DIscounted Dollar Decrease/Increase ((3) x (4))$________
e. Dl scuuHted Ei~ei gy Benefits (3~(S):3b(5) 3c(5)~3d(5) $

_________

4. Total Benefits (Sum 2f + 3e) $_________

5. DIscounted Benefit/Cost Ratio (Line 4 ,. Li ne id) 
_________

6. Total Annual Energy Savings (3a(1)+3b(1)+3c(1)+3d(1) ,4ITU

7. E/C Ratio ((Line 6 ~ (Line la/b OO)) 
______ - .

8. Annual $ Savings (2d+3a(3)+3b(3)+3c(3)+3d(3) $_____

9. Pay—back Period ((Line la - Salvage) e. Li ne 8) 
______ 

Yr

S 
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APPENDIX 0 -

EMCS COST ANALYSIS FORMS

TABLE D-1. FOR~M~T FOR E~’1CS COST ANA LYSIS

1. Submftt ng Organization:__________________________________________

2. Dote of Submission:_______________________________________________

3; Project fltk:

4. Description of Project Objective:

5. Alternative: 6. Economic Life:
_________________

7. Outputs:
- a. Dollar QuanUfloble Outputs: (describe and j ustify) -

b. Other Quantifiable Outputs: (describe and justify)

C. Non-quantifiable Outputs: - ~descdbe and justify)

Source: AR 11 28

0-1
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TABLE D-2. FORMAT FOR EMCS COST ANA LYSIS

8. Sourcc,Iber vot on of Outpu ts: (usc as much space as requ red)

a. Dollar Quantifiable Outputs:

b. Other Quan ti fiable Outputs:

c. Non-quantifiable Outputs:

9. Name & litle of Principal Action Officer 
- 

Dote

Telephone Number: -

10. Name & Title of Approving Authority Dote

Source: AR 11—28 - S

. D-2
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TABLE 0-4. FORMAT FOR EHCS COST ANALYSIS

13. Sou rcc/bcr vo lion of Cost Estimates: (use as much space os required )
a. Research and Development:
b. Inves tment:
c. Opc rot kns:
ci. Net Terminal Value: .

c. Other Considerations:

5%

• 14. Name & Title of Principal ActIon Offlcer Date
Telephone Number:

15. Name & Title of App roving Authority Dote

Source: AR I I -28
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• TABLE D- 6 . FOflMA T FOR EMCS COST ANALYSIS

13. Present Value of New Investment: -

a. Land and Buildings __________

b. Equipment —

c. Other (identif y nature) -

d. Working Cap ital (change-p lus or minus) 
___________

14. Tota l Present Value of Ncw Investment (Lc., Funding
Requirements )

15. P us: Value of ex ht ing assets to be employed on the project 
___________

16. Less: Value of ex isting asse ts rep lace d 
___________

17. Less: D sco untc d te rm inal valu e of new investment 
___________

18. Total New Presen t Value of Inves tment $ 
—~

19. Present Value of Cost Savin gs from Operati ons (Co f 11) 
___________

20. • Plus: Present Value 0f the Cost of Refurbishment or
Modifications Eliminated ___________

21. Total Present Value of Savings $ —

22. Savings /Investment Ratio -
(Line 21 divided by Line 18) 

__________ 

-
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TABLE D.7. FORMAT FOR F21CS CIST ANALYSIS

23. Sourc cjbc r vat ion of Cost Estimates: (use as much space as required)

a. Investm ent:
(1.) Costs

• • :(2) Net Term inal Value

b. Operations: -

• (1) Personnel - -

(2) Operating •
- 

(3) Overhead Costs
(4) Other Costs

• c. Other Considerations:

24. Name & Title of Principal Action Officer Dote
Tëlèphone Number: • -

25. Name & Title of Approv ng Author ity - 
- Dote

Source : AR 11-28
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EXAMPLE

Appendix E - Example

To cl arify the use of this manual , an example of the procedure for energy
savings and cost estimation is included in this section. This example is
written to provide computational guidance and is by no means a comprehensive
look at an actual EMCS appl i ation. Buildings used in the example are based on
acutal buildings from a feasibiUty study of automatic control at Fort Bel—
voir , Virginia.

