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INTRODUCTION

This manual was written as a training aid to supplement the EMCS Operator
Training Course classroom lectures. The manual and classroom notes may
also be used as a working reference for the trainee while on duty as an
EMCS operator. The objectives of the EMCS Operator Training Course are to
provide EMCS operators with an understanding of the effective use of an
EMCS as an energy conservation and facility management tool; and to train
them to perform as operators in three functional modes:

g 1. Normal HVAC operation, including entering parameters for the various
il energy conservation routines performed by an EMCS.

ﬁ 2. Recognition and response to alarm conditions occurring in HVAC systems
& that are connected to an EMCS on a typical installation.

E! 3. Understanding the concept of fine tuning or "tweaking" the system to
maintain or to maximize energy conservation.

The course is primarily aimed at potential. EMCS operators who have a high
school education and field experience or technical schooling in HVAC or a
related field. For those students who have no HVAC or related experience
or training, an overview of the principles of heating and air cgnditioning
and the operation of typical HVAC equipment is dincluded in the first
chapter. This will also provide a review for other students.

This course is only the first step in a four phase training program for
EMCS operators. The four phases include:

- EMCS Operating Training Course
- Vendor Training

- Maintenance Shop Rotation

=  On-the-Job Trafning

i-1
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The objectives of the EMCS operator training course as described above
include a generic introduction to the EMCS concept as based on the
Tri-Service EMCS Guide Specifications and Technical Manual. The second
phase is Vendor Training, which will provide equipment familiarization and
operating procedures for the computers and energy conservation programs
actually being installed at the site. The third phase is Maintenance Shop
Rotation, which will provide an opportunity for EMCS operator trainees to
see the actual HVAC equipment and controls at the site in operation. The
final phase is on-the-job training, where the trainee will work with an
experienced operator on the EMCS operator console at the site. This
four-phase trianing cycle could be completed in about six months. )

An Energy Monitoring and Control System (EMCS) is an energy management
system which employs computer technology to monitor and control equipment
scattered throughout a facility. A central computer supervises operation
and provides the EMCS operator access for entering and retrieving
information from remote control points. Sensors and control devices are
wired into electronic field panels which combine signals (multiplex) for
transmission to the central computer. The central computer automatically
analyzes information received from sensors and initiates control actions
through control devices in the field. In addition to automatic operation,
the central computer provides reports and displays information for the use
of a human operator. Based on this information, the operator can manually
override automatic operations or can adjust parameters used by the
automatic control programs to achieve greater energy conservation or better
: quality control. The EMCS may be used to affect energy and manpower
3 savings, for heating, ventilating, and air conditioning, process equipment,
1ighting, chillers and boilers. The EMCS may also be used to assist in
majntenance management. Some EMCS are also uﬁed for fire and security
alarm purposes. Fire and security functions have not been generally
ifmplemented on EMCS at military bases, therefore, those capabilities are
not concentrated on in this manual and course.
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The systems which have evolved to become modern EMCS were originally
developed during the 1960's, primarily as maintenance and alarm recording
tools. MWith the Arab o0il embargo of 1973, the importance of energy
conservation was brought to the forefront. Spiralling fuel costs since
that time have brought ever increasing pressure on all segments of society
to conserve energy. As this occurred, the capabilities of an EMCS type
system to conserve energy became the primary focus of their ongoing
development process. Within the government sector, President Carter's
Executive Order 12003 mandated a 20% reduction in energy consumption by
1985 compared to 1975 consumption. Within the military services, this
resulted in a concentrated program of capital investments to improve the
energy efficiency of military facilities. This program was titled The
Energy Conservation Investment Program (ECIP). The ECIP program has been
used to fund a wide variety of capital energy improvement projects ranging
from modernized boiler plants, addition of wall insulation, family housing
units, heat recovery projects, etc. One of the most common ECIP projects
is the installation of a central computerized control system for each
military base. Although the systems have been installed under a wide
variety of names, (Utility Control Systems, Utility Monitoring and Control
Systems, Energy Management Systems, Central Energy Management Systems,
etc.) the common terminology used today for these systems 1is "Energy
Monitcring and Control Systems (EMCS)".

The primary use of EMCS on military facilities has been the monitoring and
control of heating, ventilating, and air conditioning (HVAC) systems.
While there has been some applications of EMCS for lighting control,
electrical distribution control, water and sewer system control, etc.,
these vary from site to site, depending on the operating philosophy and
funding availability of a particular military base. Since the majority of
EMCS are used for control of HVAC systems, the EMCS Operator Training
Course will concentrate on the principles and application of typical HVAC
systems to provide the EMCS operttor with a baseline background in the
types of systems he wil bho de>” ,.g with on an everyday basis. The course
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will not deal with specific details on individual pieces of equipment used
in HVAC systems (fans, pumps, etc.), but will primarily concentrate on
those components as they fit into an overall HVAC system, the control of
those systems, and how an EMCS is applied to each of those systems.

The second area of concentration for the EMCS operator course is a general
familiarization with EMCS technology, terminology, and basic operation
principles. The course provides basic definitions of terms the operator
will encounter in dealing with the many different disciplines involved with
an EMCS. These include computer technology, sensor and control technology,
utilities system operation, _HVAC system operation and facilities
maintenance operations. In addition to HVAC system concepts and EMC system
concepts, the course will provide training in the application of the EMCS
to HVAC systems to accomplish energy conservation and equipment trouble
diagnosis. It is not possible to obtain an in depth education in such a
wide variety of fields within the course of any training program. This
course only attempts to familiarize operator personnel with some of the
basic concepts and provide him with an overview of the technologies with
which he will deal on a daily basis.

i-4




CHAPTER 1

HVAC SYSTEMS

Section 1. BASICS OF HVAC SYSTEMS

The primary purpose of heating, ventilating, and air conditioning (HVAC)
systems is to provide a healthy, comfortable environment for people, and in
some cases equipment. Human comfort is dependent on a number of factors,
including:

1. Air temperatures

2. Temperatures of surrounding surfaces.

3. Air humidity

4. Air motion, and

5. Air freshness

The American Society of Heating, Refrigerating and Air Conditioning
Engineers (ASHRAE) has performed extensive research into human "comfort
conditions”. Figure 1-1 provides an fllustration of a "comfort zone" based
on the combination of air temperature and humidity. As can be seen from
the figure, as humidity decreases, comfortable air temperature increases.

1-1
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Figure 1-1

Thus, 78° air temperature with 25% relative humidity "feels" comfortable to
a building occupant while 78° with a relative humidity of 70% will be
uncomfortable. Therefore, HVAC systems must address both air temperature
and humidity to maintain comfort conditions. The comfort of a space can be
affected by heating or cooling the space, humidifying or dehumidifying air
within the space, ventilating (introduction of fresh outside air) and
filtering of the air in that space. These are the basic processes
accomplished by an HVAC system. Note that governing criteria (DOD, local
or service wide) may dictate design or operation outside the Figure 1-1
zone for energy conservation purposes.
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In order to maintain a space at any given temperature, there must be no net
gain or loss of energy in that space. When energy is transferred out of a
space, it is called a heat loss. When energy is transferred into a space,
it is called a heat gain. HVAC systems are designed to exactly offset heat
gains or heat losses resulting from external or internal factors. Thus the
amount of heating to be provided by an HVAC system (the heating load) must
equal the net heat loss from the spaces served by that HVAC system. If the
spaces served by an HVAC system have a net heat gain, then that equivalent
amount of energy must be removed by the HVAC system by cooling the space
(the cooling load).

Heat gains and losses are a result of heat transfer through the building
exterior envelope (walls, roofs, doors, windows, etc.), internal heat
gains, and transfer of outside air into the conditioned space. Building
envelope loads result from conduction heat transfer and solar heat gain.
Conduction heat transfer is caused by a temperature difference between the
space inside and the air outside. The greater the difference between the
inside and outside temperatures, the more heat is transferred. If the
outside temperature is greater than the inside temperature, heat energy is
transferred into the space. If the inside temperature is warmer than the
outside temperature, heat is lost from the space. In addition to the
amount of temperature differential, the construction of the wall, roof or
window through which heat is being conducted, also effects the amount of
energy transferred between the inside and outside. A measure of the
tendency for a wall or other structure to resist the flow of heat is it's
thermal resistance. Insulated walls conduct less heat than uninsulated
walls, because the addition of the insulation material increases the
thermal resistance of that wall.

In addition to conduction, heat may be transferred into a space as a result
of solar heat gain. This can be due to the sun striking an opaque surface
of a room, such as a wall and heating that wall to a temperature that is
higher than the room temperature. Solar heat gain can also result directly

2 ek PR VPRl PP Y Y ) s e
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SOURCES OF HEAT GAINS AND LOSSES

Figure 1-2

from sunlight passing through a translucent or transparent surface such as
a window, striking objects within the room, and warming them to a
temperature warmer than the space temperature.

In addition to the building envelope loads, internal heat gains can also
contribute te cooling loads. Any time an object within a space has a
higher temperature than the space itself, it results in a transfer of heat

1-4
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from that object into the space. That heat must be removed by the air
conditioning system in order to maintain the space temperature. People,
lights, office equipment and other appliances in rooms have higher
temperatures than the space itself. Thus, all of these objects provide an
internal heat gain to a space. The heat gain as a result of this
temperature difference 1is called "“sensible" heat gain. "Dry bulb
temperature" is a measure of the sensible heat content of a substance as
. measured by a conventional theﬁhometer.

In addition to sensible heat gains, a second type of heat gain must be
considered in air conditioning applications. As illustrated on the comfort
condition chart, human comfort is related to the humidity within a space.
Any increase of space humidity due to addition of moisture to the air in
the space contributes to the "latent" heat gain and must be removed by the
air conditioning system in order to maintain the space's humidity.
Moisture evaporating from the surface of people's skin is one source of
latent heat gain in a space. Appliances such as kitchen equipment which
result in evaporation of water or moisture into the air also add a latent
heat gain to space.

In addition to building envelope and internal heat gains, heating or
cooling loads may result from the introduction of outside air into a space.
Outside air may enter a space through cracks around windows or doors or
from opening and closing of doors or other openings in the exterior
building skin. This addition of outside air is called "infiltration". If
the outside air introduced by infiltration is at a different temperature
than the space temperature, it adds a sensible heating or cooling load to
the space. If the outside air contains more moisture than the room air, it
adds a latent cooling load to the space. In addition to infiltration,
outside air must be added to the space by the HVAC system for ventilation
purposes. Ventilation air also can add heating or cooling loads on the
HVAC system if it is not the same temperature and humidity as that being
maintained in the space.

:
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The actual heating or cooling load within a space is equal to the sum of
all individual heat gains and heat losses to that space. During most of
the time, spaces have both heat gains and heat losses. For example, when
the outside temperature is cold, heat losses occur through walls and
windows while at the same time, people and lights within that space provide
heat gains. If heat losses are exactly equal to heat gains, then no net
heating or cooling load occurs in the space. If the total of heat losses
is greater than the total of heat gains, then the difference between the
two is equal to a heating load (i.e. HVAC must add heat to the space).
They may have a net heating or cooling load depending on a wide variety of
factors, including outside air temperature, solar heat gain and internal
loads. -

Groups of spaces along the exterior of the building are normally referred
to as perimeter zones, and are the most influenced by exterior conditions.
Spaces within the building, which are not adjacent to any exterior surface
of the building, are called interior zones. Interior zones generally
require cooling even during the winter because {internal gains from lights,
people and equipment are not offset by losses through exterior surfaces.
This requirement for cooling in interior zones while perimeter zones may
require heating adds complexity to HVAC systems. The HVAC system of a
building must be able to provide cooling to interior spaces at the same
time it provides heating to perimeter zones. The wide variety of HVAC
systems which will be discussed later in the course is in large part due to
this requirement.

