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1.0 GENERAL EMCS APPLICATION STUDY

1.1 INTRODUCTION

The objectives of the Energy Monitoring and Control System (EMCS)
Application Study are to 1) perform feasibility studies of Homestead
AFB, Fla., Fairchild AFB, Wash., and Grand Forks AFB, N.D. to
determine optimum EMCS configurations for these Bases, 2) develop
general procedures to analyze and economically prioritize EMCS func-
tions, and 3) use the results of steps 1 and 2 to develop outline per-
formance specifications for use in future USAF acquisition of EMC
systems. This work has been accomplished in two phases. The first
phase consisted of the feasibility studies of two of the selected bases
along with accompanying engineering description and documentation.
The second phase consists of generalization of the procedures used in
Phase |, testing of these procedures on one additional installation, and

preparation of a resulting outline specification.

Both phases of the project have been completed and the results are
reported herein.

A properly designed EMCS gives the BCE the ability to monitor and
control a wide variety of points within his facilities. This report looks
only at functions which directly reduce energy consumption. It should
be noted that operations and maintenance functions may be equally
important to the BCE.
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1.2 BACKGROUND

Over the past thirty years, Energy Monitoring and Control Systems
(EMCS) have undergone an evolutionary process. To understand the
current Air Force EMCS situation, a brief review of that evolution is
needed.

The early forerunners of modern EMCS were the hardwired central
panel banks common in large buildings of thirty years ago. These
central panel banks were connected via individual wires or pneumatic
tubing to sensors and controllers throughout a large structure. The
main purpose of the panels was to monitor temperatures, pressures,
etc., from a central location. This location was generally the building
engineer's office. Because of the method of gathering data, that is,
individual wires or tubing to each point, these systems were generally
only used in large single building installations. These panels offered
little control over the equipment which they monitored other than the
starting and stopping of that equipment.

The next step in the evolutionary process was the development of
"smart" central equipment. The central processing unit (CPU) of these
systems was actually hardwired logic circuits. One of the main differ-
ences between these systems and their predecessors was that these
systems could digitally display temperatures and pressures instead of
using gauges and dials. These systems also contained a memory where
historical data could be stored. The primary purpose of these systems
was to report alarms and monitor temperatures and pressures through-
out a building. The only common control features of these systems
were time schedule start-stop and manual temperature control point
adjustment. Programming of the machine was limited strictly to what-
ever fixed circuitry a manufacturer had developed for the specific
machine.

A significant improvement in the performance of the hardwired logic
units resulted from the combination of these units with a multiplexed

transmission system. In such a transmission system, individual sensors
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and controllers were wired to a concentrator field panel installed near
the sensor locations. At the field panel the signals were converted to
digital form and multiplexed to the CPU. This system required the
installation of only a two or four wire cable from the CPU to concentra-

tor panels in mechanical rooms throughout a building instead of the
many multi-conductor cables necessary for previously described systems
of this type. Once this configuration of system was developed, the
first multi-building complexes began to apply the concept of central
monitoring and control. This system was common on college campuses
and was used in early Air Force EMCS installations.

Another major improvement in system flexibility and performance was
replacement of the hardwired logic CPU with a general purpose mini-
computer. This step allowed the manufacturers easy programming of
the systems, easy modification of the systems, and greater flexibility in

using the monitored information. Through software, the manufacturers

could monitor data, perform calculations with the collected data, and
use the results of those calculations to send commands to field controll-
ers or sound alarms. Although the application of general purpose

computers made programming easy for the manufacturer, they did not
pass this flexibility on directly to the customer. Most purchasers of
these systems were interested in the operations the systems performed
and not in how they performed those operations. As a result of this
i approach, from the customer's standpoint, a major project was required
to add a single point to the system, to change constants related to a
H" ( point, or to add specialized programs to the computer software library.

| In general, only the original manufacturer was capable of performing

E | these actions, thus resulting in a non-competitive procurement situ-
ation.

The above evolution generally describes the process with which major
conventional controls manufacturers developed the systems they are
marketing today. A different group of manufacturers has appeared on
the scene within the past five years. These manufacturers are gener-

ally smaller firms with backgrounds in process control applications or

general computer systems applications, instead of a conventional con-




trols background. Their approach has been to use off-the-shelf com-
puter, transmission, and sensor components. The components are com-
bined with proprietary software to form an EMCS. These manufacturers
claim to provide greater flexibility and adaptability to the owner of an
EMCS for less cost. Their main support for this argument is that their
systems generally allow the owner to take advantage of the full com-
puter capability without having to retain the manufacturer. This flex-
ibility allows the owner to write programs, modify existing programs,
and retrieve monitored data, which is not possible with most of the
major conventional control manufacturers' systems. This competition is
now causing a re-evaluation of the system design philosophy of the major
control manufacturers.

The Air Force has been involved in all stages of the evolutionary
process described above. Many large individual buildings, such as
hospitals, contain the hardwired central panel systems that were the
initial forerunners of the EMCS. These applications were generally
limited to individual buildings. The first Base-wide systems which
instrumented multiple buildings were procured when the multiplexed
transmission system in conjunction with the hard logic CPU became
available. At that time the principal justification for procurement of
such systems was the monitoring of equipment to reduce manpower
requirements. Minimal control was available or emphasized in these
early projects. The installations attained varied operational success,
but virtually all of the systems failed in the manpower reduction objec-
tive. During the first few months of system operation, a concentrated
effort by the manufacturer was necessary to de-bug the system before
acceptance by the Air Force. Once these systems were accepted, they
slowly decayed for several reasons. This decay could easily be observ-
ed in the inaccurate operation or failure of the field sensors. This
process continued until base personnel generally lost confidence in the
system.