After reading Chapter 3 of this manual , our hypothetical facilities
engineer makes a decision to analyze energy conservation by l oad scheduli ng,
outside air shutoff, and enthal py control us i ng a central programmab le
controller. -

Thi s examp 1e is calculated for one class of controller only s i nce compu-
tation is similar for other classes. This selection in no way constitutes an
endorsement or an encouragement to perform an analysis of one class of con-
trol l er only.

In this example , only nine buildings of various types are used in order
to avoid undue complication of computational procedures. It is anticipated
that the facilities engineer , after applying the criteria of Chapter 4, Build-
ing Selection Criteria , would arrive at a longer list of buildings , many of
which would be similar to those presented in this example.

0

E-l
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E.1 Ener~y Savin~~

The first step in the analysi s is to estimate the energy s~viny s for the
selected schemes. In order to do this , we must fill out the Enerqy Sav ings
Forms for both heating and cooling. One set of these forms must be filled out
for each scheme. Th~ forms as completed for this example are presented in
Tables E— 1 through E—5 .

The first information to be filled in is the building number and its
square footage of conditioned area. Next the building type is found from the
list in Table 4—1 and entered on the form. These three col umns will not vary
from scheme to scheme. S 

-

The next step is to enter the appropriate energy savings factor from the
tabl es in Chapter 4. The factors for load scheduling appear in Table 4—3; for
outside air shutoff in Table 4—4; and for enthalpy control in Table 4-5.

The geographical adjustment factor is now calculated by dividi n g the
ni’mber of deç ree days for the locality under consideration (front Table 4-6) by
our baseline fi gures of 4167 Heating and 1550 Cooling degree days for Washing-
ton , D.C. In this example , we use Wash i ngton for the spec ifi c as well as
baseline locality resulting in an adjustment factor of unity.

Our total energy savings figure for the building (Column D) is then the
product of the square footage (column A) by the savings factor (Column B) by
the adjustment factor (Column C). This total is •in terms of thousands of
Btu ’s per year. The sum of all the buildings ’ savings is- the sytems savings
for that control scheme heating or cooling.

Total savings for this example are tabulated below.

Savings (KBTU/yr)
lT~ifThg Cooling

Load Scheduling 3.576x106 O.671x106
Outside Air Shutoff 5.819x106 1.049x106
Enthal py Control - 0 1.420x106

9.4O5x1O6 3.14Oif~6

This is 9.045 x 1O~ Btu and 3.140 x iü~ Btu per year respectively.From Chapter 4, we may calculate the dollar value of this savings. We will
assume that all heating is done by fuel oil and cooling is by electricity.
Using the conversion factors in Table 4—7 , we can perfor m the fo l low i ng
claculat ion.

3,140 ~~ Btu/yr , 3.41 ~~ Btu/kWh = 920,821 kWh/yr

Using the cost figures from Table 4-8, we may furthe ” calculate:

9.405 x 109 Btu/yr x $2.80/1O6 Btu $26 ,334/yr
920 ,821 kWh/yr x $O.035 /kWh = $32 ,229/yr

for a total of $58,563/yr savings. This figure is then used in Chapter 11 for
benefit analysis over the life of the project.

E- 2



EXAMPLE TABLE E-1

ENERGY SAVINGS-HEATING

LOAD SCHEDULING

Build ing Savings Total Heating
Bui ld ing  Building Floor Area Factor Geographic Savings

No. Type (ft 21 ~K8tu/yr ft2I ~~justment (KOtu/yr)
(A) (B) (C) (D)

200 1 22,436 46.3 4167/4167=1 1.039 x 106

231 7 
- 

11,746 60.5 1 0.711 ,x 106

240 2 15,552 47.0 1 0.731 x 106

1,199 3 20,400 24.9 1 0.508 x 106

211 15 30,435 0.8 1 0.024 x 10

1,200 4 20,045 23.1 1 0.463 x 106

507 16 16,416 0.6 1 0.010 x 106

1,189 5 34,000 2.5 1 0.085 x i~6

238 6 26,160 - 0.2 1 0.005 x 106

Total 3.576 x 106

Ca l c u l a t e D = A x B x C

- 
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EXAMPLE TABLE E—2

- 
ENERGY SAVINGS-COOL ING

LOAD SCHEDULING

Build ing Savings Total Heating
Bu ilding Building Floor Area Factor Geographic Savings

