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CHAPTER 1

INTRODUCTION

This report is a guide to identify single buildings which

are good candidates for energy management. Several topics

will be discussed.

While there is no single best measure of what constitutes a

good energy management candidate or an "energy wasteful"

building, several factors are good indicators. Chapter 2

discusses analysis of utility billings to assess current

Z- usage and equipment loading. Where utility company metering

of a building is not available, analysis of opportunities is

done by calculation. The calculation phase provides useful
information on building "tuning" as well. In assessing

energy management potential, a consideration of existing

automatic control systems is necessary. Finally, the use of

computer simulation techniques for establishing a data base
is presented, along with other measuring and monitoring

techniques.

Chapter 3 presents a discussion of single building energy

controllers. Six types are discussed; time clocks and

microprocessor based thermostats, demand limiters and duty

*1 cyclers, programmable controllers, micro EKCS, and small

EMCS. Typical application programs are presented. A

discussion of implementation of these programs for the six

7 ' types of controllers follows. Information on available
"1 micro and small UKCS is presented, including typical

applications, building size ranges, utility bill ranges,

Selection and Implementation
of Single Building EMCS Page 1
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Chapter 1: Introduction

available application programs, hardware, and other

parameters. An example of calculating payback follows.

Chapter Four presents typical interface techniques between

EMCS systems and standard control systems. Chiller control

is presented, as well as boiler control. Details on air

handling unit interface are presented on a subsystem

approach.

Chapter Five summarizes results and draws conclusions on

use of the data and techniques presented.

This report is intended for use with other Navy

publications. They are CR 82.028 "Controlling Energy

Consumption in Single Buildings," CR 83.030 "Standardized

EMCS Energy Savings Calculations," TM 5-815-2/AFM 88-36/

NAVFAC DM-4.9 "Energy Monitoring and Control Systems (EMCS),"

and CR* 83.008 "EMCS Cost Estimating Data." These publi-

cations should be referenced for other information on the
topics presented in this report.

*CR stands for Contractor Reports that have been prepared
for NCEL. They can be obtained by contacting the Naval Civil
Engineering Laboratory, Code L07, Port Hueneme, CA 93043

Selection and Implementation
of Single Building EMCS Page 2
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CHAPTER 2

SELECTING APPROPRIATE BUILDINGS

* A properly applied EMCS system has the potential to reduce

energy consumption in almost any building. When considering

. the savings and assessing the economic viability of

4 installing EMCS, either the total savings potential can be

] considered, or the percentage of existing energy

consumption. For example, a large building may have the

potential to save 500,000 KWH of a total annual use of

*o5,000,000 KWH. This is 10 percent of the total. A smaller

building may have the potential to save 250,000 KWH of a

total annual use of 1,250,000 KWH. This is 20 percent of

the total. Which project should be pursued? Possibly both,

but if only one project could be completed, the large

"I building would have the greatest monetary impact, while the

smaller building saves the most percentage wise. The answer

of course is in considering the cost to design and install

the EMCS in each case, which would allow economic analysis

to dictate the choice.

This chapter will consider several methods for selecting

appropriate buildings for EMCS implementation. There is no

one single factor which clearly indicates which building to

pursue. The selection process involves analysis of utility

data where available, analysis of the use of the building,

the heating, ventilating, and air conditioning systems, and
-.9 the controls which operate these systems at part load. The

utility data will indicate overall consumption and show

yearly trends. The analysis of heating, ventilating, and

air conditioning systems, and controls, will indicate both

-"what can be done, and what

Selection and Implementation
of Single Building EMCS Page 3



Chapter 2: Selecting Appropriate Buildings

control interface will be required. These factors will be

discussed in detail in a later chapter.

This chapter will consider three main areas. The analysis

of utility billings will be discussed. The analysis of

building potential by calculation will next be presented, to

identify both EMCS potential and "tuning" requirements of

the building. Finally, the use of computer simulation

techniques and data gathering equipment will be presented.

IDENTIFICATION OF ENERGY WASTEFUL BUILDINGS

There is no perfect indicator of an energy wasteful

building. All buildings "waste" energy to some extent, some

much more than others. The identification phase examines

the potential for energy savings, and will consider analysis

of metered utility data and its impact.

Selection and Implementation
of Single Building ECS Page 4



Chapter 2: Selecting Appropriate Buildings

METERED UTILITY DATA

Many engineers consider metered utility data to be a good

source of information on energy use trends. Consider three

typical quantities, electric usage, electric demand, and

natural gas usage. (The natural gas usage will typify

heating energy use. If oil or some other fuel is used to

provide heating, the evaluation of data would be similar.)

Electric Usage: The typical electric usage trend for a

calender year is shown in Figure 1. The trend increases

from a winter low typically to a summer peak. The low

yearly value is called the base loading (See Figure 2).

This represents the electric usage from loads which are not

effected by the weather. Good examples are lighting,

equipment, exhaust and supply fans. If changes have been

made in the building schedule which would effect total hours

of lighting, or equipment use, the data is no longer valid.

S'milarly, if energy conservation measures have been taken

to reduce electric loads (such as reducing lighting) since

the utility bills were gathered, that data will not be

correct. The curves normally increase from spring to a peak

summer value. The increase in usage normally results from

air conditioning loads. These loads come from compressors,

condenser fans, chillers, cooling towers, pumps, and other
cooling equipment loads. The air conditioning supply fans

in air handling units normally run year round. If this is

not the case, and instead the fans are cycled on for summer

cooling only, then they too are included in the increased

summer usage. The key values to pull from the yearly

metered utility data, are the monthly usage figures. For
all cooling months, the net power used for cooling is the

Selection and Implementation

of Single Building EMCS Page 5
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! iChapter 2: Selecting Appropriate Buildings

difference between the peak monthly loads and the yearly
base case value. The resulting differences are plotted in

Figure 3.

This figure yields some useful results in identifying

building "waste". Compare the electric use for cooling with

weather data gathered during the same period. If the

outside temperature for a given month was below 55 degrees

(a typical cooling coil discharge temperature), the cooling
in most cases should not have been energized. If a

significant power consumption is noted for any of these

months, a problem with controls or installed systems is

likely. (Not all systems respond to outside air

temperature. Systems which have adequate outside air intake

capacity can normally take advantage of a control concept

called "economy of cooling", or often called "economizer

control". These systems should use no mechanical cooling

below 55 degrees, and should use a reduced amount of energy

from mechanical cooling between 55 and 75 degrees. This

function can be controlled by the EMCS. The application

will be discussed in a later chapter.) The electric usage

plotted in Figure 3 physically represents the number of

hours of equipment operation during each month, multiplied

by the average load over a given time interval. This time

4. interval could be the load each hour, or a daily, weekly, or
monthly average. The load, expressed in kilowatts, or KW,

multiplied by hours, gives the common kilowatt-hours, or

KWH. This information is useful, and will be discussed

further in an example to follow.

Electric Demand: The typical electric demand trend for a

calender year is shown in Figure 4. The trend again varies

Selection and Implementation
of Single Building EMCS Page 8
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Chapter 2: Selecting Appropriate Buildings

from a winter low to a summer high. In obtaining this data,

it is very important to obtain the actual metered demand,

not the billed demand. Many utilities have a rate provision

called a ratchet clause. The general technique is to take
the highest electric demand for the previous eleven months,

and apply a percentage factor to arrive at a minimum billing

demand. For example, if the maximum demand over the past

eleven months was 1000 KW, a 75 percent ratchet clause

multiplies 1000 by 0.75, giving 750 KW. By this type of

* rate structure, the monthly demand quantity for billing

purposes would be 750 KW, or the actual metered demand,

whichever is greater. The impact of the ratchet clause will

be importa;c later as estimates of savings are discussed.

The importance here is to determine if data for electric

demand is the actual or billed KW. The billed KW may

include this ratchet amount, and in this case the metered

data will be misleading.

The lowest yearly value is again the base loading. The

highest summer value represents the peak summer load (see

Figure 5). The demand increases during the summer months

for the same reasons as the electric usage. Cooling

equipment such as compressors, condenser fans, chillers,

cooling towers, chilled water pumps and other devices

operate during this period, and possibly cycling air

handling unit loads. Subtracting the base load amount from

each of the monthly electric demand values gives the peak

load from heating, ventilating, and air conditioning

equipment for that month. The results are shown in Figure

6. The results will be interpreted to give details on

potential for EMCS installation.

Selection and Implementation
of Single Building EMCS Page 11
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Chapter 2: Selecting Appropriate Buildings

Consider an example for a hospital. The cooling plant

consists of three centrifugal chillers rated at 420 tons

each. The chillers are served by a three cell cooling tower

with three 25 horsepower motors, operating at 17.5 brake

horsepower, and two condenser pumps operating at 34 brake

horsepower. The chilled water pumps operate year round

serving a two pipe system, and are part of the base load.

The total connected load from these components is then

Chillers: 3 at 312 KW (Full Load) = 936 KW

Tower Fans: 3 at 17.5 KW = 52 KW

Condenser Pumps: 2 at 34 KW = 68 KW

Total Connected Load 1056 KW

The monthly base load for the facility was 960,680 KWH. The

chilled water plant operates in April through November.

Table 1 shows the month, KWH for the month, and the

difference between this consumption and the base load.

I

.1*

Selection and Implementation
of Single Building ENCS Page 14
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4m

Table 1

Sample Electric Usage Data - Hospital

Month KWH Difference Days % Load

April 1108000 147320 30 19.4

May 1226000 265320 31 33.8

June 1362000 401320 30 52.8

July 1477000 516320 31 65.7

August 1563000 602320 31 76.7

September 1422000 461320 30 60.7

October 1315000 354320 31 45.1

November 1220000 259320 30 34.1

To next determine the average loading of the cooling plant

we take the monthly difference and divide by load and hours

to give the average load:

Selection and Implementation
of Single Building EMCS Page 15
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Cooling Difference

Plant = x 100

Load Total Load x Days x hours/day

For July for example

Cooling 516320

Plant = x 100

Load 1056 KW x 31 days x 24 hrs/day

Cooling Plant Load (Average) = 65.7 percent

The results are also summarized in Table 1.

In very general terms, equipment operating at part load is

less efficient than equipment operated at full load. The

average load demonstrated in the table is from 19.4 percent

to 76.7 percent. This indicates potential for improvement

exists. The second indication is that the plant operates

below full load in most cases based on these averages. This

indicates that excess capacity is present for recovery from

night shutdown, or demand limiting activities, which will

enhance the ability to utilize EMCS.

The electric demand figures can also be analyzed to evaluate

peak monthly loading. For the same location, Table 2 lists

demand values for three months, from a base load electric

demand of 2420 KW. The difference column again subtracts

the base load from the metered electric demand to give the

difference. If the difference is compared to the total

".
Selection and Implementation
of Single Building EMCS Page 16
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Chapter 2: Selecting Appropriate Buildings

connected load of 1056 KW, the cooling plant peak loading

can be estimated.

Table 2

Sample Electric Demand Data

Month KW Difference Max Load %

April 2657 237 22.4

May 3040 620 58.7

June 3056 636 60.2

July 3391 917 92.0

August 3397 977 92.5

September 3370 950 90.0

October 3083 663 62.8

November 3137 717 67.9

For example for July

Max % Load = (971 X 100) / 1056 = 92.0%

This indicates that the plant operates at 92.0 percent

capacity (peak) in July, with an average loading from Table

1 of 65.7 percent.

The results here indicate that the peak plant loading is

near full capacity for short durations. Again, the

potential of the plant to recover is good in spring and

fall, but based on peak loads, the capability to recover is

less during the peak time of summer months. A further

examination of demand would consider the daily or hourly

Selection and Implementation
of Single Building EMCS Page 17



Chapter 2: Selecting Appropriate Buildings

trends. In the installation examined here, the peak loads

occur during late afternoon, from 3:00 to 5:00 P.M. The

impact of the maximum percent loading will be discussed in a

later chapter.

Natural Gas: A typical trend for the use of heating fuels

such as natural gas is shown in Figure 7. The trend is

opposite to that experienced on electric usage. In this

case the "base load" occurs in the summer months. The base

load is a result of hot water loads, kitchen loads, other

process loads, and in some cases, loads related to the

heating, ventilating, and air conditioning systems. (A

description of reheat systems, which use heating energy

simultaneously with cooling, and thermodynamically similar

systems of dual duct and multizone, follows.) The peak

winter load typically occurs in December through February.

The peak is normally directly attributed to heating plant

loads, which are a function of demands placed on the system

due to cold, windy weather. The analysis of heating data

can again give average loading of the heating plant as done

in Table 1 for electric loads related to cooling. The total

connected heating equipment load and energy consumption must

be converted to common units for comparison. For example a

100 horsepower boiler equates to 3,347,200 Btu per hour.

1000 CCF of natural gas equates to approximately 103,000,000
Btu. Conversion constants are included in the Appendix. Be

careful to account for efficiencies of boilers and other

devices. In considering the energy efficiency, or

wastefulness of buildings, the concept of Btu per degree

days is often used. Two cautions are required when using

degree day analysis. First, the degree day concept was based

on residential construction of the 1950's, where heating was

Selection and Implementation
of Single Building EMCS Page 18



Chapter 2: Selecting Appropriate Buildings

L

!0

-

CC

LfJ

EU

_ EU

. a6esn s29 Lejn eN

Selection and Implementation
of Single Building E14CS Page 19

. . . . ..4.. ... . ... - - -.



. . . .... - - *.. .*.* *... . . . . ..- -. . . .. _

Chapter 2: Selecting Appropriate Buildings

required below 65 degrees. It followed that as temperature

dropped below 65 degrees, the amount of heating fuel

required increased linearly as temperature dropped. The

degree days for any single day are calculated by adding the

day's high and low temperature and dividing by two (i.e.,

the average of the high and low) and subtracting this from

65 degrees. If the result is a positive number, it is a

degree day of heating. For example, a day with a high of 66

and a low of 34 degrees has an average of 50 degrees. 65

degrees minus 50 degrees then gives 15 degree days of

heating requirement. The problem today is that due to both

higher internal loads, and better constructed buildings,

most commercial buildings do not require heat at 65 degrees.

The temperature where buildings require no heating or

cooling is called the balance point, and for most commercial

type buildings this is from 45 to 55 degrees. (CAUTION!

This number varies widely by building and should be

determined by calculation.) This 45 to 55 degree range of

course does not match the 65 degree base of standard degree

days. A second concern is the comparison of heating bills

to degree days in late spring and early fall. A day with a

low of 40 degrees and a high of 76 degrees may require

heating of outside air and the building during more than

half of the day. The "degree days" of this day are only 7,

which would show a very large Btu per degree day, indicating

high energy use which is not a true representation. Based

on actual metered data for a building on purchased steam

(bought in units of M-lbs, or 1000 pounds), a sample of this

follows in Table 3.

Selection and Implementation
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Chapter 2: Selecting Appropriate Buildings

Table 3

Energy Use Per Degree Day

Month M-lbs Btu Degree Btu per

Steam x 106 Days Degree Day x10 6

Jan 10095 14032 1265 11.1

Feb 9775 13587 1080 12.6

Mar 9621 13373 791 16.9

Apr 6559 9117 504 18.1

May 3549 4933 33 149.5

Jun 4021 5589 10 558.9

Jul 3606 5012 0

Aug 3158 4390 0

Sep 3511 4880 57 85.6

Oct 3916 5443 238 22.9

Nov 7428 10325 574 18.0

Dec 7324 10180 608 16.7

As it stands above, what conclusions can be drawn from these

results? Considering the Btu per degree day column, the use

appears to vary widely; but the definite trend is the lowest

use during the most severe weather. Is this likely?

Probably not, but based on this type of metered data, the

results cannot be further refined. The data is useful

however. It serves as a base for comparison with manual

calculations. If you are trying to calculate the before and

after energy use of a building being considered for EMCS,

the energy consumption indicated forms a good foundation for

judgement. For example, if your calculations predicted a use

of 15000 x 106 Btu in January, you would likely conclude

Selection and Implementation
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that your results were acceptable. If your calculations

indicated 7000 or 28000 x 10 6 Btu, another look at your

results would probably be warranted.