1-4
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The energy crisis and the advent of computer based systems brought
new interest and direction to central control applications. The rapid
rise of energy costs, coupled with the increased system capability to
reduce energy consumption, has improved the economic feasibility of
energy monitoring and control system application. Although the sys-

tems have not reduced manpower as expected, some manpower savings

are possible and will be realized. More importantly, the energy conserv-

ing control aspects of the system are of such value that, in long range
terms, they can be justified on that basis alone.

As described above, central control systems have evolved from sys-
tems whose principle value was the monitoring of points, to systems
whose principle value is the control of equipment. Because of this
process of evolution, with its inherent inertia, problems have occurred.
The engineering design process has not kept pace with the change in
purpose of the EMCS from monitoring to control. Many recently install-
ed systems include a number of points whose only purpose is monitoring
of equipment and which effect no direct energy savings. Generally,
insufficient funds are available at one time to purchase this full cap-
ability for every building on an Air Force Base. The result of this
limitation is that a reduced system is procured by not connecting some
or many of the buildings on a given Base. This approach results in
the selection of many monitoring functions with no associated energy
savings in one building, while another building is not connected to the
EMCS at all. An alternative to this approach is to delete monitoring
points from the first building and connect energy conserving points, or
energy control points in the second building. Whether or not to delete
monitoring points is a decision of management that has to be looked at

on an individual basis based on past experience.

Generally, the design philosophy within the Air Force EMCS program
has enlarged to include the energy conscious approach. Systems now
under design are being configured on the basis of energy savings as
well as O&M functions. A number of complex problems involved in
determining the optimum configuration of an EMCS for a particular Base

1-5
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have been defined as a result of this enlargement in design philosophy.
The complexity of the problems stems from the inter-relationship of
costs to perform alternative EMCS activities. One of the primary pur-
poses of this study is to examine these analysis problems and to deve-
lop a procedure to solve them.




1.3 EMCS DEFINITION

Before an in-depth study of EMCS applications can be undertaken, it
is necessary to define an EMCS. This is necessary to identify the
problems which are encountered in the design analysis of such a sys-
tem.

Based on the current Air Force design philosophy, the primary pur-
pose of an EMCS is to effect reduced energy consumption and thus
reduce energy related operating expenses. This goal is accomplished
by exercising control over the energy consuming systems. Many differ-
ent EMCS configurations are available which will accomplish these goals.
Common to all of the systems, as indicated in Figure No. |, is the
requirement to transfer data from remote areas to a central location.
At the central location, the data from the remote locations are d'isp'layed'
analyzed, compared to and combined with other current and historical
data gathered and maintained by the EMCS. Based on this information,
in conjunction with operator decisions, and automatic preprogrammed
activities, control decisions are made. Following the decision making
process, instructions are transmitted to actuators which react as re-
quired to satisfy the instructions.

Because this is a study of Air Force EMCS applications, only those
configurations applicable to Air Force installations will be considered.
Generally an Air Force EMCS will consist of a central control center, a
data transmission system between the central control system and each of
the buildings connected to the EMCS, and sensors and actuators with
their related equipment located in each building connected to the EMCS.
The central control center is normally located in the Base Civil Eng-
ineer's Office near the work desk area which is manned 24 hours per

day.
The transmission system is designed to transmit data between indivi-

dual buildings (generally dispersed over a large geographical area) and
the Central Control Center.

1-7
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The field equipment (sensors and actuators) must be designed to

interface with existing energy consuming systems of varying size, age,
and operating condition. Only in a very few instances has the EMCS
field equipment been designed and installed as an original part of the

system to which it is connected.

As shown in Figure No. 2, the basic components of the central con-
trol center include a computer, a system control console, a mass storage
device (usually a disk), a hard copy output device, and a communic-
ations multiplexer/controller. The computer controls all central control
center devices, processes data, executes programs and interprets
commands. The system control console is used by the operator to
communicate with the EMCS. The mass storage device is used to store
information that is not currently being utilized by the computer. When
a permanent copy of an alarm or a report is desired by the operator,
the hard copy output device is used for this function. The communic-
ations multiplexer/controller provides the interface between the central
control center and the data transmission system. The multiplexer/
controller controls input and output information received from the

various data transmission system components.

The data transmission system may be of varied configurations and
consist of several different components. Among the methods used to
transfer data between the central control center and the remote build-
ings are leased or government furnished telephone lines, specially
installed dedicated signal lines, radio transmission, and microwave
transmission. Many different methods and design philosophies are
associated with each of these types of data transfer. At this time,
none of the EMCS manufacturers use exactly the same transmission
methods and protocols.

To interface with the transmission system and subsequently the cen-
tral control center, a remote building must be connected through at
least one field interface device (FID). This device, as shown in Figure
No. 3, includes the electronic equipment necessary to receive and send
information over the specific transmission system, to receive signals

1-9
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from field sensors, and to transmit signals to field actuators. For
each of these functions, the FID contains signal conditioning electronics
to amplify, convert, or otherwise modify field signals into a standard
configuration. The field interface device also contains analog to digital
convertors which convert analog signals from field sensors into a digital
form for transmission to the central control center and convert digital
signals from the control center to analog signals for control of actua-
tors. Typically, sensors connected to the field interface device mea-
sure temperatures, pressures, position of various mechanical devices,
relay status, switch status, etc. The actuators discussed consist of a
variety of devices including motors, valves, switches, positioners,

contactors, controllers, etc.