No. Type 
— 
(ft 21 (KBtu/yr ft2l Adjustment JKBtu/yr)
(A) (BJ (C) (0)

200 1 22,436 5.3 155O/155O~1 0.119 x 106

231 7 11,746 8.9 1 0.105 x 106

240 2 15,552 5.3 1 0.082 x 106

1,199 3 20,400 1.8 1 0.037 x 106

211 15 30,435 0.7 1 0.021 x 10

1,200 4 20,045 3.4 1 0.068 x 106

507 16 16,416 0.5 1 0.008 x i06

1,189 5 34,000 6.4 1 0.218 x 106

238 6 25,160 0.5 1 0.013 x 106

Total 0.671 x 106

Cal culate D = A x B x C -

I F-4 
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EXAMPLE TABLE E—3

ENERGY SAVINGS-HEATING

OUTSIDE AIR SHUTOFF

Build ing Savings Total Heating
Bui lding Building Floor Area Factor Geographic Savings

No. (ft 21 (KBt u~~r ft2l Adjustment (KBtu/yr)

200 1 22,436 75.5 4167/4167=1 1.693 x 106

231 7 11,746 98.6 1 1.158 x 106

240 2 15,552 76.6 1 1.191 x 106

1,199 3 20,400 40.6 1 0.828 x 106

211 15 30,435 1.3 1 0.040 x 10

1,200 4 20,045 37.7 1 0.756 x 106

507 16 16,416 1.0 1 0.016 x

1,189 5 34,000 4.1 1 0.139 x 106

238 6 25 ,160 
- 

0.3 1 0.008 x 106

Total 5.829 x 106

Ca l c u l a t e D — A x B x C

F-S 
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EXAMPLE TABLE E-4

ENERGY SAVINGS—COOLING

OUTSIDE AIR REDUCTION

Building Savings Total Heating
Building Building Floor Area Factor Geographic Savings

No. Type (ft 2j  (KBtu/yr ft2l Adjustment ~KBtu/yr)
• (A) (B) (C) (0)

200 1 22,436 8.7 1550/1550=1 0.195 x 106

231 7 11,746 11.4 1 0.134 x 106

240 2 15,552 8.8 1 0.137 x 106

1,199 3 20,400 2.9 1 0.059 x 106

211 15 30,435 1.1 1 0.033 x 10

1,200 4 20,045 5.6 1 0.112 x 1ü6

507 16 16,416 0.8 1 
- 

0.013 x 106

1,189 5 34,000 10.1 1 0.343 x 106

238 6 25,160 0.9 1 0.023 x 106

- Total 1.049 x

Calculate 0 = A x B x C

- - 

• 

- 
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EXAMPLE TABLE E—5

ENERGY SAVINGS—COOLING

- ENTHALPY CONTROL

Building Savings Total Heating
Building Building Floor Area Factor Geographic Savings

No. Type (ft 21 (KBtu/yr ft2I Adjustment -(KBtu/yr)
(A) (B) (C) (0)

200 1 22 ,436 13.7 1550/155O~1 0.307 x 106

231 7 11,746 6.6 1 O.O78 x 106

240 2 15,552 8.3 1 0.129 x iO6

1,199 3 20,400 10.6 1 0.216 x 106

211 15 30,435 1.8 1 0.055 x 10

1,200 4 20 ,045 18.6 1 0.373 x 106

507 16 16,416 3.8 1 0.062 x 106

1,189 5 34,000 5.6 1 0.190 x 106

238 6 25,160 0.4 1 0.010 x 106

Total 1.420 x 106

Ca lculate D = A x B x C

E-7
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E.2 Installation_Cost S

Total cost of the EMCS installation being considered in this example is
the sum of cost for (a) the central terminal hardware , (b) the remote terminal
hardware , (c) branch circuit wiring . (d) trunk line wiring, Ce) local w irin g .
and (f) control poi nt cost.