Every building that is heated, requires some means for converting raw

o
r: energy into heat (thermal energy). The source of energy may include fossil
if fuels, wood, sunlight, purchased steam, electricity or waste heat recovered
Y from refrigeration machinery or other processes. The function of the HVAC
;; equipment 1s to effectively convert the specific form of energy to heat and

- transfer this heat from the source to the conditioned space. The amount of
heat transferred fs usually designated as a rate of flow in BTU per hour.
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Figure 1-3

A BTU or British Thermal Unit is the amount of heat that must be added to
one pound of water to raise its temperature one degree Fahrenheit.

Some equipment 1is designed to radiate heat into a space: wood-burning
stoves, electric heat strips, and radiators. Other equipment is designed
to transfer heat to a moving stream of air which is circulated through the
space to be heated: direct-fired furnaces, unit heaters, fan coils, and
central air distribution systems. The heat from combustion of fuel or
other heat source may be transferred directly to the air stream as in a
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direct-fired furnace or air solar collector. In other systems water is
heated at a central boiler, heat recovery unit, or solar collector panels
and distributed to the fan units. The fan blows or draws air across either
a steam or hot water heating coil installed inside a duct. A coil is made
of many feet of twisted finned tubing through which the hot water or steam
flows. The heat transfer capacity of the coil is varied by varying the
flow rate of water or steam through it with a control valve.

If the energy source being used is electricity, then the energy conversion
process is accomplished by means of some type of electrical resistance
coil. The wires or elements of a coil have a resistance to the electricity
flowing through them. The electrical current flowing through this
resistance results in heating of the coil surfaces. That heat is then
transferred to the medium which is to be heated. Electric heat may be used
directly to heat room air as is the case with electric baseboard heat or it
may be used in an electric duct heater to control supply air temperature
which is then transferred to the room to be heated. Electric heat may also
be used to heat hot water which may then be transferred to heating coils or
radiators to provide heat for the building.

A variety of combustible fuels are used in building heating applications.
These include coal, natural gas, propane gas, light oil (#2), heavy oil
(#6) or combinations of these fuels. In all of these cases, the process
used to obtain heat is that of combustion. The fuels are burned at a high
temperature adn the heat given off in the combustion process is then
transferred to the building or space to be heated.
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During the heating season humidification of heated air may be desirable.
In spite of the addition of moisture to the inside environment by the
.- presence of people, the relative humidity can decrease to an uncomfortable
h level due to infiltration and ventilation with outside air. By definition,
relative humidity is the ratio of the amount of water vapor in a sampie of
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air under study to the maximum amount of water vapor which could be in that
air at the same temperature without condensing. Warm air can hold a larger
amount of water vapor than cool air. Therefore, when air is heated without
the addition of moisture, the relative humidity decreases. For example,
outside air at 35°F and 40% relative humidity heated to 68°F will have a
resultant humidity of 11%. The most common method for humidifying supply
air is by steam injection as shown in Figure 1-4.

N\
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HEATING COIL J

STEAM INJECTION HUMIDICATION

Figure 1-4
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-, Heat gains must be compensated by removal of heat from the conditioned
i% space. This is accomplished by passing an air stream through a cooling
o cofl or evaporative cooler. A typical evaporative cooler is shown in
- Figure 1-5. Three sides of the metal housing is covered with a porous
: materfal that is kept saturated with water. A small pump circulates water
from the basin up and over the porous material. A float valve in the basin
regulates the flow of make-up water that replaces water which evaporates
and §s carried off by the air stream. Heat is required for the
vaporization of the water and is supplied by the sensible heat of the air
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resulting in a lower dry bulb temperature. As a result of the process,
however, the humidity and thus the latent heat of the air increases. This
method of cooling is only feasible in arid climates such as the Southwest
states.

Cooling coils are capable of removing latent heat as well as sensible heat
from an air stream, thus performing the dehumidification function. The
temperature of the coil must bé below the dewpoint of the air stream, the
temperature at which water will condense out of a sample of air. This
temperature varies depending on the amount of moisture in the air. Thus, as
the air passes over the coil moisture will condense on the cold tubes.

Cooling coils may be either chilled water coils or direct expansion (DX)
coils. As with hot water heating coils chilled water is pumped throughout
a building to the chilled water coils from a central chilled water plant.
The chilled water is generated by a vapor compression refrigeration cycle
or absorptioh refrigeration process in the central plant chillers.
Refrigerant is the cooling medium flowing throdgh a DX coil, which is an
integral part of a vapor compression cycle.

The vapor compression refrigeration process is based on the fact that the
temperature at which a 1liquid boils varies proportionally with the
pressure. For example, water at atmospheric pressure boils at 212°F. The
same water in a closed container, such as a pressure cooker, at 15 psig (15
pounds per square inch above atmospheric pressure) boils at 250°F. Thus,
by changing the pressure in a closed system it is possible to condense a
gas at one temperature and vaporize the same substance at a Jlower
temperature. Cooling, that is heat removal, from the surroundings is
achieved when a 1iquid boils or vaporizes at a temperature lower than the
surroundings. Thus, certain substances are used in refrigerating systems
which under controlled pressures will boil at the desired temperatures.

Many substances have been used as refrigerants, but the most common used
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today in air conditioning systems are fluorinated hydrocarbons. They are
composed of carbon, hydrogen, chlorine, and fluorine in " different
proportions, and are non-corrosive, non-flammable, non-toxic,
non-explosive, clear water-white, and have a slightly sweet odor.
Refrigerant-12 and Refrigerant-22 are good refrigerants for air
conditioning. The boiling temperatures corresponding to various pressures
are listed in Table 1 for Refrigerant-12 and Refrigerant-22.
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Table 1
Properties of Saturated Refrigerants

3 R-12 R-22

-, Temp. Press. Ht. of Vap. Press. Ht. of Vap.

R SF psia BTU/1b psia BTU/1b

& -40 9.3076 72.913 15.222 100.257

.! -30 11.999 71.903 19.573 98.801
-20 15.267 70.874 24,845 97.285
-10 19.189 69.824 31.162 95.704

0 23.849 68.750 38.657 94,056

10 29.335 67.651 47.464 92.338
20 35.736 66.522 57.727 90.545
30 43.148 65.361 69.591 88.674
40 51.667 64.163 83.206 86.720
50 61.394 62.926 98.727 84.678
60 72.433 61.643 116.31 82.540
70 84.888 60.309 136.12 80.298
80 98.870 58.917 158.33 77.943
90 114.49 57.461 183.09 75.461
100 131.86 55,929 210.60 72.838
110 151.11 54.313 241.04 70.052
120 172.35 52.597 274.60 67.077
130 195.71 50.768 311.50 63.877
140 221.32 48.805 351.94 60.403
150 249.31 46.684 396.19 56.585

1-13

- {-..:- ........

LR T B - . . .
AP Ul LI R B TP AP N S M - - LA -. - MPUDED G L W POy Wi - - - - W .- P SR PTG




i) "I hhl DO CETCON

" " —————— L 2t g 4 —— Lol st amin S sne EAmats sunie) P e .

Also listed 1is the heat of vaporization per pound of refrigerant
corresponding to the temperature/pressure states shown. The heat of
vaporization is the amount of heat which a substance absorbs when it
vaporizes. Pressure is listed in units of pounds per square inch absolute.
Note that Refrigerant-12 boils at -21.6°F and Refrigerant-22 boils at
-41.4°F at atmospheric pressure (14.7 psia); therefore, they are both gases
at atmospheric conditions. Refrigerant-22 was originally developed for low
temperature applications. It also provides a greater cooling capacity for
the same size equipment, as indicated by the larger heats of vaporization
at given pressures. It is not recommended, however, that refrigerant in a
system be changed without approval of the compressor manufacturer.

A schematic of the vapor compression refrigerant cycle is shown in Figure
1-6. The cycle consists of four basic processes. In one process the
pressure and temperature of gaseous refrigerant is increased by the action
of the compressor. The compressor can be thought of as a pump for gases,
and serves the function of pushing the refrigerant through the balance of
the cycle. In the next process heat is rejected from the refrigerant and
it condenses to a liquid in a heat exchanger aptly called the condenser.
Next, the liquid refrigerant is allowed to expand through an automatic
throttling device (expansion valve) which is actuated by temperature and
pressure. At the lower pressure resulting from the expansion process the
Yiquid vaporizes in a heat exchanger called the evaporator, absorbing heat
as it does so. The higher pressure in the system is referred to as either
the condenser pressure or head pressure. The lower pressure is referred to
as the evaporator pressure or suction pressure.

The capability of refrigeration equipment to cool is usually expressed in
tons. The term dates from the era before mechanical refrigeration, when
ice was used for refrigeration. A ton of ice melting in 24 hours will
absorb heat at the rate of 12,000 BTU per hour. Thus, in the field of
mechanical refrigeration, a heat removal capacity of 12,000 BTU/hr is
referred to as one ton of refrigeration.
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Figure 1-6

Vapor compression refrigeration machines generally use one of two types of
compressors: reciprocating or centrifugal. The reciprocating compressor
is comparable to an internal combustion engine in some respects, made up of
pistons, all attached to the same rotating shaft and moving up and down in
cylinders. On the intake stroke of the piston, a quantity of refrigerant
gas fills the cylinder. On the compression stroke, the refrigerant is
compressed and discharged from the cylinder. Refrigeration applications up
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ADJUSTABLE INLET GUIDE VANE FOR CAPACITY
CONTROL OF CENTRIFUGAL COMPRESSOR

Figure 1-7

to 60 tons generally use reciprocating compressors. From 60 to 200 tons,
either reciprocating or centrifugal compressors may be found in use. Above
200 tons normally centrifugal compressors are used.

Centrifugal refrigeration machines were developed to fill the- need for
single refrigeration units of large capacity. The operating member of a
centrifugal compressor is the impeller. The center of the impeller is
fitted with vanes that draw gas into the rotating impeller body. Impeller
rotation accelerates the refrigerant gas. As the gas flows through the
conipressor passages the kinetic energy, or energy of motion, is converted
to static energy or pressure. A centrifugal compressor is suited for a
wide range of cooling loads. The cooling capacity is varied by adjusting
the position of inlet vanes located ahead of the impeller. Vane position
affects the entering gas quantity as well as the angle at which gas enters
the impeller.
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Figure 1-8

Absorption refrigeration machines are based on the two facts: that water
has a2 low boiling point in a vacuum, and that salt has a high affinity for
water. Figure 1-8 is a flow diagram of an absorption refrigeration system.
Usually the refrigerant in the absorption cooling process is distilled
water and the absorbing solution 1is lithuim bromide salt dissolved in
water. The four chambers are generally located within one shell which is

ADAD) s SRR ATLEANLD I8 N

™™y
L

1-17




O RN LN
P

’A l"
RN

(AL frantd

x v
G

q T

-, -"
- -
AN
-« .
S

»
.
...
PR
£
h:.‘.
-

.
A

.
-~

purged of air. The heat exchanger and pumps are external to the shell.
The evaporator and absorber are at a'pressure 1/100 that of atmospheric
pressure. The concentrator and condenser are at a higher pressure, which
is still about 1/10 that of atmospheric pressure.