Recent industry trends are toward the use of '"smart" field interface
devices. In these systems the field interface device contains a micro-
computer system capable of handling and storing data from sensors, and
transmitting data to the central control center by exception. These
FIDs are designed so they can continue operation even when communic-
ation with the central control center is interrupted. They are smart

enough to do time clocking and some system optimization.

This discussion constitutes a simplified and generalized definition of
an energy monitoring and control system. There are as many different
devices and configurations for each of the components defined as there
are EMCS manufacturers. The basic purpose for defining an EMCS is
to identify the primary common components of the system and illustrate

the flow of information between the various components.




1.4 EMCS LIFE CYCLE

To properly study EMCS applications it is necessary to consider the
process by which an EMCS is created, used, and modified during its

lifetime. This life cycle consists of seven stages. These are:

I. Determine what the EMCS is to do.

I1. Prepare contract documents.

IIl1. Award construction contract.

IV. Install.
V. Startup and checkout.

VI. Regular operation.

VIlI. Decision to expand system.

Steps | and |l constitute the normal design process and are the areas
with which this study is concerned. Once the decision to expand the
EMCS (Step VIl) is made, the process returns to Step | and the pro-
cedure is repeated.

Although the design process is important to the success of the EMCS
life cycle, the other steps are equally important. The procurement
methods used in Step IlIl can determine whether or not successful bids
are received. Decisions on whether to procure using Invitation for Bid
(IFB) or Request for Technical Proposal (RFTP or Two Step) methods
may affect the number of bidders interested in a project. Whether the
EMCS project is classified as a Small Business Set-Aside or is open to

direct bidding by all companies can have a substantial affect on prices.

The installation and startup and checkout processes are highly impor-
tant to the EMCS life cycle. Even with perfect contract documents,

1-13




lack of adequate construction supervision and test monitoring can result

in an installation of poor quality and marginal operation.

Finally the day to day operation of the EMCS has by far the greatest
effect on its effectiveness as an energy conservation tool. If poorly
trained or overburdened personnel are in charge of the system it can
easily fall into a state of disrepair and lose the confidence of those
using the system. Such a simple matter as the position of the EMCS
operator within the Base Civil Engineering organization can limit the

effectiveness of the energy saving aspects of the system.

In summary, this study addresses only a single portion of the EMCS life
cycle. Although the design stage is an important part of the EMCS life
cycle, all the other areas must be adequately considered and planned

for in creating an effective EMCS program.
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I.5 ANALYSIS CONCEPTS

The purpose of an Air Force EMCS is to reduce energy related costs
through centralized control of energy consuming systems. Therefore,
the objective of the design analysis of an EMCS is to determine the
EMCS configuration which will produce the most savings for the least
cost.

Before attempting to analyze an EMCS, two key concepts must be
understood. Those are 1) what it is an EMCS performs and 2) what it

is an EMCS performs its activities on.

What an EMCS does is called an EMCS '"function". A function is
defined as a specific independent operational capability. A function
generally consists of several independent activities (data gathering
and/or control commanding) linked together by logic to accomplish a
specific purpose. Examples of EMCS functions are starting or stopping
of equipment based on the time of day, enthalpy based control of an air
handler economizer, or reset of a multizone air handler hot deck based
on the zone with greatest heating demand. A single function may

require. the use of several sensors and/or actuators to perform its task.

Conversely, it is true that a particular sensor or actuator may be used’

as a part of the performance of several different functions. A descrip-
tion of some of the more common EMCS functions is included in Section
l.6.

An EMCS performs its functions on "systems". A system, from an
EMCS viewpoint, is defined as a group of energy consuming devices
which operate together to perform a single common task. An example of
3 "system" is a water chiller with its associated chilled water pump,
condenser water pump, cooling tower and various controls and inter-
locks all working together to perform a single task, to chill water.
Individuai items of equipment within a system do not operate indepen-
dently of each other. From a control and analysis standpoint, each
system will be considered to be independent of the operation of any
other system. It is important to realize that an EMCS function must be

applied to an entire system and not just to a particular item of equip-
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ment within that system. |If consideration is given only to the operation
of a particular motor instead of to the system of which that motor is a
part, installation and operational problems will occur from improper
operation of local controls, motor interlocks, and other items with which
the EMCS must interface in order to be effective. This makes effective
energy reduction control difficult, and makes an objective engineering
estimation of the savings resulting from that control impossible.

The concepts of EMCS '"functions" and "systems'" are central to the
development of a logical analysis and contract document preparation
approach. Before an EMCS is installed, the functions it is to perform,
and the systems on which it is to perform those functions, must be

thoroughly analyzed, investigated, and clearly specified.

With the function and system concepts in mind, the EMCS design
analysis process for a particular Air Force Base falls into three basic

design problems. These are:

10 What systems are present?

2. Which EMCS functions are applicable to each system?

3. Which of the possible system/functions should be con-
nected to the EMCS to provide the most savings for the

least investment?

The first two items are relatively easy to solve. EMCS functions are
discussed in Section 1.6, example systems are identified in Section 2 of
this report, along with methodology relating the two. The third design
problem is the most difficult.