A representative central programable controller was described in Section
9.3. The central terminal hardware cost was seen to be $29,575. Each remote
term inal hardware cos t $7 ,271. It has been assumed that a separate remote
terminal will be required in each of the ni ne buildings being considered in
this example. Total cost of remote terminal hardware is thus $65,464.

Branch circuit wirin g required to provide el ettrical power to computer
equipment is discussed in Section 10.1. The central terminal and each remote
terminal will require a separate circuit. In section 10.1, these circu its
were estimated to cost $330 each. Thus , the 10 circuits required will cost a
total of $3,300.

It is planned to use existing phone lines for trunk line coninunication in
this example. As phone systems are owned by the government at most military
facilities , these lines were assumed to be available without charge. The cost
of modems required at both central and remote sites are included in their
respective hardware cost. Thus the cost of trunk line communications was
zero.

Central signal wiring is used here to refer to wiring from a remote
terminal to a control point or sensor as described in Section 10.2. This
wiring consists of two classes. The first is the wiring from the remote
panel , wt~ ch we assume to be in the equipment room to other equipment in the
room. The second is wiring from the remote panel to equipment not located in
the equ i pment room.

In this example , the only equipment in the equipment room requiring
connection is the chiller , which requires only one control poi nt . We will use
an average conduit run of ten feet and from Section 10.2, we get a cost of
$3.50 per foot plus ~135.OO for connection and associated hardware totaling
$170.00 per chiller. There are a total of fi ve chillers for the nine
build in g s being cunsHered in this examp le. Therefore , the cost of wiring in
the equip-:ent rooms will be:

(5 chillers) ($170/chiller) = $850.00

We requ i re one control point for each Air Handling Unit , Exhaust Fan , and
.
~f ~~~~~ 

;4~. t.n11 ~- c ia -~1l of fhecp u n i t s  to he located remotely, on
the roof. Further assume an average conduit run of 50 feet.

$1,505 + $2,345 = $4,075

Using the same procedure as above , the cost of w i re , termination and adapter
panel for each connection is $310.00. There are a total of 21 aIr handlers ,
11 exhaust fans , and 11 dampers in the buildings being considered in this
example. Total cost wiring to equipment not in the equipment room is
therefore :

(43 units ) (310.00 S/unit) = $13,330

i-A
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The tota l local wiring cost for the system Is the sum of both components.

$850 + 13,330 = $14,180

Control point cost will vary greatly depending upon the nature of the
instrumentation and control actuating mechanism al ready employed. In this
example, it is assumed that all instrumentation and control points must be
furnished with the EMCS installation. To estimate cost , the total number of
each type of point is determined and “ultiplied by the average cost for that
type point. This procedure is shown in Table E—6. The toal cost for the
control points in thi s example is found to be S40 ,342.

The need for a central facility to house the central controller arid
operator was discussed in Section 11.3. Based upon the data provided in that
section , cost of an adequate facility is estimated to be $27,000.

The total cost of the propsed EMCS can now be determined as shcwn below:

(a) Central terminal equiment cost $ 29,575
(b) Remote terminal equipment cost 65,439
(c) Branch circuit wiring cost 3,300
(d Trunk line wiring cost 0
(e Control signal wiring cost 14,180
(f) Control point cost 40,342
(g) Central Facility 27,000

$179,836

E.3 Recurring Cost

Recurr ing cost, discussed in Section 11.4, include operation and main-
tenance expenses. The implementation of an EMCS should reduce manpower
requirements for operation and maintenance. It is reasonable to assume that
this reduction would be sufficient to provide necessary personnel required by
the EMCS with exi sting staff. Training expenses, estimated at $1,500 per
year, provide for one training course per year. Materials and outside repair
expenses are estimated as 15 percent of initial central and remote terminal
(FID) cost , or $14,248 in this example. Total annual recurring cost are
thus:

$1,500/year + $14,248/year = $15,748/year

E.4 Benefit/Cost Sunima~y

As a resul t of the calculations shown in this example , the facility
engineer now has the estimated costs and potential energy savings. For this
examp le , annual savings of $58,563 are reduced by annual recurring cusi. of
$15,748 yielding a net annua l benefit of $42,815. A period of 4.2 years wou~d
be required to recover the initial Investment of $179,836. By referring to
Section 11 , the facility engineer can determine the economic feasibility in
accordance with his organizations criteria.