In the concentrator refrigerant is boiled from the dilute solution at about
210°F. Heat is supplied from a steam or hot water coil immersed in the
solution. The refrigerant vapor migrates to the condenser leaving behind a
concentrated solution which returns to the absorber. In the condenser the
vapor is condensed at about 112° on the surfaces of the condenser tube
bundle which carries cooler condensing water. The liquid refrigerant is
expanded through an orifice to the lower pressure evaporator. The instant
evaporation or flashing of some of the liquid cools the remainder to a
boiling temperature of about 40°F. The refrigerant is circulated from the
bottom of the evaporator chamber and sprayed over the evaporator tube
bundle. As the liquid evaporates it cools the water which flows through
the tubes and back out to air conditioning cooling coils. The evaporated
refrigerant vapor migrates to the absorber section where it is absorbed by
the concentrated absorbing solution. The heat released in this process is
rejected to condensing water. The diluted solution is then pumped back to
the concentrator.

Absorption machines were developed for large capacity use before the advent
of the centrifugal chillers. Absorption equipment is highly inefficient
having efficiencies of only 20 to 30 percent. As a result, their use has
declined except in buildings that have waste steam or excess steam
available. Absorption refrigeration can be useful as a back up to
centrifugal equipment in situations where it is crucial to hold down the
electrical power use.

Besides heating, cooling, humidifying, and dehumidifying, HVAC equipment
provides good interior air quality. The American Society of Heating,
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o Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE) has established
standards for air quality. City codes also frequently specify the amount
_ of outside air that must be brought into a space. The process of supplying
! and removing air by natural or mechanical means to or from a space fis
termed ventilation. The purpose of ventilation is to replenish oxygen in a
building and remove air that has been contaminated. Most fan systems are
designed to bring in a certain amount of outside air. The amount of fresh
air required is dependent on-the function of the interior space. For
example, a chemical laboratory may require that 100% of the air supplied to
the lab be brought in from outside to replace the interior air contaminated
- by chemical fumes. An office building may require as little as 10% of the
= supply air be brought in from outside, the remainder being recirculated
air. Table 2 lists a sampling of ventilation requirements as recommended
by ASHRAE. Note that Department of Defense or 1local codes may vary
considerably from the requirements listed in Table 2 and that the
applicable code or guidance for a particular facility should be used for

that facility.

Table 2
Outdoor Air Requirements for Ventilation

Smok ing Non-smok ing
Cafeterias 35 7 cfm/person
Hotel bedrooms 30 15 ¢fm/room
Hotel lobbies 15 5 cfm/person
Office space 20 5 cfm/pefson
Pet shops 1 1 cfm/ft
Hospital operating rooms - 40 cfm/person
Auditorium 35 7 cfm/person

HVAC fan systems also control air purity by reducing or eliminating
unwanted particulate or gaseous matter from the air supplied to a space.
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This is accomplished by placement of filters in the air streams. There are
many types of filters which vary in the degree of efficiency. Normal
applications are generally concerned with removal of only particulate
matter. Laboratory "clean rooms" require very high efficiency filters
which will remove a major percentage of very small particles. Other
applications require filters capable of eliminating odors, viruses, and
bacteria.

Ventilation and filtering affect the energy consumption of HVAC equipment.
Outside air which is introduced to a building needs to be heated and cooled
contributing to the heating and air conditioning load. Therefore, it
should be kept at a minimum, within recommended limits, most of the time.
Filters are an obstacle to the flow of air in an air handier adding to the
horsepower requirements of the system fans. More efficient filters result
in greater pressure 1oss and the need for larger fans. So high efficiency
filters should only be installed where the function of the conditioned
space requires it. Dirty filters result in greater load on existing fans
and cut down on the actual volume of air delivered to a space. To maintain
greater system energy efficiency as well as filtering efficiency filters
should be cleaned or replaced regularly.
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SECTION 2. CONTROL CONCEPTS

Most HVAC systems have some kind of automatic control system, often
referred to as a local control loop, which at least controls the operation
based on a room thermostat if not much more. The primary components for
the automatic control systems are sensors, controllers, and actuators. The
sensor senses changes in a variable, and sends a signal to a controller
indicating a change has taken place. The controller receives that signal,
interprets it, and takes an action based on the sensed input and the
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Figure 1-9
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controller settings. The output of the controller signals an actuator
which effects some change on a component of the HVAC system.

As an example of a control system consider a person driving an automobile.
The sensor is the eyes which note the changes in the curve of the road.
The brain is the controller which interprets what the eyes see and decides
what corrective action needs to be taken to keep the car on the road. The
hands are the actuator which respond to the brain's signals and adjust the
steering wheel to maneuver the car which is the controlled system.

The typical control situation in an HVAC system is a thermostatically
controlled hot water valve on a heating coil, illustrated in Figure 1-9.
The room thermostat is the controlier which also houses the sensor that
senses air femperature. The valve actuator positions the valve to limit
the amount of hot water flow through the coil.

There are two primary types of measurement and control used in HVAC
applications: two position and modulating (proportional). Two position
control devices designate one of two operational modes, such as on/off or
open/closed. Two position measurement sensors detect if the equipment is
on or off, open or closed. Two position type measurement also can be used
to sense whether a measured variable is above or below a set value. For
example, a freezestat can detect whether or not a temperature is above
40°F, and as a result opens or closes electrical contacts in a circuit.
Likewise a differential pressure switch interrupts or completes an electric
circuit if the difference in pressure between two pressure sensors is above
or below a set value. A flow switch responds the same to flow of a liquid.

Modulating or proportional control devices set an actuator or motor at any
position between on or off (open or closed). For example, a modulating
control device may be used to position a valve to regulate the flow of
water. As the valve position varies from open to closed the flow rate of
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- water varies from full flow to no flow. Proportional measurement produces
r. a signal whose value is related to the value of a real physical parameter.

For example, a temperature sensor produces a output signal which is
proportional to the temperature it is measuring. Such devices generally
have a limited range over which they operate. For example, a temperature
sensor designed to measure rodm temperature would be reasonably accurate
over the range of 50° to 100°F, but would not be accurate for measuring
boiler stack gas temperatures on the order of 1000°F.

SENSOR ACTION

e ADJUSTASLE
;_: RESTRICTOR s
'V- SUPPLY AIR  ——
. INPUT (MAIN) —_— M(%m)
F)
2
SIMPLE PNEUMATIC CONTROLLER
i
E Figure 1-10
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Another element which is necessary for automatic control is a source of
power to supply energy to the actuator and for the transmission of signals.
This power supply can be either pneumatic or electric/electronic. Both two
position and modulating control systems can be constructed using either
pneumatic or electrical control devices.

Pneumatic controls are powered by compressed air, usually 15 to 20 psig
pressure, although higher pressures are occasionally used for operating
very large valves or dampers. Pneumatic devices are inherently modulating,
since air pressure may easily be provided with infinite variation over the
control range. Because of their simplicity and low cost, pneumatic
controls are frequently found on commercial and industrial installations
using more than eight or ten devices.

Pneumatic devices available include sensors, controllers, actuators,

relays, and transducers. A relay is a two position switch. Transducers

are devices which can convert a variable output electrical voltage to a

varying air pressure or vice versa. Relays and transducers may be used to

interface pneumatic and electric devices or control systems. For example,
a pneumatic/electric (PE) relay is an electric switch which opens or closes
in response to a pressure signal. An electric/pneumatic (EP) relay is a
solenoid air valve which is opened or closed based on the status of the
electrical circuit to which it is connected.

Electric controls are available in a wide variety of configurations for
every conceivable purpose in HVAC application. All of these are based on
one of four operating principles: The switch, the electromagnetic coil and

solenoid, the two position motor, and the modulating motor.

Any electrical circuit includes three elements: a power source, a switch,
and a load. The load represents resistance and consumes the power. The
switch serves to turn the power on and off. In an HVAC system, the load
will be an actuator or relay, the switch will be sensor-controller. The
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power source is usually the building's electrical power which may be used
at a normal 120 volts or transformed to some lower voltage, typically 24
volts. Some electrical devices use direct current (DC). This may be
supplied by a battery or an alternating current (AC) source by means of a
transformer and rectifier.

In addition to classifying controls as two position or modulating and
pneumatic or electric, a new classification is evolving with the
integration of computer technology into control systems. This
classification is analog versus digital type control systems. In the past,
most control systems have been analog systems where signals within the
control system varied continuously in some physical manner related to the
control system activity and control logic was implemented by means of
relays, controllers, actuators, and other physical devices. Digital
control systems, which are becoming more common, use micro computers to
perform control 1logic functions and computations. Sensor and control
signals are transmitted in the form of digitally encoded data rather than
continuous varying signals.
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SECTION 3. CONFIGURATION AND OPERATION OF TYPICAL HVAC SYSTEMS

There are a wide variety of HVAC systems used to provide heating and
cooling to buildings, in fact almost every building/HVAC system combination
is unique in its implementation and operation. In this section, a general
description of the most commonly used HVAC systems will be provided,
however, it should be understood that at a particular installation the
actual implementation and operation of HVAC systems may vary considerably
from what is described herein. However, the basic concepts and terminology
should give -the EMCS operator a overview of HVAC systems and their
functions.

Radiator

The simplest type of HVAC equipment is the radiator. It only provides
heating. Heat is transferred to the air, people and objects in the room by
radiation and natural convection from the hot surfaces of the radiator.
Natural convection is the process by which heat is transferred between a
solid surface and a fluid (1liquid or gas) which moves across it as a result
of the temperature difference. The heating medium in radiators is steam,
hot water, or electricity.

A radiator may be automatically or manually controlled. Automatic control
is achieved by thermostatic control of a steam valve at each radiator.
Usually a self contained thermostat/valve combination is used for that
purpose. In addition to individual room control, entire radiator systems
may be controlled based on the outside air temperature. If the outside air
temperature is above a certain setpoint, the pump (for hot water systems)
or main steam valve (for steam systems) may be turned off or closed. In
addition, for hot water systems the temperature of the water supplied to
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the radiators may be varied depending on outside air temperature. For
example, if the outside air temperature is 60° the water supplied to the
radiators may be set at 100°, while if the outside air temperature is 0°,
the hot water temperature may be set at 200°.
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) Most radiation systems are not properly controlled. As a result, they can
ii waste energy and easily overheat a space. If the occupants of the space
- have no other means of control, they usually open the windows to maintain
" the space at a reasonable temperature. This obviously is an extreme waste
of energy, a result of the inability of the control system to do its job.

A convector is a variation of the radiator, designed to transfer heat to
the space primarily through convection. Convectors have specially designed
enclosures to promote free air flow through a coil or other heat transfer
surface. The same types of control used for radiators are used for
convectors.