Conclusions: Metered utility data is useful if properly

applied. The most important concern is the full

understanding of how a building was utilized during the

period of months included in the measured data. If the use

has changed, hours of operation changed, or significant

v energy conservation measures have been taken, the data

should be reviewed. Metered electric data is most useful in

determining base loads, and in calculating average and peak

plant loadings, which may impact the available EMCS

strategies. Considering yearly kilowatt-hours per square

foot is useful in comparing buildings only if utilization is

similar (i.e., comparing an 8 to 5 office building to a 24

hour use manufacturing facility is of course not a valid

comparison). If kilowatt hours per square foot are high,

indications of a greater savings potential may be concluded.

While it has been shown that heating energy use in Btu per

degree day yields inconsistent results, the quantity still

serves to identify more "wasteful" buildings when like

buildings in like climates are compared.

The use of measured utility data is meaningful only if

properly applied and interpreted. It should not be the only

data source on which to base your savings calculations. The

use of measured data can be summed up with two words: use

caution.

Selection and Implementation
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ANALYSIS BY CALCULATION

The most viable backup to measured utility data is analysis

by calculation. This is supported in some cases by

measurements of simple data. In almost every case, the

building being considered for EMCS is not being used as

originally conceived and designed. In the design phase, the

mechanical engineer who designed the heating, ventilating

and air conditioning system was forced to make many design

assumptions. For example, consider the engineer looking at

a blank floor plan of a 20 foot by 30 foot office area. The

amount of cooling supplied is based on external factors such

as wall, window, and roof construction, and internal factors

such as lights, people, and equipment. The external factors

are normally indicated on the architectural plans, however,

actual construction often varies from the "ideal" shown on

the drawings. The hardest quantity to estimate is air

leakage or "infiltration" into an area. The internal loads

are based on experience and probable use only, forcing the

engineer to guess at how many people will occupy the office,

and what lighting will be utilized. While the lighting is

often times easy to determine from the electrical plans, the

people and equipment are only estimates. The result is a

calculated cooling load based on estimates, which dictates

the necessary supply air temperature and air volume. The

probability is very high that the area being considered is

not being used as originally designed. In this phase of EMCS

evaluation, the actual loads must be determined. EMCS

control of a building which is not operating efficiently to

start with, will only lead to comfort complaints and

probably dissatisfaction. The steps in this tuning process

Selection and Implementation
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(discussed here under Analysis by Calculation, and normally

implemented prior to EMCS installation) are very basic:

Step 1) Determine actual loads. The building being

considered should be thoroughly examined for actual

installed loads. A complete walk-through study of the

building should be made, examining actual construction, and

noting actual numbers of people in each area, actual

lighting, and installed equipment. This information should

be used to perform a complete load estimate by room, by

zone, and by each separate heating, ventilating, and air

conditioning system. The net result should be the air flow

required at each outlet to meet actual loads. Performing a

study such as this can be done with standard load estimating

techniques as developed by the Carrier Corporation, the

American Society of Heating, Refrigerating and

Air-Conditioning Engineers (ASHRAE), or others. The other

viable alternative today is the use of microprocessor based

computer load estimating programs. This tool enables rapid

calculation of loads. The time requirement, including the

building walk-through is approximately 24 hours for a 100

zone building. A sample of the results is shown in Figure

8.

The results are significant in that they provide the

foundation for the analysis of EMCS potential, and provide

valuable information for energy conservation measures. For

example, in Figure 8 the total sensible load for the room is

40,727 Btuh. Of this the roof load is 9,136 Btuh, or 22.4

percent. This compares to the total wall load of 727 Btuh,

or 1.8 percent. This of course indicates a much greater

potential exists for saving energy through roof measures

Selection and Implementation
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Figure 8

Sample Load Calculation

Carrier E20-II Load Estimating Program

SAMPLE CALCULATION
May 5, 1983

i WARREN *OHIO LAT = 41 ALT = 900
CONST= 130W/40R/130B ID= 74/40 : 73
WALL COLOR: DARK ROOF COLOR: DARK
- SER# 21207821.5

D.B.TEMP TOTAL TONS RSH TONS C.F.M.
1. JUN AT 9 A.M. 73.4 2.71 2.39 1,449
2. JUL AT 9 A.M. 76.4 2.81 2.49 1,509
3. SEP AT 10 A.M. 73.2 2.64 2.33 1,409
4. OCT AT 2 P.M. 72.0 2.69 2.37 1,436
5. SEP AT 3 P.M. 83.2 3.31 2.95 1,788
6. JUL AT 4 P.M. 88.0 3.79 3.39 2,057
7. JUN AT 4 P.M. 85.0 3.69 3.30 2,002
ZONE HEATING--> = 28,897 W/INFIL= 28,897 C.F.M = 1,194

INPUTS
CEILING PARTITION FLOOR SKYLIGHT

TRANSMISSION FACT. 0.00 0.00 1.00 0.80
TEMP DIFF HEATING 0 0 0 73
TEMP DIFF COOLING 0 0 0 14
FLOURESCENT LIGHTS - Y SOLAR FACTOR SKYLIGHT = 0.45

OVERHANGS AND/OR REVEALS PRESENT (FT)
TYPE 1 TYPE 2 TYPE 3

HEIGHT OF OVERHANG - 0.17 0.00 0.00
DEPTH OF OVERHANG - 0.67 0.00 0.00
HEIGHT OF WINDOW - 8.00 0.00 0.00
DEPTH OF REVEAL - 0.67 0.00 0.00
NUMBER FLOORS - 1.00 1.00 1.00

EFFECTIVE AVERAGES FOR ZONE LOADS OR OP-COST
EXPOSURE: N. NE E. SE S. SW W. NW

WALL TRANS. FACTORS 0.00 0.00 0.00 0.00 0.12 0.00 0.12 0.00
GLASS TRANS FACTORS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GLASS SOLAR FACTORS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ROOF TRANS. FACTOR = 0.15 SKYLIGHT TRANS. FACTOR = 0.80

OUTPUTS
NUMBER OF PEOPLE = 8 SENSIBLE PEOPLE LOAD = 1,960
TOTAL LIGHTS = 3,840 LIGHTING LOAD = 16,382
OTHER ELECTRICAL = 1,680 OTHER ELECTRICAL = 5,734
TOTAL GLASS AREA = 0 TOTAL GLASS SOLAR = 0
TOTAL GLASS AREA = 0 TOTAL GLASS TRANS. = 0
SKYLIGHT AREA = 0 TOTAL SKYLIGHT SOLAR = 0
SKYLIGHT AREA = 0 TOTAL SKYLIGHT TRANS = 0
S. TYPE 1 WALL AREA = 149 S. TYPE 1 WALL LOAD 187
W. TYPE 1 WALL AREA = 500 W. TYPE 1 WALL LOAD = 540
TOTAL WALL AREA = 649 TOTAL WALL TRANS. = 727
PARTITION AREA = 0 TOTAL PART. TRANS = 0

CEILING AREA - 0 TOTAL CEILING TRANS = 0
FLOOR AREA - 0 TOTAL FLOOR TRANS = 0
AREA OF ROOF = 1,680 ROOF LOAD = 9,136
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Figure 8

Sample Load Calculation

SAFETY FACTOR = 20% SAFETY B.T.U.S = 6,788
EVAP FAN H.P. = 1.00 FAN HEAT GAIN - BT = 3,070
MISC SENSIBLE =0 MISC. SENSIBLE =0
VENTILATION CFM = 0 0. A.SENSIBLE LOAD = 0
MISC. LATENT = 0 MISC. LATENT = 0
NUMBER OF PEOPLE= 8 PEOPLE LATENT LOAD = 1,640
VENTILATION CFM = 0 O.A. LATENT LOAD 0
TOTAL CFM-STD AIR= 2,057 TOTAL LATENT LOAD = 1,640

ROOM SENSIBLE = 40,727 ROOM LAT. LOAD = 1,640

SAMPLE CALCULATION
-- > GRAND TOTAL LOAD = 45,437 BTU'S OR 3.79 TONS <--

LOAD RUN FOR # 6. JUL AT 4 P.M.
AREA (SQ FT) = 1,680 SQ. FT PER TON = 444
TOTAL CFM-STD AIR = 2,057 CFM PER SQ FT = 1.22

HEATING LOAD
PARTITION LOAD = 0 CEILING LOAD = 0
VENTILATION LOAD = 0 ROOF HEATING LOAD 18,396
FLOOR HEATING LOAD= 0 SKYLIGHT LOAD = 0
GLASS HEATING LOAD= 0 WALL HEATING LOAD = 5,685
SLAB HEATING LOAD = 0 INFIL HEAT LOAD 0
WARM UP LOAD = 4,816 H LOAD WITH VENT 28,897

COIL SELECTION PARAMETERS
DB TEMP ENT EVAP = 75.4 TOT SENSIBLE LOAD = 43,797
WB TEMP ENT EVAP = 62.9 TOT COIL LOAD = 45,437
SPECIFIED ROOM RH = 40% RESULTING ROOM RH = 52%
TERM AIR TEMP = 56.00 / 95 DEGREES ROTATED = 0
T. ST. EVAP FAN = 1.70 NON-CEILING RETURN
BLDG. 'U' FACTOR= 0.14 CARRIER DEFAULTS

-o
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Chapter 2: Selecting Appropriate Buildings

than wall measures. The information presented also allows a

designer to look at the analysis at any time in the future,

and determine what has changed, and what requirements are

necessary to "tune" the building. The important result for

EMCS potential is the total air flow or CFM required to meet

the actual installed loads. If the air flow is currently

.4. too low, comfort complaints probably exist already, and

complaints will likely increase when EMCS control is added.

Similarly, if air flow is too high, the installed heating,

ventilating, and air conditioning system is likely

compensating for the excess in some way, which normally

increases energy consumption. The importance of this step

cannot be stressed enough.

Step 2) Sum air flow requirements. For the area served by

the heating, ventilating, and air conditioning system, the

air flows are summed. This total air flow is required in

EMCS savings calculations. In most cases, the total air

flow required differs from the installed capacity.

Step 3) Uetermine ventilation requirements. Based on the

results of the walk-through study, the minimum required

ventilation rate should be calculated. The current industry

reference is ASHRAE publication 62-1981, "Ventilation for

Acceptable Indoor Air Quality". The standard is based on

requirements for occupancy only - greater ventilation

amounts may be required to meet exhaust air flow

requirements. Table 3 from the standard is reproduced in

the Appendix. The actual time requirement for this

ventilation should be determined based on building use. Be

specific. If an area is occupied from 8:00 to 12:00, and

1:00 P.M. to 5:00 P.M., normally only 8 hours of ventilation

Selection and Implementation
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should be used. Where indoor contaminants are from people

only, the ventilation can actually lag occupancy time. The

"Maximum Permissible Ventilation Lag Time" from ASHRAE

*' publication 62-1981 is reproduced in Figure 9. In the

example load calculation of Figure 8, there were 8 people,

22,680 cubic feet in the room, and 15 cfm per person

ventilation. From Figure 9, the ventilation may lag the

8:00 A.M. and 1:00 P.M. occupancy times by approximately 2

hours. Thus actual ventilation is required only from 10:00

A.M. to noon, and 3:00 P.M. to 5:00 P.M. If this

ventilation from outside air now runs continuously, the

ventilation time can be reduced by 83 percent. The key to

this analysis step is to 1) determine actual ventilation

requirements, and 2) calculate minimum ventilation times.

Step 4) Determine what exists. After determining what is

needed, you must ascertain what the existing conditions are.

Normally this requires a measurement of air flow at each

supply and return outlet, and the measurement of static

pressures at the air handling unit. The outside air amount

being used for ventilation should be measured, both at

normal settings and at a full closed signal to the outside

air dampers from the controls. The full closed position will

indicate how much air leaks through the dampers. A typical

leakage for old dampers is 15 to 25 percent. If the goal of

the EMCS is in part to close outside air dampers when the

* building is unoccupied, the results may be minimal if the

leakage is high, and damper repair, retrofit, or replacement

may be warranted. If calculations show that only 8 percent

outside air is required when occupied, and the dampers leak

15 percent when full closed, energy is wasted for heating

and cooling.

Selection and Implementation
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If measurements of air flow in the building indicate that

more air is required in an area, the impact should be

considered carefully. As air flow in a duct run is

increased, the static pressure required at the supply fan

goes up, and so does the power requirement. For example, in

the multizone system which serves the area detailed in

Figure 8, the air flow required was 18,695 cfm, and the

existing air flow was 13,052 cfm, with the current motor

pulling 7.6 brake horsepower. To increase the cfm will

require a larger motor to develop 22.3 brake horsepower. If

motor loads must be increased, this should be recognized in

evaluating metered utility data from past billings, or in

savings calculations.

In some cases it may be next to impossible to calculate

loads in a room. For example, rooms filled with electrical

equipment are difficult to analyze. Nameplate data normally

gives power at full loading, and not normal operating

conditions. If it is difficult to calculate the heat gain,

calculate the heat being removed. From psychrometrics,

Q = 1.1 CFM (tout-tin)

Where Q = heat gain in Btuh

1.1 = Constant

CFM = Total air flow into room

tout= Temperature of air leaving the room,

degrees F

t. = Temperature at cooling air supply, degree F

Selection and Implementation
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For example, a room with a measured air flow of 4,000 cfm

has a supply temperature of 55 degrees, and 79.5 degrees

leaving temperature. The equipment load is thus 107,800

Btuh. Be sure to account for external loads if present.

When measuring air flows, it is often necessary in multizone

and dual duct systems to measure volume with all controls

set for full cooling, and secondly with all controls set for

-$ full heating. This will identify variations in total air

flow as air is diverted through heating and cooling coils

which are typically sized differently.

Conclusions: The calculation of loads and associated air

volumes for total supply and ventilation is a powerful tool

in evaluating wasteful buildings. The results provide

detailed information on "tuning" requirements for the

existing building, which can be done with the EMCS

implementation. In general, systems with excess heating,

cooling, and air flow capacity offer substantial potential

for cost effective EMCS control. Systems with large

. excesses of ventilation air offer good EMCS potential.

Buildings which have large time varying ventilation loads

are good candidates for EMCS control. Buildings which have

systems designed and operated very close to actual building

requirements offer less potential for EMCS.
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ANALYSIS OF CONTROLS

In the chapter "Guidelines for Efficient Installation" which

follows, several types of control systems will be

introduced, and the possibilities for EMCS interface and

local control modifications will be discussed. The controls

applied to heating, ventilating, and air conditioning

systems vary by the system type. Basic air handling unit

system types are classified as:

1) All-Air Systems

2) Air-Water Systems

3) All-Water Systems

4) Multiple Unit or Unitary Systems

While other types exist, these four general catagories

include most equipment which will be encountered. A brief

discussion of each class of system is in order, with typical

control characteristics and operation.

All-Air Systems: An all-air system is an air handling unit

and associated supply and return duct and equipment, which

is designed to provide all sensible and latent cooling, and

in some cases heating, and humidification, in air supplied

by the system. No additional cooling is required in the
. area being served, and the heating where installed is the

primary heat source. These systems are designed to meet

cooling and heating loads under pea', load conditions (and

are often oversized for variou, reasons). This peak load

condition normally occurs for only a few hours every year,

and typically 97 percent of the hours of system operation

are at part load. When the systems are at part load, there

Selection and Implementation
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are three basic choices of how to control capacity. The

first is on-off control.

For commercial systems on-off control is normally

unsatisfactory. The first objection is that ventilation is

discontinued, causing odors and a "stuffy" feeling in the

building. Second, as the system is cycled on-off the noise

level at the supply outlets goes from 30-40 db to none. The

higher noise level is common and normally not objectionable,

but the cycling of the noise on and off is objectionable.

The third main objection is the start and stop of the fan

motor. Large horsepower motors (over 10 hp) are not

normally cycled due to excessive belt wear and substantially

decreased motor life.