After the system/functions (a "system/function" is a particular EMCS
function applied to an individual energy consuming system) to be con-
sidered have been identified, each must be evaluated relative to all the
other system/functions being considered. The evaluation criteria must
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select the system/functions based on providing the most savings for the
least investment. The criteria may be savings investment ratio, pay-
back period, life cycle present worth, or any number of other economic
approaches. In light of our current national energy situation, the
criteria chosen could be in energy saved per dollar invested. The most
widely used and easily recognized measure of the value of an alternative
is the payback period. That criterion 1sused in this report, although
other measures (S/| ratio, BTU/$ invested, etc.) can be used with no

change in the basic approach or methodology contained herein.

The solution to the design problem (which of the possible system/
functions should be connected to the EMCS) is very simple in concept.
List all the system functions to be considered, estimate the potential
savings resulting from each system/function, and estimate the cost to
perform each system/function. With these values, a payback period can
be calculated for each system/function. The system/functions can then
be rearranged in ascending payback period order. Thus a "prioritized"
list of system/functions can be prepared.

Once this prioritized list has been prepared, there are two alternative
paths depending on the particular point at which the analysis is being
performed. If the project is in the very early stages and a budget has
not yet been established, the prioritized list may be used to determine
what the project budget should be, depending on the governing cri-
teria. If the criteria state that no part of the project should have
more than a ten year payback period, then all system/functions with
more than a ten year payback should be deleted from the list. The
cost to provide the remaining system/ functions can then be totalled
and that total establishes the budget level.

If, on the other hand, the design analysis is being performed after a
budget limit has been established, the prioritized list can be used to
determine the EMCS configuration which will provide the greatest sav-
ings for the budget investment. In this case, starting at the top of
the list, a cumulative total of the system/function cost is run until that
total reaches the budget amount. At that point, the system/ functions
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not yet added to the total are deleted from the list. The system/func-

tions remaining on the list are those that will provide the most savings
é for the least investment, thus producing an optimized EMCS config-

uration.

This approach is theoretically simple and satisfies the design objec-
tive. The most obvious disadvantage of this approach is the large -
number of calculations necessary to estimate the potential savings and
cost for each system/function. This disadvantage can be overcome by a
systematic, uniform approach to the analysis of each type of system.
Examples of the approach used in the EMCS analysis of Fairchild,
Homestead, and Grand Forks AFB's are included in Section 2 of this

report.

i Unfortunately, two factors complicate the procedure described above.

These are:
1. EMCS field hardware duplicity
2. EMCS geography cost

The term "field hardware duplicity" refers to the fact that a particu-

lar EMCS field hardware device (temperature sensor, start/stop controi

relay, etc.) may be used in the performance of more than one function
on a particular system. For example, the same start/stop control
g interface can perform both demand limit load shedding and time sche-
{ duled operation functions on an air handling unit. Therefore, if a
‘ start/stop control interface is provided because the time scheduled
operation function has a very good payback period, the demand limit
load shedding function can be performed on that air handler at no
additional cost. Assume the optimized start/stop function for this air
handler requires both a start/stop control interface and a space tem-
perature sensor. On its own merits, optimized start/stop may not

i
|
{
|
|
l provide enough savings to justify purchasing both the control interface
, and temperature sensor. However, if the control interface is justified

and paid for based on the time scheduled operation and demand limit
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load shedding functions, the only cost to add optimized start/stop for

this air handler is that of the temperature sensor, thus the payback
period for this function is substantially improved. The cost sharing
aspects of the field hardware duplicity concept become more complicated
as the system being considered becomes more complex and the number

of functions applicable to that system become larger.

The second complicating factor "EMCS geography cost" is similar to
field hardware duplicity in that it is caused by the cost sharing aspects
of EMCS hardware. The term 'geography cost" refers to the fact that
there is a more or less fixed cost involved in connecting a building to
the EMCS. Geography cost includes all costs not directly related to the
performance of a particular function on a specific system within a
buiiding. These costs include the cost of the transmission system from
the building being considered to the point at which it will connect to
the EMCS and the cost of the first field interface device (with its
associated power supply and other required equipment) within that
building. The geography cost is the fixed cost necessary if only one
function for one system within that building is to be connected to the
EMCS.

Each of the two complicating factors discussed can have a substantial
impact on the simple prioritization of system/functions discussed pre-
viously. If the field hardware duplicity fz;ctor is not taken into acc-
ount, functions which actually may be obtained with little or no expend-
iture may not be included in the final EMCS configuration produced by
the analysis. |If the geography costs of an EMCS are not properly
accounted for, a building with a single systam might be connected to
the EMCS while another building with ten systen%s (each of which has
slightly less savings potential than the single system in the other
building) might not be included in the final EMCS configuration.

To solve these problems, the scope of their influence must first be
defined. Field hardware duplicity is a variable only within each indivi-
dual system. Because a system is defined as an independent opera-

tional unit from a control viewpoint, devices provided for one system
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are not used in the performance of functions on another system. There
are exceptions to this rule, but not enough to affect the analysis re-
sults substantially. So the field hardware duplicity factor may be
accounted for by analyzing all the functions applicable to a particular
system as a group.

The scope of influence of geography cost is confined to the building
level. Geography cost varies strictly on a building by building basis,
regardless of what systems or functions are within those buildings.
Geography cost is present, independent of what type of data trans-
mission media or field interface device is used. So geography cost must
be considered in the analysis only when deciding whether or not to
connect a building to the EMCS.