Unit Heater

Another type of heating only device is called a unit heater. A unit heater
is basically a radiator or convector with a fan added to the system. A
unit heater may be steam, electric, or hot water type and may be controlled
using the methods described for radiation systems. In addition, control
may be accomplished by cycling the unit heater fan in response to a room
thermostat. However, an additional control mechanism must be provided to
prevent the unit heater fan from operating when a heat source is not
available (i.e. when the steam supply to the building has been turned off).
This may be accomplished through wiring interlocks or by an aquastat
attached to the piping supplying the unit heater coil. The aquastat senses
the temperature of the piping and if it is below a set temperature
(indicating the heat source has been turned off) it will not allow the unit
heater fan to run, even though the thermostat in the room calls for
heating. This prevents the fan from circulating cold air, which would
cause further discomfort to the room occupants. While the unit heater is
still a heating only system, it has greater flexibility than radiators and
convectors in that it can more widely distribute the heat within the space
it serves.
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Fan Coil

Another type of HVAC system similar to the unit heater is called a fan coil
system. Fan coil systems generally provide heating and cooling. A fan
coil unit consists of a small fan and coils mounted within an enclosure.
An individual fan coil unit normally serves a single room and may be
mounted above the ceiling with a diffuser or register supplying air or on
the floor at an exterior wall. Normally, many fan coil units are connected
together by the piping network which carries hot or chilled water from some
- central heating or cooling equipment location.

Fan coil systems classified as "two pipe" systems house a single coil which
is used for heating in the wintertime and cooling in the summertime. It is
connected to a single supply pipe and single return pipe. In the summer,
chilled water is circulated in the piping system and in the winter hot
water is circulated in the piping system. A "four pipe" fan coil system
has two separate coils connected to separate chilled water and hot water
circulating systems. Thus, in a four pipe system, heating or cooiing may
be chosen by the room thermostat based on the room temperature.

Fan coil system controls generally consist of a thermostat which controls
the action of the fan coil unit. The thermostat may be mounted within the
fan coil unit enclosure or mounted separately on a wall. Some fan coil
control systems allow the fan to run continuously and modulate temperature
by opening or closing chilled or hot water valves serving the fan coil
unit. Other control systems cycle the fan coil unit fan on and off based
on the temperature requirements. In addition to the local controls at each
fan coil unit, a two pipe fan coil system must contain controls which
perform the changeover from circulation of hot water to chilled water when
operation of the system is changed from heating to cooling and vice versa.
This changeover control may be accomplished automatically based on outside
air temperature or other parameters, or may be manually accomplished based
on the season of the year.
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Some fan coils have an outside air vent with a manually controlled damper
for bringing in a small amount of fresh air. Individual room units with
more sophisticated automatic damper control of outside air also exist.
These are usually termed unit ventilators.

Central Fan Systems.

Radiators were the most common heating system used in the past. Now fan
coil units are used heavily for specific types of applications (hotels,
‘ motels, dormitories, etc.), but most buildings which would be connected to
;p an EMCS are provided with heating and cooling through various types of
‘3 central fan systems. These systems provide for the distribution and
3 control of heating and cooling energy to individual spaces within a
building. They may or may not include the primary energy conversion
mechanism for heating or cooling. In general, central fan systems use a
system of ductwork to distribute heated or cooled air from the fan system
. location to the spaces it serves. Air is returned from those spaces
Sj through separate ducts or plenum system for recirculation or exhaust. A
- central fan system generally serves several areas of a building instead of
only one room. The different types of central fan systems which will be
discussed are:

Tr ™ wrr-r
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Single zone air handling unit.
Terminal reheat air handling unit.
Multizone air handling unit.

Double duct air handling unit.
Variable air volume air handling unit.

N & W N e
e & =

In addition to the temperature controls, central air systems normally have
safety controls to prevent damage to the equipment or to provide occupant
: safety. Common devices for these purpose are freezestats, firestats, and
4 smoke detectors. A freezestat is normally located on the inlet of heating
or cooling coils which are susceptible to freezing. If the entering air -

- 1-38

i~ MNP TN VT O S G S TS PP a3 PP




g - G ZRmt et TR S

| asuhmes oAk muth SRR i)

R
e
T
I

K

temperature to the coils drops below the 35° to 40° temperature range, the
freezestat will automatically shutdown the fan system to prevent freezing
of the coils. In a similar manner, firestats are located within the fan
system such that if they detect a temperature above 125°F they shutdown the
air handling system. Most modern systems also include smoke detectors
within the air handling system and in the occupied spaces which sense the
presence of smoke and shut down the air system, if smoke is detected.
Smoke detectors may also be used to operate central air systems in special
smoke control modes, when the air system is actually used to evacuate smoke
or to pressurize areas adjacent to smoke filled spaces to prevent migration
of smoke into the uncontaminated areas. These smoke control systems can be
extremely complicated and sophisticated.

Most central fan systems have the capability of providing varied amounts of
outside air for ventilation. Air pulled from conditioned spaces through a
return air duct or plenum is mixed with outside air drawn in through an
outside air louver or other intake means. In order to maintain a balance
of air pressure inside and outside the building, the same amount of air
must be exhausted as is brought in through the outside air inlet. In most
commercial buildings, a slightly greater pressure inside the building is
desirable. This reduces, if not eliminates, the occurrence of infiltration
through walls, doors, and windows. Therefore, fan systems are usually
designed to bring in a slight excess of outside air.

Air is exhausted from a building in a variety of ways: through toilet
exhaust fans, kitchen exhaust fans, fume hoods, and gravity relief dampers.
: Air may also be exhausted through exhaust air ducts and dampers at a
h central fan system. Where automatic control of the amount of outside air
or condition of the mixed air (mixture of return air and outside air) is
desired, variable position dampers are placed in the three air streams:
return, exhaust, and outside air. These control the quantity and direction
of flow of the three air streams.
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Figure 1-19

The dampers are positioned by a damper motor or three separate damper
motors controlled simultaneously. The outside air and return air dampers
work in opposition to each other. For example, if the outside air damper
is 100% open, the return air damper is 100% closed. As the outside air
damper begins to close, the return air damper opens an equal amount. The
exhaust air damper works in unison with the outside air damper, so if 100%
outside air is brought in, then all of the return air brought back by the
return fan is exhausted. A controller will position the dampers based on a
variety of different control schemes which can take into account mixed air
temperature, return air temperature, outside air temperature, minimum
outside air percentage, and other safety factors. See Figure 1-19 for an
illustration of the position of ventilation dampers.
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Single Zone Air Handling Unit

A single zone air handling unit serves several areas with a single supply
duct system. - Air is heated or cooled in the unit and supplied at a fixed
flow rate (constant volume) to the spaces served. The unit may have both
heating and cooling coils in series and in some cases a humidifier may be
provided. The heating energy may be supplied by steam, hot water, or
electricity, and the cooling coil may be supplied with chilled water or may
be a direct expansion type coil.

The operating control of the single zone air handling system is
accomplished by varying the supply air temperature in response to the
temperature of the space served. If the space requires heating, the supply
air temperature is increased by the control system, and if the space
requires cooling, the supply air temperature is decreased by the control
system. Supply air temperature control may be accomplished by modulating
or cycling valves on the supply lines to the heating and cooling coils.

An alternate control mechanism commonly used on single zone air handling
systems is the face and bypass control method. See Figure 1-21. With this
system a set of dampers is located on the inlet side of the coil to be
controlled. A section of ductwork connecting the coil inlet and outlet
provides a bypass path around the coil. A control! damper is also installed
in this bypass section. By modulating the position of the damper on the
face of the coil in conjunction with the damper in the bypass duct, the
quantity of air passing through the coil may be reduced and then mixed with
the bypass air in order to vary the final supply temperature from the coil.

A single thermostat controls the operation of the single zone system. This
{s the most inexpensive of the central fan systems, but spaces served by
this system may be too hot or cold if the load in those spaces differs from
the single space where the thermostat for the system is located. For
example, if a thermostat is located in a space where full heating is
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\— BYPASS DECK
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FACE AND BYPASS SECTION

Figure 1-21 -

required then other spaces which do not require full heating at that time
will be overheated.

- Terminal Reheat Air Handling Unit
i A terminal reheat air handling unit can deliver different supply air
;i temperatures to different areas of the building called zones. Each zone

includes a thermostat which controls the temperature of the air supplied to
that zone in response to the heating or cooling load within the zone. In a
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R terminal reheat air handling system, the cooling coil is located within the
air handling unit, but heating coils are located within the duct work
serving each individual zone. One heating coil is provided for each of the
zones.

nl! The cooling coil is controlled by a supply air temperature thermostat which
i maintains a constant cool supply air temperature to all the zone reheat
coils. If the room thermostat for a zone senses the need for full cooling,
then the heating coil serving that zone is turned completely off and the
cold supply air is provided directly to the zone. If no heating or cooling
is required within a zone, the thermostat controls the heating coii to add
enough heat to the supply air to heat the supply air to room temperature.
Thus, the supply air entering the room is at the same temperature as the
room and no net heating or cooling is performed. If the thermostat senses
the need for heating, then the reheat coil adds even more heat to the air
stream to provide the heating energy required. Obviously, this type of

system is extremely wasteful of energy, since energy is used to cool the
air at the unit in the cooling coil and then energy is used by the reheat
coils to reheat the same air. Terminal reheat systems are used very rarely
today, in fact, their use in some states has been outlawed except in
special situations (hospital operating rooms, computer rooms, etc:).

4

Multizone Air Handling Unit

A multizone air handling system is also capable of discharging different
supply air temperatures to zones with different heating or cooling
requirements. However, it accomplishes the variation in supply air
temperature in a different manner than the terminal reheat system. Instead
of reheat{ng the supply air for each zone, the total air flow within the
unit {s divided into hot and cold air streams which are then mixed to
provided the proper supply air temperature to the individual zones.
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Air is blown through a heating coil into a plenum (called the hot deck) and
through a cooling coil into a plenum (called the cold deck). Opénings for
each zone are provided in each of the two plenums. A damper in each of the
zone openings regulates the amount of cold or hot air which is allowed to
pass from the cold or hot deck into the supply duct for each individual
zone. The hot and cold deck dampers for a single zone are controlled by a
single damper motor such that when the zone requires full cooling the cold
deck damper is fully open to the cold deck while the hot deck damper is
completely closed. When the 2zone requires full heating, the hot deck
damper is completely open and the cold deck damper is completely closed.
When the 2zone requires neither heating or cooling then the dampers are
positioned such that the supply air to that zone is maintained at the same
temperature as the room. Separate controllers sensing the coil discharge
temperatures modulate control valves serving the heating and cooling coils
to maintain constant temperatures in the hot deck and in the cold deck.

While the multizone air handler is more efficient than a terminal reheat
system, it still wastes large quantities of energy whenever zones being
served are not at full heating or full cooling load, since heated and
cooled air must be mixed in order to maintain the space temperature.

A more energy efficient variation of a multizone unit is called a bypass
muitizone. As can be seen in Figure 1-23A, no heating coil is installed in
the hot deck (thus it is called a bypass deck) and instead individual zone
heating coils are provided. These heating coils are only energized when
the 2one dampers are closed to the cold deck and open to the bypass deck,
thus eliminating mixing of heated and cooled air streams.