An ECIP eval ua t ion  fo rm was comp leted for the sample problem. This forn,
presented In Table E— 7 , shows a discounted benefit /cost ratio of 3.42 , an i/C
ratio of 117, and payback period of 4.2 years. Reference to the ECLP Gui~ a~r’
Report Indicates that this exanip le problem would meet the establlstw d cr’tr’-’- i .-
for funding under th is program.

F-g
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TABLE E-6

REMOTE POINT COST TOTAL S

Start/Stqp Reset Analqg _~~~~~Binary

Building Average Average
No. No. Costj Point No. Cost/Point No. Cost/Point No. Cost/Point Total

200 9 $ 400 3 $ 330 2 $ 406 2 $ 260 $ 5,922

240 3 400 3 330 2 406 2 260 3,522

1,199 2 400 3 330 2 406 2 260 3,122

1,200 9 400 6 330 4 406 4 260 8,244

1,189 3 400 3 330 2 406 2 260 3,522

238 4 400 6 330 4 406 4 260 6,244

231 2 400 3 330 2 406 2 260 3,122

211 2 400 3 330 2 406 2 260 3,122

507 3 400 3 330 2 406 2 260 3,522
Total $40 ,342

F-Ifl
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- TABLE E—7

ECIP EVALUATION FORM FOR EXAMPLE PROBLEM

COSTS
1. Non—recurr ing Initial Capital Costs

a. CWE $179,836
b. Design $

________

C. $
_______

d. Total $179,836

• BENEFITS
2. Recurring Benefit/Cost Differential Other Than Energy

a. Annual Labor Decrease (+)/Increase (- )  $ /Yr.
b. Annual Material Decrease (+)/Increase ( — )  $ /Yr.
c. Other Annual Decrease (+)/Increase (-)  $-15,748 /Yr.
d. Total Costs $—15 ,748 /Yr.
e. 10% Discount Factor $ 7.980
f. Discounted Recurring Cost (d x e) $—125,669

3. Recurring Energy Benefit/Costs
a. Type of Fuel Fuel O i l

(1) Annual Energy Decrease (+)/Increase ( — )  9,405 MBTU
(2 ) Cost per MBTU - $ 2.80 /MBTISJ
(3) Annu al Dollar Decrease/Increase ((1) x (2)) $ 26 ,334 /Yr.
(4) Di fferential Escalation Rate (8%) Factor $ 13.112
(5) Discounted Dollar Decrease/Increase (3) x (4) $345,291

b. Type of Fuel Electricity
(1) Annual Energy Decrease (+)/Increase (_)* 11,672 MBTU
(2) Cost per MBTU ( Based on Source ENERGY ) $ 2.76 /~~TU
(3) Annual Dollar Decrease/Increase ((1) x (2)) $ 32,229 /Yr. -
(4) Differential Escalation Rate (7%) Factor 12.278
(5) Discounted Dollar Decrease/Increase ((3) x (4))$395 ,708

c. Type of Fuel 
_______________

(1) Annual Energy Decrease (+)/Increase C — )  $ ~~TU
(2) Cost per MBTU $ /~~TU
(3) Annual Dollar Decrease/Increase ((1) x (2)) $ /Yr.
(4) D i fferenti al Escalat i on Rate ( % )  Factor 

________

(5) Discounted Dollar Decrease/Increase ((3) x (4))$________
d. Type of Fuel

(1) Annual Energy Decrease (+)/Increase ( — )  ~~TU
(2 ) Cost per MBTU $ ,r€iu
(3) Annual Dollar Decrease/Increase ((1) x (2)) $ /Yr.
(4) Di fferenti al Escala ti on Rate (_%) Factor 