The method used to account for field hardware duplicity is to perform
a repetitive ranking process on the functions applicable to each system.
First, all functions applicable to a particular system are listed. Sav-
ings resulting from the application of each function are estimated. The
cost to apply each function is estimated. This is done for each func-
tion, assuming no other functions are under consideration. A system
schematic which illustrates what sensors are required to perform each
function is needed to accomplish this cost estimate. Examples of such
schematics are included in Section 2 of this report. Using the cost and
savings figures estimated, a payback period is calculated for each func-
tion. The function with the best payback period is assigned the high-
est rank. When a function has been ranked, that function is assumed
to be connected to the EMCS. A revised cost is then calculated for the
remaining unranked functions on the basis that the ranked functions
(and their associated field devices) are already connected to the EMCS.
Thus, any sensors or controllers that are common between the ranked
function and the remaining function have already been paid for. Their
cost may be deducted from the independent cost estimates for each
remaining function to obtain a revised cost. The revised costs are
used to calculate new payback periods for each remaining function.
The function with the best payback period of the remaining group is
established as the function with the next highest rank. The iterative
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process described above is continued until all functions applied to a
particular system have been ranked, based on their payback periods,
and their costs have been revised to account for the previous connec-
tion of functions with higher rank. The function ranking procedure is
repeated for each individual system considered for connection to the
EMCS.

One result of the ranking process is that after a function is ranked
and the cost of the remaining functions is revised, the payback period
for some of the unranked functions could be better than for some of the
ranked functions. The extreme example of this situation is when two
functions require exactly the same field devices. The ranking process
would independently analyze each function and then select the one with
the highest savings (since each would have the same calculated cost) to
be ranked first. The process would then revise the cost estimate of
the remaining function, taking into consideration the previously ranked
function. This will result in a zero cost for the remaining unranked
function. Thus, the ranking would actually show a function having the
highest rank with a lower payback period than the next lower ranked
function. If these functions are combined, the resulting combined
payback period would be better than the payback period of the higher
ranked function by itself. Therefore, following the ranking of func-
tions for each system, a combination process must be performed on the
ranked functions for each system. This is a simple process of examin-
ing each ranked function and, if the next lower ranked function has a
better payback period, combining it with the next lower ranked fun-

ction.

Geography cost is accounted for in the final prioritization process.
Because geography cost is relevant only ‘on a building by building
basis, the system/function prioritization process must also be organized
along those lines. The system/functions being considered for EMCS
connection must be grouped based on the building in which they occur.
For each building, these system/functions are sorted, based on a pay-
back period, into a table for use in the prioritization analysis. Once

the tables are prepared for each building, the geography cost to con-
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nect each building must be estimated. This cost includes all items not

directly associated with the performance of a particular function (FID,
power supply, transmission cable, etc.) and is calculated assuming no
other buildings are being considered. The geography cost for each
building is then combined with the tabulated system/functions for that
building until the best combination (from a payback period standpoint)
of system/functions is found for each building. The building with the
best combined payback period is then selected to be the first building
connected to the EMCS. The best system/function in that building is
placed on the top of the prioritized system/function listing. Because
parts of the transmission network may be common to several buildings
(in the case of contractor furnished transmission cable), the geography
cost for each building must be recalculated after each building is con-
nected. The revised geography cost is then used to recalculate a best
combined payback period for each building not yet connected to the
EMCS. These revised building payback periods are then compared to
each other and to the best individual system/functions in buildings
already connected to determine the next system/function to be added to
the prioritized list. This process is repeated until all system/functions
in all buildings have been placed on the prioritized list.

Once the prioritized list is completed, it may be used as described
earlier to establish the proper EMCS budget or to determine the best
configuration for a given budget.

It can readily be seen that the effort required to account for the
"field hardware duplicity" and '"geography cost" factors can be sub-
stantial. The approach is simple in concept, however, the repetitive
calculations required are extremely time consuming. To alleviate this
problem, a series of computer programshave been developed. These
programs perform both the "field hardware duplicity" and '"geography
cost" analysis described above. In addition, programs are included to
provide listings and summaries of pertinent information. These report
generation programs produce exact counts of the numbers of each type
of sensor and the quantitites of savings (KW, KWH, THERMS, MH).

1-22

i




The programs are constructed around the concept of standard system
types as illustrated on schematics in Section 2 of this report. No fixed
system configurations are contained within the programs. The EMCS
designer must construct his own system schematics and prepare input
data describing those system types. This allows flexibility in the use
of the analysis technique regardless of individual design philosophies.
The input for standard system types includes the functions applicable
to each system, what field devices are necessary to perform each func-
tion, what type of instrument each of those devices is, what each type
of instrument costs, and alpha-numeric description of each item for
interpretation and checking of results. Once an input data file for a
set of standard system types has been constructed, it may be reused
for the analysis of as many different projects as desired, as long as the
same design philosophy is being used.

Additional input data consist of calculated savings values for each
applicable function for each system being considered for EMCS con-
nection. These values are entered in KW (electrical demand reduction),
KWH (electrical consumption reduction), THERMS (heating energy con-
sumption reduction), and MANHOURS (labor savings). Other input
includes a nodal network describing the '"geography" of the EMCS
configuration being considered.