Double Duct Air Handling Unit

A double duct air system operates essentially the same as a multizone
system except that the hot and cold air streams are mixed at the zone
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location rather than at the air unit location. Hot and cold ducts are
extended from the heating coil and cooling coil discharges throughout the
building. At each zone a mixing box is provided which is connected to the
hot and cold ducts. Dampers within the mixing box then mix the hot and
cold-air in response to a space thermostat in the zone they serve. This is
accomplished in a manner similar to that described for the multizone unit.
The heating and cooling coils are controlled to maintain constant supply
air temperatures in the hot and the cold ducts that they serve. This
system has the same inefficiency as a multizone system. It is primarily
applied where more zones are required than a muitizone unit can practically
serve,

MIXING BOX
( LOCATED NEAR THE -
SPACE BEING CONDITIONED ) -

DOUBLE DUCT SYSTEM

Figure 1-24
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Variable Air Volume Air Handling Unit

A1l the other central air systems previously discussed have been constant
volume, variable temperature type systems. A variable air volume (VAV)
system meets differing zone heating and cooling loads by varying the
quantity of air supplied to a space rather than the temperature of the air.
A VAV system is designed primarily as a cooling system with a constant
supply air temperature between 55° and 60°F. When less cooling is required
for a particular zone then a control box or damper serving that zone closes
thus reducing the quantity of air supplied to the zone.

‘Since most large buildings today are dominated by cooling requirements due

to the large quantity of interior space versus perimeter spaces, variable
air volume systems have become very popular. The VAV system consumes less
energy than the previous three systems discussed by avoiding heating and
cooling the same air. In addition, by varying the air flow rate,
considerable energy savings may be obtained as a result of reduced supply
fan horsepower requirements. VAV systems also offer added flexibility
since the quantity of air supplied to a space may be easily adjusted by
adjusting the controiling VAV box or damper unit.

AXIAL FAN H;ure 1-26 CENTRIFUGAL FAN
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Additional control zones may be added after initial system installation by
simply connecting another zone control box to the main VAV supply duct. ]
'I Heating in perimeter zones supplied by VAV systems may be accomplished in a
number of manners. Some perimeter VAV boxes include heating coils so when
heating is required, the air volume is reduced to a fixed amount and then
the heating coil is activated to reheat the supply air. Other approaches
may provide a separate perimeter heating system (either air or radiation
type) rather than reheat the supply-air from the VAV system.
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- As the individual zone control boxes reduce air flow to the zones, the
E! total air volume supplied by the VAV system must be reduced. The control
system must monitor and control the pressure in the supply ducts to prevent
.. over-pressurization or surge conditions as the zone control units reduce
' air flow. A static pressure sensor must be located in the supply duct to
control the volume of air delivered by the supply fan.

Supply fan volume control depends on the type of fan. On a centrifugal
fan, inlet or discharge dampers may be used to control fan volume. On a
vane axial fan, the angle of the fan blades may be controlied to vary fan
volume. In addition to damper control, an increasingly popular method for

DAMPER MOTOR

VORTEX
DAMPERS

CENTRIFUGAL VAV FAN
Figure 1-27
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VAV control is the use of variable speed drives. These devices vary the
fan speed to reduce air flow rates and generally result in more horsepower
.l savings than damper or blade pitch control. Variable fan speed may be
- ] accomplished by mechanical speed control devices which utilize a constant
speed motor through a varying speed drive device. Speed controllers may
vary in motor speed to accomplish the same effect.

Direct Fired Furnace

There are two basic classifications of devices for conversion of fuel to
heat. These are furnaces and boilers. A furnace is generally defined as a
device which directly heats the air in a space or the air being supplied to
the space. A boiler on the other hand, is generally a device which heats
an intermediate medium such as water or steam which is then used to heat
the air supplied to or in the space.

The common residential furnace is the most familiar example of a direct
fired furnace. The thermostat within the space cycles the furnace on and
off to control the temperature. Once the desired temperature is reached,
the thermostat shuts the furnace off and the temperature is allowed to drop
to some lower level at which time the thermostat restarts the furnace. In
addition to the basic thermostatic control, most furnaces incorporate time
delays and safety controls to ensure efficient and safe operation of the
system. In a furnace, the fuel is ignited in some type of combustion
chamber and the hot gases which are products of that combustion process
then pass through a heat exchanger on their way out of the building through

A Ve

T . .

a flue or vent. The heat exchanger generally consists of some type of
N multi-path metal enclosure which allows the hot combustion gases to pass
} through one side of the heat exchanger while the air to be heated passes
: over the other side. Heat is transferred through the metal walls of the
E heat exchanger from the hot combustion gas to the cooler air. Heat

exchangers are designed to provide the maximum surface area between the air
to be heated and the combustion gases.
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Steam Boilers

A boiler uses the combustion process to heat an intermediate medium which
is then used to heat the space or supply air. Where the intermediate
medium jis steam, this device is called a steam boiler. The process used
within the steam boiler is exactly the same as boiling water in a pan on
the kitchen stove. The surfaces of the pan are heated to a temperature
greater than what's called the boiling point of the water within the pan
(212°F at atmospheric pressure). When the water in the pan reaches this
temperature, the temperature remains constant as the water changes form
from the liquid state to the gaseous state. Water in a gaseous state is
called steam. To convert one pound of liquid water into one pound of
steam, roughly 1,000 btu's of heat energy are required. By the same token,
if steam is cooled below the boiling point, it is converted back into water
and releases roughly 1,000 BTUs per pound of steam which condenses. A
steam heating system takes advantage of these principles by converting
1iquid water into steam and transferring that steam from the boiler through
a piping system to the heating coils or radiators. There the steam is
condensed back into a liquid form while heating the air passing through the
coil or around the radiator surface. Thus, for every pound of water
converted to steam at the boiler, 1,000 BTUs are transferred to the steam
and for every pound of steam condensed in the room or heating system,
roughly 1,000 BTUs of heat is transferred to the space.

As water is placed under pressure, its boiling point increases. For
example, water at atmospheric pressure boils at 212°F. Water at 30 pounds
per square inch pressure above atmospheric boils at 274°F. Water at 100
pounds per square inch above atmospheric boils at 338°F. A1l steam boiler
systems operate above atmospheric pressure causing the steam to flow
through the piping system to the location where it is to be used. Boilers
are generally classified into as high pressure boilers or low pressure
boilers. High pressure boilers generate steam at a pressure greater than
15 psi, while low pressure boilers generate steam at a pressure less than

T
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or equal to 15 psi. High pressure boilers are more efficient in that they
deliver hotter steam at a higher pressure; however, they are more dangerous
and may require on-duty operators for safety purposes.

Steam produced by steam boilers is used in heating devices such as
radiators, convectors, heating coils, and heat exchangers. Within these
devices, the steam is converted back to the liquid state as heat is
transferred from the steam to the air or water to be heated. These devices
are arranged such that as the steam condenses to form water, it drains to a
lower level where it is collected. A device called a steam trap then
allows the water condensed from the steam (condensate) to be discharged
from the steam piping system. The condensate discharged may be wasted by
allowing it to drain into the sewer system or it may be returned to the
boiler and pumped 1into the boiler for reconversion to steam and
recirculation. Wasting condensate was generally practiced before energy
costs were high enough to justify the capital costs of installing a
condensate return system. Condensate return systems may operate by gravity
if the boiler is at a low enough elevation to allow condensate to drain
back to it. Pumped condensate systems may use eitﬁer a vacuum pump which
places a pressure less than atmospheric on the condensate return system or
a condensate return pump. The discharge of a number of traps is collected
by gravity into a container called a condensate receiver and then pumped
under pressure into a pressurized condensate return system.

In steam boiler systems, the main operating control is based on the steam
supply pressure from the boiler. As steam is condensed in heating coils,
the heating pressure in the boiler supply line drops and a pressure control
then fires the burners in the boiler to generate more steam. As steam is
generated, if it is generated faster than it is used, the pressure within
the boiler increases and the pressure controller shuts down or reduces the
burner firing. Other boiler controls include a makeup water controller
which keeps the water level in the boiler at a safe minimum. Some boilers
also include combustion air damper controls. Because boilers can be very
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dangerous due to their combustion process, and operation at pressurized
conditions, a great deal of effort and expense is spent on safety controls.
High pressure limit controls shut down the fuel flow to the boiler if the
steam pressure goes above a certain level. Low water safeties monitor the
water level within the boiler and if it drops too low, the boiler will shut
down. Flame failure monitoring devices monitor the status of the
combustion process and shut down fuel flow if they detect problems. These
are just a few of the many safety controls required on a steam boiler
system.

~ Hot Water Boiler

In a hot water boiler, the boiler and piping system are completely filled
with liquid water and arranged such that steam is never provided. The
combustion process within the boiler is used to simply heat up the water
being circulated through the boiler rather than converted to steam. Pumps
are required to circulate the hot water through the boiler and through the
heating system. Hot water operating controls generally consist of a
thermostat which turns on and off the boiler burners in order to maintain a
constant hot water supply temperature from the boiler. Safety controls are
very similar to those for steam boilers except that they are adapted for
water service, instead of for steam service. For example, in place of the
high pressure limit control, a high temperature limit control shuts down
the hot water boiler if the water temperature is too high. Generally, the
hot water circulating pump is electrically interlocked with the boiler so
that when the pump shuts down the boiler will be deactivated.

Convertors

A convertor is a device which is used to transfer heat from one medium to
another. Examples are the use of a convertor to transfer heat from steam
to hot water, from high temperature hot water to low pressure steam, and
from high temperature hot water to low temperature hot water. Basically, a
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convertor consists of a shell with tubes running through it. One medium
passes through the tubes of the convertor while the other medium passes
through the shell and over the tubes. Thus, heat is transferred between
the medium in the tubes and the medium in the shell. In a steam to hot
. water convertor, water is circulated through tubes in the convertor while
i‘ steam is placed in the convertor shell. Heat is transfered from the steam
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in the shell to the water in the tubes and the steam condenses. The
condensate then may be returned through a steam trap to the condensate
return or waste system. A steam to hot water convertor is controlled by a 1
thermostat in the hot water piping leaving the convertor which controls a
valve on the steam line entering the convertor. As the hot water supply
temperature drops below the controller setpoint, the controller opens the
steam valve to allow more steap to transfer into the convertor shell. As
this happens, more heat is transfered to the water passing through the
convertor to increase the supply water temperature. The controls in the
hot water pump circulating water through the convertor are usually
electrically interlocked such that if the pump is shut down, the steam
"~ control valve is closed.

Chillers.

A chiller is a refrigeration machine which produces chilled water for use
as the cooling medium in HVAC fan systems and other equipment.

Recall that an air handling system may have either a direct expansion coil
or a chilled water coil for cooling the return air stream. The DX coil is
the evaporator in a refrigeration cycle. Heat is removed from the air
stream passing over the coils as the low pressure refrigerant vaporizes.
In a chiller, instead of removing heat from air, heat is removed from
chilled water which flows over the refrigerant tubes in the evaporator
chamber. The chilled water is then pumped to the cooling coils throughout 1
a building.

During the condensing stage of the refrigeration cycle, heat must be
removed from the refrigerant. This may be accomplished by passing either
afr or water over the condensing coil. Thus, we have either an air cooled
chiller or a water cooled chiller.
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Air cooled condensers are located outside where ambient air is forced
across the condensing coils by either a propeller or centrifugal type fan.
The condenser fan is controlled to start automatically whenever the chiller
compressor runs. In some situations where low ambient temperatures might
cause operating problems due to low condensing pressure, it is necessary to
provide additional control. The simplest method uses modulating dampers to
reduce air flow, based on changing refrigerant pressure. Other methods
employ a variable speed fan or a throttling valve on the flow of liquid
refrigerant to vary the cooling capacity of the condenser.