The second basic technique for control is to vary the

temperature of the air being supplied. 1n all-air systems,

air is normally supplied at 15 to 25 degrees below the room

temperature. A normal value for a room maintained at 78

degrees, is a 58 degree supply, at full or peak load. To

prevent overcooling, the air supply temperature is raised as

the load drops. For example, if the load is 75 percent of

maximum, the air is supplied 15 degrees cooler than the

room, at 63 degrees (75 percent of the original 20 degrees

below room temperature). As load drops to 50 percent, the

temperature is increased to 73 degrees, and so on. The

change in supply air temperature is accomplished through

pneumatic or electronic automatic temperature controls. The

opposite holds true for heating. The supply temperature to

the room is typically 25 to 40 degrees above the room

temperature. The supply temperature is decreased as the need

Selection and Implementation
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for heating decreases. There are two types of all-air

systems which provide this control:

A) Single-Path Systems

B) Dual-Path Systems

The single path systems contain main heating and cooling

coils in series, with heating coils located either in the

air handling unit or in the supply ducts to the zones.

Temperature control is provided by either modulating the

cooling coil (through varying flow to a chilled water coil

or cycling stages of mechanical refrigeration), or

maintaining a constant temperature leaving the cooling coil

and "reheating" the supply air to prevent overcooling of the

areas served by the system. The dual path systems contain

main heating and cooling coils in parallel. For capacity

control, the warm and cool air streams are mixed to give the

desired temperature at the supply to the room.

The third basic technique for capacity control is by leaving

temperature constant, and varying the volume of the air

being supplied. At full load, the maximum air f.ow is

delivered. At 75 percent call for cooling, 75 percent of

the air is delivered, and so on. The advantage of this

system is substantially reduced fan horsepower and minimal

simultaneous heating and cooling.

In evaluation of controls, which must be related to systems,

controls which allow simultaneous heating and cooling

normally indicate wasteful practices. Normally variable air

volume systems are much more efficient in this regard.

-i
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All-air systems normally are connected to an outside air

intake section. When the outside air is cool enough, it can

be introduced directly for "free cooling". These sections
are often controlled by the dry bulb temperature. The

return and outside air is blended to give a mixture normally
around 55 degrees. Above 55 to 65 degrees, the outside air

is normally reduced to minimums for ventilation. While this

is normal, it is no longer the "state-of-the-art" and EMCS

can refine this control substantially. If the temperature

of the mixture is not changed based on the actual demand for

cooling by the system, and the change to minimum outside air

made based on the enthalpy of the outside and return air,

then the system offers substantial potential for EMCS

control.

Air-Water Systems: Air-water systems provide space

conditioning through the use of both air and water sources

that are distributed to terminal units throughout buildings.

Normally these systems are used throughout buildings with a

large number of zones, where humidity control is less

importanc. They are found in hospitals, hotels, schools,

and many other locations. These systems can either heat,

cool, or both simultaneously depending on the original

design of the supply piping. While all-air systems are

normally larger with typical supply fans ranging from 5 to

200 horsepower, air-water systems are characterized by many

smaller units - usually one per room - of fractional

horsepower if any. Each unit is controlled individually.

EMCS control of the many smaller units is as effective as

the larger systems, however, the costs associated with

- control of air-water systems often makes EMCS installation

too expensive. The central plants which provide hot and
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chilled water to these units are good EMCS candidates, as

well as the primary air handling units.

All-Water Systems: All-water systems accomplish heating and

cooling by distributing hot and chilled water from a central

plant to individual room units. These units contain either

a single coil for heating or cooling, but not both

simultaneously, or both a heating and a cooling coil, which

offer either heating or cooling on demand. The units are

controlled by individual room controls, and typically have

fractional horsepower motors. As was the case for air-water

systems, energy saving opportunities are good but often cost

prohibitive, while the control heating and cooling plants

offer good potential for savings.

Multiple Unit or Unitary Systems: These systems are

characterized by equipment ranging from through-the-wall and
window air conditioners to heat pumps, and each typically

contains all equipment for a complete refrigeration cycle.

These pieces of equipment are often small and uneconomical

to control with EMCS. The best control technique is to

simply turn off when not in use.

Conclusions: The current method of control of air handling

units will strongly dictate the potential for savings with

EMCS. Poorly or simply controlled units offer significant

potential. Often times units with very complex control

systems can be improved with EMCS. Systems which offer the

highest potential are those with simultaneous heating and

cooling, those which operate 24 hours per day when not

needed, or those which operate basically five days per week
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from 8:00 A.M. to 5:00 P.M. or a similar schedule, with poor

night time control.

The identification of energy wasteful buildings is thus a

three pronged attack. The analysis of metered utility data

is always valuable, but not always available. The seasonal

trends of electric use are a strong indication of cooling

energy consumption and peak utilization. They can be used

as a comparison tool between facilities in like areas. The

very nature of the billing structure, i.e., high demand

charges, can enhance the economic viability of an energy

management system. The study of spring and fall electric

consumption, when temperatures are moderate, can indicate

waste. Careful consideration should be given to the source

of the yearly "base loads" and "peak loads", why these loads

occur when they do, and what can be done to reduce the loads

4' through EMCS. A similar evaluation of heating fuel usage

can yield good results. Again, what are the components of

the base load and peak load, and what can be done to reduce

these loads. While metered utility data is often used,

apply caution: the conditions which occurred when the

monthly usage and peak demand were measured will never occur

again. Numerous weather related variables impact these

values. Utilization of the building greatly impacts the

values. The results are not repeatable.

In analysis by calculation, a concerted effort is made to

determine whether systems are performing at the optimum.

This certainly is more time involved than examining a set of

utility bills, but is a necessary first step before EMCS

installation. EMCS control of systems that are not

operating as well as possible is inviting doom from the
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outset of the project. The results of the analysis form the

data base for evaluation.

The examination of controls is necessary to complete the

evaluation. This will be a good indicator of potential for

improved control, and/or EMCS to improve energy efficiency.

Many cases will arise where utility billings are not

available. To compare facilities in this case requires a

computation of energy use or metering/monitoring of the

building. The information gained in the "Analysis by

Calculation" and "Analysis of Controls" provides the input

for calculation. The techniques used today range from the

large scale computer energy calculation programs, to

microprocessor computer energy calculation programs, to

manual calculations.

Manual calculations can be done with reasonable accuracy

using such guides as the "Standardized EMCS Energy Saving

Calculations", calculating energy use before and after EMCS

strategies are incorporated. These techniques account for

equipment operation in heating, ventilating, and air

conditioning, but not internal building equipment or

lighting loads. Calculation of building peak demand is not

possible, but changes (reductions) in electric demand can be

calculated.

Energy calculation programs for desk top microcomputers are

used widely today. A building must be examined system by

system with these programs. Results are stated to be within

15 percent of actual usage (which is highly dependant on

accurate input and a full understanding of how the programs
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model systems and part load performance). Normally, the

analysis is based on bin weather data, and monthly electric

demands are not predicted. An average cost per unit of fuel

is used to estimate energy costs per year. A typical

analysis of an average building (50,000 square feet, 12

systems) takes from two to five days depending on

complexity.

Large scale computer simulation programs are also available.
They require extensive input which increases both data

gathering time and analysis time substantially. The

resulting cost is much greater for a slight, if any,
improvement in results. In a recent study by NASA, results

for the Carrier Corporation E20-II Operating Cost Analysis

Program (Microprocessor run) were within 10 percent of those

calculated by DOE-II, a large scale simulation program. The

large scale simulation program can, however, provide

electric demand data which is desirable for the

consideration of several EMCS application programs.

For single buildings, the use of microcomputer programs is

recommended for analysis of both "base case" energy use and

energy conservation alternatives, including EMCS. A sample

follows for a typical building.

Figure 10 reproduces input data for a hospital building in

Minneapolis, Minnesota. The input was obtained using a load

calculation program as presented in Figure 8. Figure 11 is

a *Base Case" analysis result for a constant volume reheat

system, which indicated an annual energy cost of $123,393

for the system as now operated. In Figure 12, the system

was considered with EMCS control of outside air economizer
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Figure 10

** INPUT SUMMARY ***

LOCATION : MINNEAPOLIS ,MINNESOTA
OUTDOOR DESIGN : 92 F. DB/ 39.0103 BTU/LB (SUMMER)

: -16 F. (WINTER)
INDOOR DESIGN : 75 F./ 50 %RH (COOLING)
BLDG. WEIGHT : MED.-HVY.
OCCUPIED SCHED. : 24 HRS.

OTAL COND. SPACE AREA ( 38388 )

INTER. COND. SPACE AREA ( 32630 )
INDOOR OCC. HTG. DES. TEMP. ( 73 )
INDOOR UNOCC. HTG. DES. TEMP. ( 73 )
VARIABLE OR CONSTANT VOLUME AIR SYSTEM <V OR C> (C)
OUTDOOR DB TEMP. @ KNOWN LOAD (91)
INDOOR DB TEMP. @ KNOWN LOAD ( 75 )
UNOCC. CFM/SQ.FT. INFILTRATION ( 0 )

*** BLOCK LOADS ****** LOSSES SHOWN AS (-) BTUH *
TRANSMISSION BTUH ( 33229 )
GLASS SOLAR BTUH ( 75422 )
O.A. SENSIBLE BTUH ( 119715 )
PEOPLE SENS. BTUH ( 70805 )
LITES & EQUIP. BTUH ( 351185 )
OTHER SENS. BTUH ( 174394 )
O.A. LATENT BTUH ( 158092 )
PEOPLE LATENT BTUH ( 59245 )
OTHER LATENT BTUH ( 0 )
OCC. S.A. CFM @ 91 F. OUTSIDE ( 28377 )

*** INTERIOR ONLY ****** LOSSES SHOWN AS (-) BTUH *
TRANSMISSION BTUH ( 0)
GLASS SOLAR BTUH (0)
O.A. SENSIBLE BTUH ( 101758 )
PEOPLE SENS. BTUH ( 60184.6 )
LITES & EQUIP. BTUH ( 298509 )
OTHER SENS. BTUH C 148236 )
O.A. LATENT BTUH ( 134379 )
PEOPLE LATENT BTUH C 50358.6 )
OTHER LATENT BTUH ( 0 )
OCC. S.A. CFM @ 91 F. OUTSIDE ( 24120.6 )

FUEL COSTS: $0.05 per KWH ELECTRICITY

$0.50 per THERM NATURAL GAS
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Figure 11

PROJECT NAME : SAMPLE OPERATING COST ( 38388 SQ.FT., 85 % INT.) -1

SER# 21120821.6 PERIMETER INTERIOR OPER.$/YR.

COOLING PLANT : CENTRIFUGAL <--------- $ 39173.90
MAX.LD.TONS : 89.50 <---------
NOM. TONS 95.00 <---------
NOM. KW 104.50 < ---------
STM. RATE : 0.00 <
MIN% UNL. 0.00 < ---------
LAYOUT : SERIES UNITS <---
SA/CW RESET : NO < ---------
ECONOMIZER NONE < ---------
ECON. LEAK %: 0.00 < ---------
PULLDOWN CYC: NO <---------
HEAT SINK CLG. TOWER <

HEATING PLANT : COMBUSTION < $ 10885.50
HT. SOURCE NAT. GAS <---------
MAX.LD.MBH 1073.96 < ---------
NOM. MBH 1200.00 < ---------
NON. KW : 0.00 < ---------
NOM. % EFF. : 80.00 <---------
CONTROLS : MODULATING < ---------
WARMUP CYC. NO <
AUX. PLANT : NONE <---------
AUX. FUEL NONE <
AUX. MBH 0.00 <---------
AUX. % EFF. 0.00 <
AUX. CONTROL: NONE < ---------

SUPPLY FAN : BI OR AIRFOIL < -- $ 18895.80
CONTROL : NONE < ---------
DES. CFM 28377.00 <
IN.WG. TSP 7.00 <
HTG. DUTY : YES <-

RETURN FAN : AXIAL < ---------- $ 5130.89
CONTROL : PITCH <---------
DES. CFM : 21575.00 <
IN.WG. TSP : 2.50 <
HTG. DUTY : YES <

AUX. MOTOR : $ 4225.25
CW PUMP BHP : 1.69 <
HW PUMP BHP : 0.89 <----
TW PUMP BHP : 2.64 <----
OW PUMP BHP : 0.00 < ---------
TWR FAN : 6.71 < ---------

VENT. RECLAIM : $ 0.00
CLG MBH @95F: 0.00 0.00
HTG MBH @ OF: 0.00 0.00

MTR. SHP 0.00 <---------
COOLING TERM. : CV TERM.REHEAT CV TERM.REHEAT
HEATING TERM. : SAME AS CLG. SAME AS CLG.

HVAC OPCOST/YR: $ 78311.30
LITES&MISC.EL.: $ 45081.60

TOT.OPCOST/YR.: $123393.00
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Figure 12

PROJECT NAME SAMPLE EMCS CONTROL ( 38388 SQ.FT., 85 % INT.)

SER# 21120821.6 PERIMETER INTERIOR OPER.$/YR.

COOLING PLANT : CENTRIFUGAL < --------- $ 4722.79
MAX.LD.TONS : 89.50 <---------
NOM. TONS : 95.00 <
NOM. KW 104.50 < ---------
STM. RATE 0.00 <---------
MIN.% UNL. 0.00 <---------
LAYOUT :1 SERIES UNITS <---------
SA/CW RESET : YES <---------
ECONOMIZER ENTH.+REFR. <---------
ECON. LEAK %: 5.00 <---------
PULLDOWN CYC: NO <---------
HEAT SINK CLG. TOWER <---------

HEATING PLANT : COMBUSTION < --------- $ 6786.25
HT. SOURCE : NAT. GAS <---------
MAX.LD.MBH 1073.96 <---------
NOM. MBH 1200.00 <---------
NOM. KW 0.00 <---------
NOM. % EFF. 80.00 <---------
CONTROLS MODULATING <---------
WARMUP CYC. NO < ---------
AUX. PLANT NONE <---------
AUX. FUEL NONE <---------
AUX. MBH 0.00 <---------
AUX. % EFF. : 0.00 <
AUX. CONTROL: NONE <---------

SUPPLY FAN : BI OR AIRFOIL < ---------- $ 18895.80
CONTROL . NONE <
DES. CFM : 28377.00 <---------
IN.WG. TSP : 7.00 <---------
HTG. DUTY : YES <---------

RETURN FAN : AXIAL < ---------- $ 5130.89
CONTROL : PITCH <---------
DES. CFM : 21575.00 <---------
IN.WG. TSP : 2.50 <---------
HTG. DUTY : YES <---------

AUX. MOTOR : $ 1100.28
CW PUMP BHP : 1.69 <
HW PUMP BHP : 0.89 <
TW PUMP BHP : 2.64 <---------
OW PUMP BHP : 0.00 <---------
TWR FAN : 6.71 <---------

VENT. RECLAIM : $ 0.00
CLG MBH @95F: 0.00 0.00
HTG MBH @ OF: 0.00 0.00
MTR. BHP : 0.00 <---------

COOLING TERM. : CV TERM.REHEAT CV TERM.REHEAT
HEATING TERM. : SAME AS CLG. SAME AS CLG.

HVAC OPCOST/YR: $ 36636.00
LITES&MISC.EL.: $ 45081.60

TOT.OPCOST/YR.: $ 81717.60
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through enthalpy changeover, and supply air reset based on

zone of greatest demand. With economizer control, the use

of cooling energy was reduced from $39,174 to $4,723, and

through reset of the cooling temperature, the heating energy

cost was reduced from $10,885 to $6,786. Auxiliary motor

power consumption dropped as well. The technique is useful

in evaluating (quickly) the energy saving potential through

EMCS control, but the technique used to model the energy use

must be thoroughly understood.

I.
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OBTAINING BUILDING ENERGY CONSUMPTION DATA

Where metered utility data is not available, an alternative

to computer simulation programs is to measure building

energy consumption. In typical buildings there are two

types of loads which occur. The first is "constant loads"

which can easily be measured or calculated once, and which

7.' do not vary (except when turned off). The second is "time

varying loads" which include equipment not used constantly.