________

(5) Di scounted Dollar Decrease/Increase ((3) x (4))$
e. Discounted Energy Benefits (3a(5).3b(5).3c(5)+3d(5) $740,999

4.  iota1 Benefits (Suni 2f + 3e) $615,330

3. DIscounted Benefit/Cost Ratio (Line 4 i. Li ne id) - 3.42

3. Total Annui l Energy Savings (3a(1)+3b(1)+3c(1)+3d(1) 21,077 ~~TU

‘ . (/C *at $o (Ltn e 6 ~ (Line la/1000)) _117

• ~ .‘.ij.I $ ~a I .~çs (2d +3a(3)+3b (3 )+3c(3)+3d(3) $42~,815
• •.~ --t..- s P v’nd ((Line Ia - s al v age ) e LIne 8) 4.2~~

~ ,• ..
~~~~ 

i . r~~• ~wr~~ is 3.4 tImes electric energy directl y consumed.
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A PPENDIX F

INSTALLAT ION ENERGY CONTROL SYSTEM ANALYSIS CALCULATION PROGRAM

1.0 Introduction

A program , documented in Report FESA-RT—2033 is available which automates
the procedure required to obtain economic and energy analysis needed for fund-
ing request. The program calculates the energy savings achievabl e in terms of
Btu ’s and dollars , implementation costs and equipment requirements , and gives
the economic analysis for single or multiple buildings (facilities and in-
stall ati ons).

2.0 Input Data

2.1 General Information

As presently written , up to 120 buildings can be run on the program and
analyzed. This can be expanded by increasing the dimensions . Data must be
developed on the buildings equipment to be analyzed. The equipment items are:

Air Handlers (number)
Chillers (number)
Exhaust Fans (number)
Dampers (number)

If these pi eces of equipment don ’t adequately describe the system, they can
serve as an equivalent rep lacement for the uridescribed item from a control
point of view.

The type of system in the building must be known to be able to select the
energy savings scheme to be appl ied . For example , you can ’t use a temperature
reset savings scheme with a fan coil unit or you can ’t use enthalpy control or
optimization if a building has no ventilation system. Thus , a building sur-
vey, requiring up to no more than two hours per building, is necessar y to
obtain the input information. A good rule of thumb is to start with all
bui ldings larger than 8,000 square feet. This number may then be lowered if
economics are favorable.

During the building equipment survey, the items of equipment, the repair
or renovation or replacement equipment requi red for control or regulation of
the HVAC equipment should be noted and listed for each building. The cost of
the repair or new construction necessary for feasible control may be estimated

O or calculated . The seriousness of the estimate may be based on the degree of
accuracy required by the analysis. Thus, a fi rst cut analysis wou ld not re-
quire the refinement necessary for a final sophisticated design calculation.

2.2 Building Types

Buil dings have been categorized into 19 types of functional use. This
breakdown was used to correspond to the energy usage data gathered , known and
ca lculated.

2.3 Cl imatic Effects 
-

For simplicity and to Include effects of hu~rid ity , a table has beer pr~- --
pared listing large ci t ies in the U.S. and the .i:~.oc~ated number assi ln’-n.
This table is t’~ be ~~~~~. t~ accuur’t for the ci - .. ~~~ 

- 

~us ~-~o~iat .~ w~ 
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location. For a given installation , pick the closest or most descriptive
climatic city to account for the difference in heating, coolin g and hum idity
in relation to Washington , D.C. Data inherent in the program is associated
with conditions in the Washington , D.C. area and must be normal i zed for
different locations .

2.4 Energy Sav i n~ Schemes

The various conservat~nn schemes are:

2.4.1. ~~~~~~~~~~~~~~~ Shutdown. Programed shutdown of building heating
and coolT~~ equ i pment during unoccup ied periods results in significant energy
savings. The magnitude of the savings depends on the heat transfer character-
istics of the building, equi pment capacity , type , and operating efficiency ,
and outside temperature conditions.

2.4.2 Scheme 2, Outside Air Shutoff. Programmed shutoff of outside air con-
s i sts of~~1osing outside air intakes and shutdown of exhaust fans when the
bui ldiny is unoccupied . For buildings where equipment operates continuousl y,
the savings ~n energy cost can be large . It is recomended that Scheme 2 be
used in conjunction with Scheme 1.

2.4.3 Scheme 3~~Out side Ai r Reduction. Many building systems have been found