Water cooled condensers are located at the chiller and are supplied with
condenser water from a cooling tower or some other source. In the
condenser water loop, heat is rejected to the water in the condenser and
then from the water to the outside air in the cooling tower. The principle
of heat rejection in the cooling tower is evaporative cooling. As water
falls down through the cooling tower a small amount of it is evaporated.
The latent heat required for the evaporation process is supplied by other
water droplets in the form of sensible heat. Thus, 99% of the water
reaches the tower basin at about 10°F cooler temperature.

The cooling evaporative process is aided by the movement of air through the
tower. Natural draft cooling towers are designed to take advantage of
natural air currents and are therefore located in open spaces. Induced
draft and forced draft cooling towers are provided with a fan to move
atmospheric air through the tower.

In water cooled condensers, condensing pressure can be controlled by
modulating water flow or controlling the condenser water supply
temperature. Water temperature may be controlled by cycling the tower fan
or bypassing some of the condensing water around the cooling tower, using a
control valve and condenser water supply temperature sensor.
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Chiller controls normally include water flow switches in the condenser and
chilled water circuits to prevent the chiller from starting if the con-
denser or chilled water pumps are not running. Starters for the condenser
water pump, compressor, compressor oil pump are normally interlocked with
the chilled water pump. Safety cutoff relays also are provided to shut-off
the chiller in case of low chilled water temperature, high condenser water
temperature, high condenser pressure, low evaporator pressure or
temperature, high motor temperature, etc. Usually these are internal
controls supplied with the chiller by the chiller manufacturer. Also
chillers are usually provided with relief valves or rupture disks, which
are set to discharge the refrigerant in the event of high refrigerant
pressure.
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CHAPTER 2

ENERGY MONITORING AND CONTROL SYSTEMS

SECTION 1. INTRODUCTION TO EMCS

An Energy Monitoring and Control System (EMCS) is an energy management
system which allows for centralized monitoring and control of dispersed
energy consuming equipment.

Over the past thirty years, energy monitoring and control systems have
undergone an evolutionary process. The evolution has basically been from
strictly monitoring systems to control plus monitoring systems.

Prior to modern EMCS systems, building temperatures, pressure, etc., were
monitored from a central location, generally the building engineer's
office. Panel banks in the office were connected to sensors and
controllers throughout the building. These systems were generally used
only in large individual buildings. Other than to start and stop
equipment, the central panel banks offered little control over the
equipment they monitored.

The systems developed in the 60's provided scheduled start-stop and manual
temperature control point adjustments. Temperatures and pressures were
monitored, but instead of gauges and dials, digital displays were
incorporated. One important feature of these systems was the provision for
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reporting alarm conditions. These were the first systems to utilize
computers where monitored data was stored in memory (electronically
recorded and retained for later use). The Central Processing Units (CPU)
had numerous individual signal wire connections which came directly from
each monitored component. Due to technological limitations, making changes
to the systems was severely limited. The manufacturer had to make any
changes. Possible changes were limited to circuitry provided during
manufacturing. -

- Performance of the hardwired logic units improved significantly as a result
:; -~ of combining them with a means to transmit data between various system
components. In these transmission systems, individual sensors and
controllers were wired to a field panel installed near the sensor
locations. From the field panel, the signals were sent on to the CPU.
Technology had been developed such that a number of signals could be
transmitted along the same conductor. Therefore, this system required the
- installation of only a two or fcur wire cable from the CPU to panels in
mechanical rooms throughout a building instead of the many multi-conductor
. cables necessary for previously described systems. Once this system
configuration was developed, multi~-building complexes began to utilize the
- concept of central monitoring and control. The technical capability to
7 combine or multiplex signals over a few wires has reduced tremendously the
cost of data transmission media, thereby making the EMCS concept c¢nst
effective for DoD installations. This type system was common on college
campuses and was used in early military base EMCS installations.

A major improvement in system flexibility and performance was the
replacement of the hardwired logic CPU with a small general-purpose
computer. This allowed the manufacturers to easily modify and program the
2 system. It also provided for greater flexibility in utilizing the
; monitored information. Data was collected, calculations performed, and
appropriate control commands or alarms sent to the field controllers. The
ability to modify or program the systems was, however, not passed on to the
customer. Consequently, from the customer's standpoint, it was a major
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project to have the manfacturer add a point to the system, change constants
related to a point, or add specialized instructions for computer operation.
In general, only the original manufacturer was capable of performing these
actions, thus resulting in a non-competitive procurement situation.

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 generally
smaller firms with backgrounds in process control applications or general
computer systems applications. '

Their approach has been to use off-the-shelf computer, data transmission,

and sensor components.

The components are combined with computer software

to form an EMCS.

this argument

and adaptability to the customer for less cost.

These manufacturers claim to provide greater flexibility
Their main support for

is that their systems generally allow the customer the

capability to write programs, modify existing programs, and retrieve
monitored data, which is not possible with most of the major conventional
control systems. This has resulted in competition which is now causing a
re-evaluation of the system design philosophy of the major control

manufacturers.

The energy crisis and the advent of computer based systems also brought new
interest and direction to central control applications. The rapid rise of
energy costs, coupled with increased system capability to reduce energy
consumption, has improved the economic feasibility of energy monitoring and
control system application. Although the systems have not reduced manpower
as expected, some manpower savings are possible and will be realized. More
importantly, the energy conserving control aspects of the systems are of
such value that they can be justified on that basis alone.

As described above, central control systems have evolved from systems whose
principal value was the monitoring of points, to systems whose principal

2-3
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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 installed systems include a number of
points whose only purpose is monitoring of equipment, which effect no
direct energy savings. '

Various military installations "have been involved in all stages of the
evolutionary process described above. Many large fndividual buildings,
such as hospitals, contain the hardwired central panel systems. The first
base-wide systems which instrumented multiple buildings were procured when

" the data 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 contro) 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 objective.

Generally, insufficient funds are available at one time to purchase full
capability for every building on a 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 2 decision of
management that has to be looked at on an individual basis based on past
experience.

Generally, the design philosophy for military EMCS programs has enlarged to
include the energy conscious approach. Systems now under design are being
configured on the basis of energy savings as well as 0&M functions. A
number of complex problems {involved in determining the optimum
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configuration of an EMCS for a particular base have been defined as a
result of this enlargement in design philosophy. The complexity of the
problems stems from the inter-relationship of cqsts to perform alternative
EMCS activities.

Purpose of an EMCS

The prime purpose behind the development and use of EMCS is conservation of
energy. Energy conservation 1is accomplished primarily through close
monitoring and control of HVAC systems. Traditionally, HVAC systems on
military posts were installed Building by building during construction or
renovation. Even on posts with centralized steam and/or chiller plants,
the buildings were widely dispersed making it impossible to maintain a
close watch over energy consumption. It was nearly impossible to control
energy consumption so as to conserve it. Heating and cooling equipment was
energized at the start of the appropriate season, usually as a function of
the calendar and with little regard for unseasonable weather conditions.
The equipment was allowed to run continuously until the mandated end of the
season. The usual result was that building occupants were either too hot
or too cold and opened windows to regulate the temperature, thereby
increasing energy consumption. Further, HVAC systems ran 24 hours a day
because there was no feasible way to turn the widely distributed equipment
on and off. There was also no provision for resetting space temperatures
during unoccupied periods. The EMCS allows for both the centralized
monitoring and control of energy consumption on a widely dispersed HVAC
system. While the prime use for an EMCS is for monitoring and controlling
HVAC equipment, it may also be used for lighting control, sewage 1ift
station control, maintenance management, and fire and security alarms.

EMCS Attachment to the HVAC System

EMCS systems have been developed to provide centralized monitoring and
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control of dispersed energy consuming equipment. An EMCS connects to an
HVAC system through monitor and control points. Monitoring and control
functions are accomplished through use of a computer.

Where the EMCS and an HVAC system connect is called a point. There are two
kinds of points:

1. Control points which allow the EMCS to send information to the
HVAC system in the form of commands, and

2. Monitor points which sense temperatures, pressures, flow rates,
etc., on the HVAC system and send information to the EMCS. There
are typically five to ten times as many monitor points in an EMCS
as there are control points.

There are two primary types of measurement and control used in HVAC
applications: two position and modulating (proportional). Two position
control devices designate one of two operational modes, such as on/off or
open/closed. Two position measurement sensors detect if the equipment is
on or off, open or closed. Two position type measurement also can be used
to sense whether a measured variable is above or below a set value. For
example, a freezestat can detect whether or not a temperature is above
40°F.

Modulating or proportional control devices set an actuator or motor at any
position between on or off (open or closed). For example, a modulating
control device may be used to position a valve to regulate the flow of
water. As the valve position varies from open to closed, the flow rate of
water varies from full flow to no flow. Proportional measurement produces
a signal whose value is related to the value of a phySical parameter. For
example, a temperature sensor produces a output signal which is
proportional to the temperature it is measuring. Such devices generally
have a 1imited runge over which they operate. For example, & temperature
sensor designed to measure room temperature would be reasonably accurate
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over the range of 50° to 100°F, but would not be accurage for measuring
boiler stack gas temperatures on the order of 1000°F.

The types of sensors or output devices used at the monitor and control
points vary depending on their function. The following list presents
examples of monitor point devices and what they monitor.

DEVICE MONITORS

Air flow switch . Air flow status

Water flow switch Water flow status
Freezestat Provide warning when

heating or cooling coils
are in danger of freezing

Flame sensor Flame failure

Auxiliary contacts ‘On/off status (motors,
fans, etc.)

Analog sensors TYemperature
Pressure
Humidity
Voltage
Current

The following are examples of EMCS control points, the devices used and
their function.

o DEVICE FUNCTION

£

éi Relays Motor ON/OFF
T: Controllers Temperature
o Pressure

ll'

M i S i
« e -
5 .
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Typical monitor and control points for a single zone AMU are shown in
Figure 2-1. Monitoring and control point designations are defined in
Figure 2-2. ’
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To accomplish the tasks of monftoring and control, the EMCS uses a
computer, HVAC system instrumentation and controllers, and some type of
communications link between the EMCS computer and the HVAC system. Figure
2-3 shows the system concept. '

HVAC
EMCS Sensors &
Computer Controllers

Figure 2-3
EMCS /HVAC - COMMUNICATION LINK

With an EMCS, it is possible for one operator, working from an operator's
console at the EMCS computer site, to monitor the operation of all
connected HVAC systems on the military post. Likewise, the operator may
send out HVAC system control commands to any piece of attached HVAC
equipment.

EMCS Architecture

An EMCS is classified according to the total number of monitoring and
control points connected to the system as follows:

1. Over 2000 points .o large EMCS

2. 500-2500 points sees Mmedium
3. 50-600 points eses sSmall

4. Less than 125 points .... micro
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Basically the functions of the combined system operations are to monitor
all data p~ints, excecute energy conservation programs, and produce control
signals to operate equipment in the real-time environment.
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Large EMCS Architecture

A modern large EMCS consists basically of several small computers,
peripherals, and monitor/control equipment. A computer is defined as any
device which can receive and store a set of instructions, and then act upon
them in a predetermined and predictable fashion. Also, the data and
instructions can be changed. Computer software are the programs which
instruct the computer. Figure 2-4 shows the layout of a large size EMCS.