This section will address the treatment of each of these

loads and the measurements of each.

Constant Loads: Constant Loads are those which are not timeI varying, other than when turned off. Examples in a typical

building are lights, and constant speed motors such as

exhaust fans and supply fans.

Lighting loads are in most cases easy to calculate. For

example, a four tube fluorescent light fixture with standard

40 watt tubes will pull 200 watts of power including

standard ballast. Similarly, a two tube fixture pulls

approximately 100 watts. Other lamps are typically stamped

with the wattage. To calculate these loads a simple count

is required which details the number of fixtures of each

type and wattage. A second alternative is to remove the

cover from the lighting distribution panel and measure the

amperage directly. The resulting load is obtained by

standard calculations (to be presented later in this

section.) Thus lighting loads are easily calculated or

measured. Occasionally other loads will be added to the

lighting circuit so it is necessary to verify that you are
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actually measuring the power consumption in question -

panels are often mismarked as well.

Other constant loads are fan and pump motors. Many supply

fans operate continuously, as do many pumps, shut down

seasonally or daily during unoccupied hours. Each of these

devices is required to have a separate disconnect or

starter. To use the nameplate data of a fan or pump motor

for calculation of EMCS potential is incorrect and will

normally lead to an overestimate of savings potential.

Since motors come in nominal sizes only, such as 3, 5, 7.5,

10 horsepower and so on, the engineer must always select the

"next size" motor to meet a given load. For example, if a

fan requires 8 brake horsepower, a 10 horsepower motor will

be used, as the next lowest size, 7 1/2 horsepower would be

inadequate. Because the motor is not at full load, the

nameplate amperage is not the amount of power drawn. The

nameplate data is used to determine the motors efficiency

and power factor. To calculate the motors efficiency and

power factor the following equation is utilized:

HP = (Voltage) x (Amps) x (Power Factor) x

(Efficiency)/(746 watts/hp)

For three phase motors:

HP = (Voltage) x (Amps) x (Power Factor) x (Efficiency) x

(1.73)/(746 watts/hp)

where HP = Horsepower

4
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Chapter 2: Selecting Appropriate Buildings

Voltage = the measured circuit voltage

Amps = the amperage reading or nameplate data

(use the average of the three readings

where they differ)

Power Factor = Motor rated power factor

Efficiency = rated motor efficiency

1.73 = square root of 3

746 = conversion constant

t.4

For example, a 10 hp motor has nameplate data which

indicates 3 phase 208 volt power, at 27 amps per phase.

Thus:

10 = (208 volts) x (27 amps) x (Power Factor)

x (Efficiency) x (1.73)/(746 watts/hp)

Which gives

(Power Factor) x (Efficiency) = 0.77

An actual amperage reading on this motor gave a 21.0 amps

reading for each leg, which gives

hp - (208 volt) x (21 amps) x (0.77) x (1.73)/

(746 watts/hp)

hp - 7.8

By removing the conversion constant from the denominator of

i the equation, the answer is the watts of power, in this case

5819, or 5.8 kilowatts. It should be noted here that using
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the nameplate data only, would have indicated a motor load

of 7.5 kilowatts, which is 29 percent above the actual, thus

all savings potential calculations would have been

incorrect. Motor loads like fans and pumps will be constant

unless they are part of a variable speed application, where

they should then be treated as time varying loads.

In a similar fashion, any load in a building may be

measured. While every load could be measured and

documented, results will be used in EMCS calculations for

only a limited number of devices. For example if EMCS

control of lighting is being considered, then the lighting

load must be determined. If the on-off control of a fan is

proposed, then its power consumption must be determined.

Your EMCS is likely not to control coffee pots and

typewriters, so measuring these loads would be unnecessary.

The general rule which applies here as well as in the case

of time varying loads is if you have no plans to control the

load, gathering data on that device will not help your EMCS

evaluation. A listing of typical available equipment for

measuring amperage is included in the appendix.

Time Varying Loads: There are many loads which vary with

time of day and time of year. On a daily cycle, loads from

office and manufacturing type equipment will fluctuate

widely around use schedules. In general the EMCS will not

control these loads. Air conditioning equipment such as

compressors and chillers have widely varying daily loads,

with a seasonal variation as well. Other electrical loads

such as kitchens (where electric) have wide daily

variations.
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Chapter 2: Selecting Appropriate Buildings

There are two choices in measuring time varying loads. The

first is to monitor each on a short term basis. For example

record loads for a 24 hour period. While this of course

does not give the annual use, it does give a good indication

* of the impact on daily building electric usage and demand.

Where loads vary with day of the week, a typical week day

may be selected, and a typical weekend day. Assuming that a

load operates consistently throughout the year, the measured

values would be useful in determining yearly impact as well.

The second choice is to monitor time varying loads on a

yearly or continuous basis. Consider a chilled water plant.
The loads will definitely vary with time of day. Starting

at midnight loads will be low (if the building is occupied)

due to lower nighttime temperatures and decreased activity

in most cases from daytime schedules. Loads normally

increase between 7:30 and 9:00 due to warmer temperatures,

solar gains on buildings, and increased use of the building

by people and equipment. As the daily temperature and

solar radiation increase during the day, the cooling system

*i is normally under peak load from 3:00 to 5:00 P.M. The

loads then drop into the evening hours. Several recording

type devices are available which will either plot or compute

'" power consumption on paper tapes. Due to the large amounts

of data, reduction is often very time consuming. To make a

valid determination of loads, the conditions of the load

must also be known. How was the building used that day?

How many people were present? Was all lighting and

equipment in use? What were the outside temperatures? What

type of cloud cover or haze was present? These are all
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Chapter 2: Selecting Appropriate Buildings

valid questions, however, even if all the answers could be

listed for each recording period, the data reduction would

be near impossible. The data can be used to develop monthly

total of kilowatt-hours and maximum electric demand for

either a total building, or any branch circuit to groups of

equipment, or even individual pieces of equipment. The data

then should be interpreted in a manner similar to yearly

utility billings. The maximum loading for the cooling

season is usually the primary interest.

The discussion thusfar has been centered around electricity,

but there are other sources of energy use as well. For

heating of buildings hot water and steam are two common

sources. The usage of the end product, i.e., hot water or

steam, is not the measured quantity of interest, but rather

how much fuel is required to produce this output. In almost

all cases, natural gas is metered as it enters a site. If

individual meters on buildings are not installed and long

term data is required, the submetering at each building is

the easiest solution. The reading of data is best

accomplished manually, with reading frequency as desired.

Flow meters are also available which have an output which

can be sent to a strip chart recorder or EMCS, or various

types of totalizing devices. If the fuel used is not

measured or the boiler as a heating device serves several

buildings, then steam flow to individual buildings or areas

can be measured and recorded.
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Five types of devices are normally used to measure steam

flow. They are:

1) Orifice Plate

2) Venturi Tube

3) Pitot Tube, Averaging Pitot Tubes

4) Turbine Meter

5) Vortex Shedder

All of these meters are momentum type meters, that is, the

meter makes use of the kinetic energy available in fluid.

The first three types (orifice plate, venturi tube, pitot

tube) are so called "head" meters. They require a loss of

head (pressure drop) to affect meas. "ement. In general,
"head" meters convert velocity head to - corresponding

pressure head. This class of meters are inherently

non-linear and have a limited flow range.

The other two types (turbine meter, vortex shedders) are

sub-classed as velocity meters, that is, the meter monitors

fluid velocity directly. Ideally this class of meters does

not extract flow energy to operate. However, due to

mechanical losses of the meter, some energy from the steam

is required which may limit performance.

Orifice Plates are by far the most common type of primary

element found in steam metering service. Orifice plates are

simply a restriction, which when placed in line creates a

difference in pressure, which is sensed by a secondary

element (differential pressure cell). From this the flow

* rate is determined inferentially. The main advantage of
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orifice plates is their Low cost and ability to accommodate

a wide range of flows. However, this type of meter has a low

turndown of only 4:1, and accuracies of +- 1.5% of full

scale which must be considered as restrictive performance

parameters. A significant head loss, hence energy loss, is

also a drawback.

Venturi tube meters create a pressure drop by virtue of

their construction (geometrically configured pipe reduction,

then expansion within a tube). The venturi meters clt'ef

attributes are a small head loss, high velocity measurement

capabilities, ability to handle upset conditions (slug,

annular flow) without detriment to the meter. Again being a

head type meter they have inherently low turndown (5:1), and

resulting accuracy of +- 1.5% full scale.

Averaging Pitot Tube - The front "holes" of the average

pitot tube sense the average impact pressure of the fluid

and the rear "hole" senses the low pressure (see Figure 13).

The differential pressure cell located in the head of the

meter transmits the differential pressure signal. This

'II

unique construction improves the accuracy (+- 1% of full

scale) of the head meter, however, turndown is still limited

(3.5:1). In saturated steam the lower "hole" tends to plug

with condensate rendering meaningless readings. In low

pressure gas application, the differential pressure becomes

very low. The resultant low signal obtained requires

extraordinary sensitivity of the associated electronics.

Turbine Meters make use of the kinetic energy available in
the flow stream to turn a turbine rotor. As the device

rotates a signal is created through the use of a magnetic
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AVERAGING" TUBE D" CELL

FRONT REAR
"HOLES" "HOLE"

Figure 13
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pickup device. The speed of the rotor, therefor, is

directly proportional to the flow rate. The hallmarks of

the turbine meter are the wide turndown (10:1 minimum, up to

40:1), excellent accuracy (+- 1% of reading) and

repeatability (+- .25%). The major limitation on the

turbine meter is the rotor bearing life.

Vortex Shedder Meters detect vortices which are created by

an obstruction in the flow stream. The vortex formation is

proportional to the rate of flow. These vortices are

*" detected by an extremely sensitive strain gage imbeded in

4 the obstruction, magnetic pickup, or ultra-sonic detector.

These types of meters offer excellent turndown (15:1) and

accuracies (+- 1%). Major drawbacks are the low levels of

detection (typically millivolts) upon which this meter

operates making it extremely sensitive to noise (pipe

vibration, excess electrical noise). The meter is also

. Reynolds Number limited and cavitation limited. Flow

irregularities, such as swirl, due to piping configuration

are difficult if not impossible to measure with this device.

All devices must be installed correctly, and require either

long straight runs of pipe before and after the devices for

accurate readings. Devices installed improperly provide

totally meaningless data. A summary of performance,

mechanical characteristics, and relative cost for the

devices discussed is included in Table 4.

Conclusions: Several types of metering are available. The

rule of application is don't measure or monitor data that

will not be used. Stacks of data are of little value if

they are not completely utilized. When using data, be sure

that the conditions in the building when the data was
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Chapter 2: Selecting Appropriate Buildings

-. gathered are clearly understood. Measured data described in

this section, like utility billing data, will seldom if ever
be repeatable. This is due to both weather and utilization

of the buildings. Finally, long term metering in the name

of gathering "base case" data can be self defeating. A full
year of data is the minimum in this case, requiring

substantial amounts of equipment and manpower. In the year

required to obtain data, and the follow-on time for data

reduction, a two year payback EMCS could have been

justified, designed, installed, and made operational.

Measure, record, and reduce long term data only when

absolutely necessary.

'.

I.4
4.
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CHAPTER 3

SELECTING SINGLE BUILDING ENERGY CONTROLLERS

This chapter will address the six basic types of energy

controllers for single buildings. The six types are:

1) Time Clocks
2) Microprocessor Based Thermostats

3) Demand Limiters and Duty Cyclers

4) Programmable Controllers

5) Micro EMCS

6) Small EMCS

Each type of controller performs specific functions related

to energy management or conservation. The capabilities vary

widely, increasing from basic on-off control with time

clocks to very sophisticated control with the small EMCS.

There are several basic applications for energy management

which are described as follows.
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*" Chapter 3: Selecting Single Building Energy Controllers

Scheduled start/stop.

The scheduled start/stop program consists of starting and

stopping equipment based on the time of day and day of week.

Scheduled start/stop is the simplest of all EMS functions to

implement. This program provides potential for energy

conservation by turning off equipment or systems during

unoccupied hours. In addition to sending a start/stop

command, it is important, although not mandatory, to have a

feedback signal indicating the status (on-off or

open-closed) of the controlled equipment. The feedback

signal verifies that the command has been carried out and

provides the EMS operator with an alarm when the equipment

fails or is locally started or stopped.

Software I/O requirements. The software requirements are:

() Program inputs.

Ca) Day of week.

(b) Time of day.

(c) Equipment schedules.

(d) Equipment status.

(e) Equipment constraints.

(2) Program outputs.

Ca) Start signal.

(b) Stop signal.
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Chapter 3: Selecting Single Building Energy Controllers

Application notes. The scheduled start/stop program

operates in conjunction with optimum start/stop, day/night

setback, ventilation/recirculation, and lighting control

programs.

Optimum start/stop.

The scheduled start/stop program described can be refined by

automatically adjusting the equipment operating schedule in

accordance with space temperature and outside air (OA)

temperature and humidity. HVAC systems are normally

restarted prior to occupancy to cool down or heat up the

space on a fixed schedule independent of OA and space

conditions. The optimum start/stop program automatically

starts and stops the system on a sliding schedule. The

program will automatically evaluate the thermal inertia of

the structure, the capacity of the HVAC system to either

increase or reduce space temperatures, and OA conditions.

This accurately determines the minimum time of HVAC system

operation needed to satisfy the space environmental

requirements at the start of the occupied cycle, and

determines the earliest time for stopping equipment at the

day's end.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Day of week.
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Chapter 3: Selecting Single Building Energy Controllers

(b) Time of day.

(c) Equipment schedules.

(d) Equipment status.

(e) Building occupancy schedule.

(f) Space temperature(s).

(g) Building thermal inertial profile.

(h) HVAC system capacity.

i) OA temperature.

(j) OA relative humidity.

(k) Required space temperature at occupancy.

(1) Predictor/corrector program.

(m) Equipment constraints.

(2) Program outputs

(a) Start time.

(b) Stop time.

Application notes. The optimum start/stop program operates

in conjunction with the scheduled start/stop program,

day/night setback, and ventilation/recirculation programs.

Duty cycling.

Duty cycling is defined as the shutting down of equipment

for predetermined short periods of time during normal

operating hours. This function is normally only applicable

to HVAC systems. Duty cycling operation is based on the

presumption that HVAC systems seldom operate at peak design

conditions. If the system is shut off for a short period of

time, it has enough capacity to overcome the slight
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temperature drift which occurs during the shutdown period.

Although the interruption does not reduce the energy

required for space heating or cooling, it does reduce energy

input to auxiliary loads such as fans and pumps. Duty

cycling also reduces outside air heating and cooling loads

since the outside air intake damper is closed (under local

loop control) while an air handling unit is off.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Day of Week.

(b) Time of day.

(c) Equipment schedules.

(d) Equipment status.

(e) Space temperature.

(f) Maximum temperature during occupied periods.

(g) Equipment maximum on time.

(h) Equipment maximum off time.

i) Equipment on-off cycle interval.

(j) Equipment priority level.

Ck) Control from higher priority demand limiting

program.

(1) Equipment constraints.

(2) Program outputs.

(a) Start signal.
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*. (b) Stop signal.

Application notes. (1) The duty cycling program is used in

conjunction with demand limiting, schedule start/stop, and
optimum start/stop programs. (2) Duty cycling is not

advisable for variable capacity loads such as variable

volume fans, chillers, or variable capacity pumps.

Demand Limiting.

Demand Limiting consists of shedding electrical loads to

prevent exceeding an electrical demand peak value (target).

This prevents an increase in electrical rates where demand

oriented rate schedules apply. Peak demand contract values

are established by the utility company using fixed demand

intervals, sliding window intervals, and time of day

schedules. Many complex schemes exist for reducing peak

demand billings; however, all schemes continuously monitor

power demand and calculate the rate of change of the demand

value in order to predict future peak demand. When the

predicted peak exceeds present limits, predetermined

scheduled electrical loads are shut off on a prescheduled

priority basis to reduce the connected load before the peak

is exceeded.

4.