The use of the computerized analysis tools is not mandatory for the
use of the analysis technique described in this report. Step by step
instructions in the manual use of the technique are included in Section
3 of this report. However, substantial engineering time savings may be
realized from the use of the computer programs which are documented
in Volume Il of this report.
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16 FUNCTION IDENTIFICATION

As stated previously, an EMCS function is defined as a specific
independent operational capability. An EMCS can perform many differ-
ent functions. It can be programmed to monitor, regulate, and control
almost an infinite number of tasks. The same tasks may also be accom-
plished in an infinite number of ways. The identification used for a
particular function varies with the individual EMCS manufacturers and
their methods and approach to a particular function may also vary.
This variation generally depends on the particular software or hardware
a manufacturer uses to accomplish each function, rather than the func-
tion itself. Therefore, it is possible to identify individual functions the
EMCS can perform. The following paragraphs identify the EMCS func-
tions considered in this study. These represent the most common
functions available from EMCS manufacturers today. Additional func-
tions exist and may provide some additional energy and manpower
savings, however, those listed will most certainly provide the bulk of
these savings.

The following paragraphs describe each function considered in this
study.

FUNCTION NO. 1: TIME SCHEDULED OPERATION

Time scheduled operation consists of the starting and stopping of a
system based on the time and type of day. Type of day refers to
weekdays, Saturdays, Sundays, holidays, or any other day which has a
different schedule of operation. This is the simplest of all EMCS fun-
ctions to install, maintain, and operate. It also provides the greatest
potential for energy conservation if systems are currently being operat-
ed unnecessarily during unoccupied hours.

FUNCTION NO. 2: DUTY CYCLING

Duty cycling consists of the shutdown of a system for predetermined
short periods of time during normal operating hours. This function is
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normally only applicable to heating, ventilating, and air conditioning
systems. Its operation is based on the theory that HVAC systems
seldom operate at peak output, thus if the system is shut off for a
short period of time, it has enough capacity to overcome the slight
temperature drift which occurs during this shutdown. Although the
interruption does not reduce the net space heating or cooling energy, it
does reduce energy input to constant auxiliary loads such as fans and
pumps. This function also reduces outside air heating and cooling
loads since the outside air intake damper is closed while an air handling
unit is off. Systems are generally cycled off for some fixed period of
time, say |5 minutes, out of each hour of operation. The off period
time length and its frequency should be adjustable. The off period
time length is normally adjusted for a longer duration during moderate

seasons and shorter duration during peak seasons.

FUNCTION NO. 3: DEMAND LIMITING START/STOP

This function consists of the stopping of electrical loads to prevent
setting a high electrical demand peak and thus increasing electrical
costs where demand oriented rate schedules apply. There are many
complex schemes for accomplishing this function. They all generally
monitor the base electrical demand continuously. Based on the monitor-
ed data, demand predictions are made by the EMCS. When these pre-
dictions exceed preset limits, certain scheduled electrical loads are shut
off by the EMCS to reduce the rate of consumption and the predicted
peak demand. Additional loads are turned off on a priority basis if the
initial load shed action does not reduce the predicted demand enough to
satisfy the function requirements. Generally, the loads to be shed are
HVAC items. The reasoning used in the Duty Cycling discussion holds
here also: allow a slight temperature drift in the space by shutting off
the HVAC equipment.

FUNCTION NO. 4: DEMAND LIMITING, GENERATOR OPERATION

This function is actually a part of the program that controls the DE-
MAND LIMITING, START/STOP function. In fact, the only difference
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between the two functions is that the previous function stopped equip-
ment to reduce demand and this function starts equipment for the same
purpose. This function is only applicable where large standby gener-
ators are existing. When electrical demand approaches a peak, this
function starts the engine or turbine generators which feed electrical
power into the building where they are located, or drive specific items
of equipment such as well water pumps, thus reducing base electrical

demand. Extreme caution must be exercised in using this function.

Only the largest of generators should be considered because consider-
able investigation and expense may be necessary to perform any rewir-

ing or reswitching needed for proper operation of this function.

FUNCTION NO. 5: DEMAND LIMITING, CHILLER LIMIT ADJUST

Centrifugal water chillers are generally equipped with a manually ad-
justable control system which limits the maximum current, and thus
power, the machine may use. An interface between the EMCS and this
control circuit allows the EMCS to reduce the limit setting in a load
shedding situation and thus reduce the electric demand without com-
pletely shutting down the chiller. The method of accomplishing this
function varies with the specific manufacturer of both the water chiller
and the EMCS. The principle of operatior is the same, however. When
the chiller is selected for load shedding, a single stop signal is trans-
mitted to the interface which then reduces the chiller limit adjustment
by a fixed amount. Normally, the actual setting of the chiller limit
adjust is not resettable or even detectable from the EMCS. Extreme
caution must be exercised with application of this function. Incorrect
interface and control can cause the refrigeration machine to operate in a
surge condition, ultimately causing considerable damage to the equip-
ment.