Computers

-

Large EMCS use several computer systems including the Central Control Unit
(CCu), Central Processing Unit (CPU), and Central Communication Controller
(ccc).

The Central Control Unit is a small computer that functions as the overall
system coordinator. It implements the energy conservation programs,

performs, complex calculations, and controls peripheral devices. The
Central Processing Unit is the portion of the computer that interprets and
executes instructions. The software controls operations of the CPU and its
peripheral devices.

While operating under energy conservation programs, environmental
conditions and power consumption rates are predicted. Proper equipment
operating point settings are calculated and control signals are produced to
operate the equipment in actual-time. Data and programs are stored in
memory or mass storage devices such as magnetic tape or disk systems. For
high speed transfer of data between the CCU and mass storage device, the
CCU has direct memory access (DMA) controllers. The DMA transfers data in
dblocks. The CCU has designated connections, called Input/Output (1/0)
ports, for specific equipment, such as printers and terminals. It provides
the interface between tho operator and the EMCS. During normal operation,
the CCU coordinates operation of all the EMCS components, except safety
interlocks.
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Figure 2-4
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Large EMCS Architecture
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Thé Central Communication Controller is a small computer that collects and
disseminates data to and from control and monitoring points. In addition
to transferring data, it can change the format of data presentation, check
for errors, and retransmit data between the CCU and other equipment. In
the event of CCU failure, it provides limited backup. The CCC relieves the
CCU of time consuming communications with other equipment; allowing the CCU
to devote 1ts full capabilities to the execution of control, monitoring,
and applications software programs. In the event of CCU failure, the CCC
provides for limited backup.

Peripherals

Peripheral equipment controlled by the CCU includes the following:

The system terminal is a television screen or cathode ray terminal (CRT)
which displays letters and numbers and is used to perform system commands,
develop and modify system programs, and run software diagnostic tests.

The operator's console is an eight color CRT terminal that displays shapes
and colors in additional to numbers and letters. It is the primary
operator-system interface. It graphically displays equipment schematics,

system status, operating parameters such as temperatures and pressures, and
operational-data.

The console contains a dedicated keyboard for entry of operator commands.
Trends of selected equipment variables can be plotted, enabling the
operator to make strategy decisions regarding equipment operation. Graphic
displays may be brought up automatically when an alarm is activated, or
E upon operator command.

i Data Storage Devices store data for later use. Disk and tape systems are
utilfized. The disks or tapes store information on their magnetic surfaces
Tike a tape recorder. Disks are efither hard or flexible (diskettes) and

; 2-12
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spin like a record. A device called a drive, spins the disk or winds the
tape. It contains a device called a head, which can read information from
the magnetic surface as well as write information. The computer can move
the head to any location on the surface of a disk. This is called random
access. The storage systems used tn an EMCS include:

The cartridge disk is a high density mass storage system with random access

~ and removable disk capability.> It 1is used to store the EMCS system,

command, and applications programs.

The Winchester disk can also store the EMCS operational programs and

“instructions. It is a high density mass storage system with random access.
The disks are extremely susceptible to dust, dirt, and cigarette smoke.
Therefore, the system is sealed and the disks cannot be removed. Because
of manufacturing technology, Winchester disks are more reliable than
cartridge disks.

A flexible or floppy disk is a medium density storage system with random
access and removable disk capability. They are utilized for giving
start-up instructions to the computer and historical data storage. The
diskettes are circular vinyl disks, enclosed in rigid plastic envelopes.
The envelope protects the diskette during handling and use. Openings in
the envelope allow the head access to grip the diskette surface. The
diskette spins freely inside the envelope and is driven by the head. The
diskette should never b~ removed from its envelope.

A magnetic tape system i1s a nine-track high density mass storage system,
with removable tape capability. Data is stored and accessed sequentially,
making data retrieval slower than from a random access disk systes. They
are used when large amounts of data is stored but will be accessed only
periodically.

Two key-board printers are provided with a large EMCS. They are used to
obtain permanent copies of data or system operations. The alarm printer is

2-13
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dedicated to reporting alarms. The logging printer logs data and prints
reports. Each must be capable of serving as a backup for the cther.

The EMCS system clock must be synchronized with an actual-time clock

regular intervals. This is done with the System real-time clock {R7C)
which is provided with a battery backup.

g- A failover controller is provided for automatic and manual switching of the
CCU, CCC and printers to the backup mode of operation should the CCU, {7
or printers fail.

A bulk loader.is a mass storage device used to load EMCS software into the
system,

The central control unit, central communication controller, operator's
console, system terminal, data storage devices, printers, and other
peripherials are located in the master control room (MCR).

The Communications link termination (CLT) is the communications intery.:
between field equipment and Master Control Room (MCR) equipment. It
concentrates data, as required, for interface to the CCC/CCU.

Field Equipment

The following components make up the field equipment, which is located in
the vicinity of the data environment, (sensors and control devices
connected to a single FID/MUX/IMUX from the equipment and systems sampled
or controlled).

Field Input Device (FID)
Multiplexer (MUX) Panels, and
Intelligent Multiplexer (IMUX) Panels.
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The Field Interface Device (FID) is a small computer which collects data
from sensors within its Data Environment (DE) and generates commands to
control operating devices such as electric motors, valves, and relays. The
F1D controls parameters such as temperature, and humidity without input
from the CCU. Commands from the CCU and the operator console will cause
the FID to adjust operating parameters such as: temperature and humidity
set points, and start/stop times. The FID transmits equipment operating
data and status, as well as alarm messages, to the CCU.

The FID has sufficient computer capability to operate without
communications with the central computing system. Failure of the FID does

" not adversely affect performance of the rest of the system except for those

optimization programs performed at the central computing system, which
require data from the FID. The FID can perform optimization routines
normally performed by the CPU when there #s 2 cost or operational
advantage. FIDs can be added, as required, to incorporate additional
buildings or systems.

Multiplexer (MUX) Panel. MUX panels serve as 1/0 devices for a FID'and its
DE, and are considered to be extensions of the FID. The number of remote
MUX panels connected to a single FID {is limited by (a) the maximum number
of panels addressable by a FID, (b) the number of points allowed on a
single DTM, or (c) by the alarm response time., The remote MUX panels
continuously transmit data to the FID via a MODEM or line drivers. The MUX
panel contains 1/0 fuctions to handle digital and analog data, digital data
error detection, and message transmission. Failure of a MUX must return
the attached HVAC equipment to local loop control or to a pre-determined
failure mode. MUX panels usually have a battery backup to sustain
operation during a power failure.

Intelligent Multiplexer (IMUX) panels are similar to MUX panels, but
operate in a “report by exception” mode, 1.e. the IMUX scans its DE and
compares the data received against the last value and reports only the data
that has changed. IMUX panels perform al) functions of a MUX panel and,
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depending on manufacturer, are used in place of the MUX panel. The IMUX is
allowed to communicate with the CCU/CCC in large and medium systems in a
monitoring role only, thereby retaining the distributed intelligence
inherent in the FID - CCU/CCC architecture. The IMUX is allowed to perform
both monitoring and control functions in the small and micro systems. The
IMUX also performs data communications checking and retransmission to the
CCU/CCC. Failure of the IMUX returns the attached HVAC equipment to local
Yoop control or to a predetermined failure mode. 1/0 IMUX panels usually
have a battery backup to sustain operation during a power failure.

Medium, Small, and Micro EMCS Architecture

A medium EMCS, approximately 500 to 2500 points, consists of the following

major components:

1. Minicomputer based CCU (16 bit minimum).

2. Color graphics CRT based operator's console.

3. Alphanumeric CRT based system terminal.

4. Alarm printer with keyboard.

5. Logging printer with keyboard.

6. Cartridge disk systems.

7. Bulk software loading device.

8. System RTC.

9, FID, MUX, and IMUX panels.
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10. Magnetic tape system (optional).

11. CLT.
The three components of a large EMCS, not dncorporated into the medium
system are the central communication controller, failover controller, and
bulk loader. The typical medium EMCS architecture is shown in Figure 2-5.

A small EMCS, approximately 50 to .600 points, consists of the following
major components.

1. Minicomputer or microcomputer based CCU.

2. Alphanumeric CRT based operator's console.

3. Alarm and logging printer.

4. Bulk software loading device.

5. System RTC.

6. FID, MUX, and IMUX panels.

7. CLT.

A typical configuration is shown in Figure 2-6.

A micro EMCS, less than 125 points, consists of the following major
components.

1. Microcomputer based CCU.

2. System RTC.
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IMUX panels.

Programming and service panel (removable).

CLT.
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A typical configuration is shown in Figure 2-7.
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SECTION 2. OPERATOR INTERACTION WITH THE EMCS

The operator's terminal is the communication 1ink between the operator and
the EMCS equipment. Even though an EMCS is computer controlled, there is

still a need for human intervention. The console accepts operator commands
jf and displays data and graphical representations of systems controlled or
. monitored by the EMCS. Using the console the operator may initiate
ul software programs, control various equipment, and adjust setpoints. The
.- EMCS monitors and controls energy consuming equipment such as motors, fans,
?f water chillers, etc. Should equipment malfunction, an alarm is relayed to
?; the operator.

There are four basic types of operator interfaces which may be encountered
on EMCS's. The four different types include command language, command line
mnemonic, menu penetration and interactive color graphics.

Command Lanquage

The command language interface technique uses a black and white CRT
terminal. The basis of the command language interface is a command
1ibrary, consisting of abbreviated (2 to 5 characters) symbolic "words",
or commands. A basic command word will usually have associated with it a
number of modifiers or arguments, which follow the command word and are
separated by some type of punctuation symbol, such as a comma, semicolon,
or slash mark. Figure 2-8 shows some examples of typical commands.

KIL, LOOP NAME/ALL

TIM,HOUR, MINUTES

LoC, L1,42>, 43

LOG, <L1>,<L2>,<L3>,<0UTPUT DEVICE>
RM, L1, L2, L3, <DEL>

CHL, L1, L2, L3, <DEL>

AHU, L1, L2, L3, <DEL)

FSI, <DEVICE>

Figure 2-8
Sample Command Library
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The operator controls the HVAC system by typing on the CRT keyboard the
appropriate command for the desired function. Command libraries can
contain hundreds of different commands, and these must be learned by the
operator, or looked up in some reference book, for the operator to be able
to use the EMCS. The EMCS responds to the operator by displaying similar
symbolic words on the CRT screen. The command language technique features
a very precise, rapid interaction with the EMCS computer. However, this
precision of interaction has the undesirable side effect of making the
technique inflexible and unforgiving. If the operator mistypes a command,
omits a required modifier, or mispfaces even a comma, the EMCS will not
recognize the command and will respond only with an error message like
"syntax error". The command language interface technique was the first one
to be used with EMCS's and will be found in a large majority of operating
systems.