Software I/O requirements. The software requirements are:

(1) Program inputs.

Selection and Implementation

of Single Building ENCS Page 61

,S . " .'.. . .. .--.. i - /'. ? - - . - .:: ..



. , _ .. ' .- , / - - .- - . -- - ... . . .
'  

- "- 
o 

" -" -" "

7

Chapter 3: Selecting Single Building Energy Controllers

(a) Day of week.

(b) Time of day.

(c) Equipment schedules.

(d) Equipment status.

(e) Peak demand limit target.

(f) Equipment priority schedule.

(g) Length of demand period.

(h) Predictor-corrector program.

i) Start of demand interval.

(j) Equipment constraints.

(2) Program outputs.

(a) Load shedding strategy category selection.

(b) Preemptory signal to duty cycling program.

Application notes. () The demand limiting program is used

in conjunction with the duty cycling program to prevent any

one load from being cycled on or off during the wrong time

interval or an excessive number of times. (2) The demand

limiting program is also used in conjunction with scheduled

start/stop and optimum start/stop programs.

Day/night setback.

The energy required for heating or cooling during unoccupied

hours can be reduced by lowering the heating space

temperature setpoint or raising the cooling space

temperature setpoint. This applies only to facilities that
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do not operate 24 hours a day. Space temperature can be

reduced from the normal 65 F winter inside design

temperature to a 50 F or 55 F space temperature during the

unoccupied hours. In space that require air conditioning

during unoccupied hours, the normal temperature setting can

be reset upwards to a temperature that is compatible with

the space special requirements. OA dampers for the HVAC

system are closed when the equipment operates during the

unoccupied periods in order to avoid imposing additional OA

thermal loads.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Day of week.

(b) Time of day.

(c) Equipment schedules.

(d) Equipment status.

(e) Minimum and maximum space temperature during

unoccupied periods.

(f) Equipment constraints.

(2) Program outputs.

(a) Day/night control signal.

(b) Close OA dampers control signal.
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Application notes. (1) The day/night setback program

operates in conjunction with the scheduled start/stop and

optimum start/stop programs. (2) Space temperature sensors

must be located to preclude freezing during the night

setback period.

.°-

Economizer.

The utilization of an all outside air dry bulb economizer

cycle in air conditioning systems can be a cost effective

conservation measure, depending on climatic conditions and

the type of mechanical systems. The dry bulb economizer

cycle utilizes outside air to reduce the building's cooling

requirements when the outside air dry bulb temperature is

less than the required mixed air temperature. The

changeover temperature at which outside air is used for

cooling is based on the outside air dry bulb temperature

(enthalpy changeover point is determined by the total air

heat content.) When the outside air dry bulb temperature is

above the changeover temperature, the outside air dampers,

return air dampers, and relief air dampers are positioned to

provide minimum required outside air. When the outside air

dry bulb temperature is below the changeover temperature,

the outside air, return air and exhaust air dampers are

., positioned to maintain the required mixed air temperature.

Software I/O requirement. The software requirements are:

(1) Program inputs.
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(a) Changeover dry bulb temperature.

(b) OA dry bulb temperature.

(c) Return air dry bulb temperature.

(d) OA intake damper position.

(e) Equipment constraints.

(2) Program outputs. Automatic/minimum outside air damper

control signal.

Application notes. This program cannot be used where

humidity control is required, or when the enthalpy program

is selected.

Enthalpy.

The utilization of an outside air enthalpy program can be a

cost effective energy conservation measure, depending on

climatic conditions and the type of mechanical system. The

enthalpy cycle utilizes outside air to meet the building's

cooling requirements when the enthalpy (total heat content)

of the outside air is less than that of the return air. When

the outside air enthalpy is less than the return air

enthalpy, the outside air and return air dampers are allowed

to modulate to admit sufficient outside air to minimize

cooling requirements. When the outside air enthalpy is

greater than the return air enthalpy the outside air

dampers, return air dampers, and relief air dampers are

positioned to provide minimum required outside air.
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Software I/O requirements. The software requirements

consist of the following:

(1) Program inputs.

(a) Return air dry bulb temperature.

(b) Return air relative humidity.

(c) Outside air dry bulb temperature.

(d) Outside air relative humidity.

(e) Equipment constraints.

(2) Program outputs. Automatic/minimum outside air damper

control signal.

Application notes. The enthalpy program cannot be used when

the economizer program is selected.

Ventilation and recirculation.

The ventilation and recirculation program controls the

operation of the outside air dampers when the introduction

of outside air would impose an additional thermal load

during warm-up or cool-down cycles prior to occupancy of the

building. This program can also be used in those facilities

which maintain environmental conditions for electronic

equipment or other humidity sensitive devices during

building unoccupied periods. During unoccupied periods, the

outside air dampers remain closed. During building occupied
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cycles, the outside air, return and relief dampers are under

local loop control.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Day of week.

(b) Time of day.

(c) Equipment schedules.

(d) Equipment status.

(e) Occupancy schedules.

f) Outside air dry bulb temperature.

(g) Equipment constraints.

(2) Program output. Automatic/close damper control signal.

Application notes. This program operates in conjunction

with scheduled start/stop and optimum start/stop programs

prior to building occupancy.

Hot deck/cold deck temperature reset.

The hot deck/cold deck temperature reset program can be
applied to dual duct systems and multizone HVAC systems.

These systems utilize a parallel arrangement of heating and

cooling surfaces, commonly referred to as hot and cold

decks, for providing heating and cooling capabilities
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simultaneously. The hot and cold air streams are combined

in mixing boxes or plenums to satisfy the individual space

temperature requirements. In the absence of optimization

controls, these systems mix the two air streams to produce

the desired temperature. While the space temperature may be

acceptable, a greater difference between the temperature of

the hot and cold decks results in inefficient system

operation. This program selects the areas with the greater

heating and cooling requirements, and establishes the

minimum hot and cold deck temperature differentials which

will meet the requirements, thus maximizing system

efficiency. Space temperature sensors and mixing box or

plenum damper positions are used to determine the minimum

and maximum deck temperatures necessary to satsify the space

temperature requirements during the building occupied

period. Where humidity control is required, the program

will prevent the cooling coil from further upward cooling

coil control.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Space temperature set point.

(b) Space humidity set point (where required).

(c) Mixing box damper position or proportional signal

from primary element.

(d) Hot deck temperature.

(e) Cold deck temperature.
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(f) Space temperature.

(g) Space relative humidity.

(h) Equipment constraints.

(2) P~ogram outputs.

(a) Hot deck temperature.

(b) Cold deck temperature.

Application notes. This program operates in conjunction

with the chilled water reset program.

Reheat coil reset.

Terminal reheat systems operate with a constant cold deck

discharge temperature. Air supplied at temperatures below

the individual space temperature requirements is elevated in

temperature by reheat coils in response to signals from an

individual space thermostat. The reheat coil reset program

selects the reheat coil with the lowest discharge

temperature or the reheat coil valve nearest closed (the

zone with the least amount of reheat required) and resets

the cold deck discharge temperature upward until it equals

the discharge temperature of the reheat coil with the lowest

demand. Where humidity control is required, the program

will prevent the cooling coil discharge temperature from

being set upward. For air conditioning systems, where

reheat coils are not used, the program will reset the cold
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deck discharge temperature upward until the space with the

greatest cooling requirement is just satisfied.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Space temperature set point.

(b) Space relative humidity.

(c) Cold deck temperature.

(d) Reheat coil valve positions or proportional

signals from primary elements.

(e) Equipment constraints.

(2) Program output. Cold deck temperature.

Application notes. This program operates in conjunction

with the chilled water reset program.

Steam boiler optimization.

The steam boiler optimization program can be implemented in

heating plants with multiple boilers. Optimization of

boiler plants can be accomplished through the selection of

the most efficient boiler to satisfy the heating load.

Boiler operating data must be obtained from the

manufacturer, or developed by monitoring fuel input as a

function of the steam output. Determination of boiler

efficiency also takes into account the heat content of the
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condensate return and make-up water. Based on the efficiency

curves, fuel input vs. steam output, the boilers with the
highest efficiency can be selected to satisfy the heating

load. Boilers may be started manually by a boiler operator

or automatically by EMCS depending on site requirements.

Burner operating efficiency can be monitored by measuring

the 02 or CO2 in each boiler flue.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Heating value of fuel.

(b) Boiler steam supply pressures.

(c) Boiler steam temperatures.

(d) Boiler steam flows.

(e) Boiler fuel flows.

(f) Boiler temperatures.

(g) Boiler feedwater flows.

(h) Boiler feedwater temperatures.

(i) Boiler water levels.

(j) Oil temperatures (if heated).

k) Flame status.

(1) Flue gas analysers.

(i) Common steam supply pressure.

(n) Common steam supply temperature.

(o) OA temperature.

(p) Common condensate return total flow.

(q) Common condensate return temperature.
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(r) Equipment constraints.

(2) Program outputs.

(a) Start signals.

(b) Stop signals.

(c) Boiler efficiency data.

Application notes. The hardware and software inputs

described may not be required in every case. The designer

must study the existing or new system to determine which of

the parameters are necessary. Care must be observed when

providing automatic start/stop of boiler in lieu of operator

supervised startups.

Hot water boiler optimization.

Hot water boiler optimization can be implemented in heating

plants with multiple boilers. The techniques and

considerations are the same as discussed in the previous

section on steam boiler optimization.

Software I/O requirements. The software requirements are:

(l) Program inputs.

(a) Heating value of fuel.

(b) Boiler hot water supply temperatures.

(c) Boiler hot water return temperatures.
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(d) Boiler hot water flows.

(e) Boiler fuel flows.

Cf) Boiler pressures.

(g) Boiler water levels.

(h) Boiler oil temperatures (if heated).

i) Flame status.

(j) Flue gas analysis.

k) Equipment constraints.

(2) Program outputs.

. (a) Start signals.

(b) Stop signals.

(c) Boiler efficiency data.

Application notes. The hardware and software inputs

described may not be required in every case. The designer

must study the existing or new system to determine which of

the parameters are necessary. Care must be observed when

providing automatic start/stop of boiler in lieu of operator
supervised startups.

Hot water OA reset.

Hot water heating systems, whether the hot water is supplied

by a boiler or a converter, are generally designed to supply

hot water at a fixed temperature. Depending on the system

design, the hot water supply temperature can be reduced, as

the heating requirements for the facility decrease. A
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reduction in hot water supply temperature results in

reduction of heat loss from equipment and piping. To

implement this program, the temperature controller for the

hot water supply is reset as a function of outside air

temperature.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Reset schedule.

(b) Outside air dry bulb temperature.

(c) Hot Water supply temperature.

*! (d) Equipment constraints.

(2) Program outputs. Hot water temperature.

Application notes. A dedicated local loop controller may be

implemented.

Chiller optimization.

The chiller optimization program can be implemented in

chilled water plants with multiple chillers. Based on

chiller operating data and the energy input requirements

obtained from the manufacturer for each chiller, the program

will select the chiller or chillers required to meet the

load with the minimum energy consumption. The program must

follow the manufacturer's startup and shutdown sequence
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requirements. Interlocks between chilled water pumps,

- condenser water pumps, and chiller must be in accordance

with the chiller manufacturer requirements.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Efficiency curves.

(b) Chiller water supply temperatures.

(c) Chiller water return temperatures.

(d) Chiller water flows (for variable flow systems

only).

(e) Entering condenser water temperatures.

(f) Leaving condenser water temperatures.

(g) Condenser water flows (for variable flow system

only).

Ch) Instantaneous kW to chillers.

i) Instantaneous kW to chilled water pumps (if

variable).

(J) Instantaneous kW to condenser water pumps (if

variable).

k) Instantaneous kW to cooling tower fans (if

variable).

(C) CommOn chilled water supply temperatures.

Cm) Common chilled water return temperatures.

(n) Total chilled water flow.

(o) Chilled water pumps status.

(p) Equipment constraints.
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(2) Program outputs.

(a) Start/stop signals for chillers.

(b) Start/stop signals for chilled water pumps.

(c) Start/stop signals for condenser water pumps.

(d) Start/stop signals for cooling tower fans.

(e) Chiller efficiency data.

Application notes. The hardware and software inputs

described may not be required in every case. The designer

must study the existing or new system to determine which of

the parameters are necessary. Care must be observed when

providing automatic start/stop of boiler in lieu of operator

supervised startups.

Chiller water temperature reset.

The energy required to produce chilled water in a

reciprocating or centrifugal refrigeration machine is a

function of the chilled water leaving temperature. The

refrigerant suction temperature is also a direct function of

the leaving water temperature; the higher the suction

temperature, the lower the energy input per ton of
refrigeration. Chiller discharge water temperatures

(leaving chiller) can be reset upward during non-peak design
operating hours to the maximum which will still satisfy
space cooling and dehumidification requirements. The

program resets chilled water temperature upward until the
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required space temperature or humidity setpoints can no

longer be maintained. This determination is made by

monitoring positions of the chilled water values on various

cooling systems or by monitoring space temperatures.

Software I/O requirements. The software requirements are:

(l) Program inputs.

S (a) Chilled water valve position.

(b) High limit for space dry bulb temperature.

.1 (c) Chiller supply water temperature.

( Cd) Chilled water temperature limits.

(e) High limit for space relative humidity.

Cf) Equipment constraints.

(2) Program outputs. Chilled water supply temperature.

Application notes. The chilled water temperature reset

program will affect any system requiring chilled water.

Condenser water temperature reset.

The energy required to operate systems is directly related

to the temperature of the condenser water temperature

entering the machine. Conventionally, heat rejection

systems are designed to produce a specified condenser water

temperature such as 85 F at peak wet bulb temperatures. In
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many instances, automatic controls are provided to maintain

a specified temperature at conditions other than peak wet

bulb temperatures. In order to optimize the performance of

refrigeration systems, condenser water temperature can be

reset downward when OA wet bulb temperature will produce

' lower condenser water temperature. The program must

incorporate manufacturer requirements governing acceptable

condenser water temperature range.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) Condenser water temperature limits.

(b) Condenser water supply temperature.

(c) Outside air dry bulb temperature.

(d) Outside air relative humidity.

(e) Equipment constraints.

(2) Program output. Condenser water supply temperature.

Application notes. A dedicated local loop controller may be

implemented.

Chiller demand limit.

Centrifugal water chillers are normally factory equipped

with an adjustable control system which limits the maximum
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available cooling capacity; thus, the power the machine can

use. An interface between the EMCS and the chiller controls

allows the EMCS to reduce the maximum available cooling

capacity in several fixed steps in a demand limiting

situation, thereby reducing the electric demand without

completely shutting down the chiller. The method of

accomplishing this function varies with the manufacturer of

the chiller. The chiller percent capacity can be obtained

by monitoring the chiller current input. When a chiller is

selected for demand limiting, a single step signal is

transmitted, reducing the chiller limit adjustment by a

fixed amount. The chiller demand limit adjustment can be

performed by shutting out taps of transformers in the

control circuit or by resetting the control air pressure to

the chiller compressor vane operator. As further need

arises, additional stop signals can be transmitted until the

demand limiting situation is corrected. Extreme caution

must be exercised when applying this program, since

incorrect control can cause the refrigeration machine to

operate in a surge condition, potentially causing it
considerable damage. The chiller manufacturer's recommended

minimum cooling capacity limit must be incorporated into the

program logic. In general, surges occur in chillers at

loads less than 20% of the rated capacity.

Software I/O requirements. The software requirements

consist of the following:

(1) Program input.
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(a) Chiller percent capacity.

(b) Minimum cooling capacity.

(C) Equipment priority schedules.

(d) Equipment constraints.

(2) Program output. Calculated percent load point.

Application notes. This program is used in conjunction with

the demand limiting program and each chiller demand control

step must be assigned an equipment priority level.

Lighting control.

Time scheduled operation of lighting consists of turning on

and off lights, based on the time of day and the day of the

week. Additional off commands may be generated at regular

intervals to assure that lights are off (relay operated

zoned lighting only). An alternative to this program is to

initiate only the off function and require that the lights

be turned on manually. Emergency lighting is not to be

controlled by this program.