to draw in more out side air than is requ i red for adequate ventilation. There-
fore, each building system should be investigated to determine how much the
outside air quar icity may be reduced. An adjustment of the minim um outside air
damper setting to decrease the outside quantity could be a one time adjustment
or could be combined with variable setting equipment as in Scheme 2, 4, or 5.
Scheme 2 and 3 should be used in conjuction.

2.4.4 Scheme_4,~~~tion l~~Enthalpy Control . A popular energy conserving
scheme is enthalpy control. By measuring the temperature and the relative
humidity an estimate of the total heat content (sensible and latent ) of both
return and outside air streams can be made. Then the air stream requiring the
least amount of energy to maintain the proper comfort level is used for the
supply air. -

Scheme 4, Option 2, Enthalp1_Optim ization. An extension of the concepts
descrThed in enthalpy controT is that of enthalpy optimization. This control
scheme mixes the air streams (outside air or return air) which will impose the
l owest cooling load on the mechanical equipment . It should be noted that
either savings of Scheme 4 should be used but not both. The savings are
similar.

0

2.4.5 Scheme 5, Tem_perature Reset. Energy savings are available through re-
set or adjustment of air temperature in a mixed air system l ike doi,hl~ ~~ i~~~~ f

and multizone. The basic concept is to decrease the amount of mixing by
reducing the temperature difference between the hot and cold air streams.

2.4.6 Scheme 6, Forecasting Peak Reduction. Peak reduction under this schem e
is acco lished by shutting down selected equipment (shedding) when desirable
to reduce a peak during any demand interval .

3.0 Ca lculations

The consumption and estimated savings have been updated using known data
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from the installa tions in the Washington , D.C. area. If bu ilding energy
consumption is known , either from metering or an energy audit of consumption
(i.e. , oi l delivery receipts), then those va lues can be input. If the savings
for a particular scheme or additional savings can be quantified , these sav ings
can also be included . Dollar savings for maintenance , la bor , or ot her cost
avoidance may be pro-rated for the buildings and incorporated into the calcu-
lations. The simple payback period calculations assume that operating and
ma intenance costs (recurring costs) are balanced or offset by annual
ma i ntenance and operating savings.

4.0 Output Data and Interpretation

Each output li sti ng gi ves the i nforma ti on on each bu1lding corresponding
to the col umn heading at the top. The building numbers are repeated in the
order entered except fQr the economic analysis output. The buildi ng order for
the econom ic output i s ranked from the hig hest overall econom i c benef it to
lowest .

4.1 Energy Saving Listing

The initial listings are the total heating and total cooling savings for
each scheme in GBTU /year. Totals for each scheme are given at the bottom.
Fol lowing the listing by scheme , the yearly building energy savings for each
building is given in GBTU/year and in $/year.

4.2 Building Control Point Tabulation

Fol lowing is the building control point tabulat i ons giving the number of
each type of control point required for the building and the individual and
cumulat ive totals.

4.3 Equipment Costs

Equ i pment costs listed include local wiring costs, remote point costs,
telephone line equipment costs , estimated building repair costs, estimated new
equipment costs, and total build ing costs , as applicable , for f i ve typi cal
industry suppliers. The five suppliers were arbitrarily used from Reference 1
as typical and representative of industry.

The estimated repair and new equipment costs have to be input , otherwi se
zero costs are assumed.

• 4.4 Economic_Analys i s

The economic analysis listing presents the bui ldings by relative merit of
savings minus cost of implementation. Operating and maintenance costs and
EMCS implementation costs are given as well as the cumulative total cost. The
Discounted Payback Period is presented In years . All cost savings are
esca lated to the expected year of operation for simple payback. The
cumulative Btu ’s saved per dol lar invested is given as well as the cumulative
total energy sav ings per year in dollars .
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