Command Line Mnemonic

The command line mnemonic (pronounced nee-mon'-ic) interface technique
represents a step taken towards improving the “friendliness" of the
operator interface with the EMCS computer, f.e., making the system easier
to use. The command line mnemonic (CLM) interface also uses a black and
white CRT terminal, but unlike the command language interface, the CLM
prompts the operator for necessary inputs with plain English phrases or
words. The operator initiates the input sequence with an English-like
command word. The EMCS computer thereafter prompts the operator for
command modifiers or arguments until all input requirements are met. The
operator then presses the "ENTER" key, which terminates the current input
routine and sends the input commands on to the EMCS computer. In the
computer, & software program called a CLM interpreter (CLM]) reads and
translates the input command sequence. The CLM interface is much slower to
operate than is the command language interface. This is because with the
CLM, the computer generates multiple cues and responses for each input

2-22

Lt O T U NP U U




o |

b o S i R i ' 20

B -4

command sequence, and the CLMI must translate each command sequence. Thus,
the trade-off for ease of operation with CLM is reduced operating speed.
Conversely, the very precise 1input commands {in the command language
interface allow for rapid input entry, but require the operator to memorize
unnatural symbolic command words and any associated modifiers or arguments.

Menu Penetration

The menu penetration interface technique is an attempt at regaining the
speed of operation associated with the command language interface, while
retaining the ease of operation of the CLM interface. Menu penetration
uses a black and white or color CRT terminal which displays menus or lists
of commands and input values from which the operator simply selects the
desired item. Figure 2-9 shows 2 sample menu of buildings or data
environments.

1. BLDG 21
2. BLDG 23
3. BLDG 67
4. BLDG 68
5. BLDG 329
6. BLDG 602

Figure 2-9
Sample Menu-First Level

To select an item from a menu, the operator need type in only the number of
the desired item. With the command language and CLM interfaces, the entire
command word or symbol, including modifiers and arguments must be entered.
Thus, the menu penetration interface allows more rapid operator input from
a given menu. Selection of an item from the first level building menu
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shown in Figure 2-9, results in the system displaying a second level menu
of equipment types, shown in Figure 2-10.

1. General
2. Air Handling Equipment
3. Heating Equipment

-.4. Refrigeration Equipment

Figure 2-10
Equipment Menu-Second Level

- Operator selection of an item from the equipment menu causes the EMCS
computer to display a third level air handling equipment menu, Figure 2-11.

1. AHU #1
2. AHU # 2
3. AHU # 3

. 4. AHU # 4
5. RELIEF FANS

= Figure 2-11
- Air Handling Equipment Menu-Third Level

This process of penetrating from menu level to menu level continues until
all of the required inputs to accomplish a desired function have been
completed. The process of penetrating through the levels of menus takes
additional time compared to the very precise command language inputs,
however, the simple single key stroke entry saves time and requires almost
no typing skill on the part of the operator.
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Interactive-Color Graphics

The interactive color graphics (ICG) interface technique is the latest
development in operator interface technology, and promises to provide the
fastest and easiest to operate interface produced to date. The 1CG
interface uses a color CRT terminal equipped with a touch interactive
feature on the CRT screen. Figure 2-12 shows the presentation provided on
the ICG interface CRT. The basis for operator interaction with the
terminal is a schematic-1ike diagram of the data environment HVAC system,
and a set of touch-activated “push-buttons". By simply touching the
appropriate “push buttons" and EMCS point interactive touch targets on the
CRT screen, the operator can “accomplish all of the typical control
functions listed in Figure 2-13. The only typing required is the inputting
of numerical values when called for by cues to the operator appearing along
the lower edge of the 1CG screen. None of the three previously described
interface techniques (command language, CLM, menu penetration) has
incorporated any type of diagram of the HVAC system being controlled. In
early systems, the only way for an operator to identify devices and
equipment within the controlled HVAC system was by reference to a
computer-printed table. Tabular data does not provide a very graphic
description of a system and is certainly not the type of presentation
familiar to typical EMCS operators. Most EMCS operators come from the
ranks of HVAC mechanics, and thus are accustomed to working with
schematic-1ike diagrams of systems. To overcome the lack of graphic
information associated with early EMCS operator interfaces, manufacturers
provided 35 mm slides of system diagrams in projector devices located in
the EMCS control room. Thus, to {dentify a given air handler in a
building, the operator would have to flip through the slides to find the
appropriate building diagram. As EMCS operator interface technology moved
to the menu penetration sc: -me. ver .s hegan to provide color graphic
CRT's for the EMCS control ro.. upon which could be displayed full color
HVAC system diagrams as called by the operator from a menu. The next
logical step in interface development was to combine the necessary
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. » diagrammatic HVAC system display with the required operator command input
o capability. Thus, the ICG interface uses elements from all of the previous
interface techniques to make the EMCS fast and easy to operate.

(4} Request 2 disp1$y of any digital or analog point, or
any group of related points in the system.

] Startup and shutdown of selected systems or devices.
0 Initiate reports.
0 Request graphic displays.

° Modify time and event scheduling.

0 Modify analog limits.
° Adjust setpoints of selected controllers.
0 Select manual or automatic control modes.

0 Enable and disable individual points; disabling shall
take precedence over all other actions.

) Enable and disable individual FIDs.
° gEnable and disable individual MUX or IMUX panels.

(o] Point definition.

Figure 2-13
Operator Tasks

Operation of the 1CG Terminal

The operator's terminal consists of a keyboard and CRT display screen. The
display screen is equipped with an interactive touch panel. Approximately
one inch in front of the screen is an array of infrared beams which are
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continuously sent from the top to bottom of the screen area. The beam can
be interrupted by an object such as a pencil or finger. This allows the
operator to interact directly with information presented on the screen.
This minimizes the need for typing.
The screen is divided into five major areas:

1. Date/time/operator (continuously displayed)

2. Graphics display area

3. Special function keys

4, Message/text area, and

5. Alarm indicator.

The screen layout is shown in Figure 2-14.

The alarm area will be blank under normal conditions. Under an alarm
condition the area will flash in red. The date, time, and operator's name
are entered from the keyboard.

SPECTIAL FUNCTION KEYS

Ten Special Function keys allow the operator to instruct the computer to
perform complicated commands by simply touching the screen,

The START/ENABLE key s used to manually start mechanical equipment and to
enable monftoring and control components such as a FID, MUX, or data point.

The STOP/DISABLE key is used to manually stop mer’.anical equipment and to
dissble monitoring and control components.
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The DISPLAY DIAGRAM key is used to display HVAC diagrams of specific data
environments (DEs) in the graphics display area. When the DISPLAY D]AGRAM
key is touched a list of the DEs possible for selection is presented in the
graphics display area. When the square beside the desired area is touched,
the square will change color to indicate that it has been selected. When
the CONFIRM ACTION key 1s touched it becomes backlighted, the DISPLAY
DIAGRAM key backlight extinguishes, and the selected diagram is presented
in the graphics area. -

The AUTO/MANUAL key is used to select or indicate the operating mode of a
particular data environment. This key has three different representations
on the screen:

1. When no DE is being displayed, the key will read “AUTO" or
“MANUAL® in black letters.

2. When a DE running in an automatic mode is displayed, the key will
have “AUTO" printed on it in blue letters.

3. When a DE is operating in 2 manual mode, the key will read
“MANUAL" in green letters. To change the mode of a device touch
the device to be ‘changed then to the CONFIRM ACTION key to
execute.

The PRINT REPORT key allows the operator to initiate printing of special
reports. Touching the key will result in 2 Yist of available reports to be
displayed on the screen. The message "Touch Square Beside Desired Report"
will appear in the text area. Touching the CONFIRM ACTION key will result
in the report being printed.

The MODIFY SCHED key s used to modify the automatic schedule of operation
for 2 particular data environment. MWhen a DE is displayed, touching the
MODIFY SCHED key results in a list of schedule selections being displayed
on the screen. The procedure to modify a schedule is the same as that for
changing point settings or limits: touch the square beside the desired
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selection; type in the changes; after 211 changes have been made, touch the
CONFIRM-ACTION key.

The CHANGE OPER key is a multipurpose function key for changing operator or
operation. It allows the operator to shut down the System, request the
HELP program, or change operators. When the key is touched these messages
are displayed, “Ready to Change Operator/Operation” and “Enter Command or
New Operator Name From Keyboard."” The system will then accept one of three
commands: Operator Name, HELP, or STOP. Type in the desired command
followed by the Return Key. When an operator‘s name {s typed in, the
system assumes that an operator change is taking place and that future
commands should .be recorded under 2 new name. The HELP command is used to
enter the on-line HELP program. The STOP command may be used to shut down
the EMCS.

The CONFIRM ACTION key is used to assure the system that the desired
command sequence has been entered and ready to be executed.

The CANCEL ACTION key performs the opposite function of the CONFIRM ACTION
key. It can be used any time prior to touching the CONFIRM ACTION key, to
signal the system to abort the current command and return to the previous
state.

To adjust setpoints or limits of a point of an HVAC system displayed in 2
diagram, the SET POINTS/LIMITS key must be touched. The key will become
backlighted, and “Touch Appropriate Device Symbol"™ will appear in the text
area. When the device symbol has been touched the message “Touch CONFIRM
ACTION" will be presented in the text area. Once the confirm action key is
touched, 2 1ist of set point, low limit, and high limit with touch
sensitive squares will be presented, as shown in Figure 2-14. The low and
high 1imits being the minimum and maximum desired values for a points.

One or all points or limits can be changed one at 2 time. Limit changes
are made by touching the desired selection and typing in the desired value
after the message "Please Type In the New Value™ appears in the text area.
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The confirm action key must be touched after the final limit has been
changed.

Floppy Disk Drive Operation

In many EMCS's, the computer software programs are loaded into the machine

from a floppy diskette. The diskette comes in two envelopes. The outer

one must be removed to load the diskette, the inner envelope is permanently
fixed and must never be removed. The first step in loading a diskette is
to open the loading slot door on the disk drive unit. This door will
u.sua‘lly have some simple type of latching mechanism which is released by a
pinching motion with the fingers. Remove the diskette from {ts outer
envelope, and hold it in the right hand with the thumb on top of the
diskette label. Gently push the diskette all the way into the loading
slot, then close the disk drive door by pushing on the handle. To remove a
diskette, simply release the latch on the door and the diskette will pop
out of the slot. The disk drive power switch must usually be actuated
manually. When handling a diskette, do not touch the plastic diskette
surface with the fingers. Diskettes must be stored away from high heat
sources and magnetic devices.

Additional Operator Functions

In addition to monitoring and controlling HVAC equipment through use of the
operator’'s console, an EMCS operator has several other functions or duties
to perform. From time to time the operator will be required to perform
minor equipment maintenance, such as replacing ribbons and paper on the
printer, trouble shooting equipment in ‘the main control room (MCR),
possibly replacing circuit boards to restore equipment to normal operating
condition. An operator will also occasionally have to “"boot-up" or restart
the EMCS computer programs. Equipment maintenance and program restart
procedures are site peculiar, and will be governed by local operating
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instructions and taught as part of the vendor's training. the EMCS
operator is also responsible for safeguarding of the EMCS computer
programs. In most EMCS d{nstallations, the computer programs are the
proprietary material of the system contractor and may not be given out to
any unauthorized individuals. Locking cabinets are usually provided in the
MCR for storing this proprietary material.

Another important factor is that the EMCS operator is only one part of a
t