Software I/O requirements. The software requirements are:

(1) Program inputs.

(a) On signal.

(b) Off signal.
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Application notes. The lighting control program is used in

conjunction with the scheduled start/stop program.

To summarize, the basic application programs for energy

management are:

A. Scheduled Start/Stop

B. Optimum Start/Stop

C. Duty Cycling

D. Demand Limiting

E. Day/Night Setback

F. Economizer

G. Enthalpy

H. Ventilation and Recirculation

I. Hot Deck/Cold Deck Temperature Reset

J. Reheat Coil Reset

K. Steam Boiler Optimization

L. Hot Water Boiler Optimization

M. Hot Water Outside Air Reset

N. Chiller Optimization

0. Chilled Water Temperature Reset

P. Condenser Water Reset

Q. Chiller Demand Limit

R. Lighting Control

Each of these applications will be considered for the six

categories of controllers. The capacity of the controller

type to perform these strategies will be presented. Where
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the controller cannot perform the function, alternatives

will be presented.

Time Clocks and Microprocessor Based Thermostats

Time clocks and microprocessor based thermostats are either

mechanical/electrical or electronic devices which provide

opening or closing of electric contacts.

Mechanical/electrical clocks are typically available in

seven day or 24 hour models. Spring carryover and battery

backup features are available to continue time clock

functioning on power failure. Time clocks are typically

available with either a single pole double throw switch or

four snap acting single pole single throw switches, with two

of these normally open, and two normally closed. The

contacts are rated for pilot duty only, and must be

interfaced to relays for switching of high amperage loads

(typically over 1 horsepower).

Scheduled Start/Stop: Time clocks are designed specifically

for this function. Switching times are manually set through

the placement of pins on a timing wheel. On 24 hour time

clocks, the normal minimum on and off times are 1 hour, the

maximum 23 hours, with a maximum of 12 on-off operations per

day. Seven day time clocks have a 2 hour minimum on and off

time, and a 22 hour maximum with a maximum of 6 on-off

operations per day and 42 per week for single pole double

throw models. Seven day time clocks have a 3.5 hour minimum

on and off time, and a 166 hour maximum with a maximum of 3
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on and off operations per day and 21 per week on single pole

single throw models. A typical interface to a connected

load is shown in Figure 18, Chapter 4.

Optimum Start/Stop: Time clocks have a disadvantage in that

start/stop times are normally set to meet the worst possible

condition, i.e. the earliest necessary start up time.

Digital time clocks such as the Johnson Controls C-7505 are

available which optimize start-up time during heating based

on indoor and outside temperature, and optimize start-up of

cooling based on indoor temperature only. These devices do

not meet all the requirements described in the Optimum

Start/Stop narrative, but offer substantial improvements

over standard time clock control.

Duty Cycling: Time clocks do not provide for duty cycling

due to the long minimum off-on times.

Demand Limiting: Time clocks can limit demand on only a

very simple basis. If a building routinely experiences an

electric demand peak at a given time each day, the clock

function could be used to turn off a completely

non-essential load, with control of space temperature over a

wider range using the techniques outlined in "Day/Night

Setback" which follows. See Figure 19, Chapter 14 for

details. The time clock is not normally used as a demand

limiting device.

-p
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Day/Night Setback: A time clock used in conjunction with a

two position electric room thermostat can provide effective

night setback control. Either a two position thermostat with

a heating (setback) setpoint can be used, or a dual setpoint

two position thermostat which can be wired to close when a

high setpoint (setup) or low setpoint (setback) value is

reached during system shutdown. Pneumatic or

electric/electronic temperature controls are normally

sequenced so that all heating and cooling devices and

controls are disabled when the supply fan of a system is

stopped. When the timeclock shuts down a fan as shown in

Figure 18, the total heating, ventilating and air

conditioning system becomes inactive. When a single

setpoint night thermostat or a dual setpoint thermostat is

included in the controls, the entire system is reactivated

until night setback/setup points are achieved (see Chapter

4, Figures 19 and 20 for installation details). Night

setback control is thus a feasible option with time clock

control. Outside air dampers are normally closed during

night setback through a second time clock.

Economizer: Standard dry bulb economizer control is

independent of the time clock function. Economizer control

can be accomplished with an EMCS. Economizer control is

also a continue control strategy normally included in

pnuematic or electric/electronic control sequences.

Enthalpy: Enthalpy control is a refinement of economizer

control. The changeover temperature is replaced with either
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a changeover enthalpy value or by comparing the enthalpy of

the return air to the enthalpy of the outside air. This is

a viable EMCS function, which can also be accomplished with

standard controls. For changeover at a fixed enthalpy

setpoint, the Barber Colman THC-2, Honeywell H205A, or

similar devices can be used for electric switching without

EMCS. Enthalpy control systems are only justified in

special applications dependant on loads and weather

parameters, and an optimized dry bulb changeover can often

yield similar results.

Ventilation and Recirculation: This function controls the

opening and closing of outside air dampers during unoccupied

periods. This open-closed action is similar to a start-stop

with a electric pneumatic switch in the pneumatic output

line to exhaust, return, and outside air dampers. This is

shown in detail in Chapter 4 discussions of the Mixed Air

Section. The outside air dampers are normally controlled on

a different schedule from the air handling unit. For

example, if the time clock or optimum start timer brings on

the unit at 6:30 A.M. and occupancy does not occur until

8:00 A.M., the outside air dampers can remain closed.

' Figure 9 indicated that start times for ventilation can

normally be delayed beyond occupancy times. When the

condition exists where cooling is required for cooldown

prior to occupancy, and the outside air temperature is lower

than the space temperature, outside air can be introduced

with an override to the damper time clock lock-out through

the use of a normally open pneumatic-electric switch and two
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position outside thermostat wired in series with the time

clock signal. Ventilation and recirculation can thus be

accomplished with a time clock input.

Hot Deck/Cold Deck Temperature Reset: This option is not a

time clock function, but can easily be accomplished through

standard pneumatic or electric7/electronic controls.

Reheat Coil Reset: This option is aot a time clock

function, but can also be accomplished with standard

pneumatic or electric/electron.c controls. Both Hot

*Deck/Cold Deck temperature reset and reheat coil reset are

typical EMCS functions.

Steam Boiler Optimization: This is not a time clock

function.

Hot Water Boiler Optimization: This is not a time clock

function.

Hot Water Outside Air Reset: This function is normally

performed with either EMCS or local pneumatic or

electric/electronic controls. Situations arise where

constant hot water temperatures are required during certain

hours due to process or other loads, and during unoccupied

periods, the water temperature can be reset. In this case a

time clock can be used in lieu of EMCS to switch from

constant hot water temperature to reset control.
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Chiller Optimization: This is not a time clock function.

Chilled Water Temperature Reset: This function, like hot

water outside air reset, is either performed with EMCS or

standard pneumatic or electric/electronic controls. EMCS

strategies normally reset based on space temperatures and

relative humidities. Reset from outside air temperature,

outside air solar, return air, and/or key zones can be

equally effective if properly engineered. Situations again

arise where constant chilled water temperatures are required

for process cooling. Where the hours of this requirement

vary, a time clock can be used to switch the standard reset

controls into and out of the chilled water control system.

Condenser Water Temperature reset: This is not normally a

time clock function. Condenser water loops to chillers are

often controlled at fixed temperatures, such as 85 degrees

to the chiller condenser from the cooling towers. This

temperature can normally be reduced to 55 to 60 degrees

(consult manufacturer for equipment constraints) in two

ways. The EMCS can reset the set point of the controller as

cooler tower water becomes available, or the controller

setpoint can be manually changed to a lower setting.

Start-up problems may be encountered which require raising

the condenser loop temperature on start-up of chillers.

Chiller Demand Limit: This is not a time clock function.

.4

.
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position outside thermostat wired in series with the time

clock signal. Ventilation and recirculation can thus be

accomplished with a time clock input.

Hot Deck/Cold Deck Temperature Reset: This option is not a

time clock function, but can easily be accomplished through

standard pneumatic or electric/electronic controls.

Reheat Coil Reset: This option is not a time clock

function, but can also be accomplished with standard

pneumatic or electric/electronic controls. Both Hot

Deck/Cold Deck temperature reset and reheat coil reset are

typical EMCS functions.

Steam Boiler Optimization: This is not a time clock

function.

Hot Water Boiler Optimization: This is not a time clock
function.

Hot Water Outside Air Reset: This function is normally

performed with either EMCS or local pneumatic or

electric/electronic controls. Situations arise where

constant hot water temperatures are required during certain

hours due to process or other loads, and during unoccupied

periods, the water temperature can be reset. In this case a

time clock can be used in lieu of EMCS to switch from

constant hot water temperature to reset control.
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Lighting Control: This is either a time clock control or

EMCS option. Controlling at individual switches would

require extensive wiring. Where determined to be a viable

option, lighting and control should be executed at the power

distribution panel for lighting (Caution! examine circuits

to assure night lighting or emergency lighting circuits are

not locked out).

Time clocks can thus directly control 5 of the 18 total EMCS

application programs. Standard controls could also be used

to implement an additional seven EMCS applications programs.

It should be fully realized however that there are

limitations involved. For example, to change start/stop

times with time clocks will require manual setting at the

device; with EMCS schedule changes are made from the master

control room. There is no feedback that start or stop

actually occurred when time clocks are used (until the

complaints start to flow in from the occupants!) The

optimum start/stop strategies available are greatly

simplified functions. While a great improvement over fixed

start/stop, there will not refine start/stop times as with

EMCS application software. Day/Night setback can be

accomplished, but again changes in settings require manual

resetting or calibration of controllers. There is no

feedback at a master control room to identify malfunctions

such as temperatures out of limit or failure of the clock.

Economizer and Enthalpy economizer controls are effective,

but require field calibration at least twice each year.
Minimum positioners on economizers are often out of
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calibration causing wasted energy. Hot deck/cold deck

reset, reheat coil reset, chilled water reset, *d ccndenser

water reset are all common functions of standard controls,

but calibration is very difficult. Should the changing of
reset schedules be desired,the entire controller must be
recalibrated. The EMCS offers significant advantages in the

ability to control with feedback, and can be used

effectively to revise reset schedules, set points, and

general system operation at will without extensive field

recalibration. Detailed information on costs and

capabilities of commercially available equipment in this

category can be found in CR 82.028 "Controlling Energy

Consumption in Single Buildings".

Demand Limiters and Duty Cyclers

The equipment in this category has the primary function of

reducing peak electrical demand through duty cycling and/or

demand limiting. Kilowatt hour consumption for a building

is controlled by turning off loads on a rotating basis.

While these controllers are intended to reduce electric

demand, a resulting reduction in kilowatt hours usually

occurs. The controllers use an input signal from a watt

transducer which measures true kilowatt power consumption by

combining voltage input and current input signals.

Monitoring is done in various configurations for wye or

delta three phase power. An example of wye monitoring is

shown in Figure 14, with delta monitoring shown in Figure

15. The outputs from the voltage and current transformer
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taps either enter the demand limiter directly or through an

intermediate transducer. One current transformer normally

monitors each phase. The power measured is the

instantaneous demand. Loads are shed when demand exceeds a

setpoint. Loads are then recovered when the demand drops

below a predetermined dead band.

There are two different sequences for load shedding. A

fixed sequence numbers connected loads in sequence, for
*1

example one through four. Number one is always the first to

be shed when demand exceeds setpoint, two second, three

third, and four fourth. The recovery sequence is the

reverse, with load number one being turned on last. This

has certain disadvantages of course. Load one can be off

for long periods during peak demand. If this load is

totally non-essential, no problems are created.

* The second strategy is to rotate loads where load one is the

first to go off,and the first to recover, and loads are

cycled off in sequence on a rotating basis. The deadband is

used to prevent the rapid cycling of loads on and off. Many

controllers allow multiple setpoints based on time of day.

Temperature overrides may be wired into the circuits as done

during night setback with timeclocks.

In single buildings there often arises the problems of

finding loads which can be duty cycled. A building for

example may have a single air handling unit and a single

chiller. This offers no diversity of loads, and to duty
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cycle would either turn off the chiller or the air handler

(obviously if the air handler is off, the chiller isn't

needed, and if the chiller is off, the cooling coil loses

performance and the air handler becomes ineffective.) Thus

a qualification for using duty cycling or demand limiting is

a number of loads which can be cycled on and off.

Air handling units are often duty cycled. Take an example

of six identical units pulling 10 kilowatts each. A typical

duty cycle schedule would cycle each unit off for ten

minutes out of each hour. In this way, the peak demand of

the six operating together is reduced from 60 kilowatts to

50 kilowatts (because one of the six units is off at all

times). The usage for the hour is reduced from 60

kilowatt-hours to 50 kilowatt-hours. The premise of duty

cycling equipment is that systems or units are oversized.

In the case of these air handlers the oversizing assumed is

ai one sixth, since they are being turned off 10 minutes out of

60.

The alternative in this case is to reduce the air flow rate

of each unit to match the loads (as discussed in Chapter 2).

if the air flow is decreased one sixth, the fan speed is

reduced by one sixth also,and the motor electric draw is

reduced to approximately 5.8 kilowatts. The air handlers

can no longer be duty cycled since they operate at full

capacity. The new peak demand is 6 times 5.8, or 34.8

kilowatts, and the new hourly consumption 34.8

kilowatt-hours. This result is an electric demand and
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consumption 30 percent below the duty cycling value. (This

displays the importance of matching system capacity to loads

as discussed in Chapter 2). The advantage of duty cycling

is that the interval of on-off can be varied with EMCS based

on temperatures in the space. The obvious best situation is

to first reduce system capacity to the absolute minimum

capacity to meet peak loads. In this case duty cycling will

not be possible at full load, but electric demand and usage

in this situation will already be reduced to a minimum.
During off peak periods, the properly sized systems can then

be duty cycled, to further increase electric usage savings.

Where an EMCS can be justified based on the total economics

of a project, the capability to install temperature

compensated duty cycling is preferable to duty cycle/demand

limiting controllers. These devices are most applicable

where equipment is oversized. When equipment, in particular
-4 air handling units, is properly sized, loads on heating and

cooling primary equipment are reduced accordingly offering

good net results. The proper sizing gives minimum electric

usage and demand with or without further energy management.

Programmable Controllers

Programmable controllers are microprocessor based devices

that were originally used in the manufacturing industry for

process control. These devices have analog inputs and

outputs, and digital inputs and outputs. They are normally

programmed in "ladder-logic" which is easily learned, and
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quite common in the controls industry. These controllers
are powerful devices, capable of standard EMCS functions

(which normally override existing control systems) and of

complete system control, often termed "direct digital

control". When used for direct digital control,the EMCS

functions are on integral part of the control of each

system, not an override or supervisory function. These

units normally contain a microprocessor, power supply, a

power bus, and analog input, analog output, digital input,

and digital output devices. The programmable controllers

can be coordinated into a system of several controllers, and
tied to accessory devices such as CRT's and printers.

Several companies have developed standard application

software for these systems. The controllers are useful for

single building applications. See CR82.028 "Controlling

Energy Consumption in Single Buildings" for price and

performance data on these devices.

Micro ENCS

A micro ENCS which normally consists of 125 points or less
is depicted in Figure 16. These systems contain a

microprocessor based central control unit, a system real

time clock, and optional alarm and indication devices.

These systems support one or more intelligent multiplexer

panels. They offer no distributed processing. These

systems typically overlap the classification of programmable

controllers (where programmable controllers are used for
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EMCS functions only). Typically, direct digital control is

not available with these systems.

Small EMCS

Small EMCS normally consist of 50 to 600 points. This

system is depicted in Figure 17. The central control unit

is a microcomputer. The operators console contains an

alphanumeric CRT, alarm and logging printer, and a real time

clock. Mass storage systems may be added for historical

data collection. These systems typically support

intelligent multiplexer panels, but may also support

distributed processing.

Cost estimating data for these systems is available in

CR82.028 "Controlling Energy Consumption in Single

Buildings" and in CR83.008 "EMCS Cost Estimating Data".