FUNCTION NO. 7: WARM UP/NIGHT CYCLE
The thermal load imposed by outside air used for ventilation may con-

stitute a substantial percentage of the total heating and cooling re-
guirements for a facility, depending on the geographical location. This
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function is capable of controlling the outside air dampers when the
introduction of outside air would impose a thermal load and the building
is unoccupied. This function would apply during warm up or cool down
cycles prior to occupancy of the building and would also apply in
certain facilities that require maintenance of environmentai conditions
for proper operation of electronic equipment, even though the building
is unoccupied. During those times, the outside air dampers would be

closed.
FUNCTION NO. 8: ENTHALPY ECONOMIZER

The utilization of an all outside air economizer cycle can be a cost
effective energy conservation measure, depending on the climatic con-
ditions and the type of mechanical system. Where applicable, the cycle
uses outside air to satisfy all or a portion of the building's cooling
requirements when the enthalpy or total heat content of the outside air
is less than that of the return air from the space. Outside air is
introduced through the mechanical system and relieved during this cycle

in lieu of the normal recircuiation system.
FUNCTION NO. 9: SPACE TEMPERATURE NIGHT SETBACK

The energy required to maintain space conditions during the unoccupied
hours can be reduced by lowering the temperature set point for the
space, depending on the climatic conditions. This function would also
apply only to facilities that are not required to operate 24 hours per
day. Normally, where applicable, this function would reduce the space
temperature from the normal 68° winter inside design temperature to a

50° or 55° space temperature during the unoccupied hours.
FUNCTION NO. 10: HOT/COLD DECK TEMPERATURE RESET

Mechanical systems such as dual duct systems and some multizone sys-
tems use a parallel arrangement of heating and cooling surfaces com-
monly referred to as hot and cold deck surfaces for the purposes of

providing heating and cooling mediums simultaneously. Generally speak-
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ing, both heated and cooled air streams are mixed to satisfy the indiv-
idual space thermal requirements. In the absence of optimization con-
trols, these systems can waste energy because the final space control
merely mixes the two air streams to produce the desired resuilt. While
the space conditions may be acceptable, the greater the difference
between the temperatures of the two streams, the more inefficiently the
system will operate. This function can select the individual areas with

the greatest heating and cooling requirements, establish the necessary
hot deck and cold deck temperatures based on these extremes, and

minimize the inefficiency of the system.

FUNCTION NO. 11: REHEAT COIL TEMPERATURE RESET

A variation of the hot and cold deck multizone system described above
is the system equipped with a cold deck and a bypass section at the
mechanical system and individual heating coils in the reheat position

downstream from the unit. The system operates with a constant cold

deck temperature which is, in turn, mixed with the bypass air in an
effort to satisfy individual zone requirements. Air supplied at temper-
atures below the individual space temperature requirements is elevated
in temperature by the reheat coil in response to signals from an indiv-
idual space thermostat. Selection of the space with the greatest cooling
requirements and resetting the cold deck discharge temperature in

response to these requirements minimizes the eneréy used for reheat.
FUNCTION NO. 12: CHILLED WATER RESET

The energy required to generate chilled water in a reciprocating or
centrifugal electric driven refrigeration machine is a function of a
number of parameters including the temperature of the chilled water
leaving the machine. Because the refrigerant suction temperature is a
direct function of the leaving water temperature, the higher the two
temperatures, the lower the energy input per ton of refrigeration. As
a result, because chilled water temperatures are selected for peak

design times, in the absence of strict humidity control requirements,




most chilled water temperatures can be elevated during most operating
hours. Depending on the operating hours, size of the equipment, and
configuration of the system, energy savings can be effected by resett-
ing the chilled water. The chilled water temperature can be elevated to
satisfy the greatest cooling requirements. Generally, this determination
is made by the position of the chilled water wvalves on the various
cooling systems. The positions of the control devices supplying the
various cooling coils are monitored and the chilled water temperature is
elevated until at least one control device is in the maximum position.
Other control schemes may be necessary to satisfy different system

configurations.
FUNCTION NO. 13: CONDENSER WATER TEMPERATURE RESET

Another parameter affecting the energy input to a refrigeration system
is the temperature of the condenser water entering the machine. Con-
ventionally, heat rejection equipment is designed to produce a specified
condenser water temperature such as 85° at peak wet bulb temper-
atures. In many instances, automatic caontrols are provided to maintain
a specified temperature at conditions other than peak design. To
optimize the performance of the condenser water system, however‘v, this
system can be reset when outdoor wet bulb temperatures will produce
lower condenser water temperature. Where applicable, this function will

reduce the energy input to the refrigeration machine.
FUNCTION NO. 14: OUTSIDE AIR TEMPERATURE RESET SCHEDULE

Hot water heating systems, whether the hot water is supplied by a
boiler or a converter, are designed to supply the heating requirements
for the system at outdoor design temperatures. Frequently, depending
on the specific system design, the hot water supply temperature can be
reduced as the heating requirements for the facility are reduced. For
most facilities, this reduction in heating requirements is directly related
to an increase in outdoor ambient temperature. ‘Where applicable, the
capability to reduce the temperature of the supply water as a function

of outdoor temperature will effect operating savings. To accomplish
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this function, the temperature controller for the hot water supply is

reset on a predetermined schedule as a function of outdoor temperature.
FUNCTION NO. 16: START/STOP OPTIMIZATION

An additional feature of the time scheduled operation of mechanical
systems described above is the optimized start/stop feature available
from the system. Mechanical systems serving areas that are not occu-
pied 24 hours a day should be shut down during the unoccupied hours.
Traditionally, the systems are restarted before occupancy in order to
cool down or heat up the space. Normally this function is performed on
a fixed schedule independent of weather, space conditions, etc. The
optimized start/stop feature of the system automatically starts and stops
the system to minimize the energy required to provide the desired
environmental conditions during occupied hours. The function automat-
ically evaluates the thermal inertia of the structure, the capacity of the
system to either increase or reduce temperatures in the facility, start-
up and shut-down times, and weather conditions to accurately determine
the minimum hours of operation of the HVAC system to satisfy the
thermal requirements of the building.