Details on systems design and configuration and a complete

-%: description of components is available in "Energy Monitoring

and Control Systems", NAVFAC DM-4.9.

Both EMCS systems support all or some of the application

programs listed earlier. In currently available systems,

there is a great deal of overlap in capabilities between

programmable controllers, micro, and small EMCS. Oftentimes

4. a manufacturers system can fall into either category

depending on the selection of standard components and

optional equipment.

4-
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The following tables present data on the capabilities of

equipment currently available. Each section addresses micro

and small EMCS individually. Most manufacturers classify a

micro EMCS as having from 4 to 60 points, with expansion to

the 125 point range defined earlier. The small EMCS

normally include 25 to 250 points, expandable in certain

cases to 600 points. The lists which follow are of necessity

partial lists only, and are intended to show the

capabilities of typical manufacturers.

,A.

44'
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APPLICATION BY BUILDING TYPE

Manufacturers often recommend systems based on the type of

building. Table 5 lists micro EMCS manufacturers products

as they apply to building types. Table 6 lists small EMCS

manufacturers products as they apply to building types. The

column headings are self explanatory.
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TABLE 5 Micro EMCS J o - 4 £

Application by Building Type 7 7WW. = 0 -. )
""-'~ ~ E C -M -go 0 : t :o C:"

CA U') _.j _ = L-) U) or: () X1:-e

Aegis Energy Systems, Inc. Y Y Y Y Y Y Y Y Y

AMF/Paragon Electric Co. Y Y Y Y Y Y Y Y Y Y

AMF Texas Controls, Inc. Y Y Y Y Y

Anderson Cornelius Co. Y Y

Andover Controls Y Y Y YY Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y Y

Barber-Colman Co., Environmental Products Div. Y Y Y Y Y Y Y Y Y Y Y

Broadmoor Electric Co. Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y

Control Pak Corp. Y Y Y Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y Y Y Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y

Dynelco Div. of El Fuego Corp. Y Y Y Y Y Y Y

Eagle Signal EMS Y Y Y Y Y Y Y Y Y Y Y

Eaton Corp., Cuttler-Hanmer Products Y Y Y Y Y V Y V Y Y Y

Electronic Systems International Y Y Y

Encon Systems, Inc. Y Y Y Y Y Y Y Y Y Y

Enercon Data Corp. Y Y Y Y Y Y

Energy Conservice, Inc. Y Y Y Y Y Y Y Y Y Y Y
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TABLE 5 (continued) Micro EMCS - - 4. E -
Application by Building Type 10 0 0 4 W W

Energy Management & Control Systems, Inc. Y

Energy Sentinel Co. Y Y YY Y Y Y Y Y Y

-' Fuel Computer Corp. of America Y y Y y Y y

Johnson Controls, Inc. Y Y Y Y Y Y Y Y Y Y Y

Leland Energy Corp. y Y y Y

Leviton Manufacturing Y Y Y Y Y Y Y Y Y Y Y

Mac Victor Manufacturing, a Wiremold Company Y Y Y Y Y Y Y Y y

Margaux Controls Y y y

Microcontrol Systems Inc. y y y y y y y y y y Y

National Enco Mfg. Co. Y Y y y y y y y y

National Energy Corp. yyy y y y yy y y y

Pacific Technology Div.,Butler Mfg. Co. Y Y Y Y Y Y Y

Power Controls Products, Inc. Y y y y Y

Radix II Inc. Y y y YYY yY

Robertshaw Controls Co., Control Systems Div. Y Y Y Y Y y V Y y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y Y Y y Y

Robertshaw Controls Co., Uni-Line Div. Y Y Y Y Y Y Y y Y y Y

Solid State Systems Y Y y y y y y

Solidyne Corp. y y y Y

Sparton Southwest Inc. y yy y y y y y y y y
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01 - Z 4-- 0*

W - / 44- -4

cc 0 cc 00 to V 0TABLE 5 (continued) Micro EMCS - W J-CA = -, 4-

Application by Building Type !
I" to S- CL "

• ( ..J ._ "P VI ) V) j,, JX W" 0--

Square D Co. Y Y Y Y Y Y Y Y Y Y

Surgeonics Limited Y Y Y Y

Teletrol, Inc. Y Y Y Y Y Y Y Y

Tempmaster Corp. y Y Y Y Y

Tork Y YY Y Y
" Tour & Anderson Inc. y y y y y y y y

The Trane Company Y Y Y Y Y Y Y

Trimax Controls Inc. Y YY Y Y Y Y

United Technologies, Building Systems Co. Y Y Y

Vertex Corp. Y YY Y Y

Vigilance Systems Corp. Y Y Y Y Y Y

The Wiremold Company Y Y Y Y Y Y Y Y Y Y

Xencon Y Y Y Y Y Y Y Y Y Y Y

Honeywell Y Y Y Y Y Y Y

a.",

a.
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TABLE 6 Small EMCS u* -4 = -
4) d) G 0~ L. - tApplication by Building Type M M M4V

Advanced Electrical Applications, Inc. Y Y Y Y Y Y

Aegis Energy Systems, Inc. Y Y Y Y Y Y Y

American Multiplex Systems, Inc. Y Y Y Y Y Y Y Y

AMF Texas Controls, Inc. Y Y Y Y Y Y Y Y Y Y Y

Anderson Cornelius Co. Y Y Y Y Y Y Y Y YY Y

Andover Controls Corp. Y Y Y Y Y Y Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y Y Y Y Y Y Y Y Y

Barber-Colman Co., Environmental Controls Div. Y Y Y Y Y Y Y Y Y Y Y

Beckman Instruments Inc. Y Y Y Y

Broadmoor Electric Co. VY Y V Y

CESCO Y Y Y Y Y y Y

Climatron, Inc. Y Y Y Y Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y Y Y

Control Devices-Div. AEL Microtel Ltd. Y Y Y Y Y Y

Control Pak Corp. Y Y Y Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y Y Y Y Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y

Dynapar Corp. Y

Eaton Corp., Cuttler-Hammer Products Y Y Y Y Y Y Y V Y
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TABLE 6 (continued) Small EMCS atCoc 40 %V-W to fa X "

Application by Building Type .-- w w = oo 1 A.% _ U, fA .o) -0
r0Lf 0. 1 W
. _j .1 -O =,. U W .4n

Elan Energy Systems Y Y Y Y Y Y Y

Emsco Systems Corp. Y

Enercon Data Corp. Y Y Y YY Y Y

Energy Management Corp. Y Y Y Y Y Y Y Y Y Y Y

Energy Micro-Systems Y Y Y Y

Functional Devices, Inc. V

General Electric, Energy Management Systems Y Y Y Y Y Y Y

IBM Corp. Y Y Y Y Y Y Y Y

Intelligent Terminals, Ltd. Y Y Y Y Y Y Y Y Y Y

Johnson Controls, Inc. Y Y Y Y Y

Leland Energy Corp. Y Y Y Y Y Y Y Y Y Y Y

Leviton Manufacturing Y Y Y Y Y Y Y Y Y Y

Margaux Controls Y Y Y Y Y Y Y Y Y

Margaux Systems, Inc. Y Y YY Y Y

MCC Powers Y YY Y Y

McQuay-POerfex, Inc. Y Y Y Y Y Y Y

National Energy Corp. Y Y Y Y Y Y Y Y Y

National Semiconductor, Systems Division V

Pacific Technology Div., Butler Mfg. Co. Y Y Y Y Y Y Y Y Y Y Y

Power Management Systems, Inc. Y Y Y Y Y Y Y
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TABLE 6 (continued) Small EMCS 4-3-r fl 0 - .-Aplcation b Building Tye .- I - = v

Radix II, Inc. Y Y Y Y Y Y Y Y

Raytheon Service Co. Y Y Y Y Y Y Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y Y Y Y Y

Scientific-Atlanta, Inc. Y Y Y Y Y Y Y

Solid State Systems, Inc. Y Y Y Y Y Y Y Y Y

Solidyne Corp. Y Y Y Y Y Y Y Y Y Y

Sparton Southwest Inc. Y Y Y Y Y Y Y Y Y Y Y

Staefa Control Systems, Inc. Y Y Y Y Y Y Y

TANO Corp. Y Y Y Y YY Y

Teletrol, Inc. Y Y Y Y Y Y Y Y

Temperature Systems Inc. Y Y Y YY Y

Tempmaster Corp. Y Y Y Y Y

Tour & Anderson Inc. Y Y Y Y Y Y Y

The Trane Company Y Y Y Y Y Y Y Y Y Y

Trane Sentinel, Inc. Y Y Y Y Y Y Y Y

United Technologies, Building Systems Co. Y Y Y Y Y Y Y
Vigilance Systems Corp. Y Y Y Y Y Y Y Y

Voltage Control Corp. Y Y Y Y Y Y

I Honeywell Y Y Y Y Y Y Y

=.5
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APPLICATION BY BUILDING SIZE AND ANNUAL UTILITY BILLINGS

ENCS systems are often designed with a particular size of

building in mind. For example, a manufacturer with a four

point controller hardly expects to control a 200,000 square

foot building; the controller could not handle the

requirements, nor was it intended to be used in this

application. Similarly, manufacturers often select a range

of utility billings that are most appropriate when

considering their product. Table 7 lists these quantities

for micro EMCS, and Table 8 lists the quantities for small

EMCS.

4%

4

' Selection and Implementation

of Single Building ENCS Page 107

' 'V*. j *. - s* *' ',* ,*.---... . ... . ..- .- .. ; . , -



Chapter 3: Selecting Single Building 4 4 +

Energy Controllers w
4--@0

4- 0L4 0(flw

.o L S.L- ,- 0.0..

= 'rU 0.C

000 C 0 >$>1- >

00 00 Co Y -.TABLE 7 Micro EMCS Application by BuildingC>-ColC>OC1C
Size/Billings ;nCOC =(D1C>1

0 8'-4 C 1 W- ,i

Aegis Energy Systems, Inc. VYVn.Y Y

AI4F/Paragon Electric Co. Y YY Y

AMF Texas Controls, Inc. YY Y YY Y

*Anderson Cornelius Co. Y Y YY Y

Andover Controls Y YY Y

Atlantic Energy Technologies, Inc. Y Y

Automated Intelligence Corp. Y Y Y Y Y

Barber-Colman Co., Environmental Products Div. Y Y Y Y

Broadmoor Electric Co. Y Y Y Y

Conlog, Inc. Y

Control Pak Corp.

CSL Industries, Inc. y y y y y

Distributed Control Systems, Inc. Y Y Y Y Y

Dynelco Div. of El Fuego Corp. V y y y y - - -

Eagle Signal EMS y y y y

Eaton Corp., Cuttler-Hammer Products

Electronic Systems International y y

Encon Systems, Inc. y

Enercon Data Corp. Y Y Y y

Energy Conservice, Inc. y
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4J 4J +

Energy Controllers W j +
(4- 4- (

W W Ue M4- CA 0i

$- 0 ~ 00 I
Z M e nt Me 0.o.YY

Johnson Cotrls Inc LY LY YY

00 Ene0 ry > >) >)

TABLE 7 (continued) Micro EMCS Application by Y
;LO) 000 00 00C ) DCBuilding Size/Billings n-

* I U ;00U) a; V; (S

Energy Management & Control Systems, Inc. Y Y Y Y Y

Energy Sentinel Co. Y Y Y Y - Y

Fuel Computer Corp. of America Y Y Y Y Y Y

Johnson Controls, Inc. Y YyY - - - -

Leland Energy Corp. ----- y

Leviton Manufacturing Y Y Y Y Y

Mac Victor Manufacturing, a Wiremold Company Y Y V - - - -

Margaux Controls Y Y - -

Microcontrol Systems Inc.Y Y Y Y

National Enco Mfg. Co. YYy Y Y

National Energy Corp. Y Y Y Y Y Y

Pacific Technology Div.,Butler Mfg. Co.---------

Power Controls Products, Inc. ----- Y Y

Radix II Inc.---------

Robertshaw Controls Co., Control Systems Div. Y V Y V Y

Robertshaw Controls Co., Integrated Systems Div. Y Y

Robertshaw Controls Co., Uni-Line Div. VV V

Solid State Systems yy Y y

Solidyne Corp. yy Yy

Sparton Southwest Inc. YYY YY
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TABLE 7 (continued) Micro EMCS Application by 6o ..ooo: ooc: ° c
Building Size/Bllings oCJ.- .

. ,, l'- I I I 0 O i O

0O -4 U) ,-4 -- 4 4 A^

Square D Co. Y
..

Surgeonics Limited Y Y Y

Teletrol, Inc. Y Y Y Y- - - -

r Tempmaster Corp. YYY- - - -

Tork

Tour & Anderson Inc. Y Y

The Trane Company Y Y Y- --

Trimax Controls Inc. Y Y Y Y Y Y

United Technologies, Building Systems Co. Y

Vertex Corp. Y Y Y Y Y Y

Vigilance Systems Corp. Y Y Y

The Wiremold Company Y Y Y Y Y Y

Xencon Y Y Y Y Y Y

Honeywell Y YY Y Y Y Y
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Chapter 3: Selecting Single Building 4 +

Energy Controllers V 4 4 4w

4- (D ( - 00

n. .

4A 0 t7 * - L

TABLE & Small EMCS Application by Y Y c CBuilding Size/BillingsCDjn 4; ;Lg

Advanced Electrical Applications, Inc. Y V V Y

Aegis Energy Systems, Inc. Y Y YY Y

American Multiplex Systems, Inc. Y Y

AMF Texas Controls, Inc. Y Y

Anderson Cornelius Co. Y Y

Andover Controls Corp. Y YY Y Y

Atlantic Energy Technologies, Inc. Y Y Y

Automated Intelligence Corp. Y Y Y Y Y Y

Barber-Colman Co., Environmental Controls Div. Y Y Y Y

Beckman Instruments Inc. Y Y Y Y

Broadmoor Electric Co. Y Y Y

CESCO Y Y

4 Climatron, Inc.

Conlog, Inc. Y

Control Devices-Div. AEL Microtel Ltd.

Control Pak Corp.

CSL Industries, Inc. Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y Y Y

Dynapar Corp.

Eaton Corp., Cuttler-Hammer Products
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W W S_ 4- 0
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TABLE 8 (continued) Small EMCS Application by o o o oSt 00 0000 0
B -uildin Size/Billings 0 to -

Elan Energy Systems

Emsco Systems Corp.

SEnercon Data Corp. Y Y

Energy Management Corp.

Energy Micro-Systems YYYY

* ' Functional Devices, Inc.General Electric, Energy Management Systems C o Y Y

IBM Corp. Y Y Y

Intelligent Terminals, Ltd. Y V Y Y Y V

Johnson Controls, Inc. Y YY

Leland Energy Corp.

" Leviton Manufacturing Y YY Y

Margaux Controls Y Y Y

Margaux Systems, Inc. Y Y

MCC Powers Y Y Y

McQuay-POerfex, Inc. Y Y Y

National Energy Corp. YYY Y

vNational Semiconductor, Systems Division Y

Pacific Technology Div., Butler Mfg. Co.

Power Management Systems, Inc.

Selection and Implementation

of Single Building EMCS Page 112

I* ,' I " ** * . -. . .... ......... *l~lilkl~lhW kii"dllm~v='&



!

Chapter 3: Selecting Single Building 0)0)

Energy Controllers W 4 4 0441- W W

000 .-. 00
TABLE B (continued) SmWall EMCS Application by W (oooooo

Building Size/Billings _ -

Raytheon Service Co.

Robertshaw Controls Co., Integrated Systems Div. Y

Scientific-Atlanta, Inc. YY Y

Solid State Systems, Inc. Y YY Y

Solidyne Corp. Y YY Y YY

* Sparton Southwest Inc.

Staefa Control Systems, Inc.

TANO Corp. Y

Tel etrol, Inc. YY Y

Temperature Systems Inc. A b

Tempmaster Corp. Y Y

Tour & Anderson Inc. Y YY Y
The Trane Company Y Y Y Y

Trane Sentinel, Inc. YYY

United Technologies, Building Systems Co. Y v

Vigilance Systems Corp. Y Y Y

Voltage Control Corp.