FUNCTION NO. 17: BOILER PROFILE AND SELECT

In certain application of multi-boiler central heating plants, there is the
opportunity to optimize the boiler plant by selecting the most efficient
equipment to satisfy the instantaneous heating requirement. By monitor-
ing fuel input as a function of the output, profiles can be developed
for each of the units in a central plant. Based on the operating his-
tory developed, and the loads, plant operation can be optimized to
minimize energy input.

FUNCTION NO. 18: CHILLER PROFILE AND SELECT
This function is wvery similar to the boiler profile described above.

Operating dataare obtained and compared with the predicted operating
characteristics of each individual machine prepared by the manufac-
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turer. Based on the operating data for each machine with the energy
input requirements for each operating condition and the instantaneous
load, the function would select the chiller or chillers required to meet

the load with the minimum energy input.

FUNCTION NO. 18: PUMP SELECTION:

The opportunity exists in certain chilled and hot water central pumping
systems to optimize the selection of the number and type of pumps to
minimize the energy input for pumping cost. This condition would exist
when fixed speed pumps of varying capacities are provided or a com-
bination of fixed speed and variable speed pumps is provided to
satisfy a central secondary water pumping system.

FUNCTION NO. 2L: SECURITY FUNCTION:

A considerable number of security features can be provided by the
system including contact alarms for monitoring of controlled entrance
and exits, motion detectors, card readers, watchman tours, etc. Prac-
tically any security function can be monitored by the system if an

indication of its condition can be converted to an acceptable signal.

FUNCTION NO. 22: FIRE ALARM FUNCTION:

The system can operate as an integral part of the individual facility fire
alarm system receiving and diagnosing signals with commands issued or
can function merely as a monitoring system of the individual building
fire alarm systems. As an integral part of the total fire alarm system,
all the components must be UL listed and the installation must comply
with NFPA 72D requirements. These requirements include the necessity
for complete backup power system, double transmission of signals,
backup central processing equipment, etc. The requirements to monitor
the existing individual systems are less strict because the monitoring is
taking place only to provide information. Because most facilities on
military installations are equipped with existing independent alarm
systems, it appears logical to allow these systems to continue to operate

independently and monitor the operation of the system where feasible.
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FUNCTION NO. 23: MAINTENANCE RUN TIME REPORTS:

A number of maintenance functions associated with mechanical equipment
are related to or can be related to the number of operating hours of
the specific item of equipment. Some of these functions include lubri-
cation, cleaning, bearing checks, etc.

FUNCTION NO. 24: TROUBLE DIAGNOSIS:

- By monitoring certain parameters of the mechanical/electrical systems,

diagnoses of reported problems with mechanical and electrical systems
can be performed at the central console location. Some of the para-
meters that might be monitored for the purposes of trouble diagnoses
include hot and cold deck temperatures with high and low limits, leav-
ing chilled water temperatures and hot water temperatures with high
and low limits, differential pressure switches indicating fan and pump
operation, and space temperatures.

FUNCTION NO. 25: CRITICAL AREAS ALARM:

Areas such as electronic data processing equipment rooms, test facili-
ties, environmental test rooms, and other areas with critical require-
ments for environmental control can be monitored for status and alarm
indication.

FUNCTION NO. 26: SAFETY ALARMS:

Many items of mechanical equipment are provided with various types of
alarms for both perscnnel and equipment protection. Alarms such as
high and low water for boilers, gas pressure alarms, and various tem-
perature and pressure alarms on refrigeration machines, are typical of
the types of functions that can be monitored. Monitoring of such
alarms provides the console operator with information regarding the
failure of equipment or the development of potential problems with the
system operation.
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FUNCTION NO. 27: INTERCOM:

A function of the system that can be beneficial from a maintenance
standpoint is the capability of communicating between the operator's
console, the field interface devices or other remote intercom station
locations. The system can be used for intercommunication between
maintenance personnel and console operator for a check out of the

overall system, and for monitoring of start up of equipment.
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1.7 COST IDENTIFICATION

The accurate analysis of an EMCS requires accurate and reliable cost
estimating data. This is extremely important because potential savings
alone do not determine whether a particular function should be connect-
ed to the EMCS. The cost of that function is equally important in
determining whether or not it should be connected. Cost estimating is
of additional importance because cost for a particular EMCS function is
relatively constant, irrespective of the size of the system being controll-
ed. It essentially costs the same to start and stop a ten horsepower
fan as it does to start and stop a one horsepower fan. However, the

difference in potential energy savings is tenfold.

Several items complicate the cost estimating analysis. The first and
probably most important complication is the fact that no two manufac-
turers' EMC systems are identical. Every manufacturer takes a differ-
ent approach to performing each EMCS function. For example, because
of a particular configuration, one manufacturer may be able to provide
a status feedback for a piece of equipment being started and stopped
by the EMCS for a very small cost, whereas a different manufacturer
with a different configuration might actually double the cost of simply
providing start-stop capability, if status feedback is required. Another
difficulty arises from the reliability of budget estimates received from
manufacturers' sales representatives. For obvious reasons, these
representatives generally are very guarded about revealing detailed or
exact cost information. They generally prefer only to give rough
budget estimates based on the total number of points in a system. This
type of information is not adequate for the detailed analysis techniques
developed under this project. Each component cost of the EMC system
must be broken down separately to perfor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>