Honeywell yy yY
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Chapter 3: Selecting Single Building

Energy Controllers

4 APPLICATION PROGRAMS

Of the manufacturers surveyed, most provided some but not

all of the application programs defined earlier in this

chapter. The following tables list several of the

application programs discussed earlier. See this section of

the report for definitions. "Load Management" is defined

here as the ability to rotate equipment loads such as lead

chillers or compressors. Temperature sensing options are

listed by the ability of the manufacturer to sense outdoor

air (OA) or room air (RA) conditions. The impact on this

* ability influences the type of standard application

programs. For example, if a manufacturer cannot sense

indoor temperature, temperature compensated duty cycling

would not be possible, or, if outdoor air temperature cannot

be sensed, then economizer control and optimum start/stop is

not possible. Time of day scheduling is the ability to

change control action with time of day and time of week.

Multi building application refers to the ability to serve

remote buildings. Fire safety and security programs are

auxiliary programs offered by many manufacturers. The

ability to schedule maintenance, and to monitor and alarm is

also presented. Results for micro EMCS are listed in Table

9. Results for small systems are listed in Table 10.
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Energy Controllers o
- - )0 - )

o E 6) 0 L4- 4

w 0. 1- 41 -) I-
aC. = = CCZ W

0, 4J 4 W 4.4.04

C-) L ) C 4) W >., 4

TABLE 9 Micro EMCS Application Programs _ , a,W

w= Ocr< C = 0

Aegis Energy Systems, Inc. Y Y Y Y Y

AMF/Paragon Electric Co. Y Y Y Y Y

AMF Texas Controls, Inc. Y Y

Anderson Cornelius Co. Y Y Y Y Y Y Y Y Y

Andover Controls Y Y Y Y Y Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y Y Y Y Y Y Y

Barber-Colman Co., Environmental Products Div. Y Y Y Y Y Y Y Y Y

Broadmoor Electric Co. Y Y Y Y Y Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y

Control Pak Corp. Y Y Y Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y Y Y Y Y Y

Dynelco Div. of El Fuego Corp. Y

Eagle Signal EMS Y Y Y

Eaton Corp., Cuttler-Hammer Products Y Y Y Y Y Y Y Y

Electronic Systems International Y Y

Encon Systems, Inc. Y Y Y Y

Enercon Data Corp. Y Y Y Y Y

Energy Conservice, Inc. Y Y Y Y Y
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TABLE 9 (continued) Micro EMCS Application E to o.- _ - _n ._ 0Programs E 4j 4J I W 4
* = -J ( .U 0

0 JI-:E U ). Z

Aegis Energy Systems, Inc. Y Y Y Y Y y y y

AMF/Paragon Electric Co. Y Y Y Y Y

AMF Texas Controls, Inc. y y

Anderson Cornelius Co. Y Y Y Y Y YY Y

Andover Controls Y Y Y Y y y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y V Y Y Y

Barber-Colman Co., Environmental Products Div. Y Y Y Y Y Y

Broadmoor Electric Co. Y Y y y y Y

Conlog, Inc. y y Y Y Y y y

Control Pak Corp. y y y y y y y yy

" CSL Industries, Inc. Y YYy y

Distributed Control Systems, Inc. Y Y Y Y y y Y y y

Dynelco Div. of El Fuego Corp. Y

Eagle Signal EMS y y y Y

Eaton Corp., Cuttler-Hamer Products Y Y Y Y

Electronic Systems International

* Encon Systems, Inc. Y Y Y Y y

Enercon Data Corp. Y Y y Y

4 Energy Conservice, Inc. Y Y Y Y y y
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0 ) Ln .6
N 4j 0 W 4J~-#-- C W 0V S.. (A (V

0 r 4W 6- %- + j (A
I- r- E ==C cc 0)
4J 4+J W4J 4-J0 W
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0L C oJW.

TABLE 9 (continued) Micro EMCS Application - E E -_

Programs > o ' -I-O
4J E..-E0 4 0 -

=. (U C 0 -cc

Energy Management & Control Systems, Inc.

Energy Sentinel Co. Y Y

Fuel Computer Corp. of America Y Y Y

Johnson Controls, Inc. Y Y Y Y Y Y Y Y

Leland Energy Corp. Y Y Y Y Y

Leviton Manufacturing Y Y Y

Mac Victor Manufacturing, a Wiremold Company Y Y Y

Margaux Controls Y Y Y

Microcontrol Systems Inc. Y Y Y Y Y Y

National Enco Mfg. Co. Y Y Y Y

National Energy Corp. Y Y Y

Pacific Technology Div.,Butler Mfg. Co. Y Y Y Y Y

Power Controls Products, Inc. Y Y Y

Radix II Inc. Y Y Y Y Y Y Y Y Y

Robertshaw Controls Co., Control Systems Div. Y Y Y Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y Y

Robertshaw Controls Co., Uni-Line Div. V Y Y Y Y

Solid State Systems Y Y Y Y Y

Solidyne Corp. V Y Y Y

Sparton Southwest Inc. Y Y Y Y Y
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TABLE 9 (continued) Micro EMCS Application .- o , .- o
Programs m C

IC.., ., - W .- S- 0

Energy Management & Control Systems, Inc. Y Y

Energy Sentinel Co. Y y

Fuel Computer Corp. of America Y Y Y Y y

Johnson Controls, Inc. Y Y y Y

Leland Energy Corp. Y Y YY Y

* Leviton Manufacturing Y Y Y Y YY Y

Mac Victor Manufacturing, a Wiremold Company Y Y Y

Margaux Controls Y Y

Microcontrol Systems Inc. Y Y Y Y Y Y Y

National Enco Mfg. Co. Y Y Y

National Energy Corp. Y Y Y Y

Pacific Technology Div.,Butler Mfg. Co. Y Y Y Y

Power Controls Products, Inc. Y Y Y y Y

Radix II Inc. Y Y Y Y Y Y Y Y Y

Robertshaw Controls Co., Control Systems Div. Y Y Y Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y Y Y Y Y

Robertshaw Controls Co., Uni-Line Div. Y Y Y Y Y

Solid State Systems y yV y y Y

Solidyne Corp. y Y y y y

Sparton Southwest Inc. y y Y Y y yy
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Energy Controllers

N 0G1o )4-'

WO - S- (A W-
0 E Gil.- o -- j W

0 4J 4-W 4-)4J 0 cc
-. CO. 0) MM 40 U. W-.

Sqar D Co. Y 0 %Y Y --

UL) CWW>'<0)

TSuELE £n(continued) Micro EMCS Application I Y - Y

Programs
S01 C C r-=

Square D Co. Y Y Y

Surgeonics Limited Y Y Y

Teletrol, Inc. YY YY YY YY Y

Tempmaster Corp. Y Y Y Y

Tork Y Y Y

. Tour & Anderson Inc. Y Y Y Y Y Y Y Y Y

The Trane Company Y Y Y Y Y

Trimax Controls Inc. Y Y Y Y Y

* United Technologies, Building Systems Co. Y Y Y Y Y Y

Vertex Corp. Y

Vigilance Systems Corp. Y Y Y Y Y Y Y Y Y

The Wiremold Company Y Y Y

Xencon Y Y Y

Honeywell Y Y Y

I.5
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4J ( 4- Q), coLn4L-3 >~a

S C 4 0 4.3 4-31 S-

TABLE 9 (continued) Micro EMCS Application - I . I- 0 4J
=.- .C 4J 4 = > .--

Programs 4J C CM E - U ) C
C ) .- .-- Z ., - V ) - X :

Square D Co. Y

Surgeonics Limited

Teletrol, Inc. Y Y Y Y Y Y Y

Tempmaster Corp. Y Y YY Y

Tork Y Y Y Y

Tour & Anderson Inc. Y Y Y Y Y Y Y

The Trane Company Y Y Y Y Y

Trimax Controls Inc. Y Y Y Y

United Technologies, Building Systems Co. Y Y Y Y

Vertex Corp. Y Y Y

Vigilance Systems Corp. Y Y Y Y Y Y Y

The Wiremold Company Y Y Y Y

Xencon Y Y Y

Honeywell Y Y Y

q
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Energy Controllers o n

0o V) Ln 4JN4-. =

I=u- E C of ,.
*C 4j 0 41L +j .. c

C 0 0% 0a to Lf- L-- O M 6- 1- .' 6-

TABLE 10 Small EMCS Application Programs S M C 0. -

W=- O0GI 0

Advanced Electrical Applications, Inc. Y Y Y Y Y Y Y Y Y

Aegis Energy Systems, Inc. Y Y Y Y Y

American Multiplex Systems, Inc. Y Y Y Y Y Y Y

AMF Texas Controls, Inc. Y Y Y Y Y Y

Anderson Cornelius Co. Y Y Y Y Y Y Y Y Y

Andover Controls Corp. Y Y Y Y Y Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y Y V Y

Automated Intelligence Corp. Y Y Y Y Y Y Y Y Y

Barber-Colman Co., Environmental Controls Div. Y Y Y Y Y Y Y Y Y

Beckman Instruments Inc. Y Y Y Y Y Y Y Y Y

Broadmoor Electric Co. Y Y Y Y Y Y Y Y Y

CESCO Y Y Y Y Y Y Y

* Climatron, Inc. Y Y Y Y Y Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y

Control Devices-Div. AEL Microtel Ltd. Y

Control Pak Corp. Y Y Y Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y Y Y Y Y Y

Dynapar Corp. Y Y Y

Eaton Corp., Cuttler-Hammer Products Y Y Y Y Y Y Y Y
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43 .- a) 434U
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e--44J 4-; EU

•~~4 .39 4-) LO,- a- )O
tu to 0 >1_0 >
L4-) .~ E -4 0) >
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TABLE 10 (continued) Small EMCS -V - E r.4-
5=4 43 1 (V 1-4)

Application Programs ..= = w +j >--+j tm M1=- E U (IU C
CL-', .*-. - :=.- W) 1-
O _j V) a-

Advanced Electrical Applications, Inc. Y Y Y Y Y Y

Aegis Energy Systems, Inc. Y Y Y Y Y YY Y

American Multiplex Systems, Inc. Y Y Y Y Y Y Y Y

AMF Texas Controls, Inc. Y Y Y Y Y

Anderson Cornelius Co. Y Y Y Y Y Y Y Y

* Andover Controls Corp. Y Y Y Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y

Automated Intelligence Corp. Y Y Y Y Y Y Y Y

Barber-Colman Co., Environmental Controls Div. Y Y Y Y Y Y Y

Beckman Instruments Inc. Y Y Y Y Y Y Y Y

Broadmoor Electric Co. Y Y Y Y Y

2 CESCO Y Y Y Y Y

Climatron, Inc. Y Y Y Y Y Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y

Control Devices-Div. AEL Microtel Ltd. Y Y Y Y Y

Control Pak Corp. Y Y Y Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y Y Y Y Y Y

Dynapar Corp. V

Eaton Corp., Cuttler-Hammer Products Y Y Y Y Y Y Y
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Energy Controllers

0E i 4 JW

0 -' 4 1 41 4J 0 f 0:

0 C 1 M. -- 4 f

>1 S_- go E L CL 4-1

TABLE 10 (continued) Small EMCS X: E E r->'j 0
Application Programs ~'

41 4J0~. CL 40

Elan Energy Systems Y Y YY Y

Emsco Systems Corp. Y

Enercon Data Corp. YY YY YY YY Y

*Energy Management Corp. YYY YY Y YY Y

Energy Micro-Systems Y Y YY YY Y Y

Functional Devices, Inc. V Y Y Y

General Electric, Energy Management Systems Y Y Y V Y

IBM Corp. V Y Y Y

*Intelligent Terminals, Ltd. V V Y Y Y V Y Y V

Johnson Controls, Inc. Y YY YYY YY Y

Leland Energy Corp. V Y Y YY Y YY

Leviton Manufacturing V Y YY Y

Margaux Controls Y Y Y YY YY Y

Margaux Systems, Inc. YY YY YY YY Y

MCC Powers YY YY YY YY Y

McQuay-POerfex, Inc. V Y Y YY Y Y

National Energy Corp. YY YY YY YY Y

*National Semiconductor, Systems Division Y Y Y V Y V

Pacific Technology Div., Butler Mfg. Co. Y Y Y V Y

Power Management Systems, Inc. V V V V V Y Y V V
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TABLE 10 (continued) Small EMCS .- o , C o

Application Programs - == W % >.. .la 0 01E -" - 0) C
CD - : -,- ) 0- X

*OZ..JI-LI"U..E

Elan Energy Systems Y Y YY Y

Emsco Systems Corp.

Enercon Data Corp. Y Y YY Y Y

Energy Management Corp. Y Y Y Y Y Y Y Y Y

Energy Micro-Systems Y Y Y YY Y

Functional Devices, Inc. Y Y Y

General Electric, Energy Management Systems V Y V Y Y Y

IBM Corp. Y Y Y Y

Intelligent Terminals, Ltd. Y Y Y Y Y Y Y Y

Johnson Controls, Inc. Y Y Y Y Y Y Y Y

Leland Energy Corp. Y Y Y Y Y Y Y

Leviton Manufacturing Y Y Y Y YY Y

Margaux Controls Y Y Y Y Y Y Y

Margaux Systems, Inc. Y Y Y Y Y Y Y

MCC Powers Y Y Y Y Y Y Y Y Y

McQuay-POerfex, Inc. Y Y Y Y Y Y Y Y

National Energy Corp. Y Y Y Y Y Y Y Y Y

National Semiconductor, Systems Division Y Y Y Y Y Y

Pacific Technology Div., Butler Mfg. Co. Y Y Y Y Y

Power Management Systems, Inc. Y Y Y Y
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TABLE 10 (continued) Small EMCS L "a W X - >.-

Application Programs # - M
= 0) .C0 CC cr= 0

Radix II, Inc. Y Y Y Y Y Y Y Y Y

Raytheon Service Co. Y Y Y Y Y Y Y Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y Y

Scientific-Atlanta, Inc. Y Y Y Y

Solid State Systems, Inc. Y Y Y Y Y Y Y Y Y

Solidyne Corp. V Y Y Y

Sparton Southwest Inc. Y Y Y Y Y

Staefa Control Systems, Inc. Y Y Y Y Y Y Y Y Y

TANO Corp. Y Y Y Y Y Y

Teletrol, Inc. Y Y Y Y Y Y Y Y Y

Temperature Systems Inc. Y Y Y Y Y Y Y Y Y

Tempmaster Corp. Y Y Y Y Y Y

Tour & Anderson Inc. Y Y Y Y Y Y Y Y Y

The Trane Company V Y Y Y Y Y

Trane Sentinel, Inc. Y Y Y Y Y Y Y Y

United Technologies, Building Systems Co. Y Y Y Y Y Y Y Y Y

Vigilance Systems Corp. Y Y Y Y Y Y Y Y Y

-Voltage Control Corp. Y Y Y Y Y

Honeywell Y Y Y Y Y VY Y Y
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TABLE 10 (continued) Small EMCS ' o, o - 0 .- 4 o . o
Application Programs '-== W,- W =

OZ-J-ELL, O.Z

Radix II, Inc. Y Y Y Y Y Y Y Y Y

Raytheon Service Co. Y Y Y Y YY Y Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y Y Y Y Y

Scientific-Atlanta, Inc. Y Y Y Y Y

Solid State Systems, Inc. Y Y Y Y Y Y Y Y Y

Solidyne Corp. Y Y Y Y Y

Sparton Southwest Inc. Y Y Y Y Y Y Y Y

Staefa Control Systems, Inc. Y Y Y Y Y Y Y

TANO Corp. Y Y Y

Teletrol, Inc. Y Y Y YY Y Y

Temperature Systems Inc. Y Y Y Y Y

Tempmaster Corp. Y YY Y

* Tour & Anderson Inc. Y Y Y YY Y Y

The Trane Company Y Y YY Y

Trane Sentinel, Inc. Y Y Y YY Y Y

United Technologies, Building Systems Co. Y Y Y Y Y Y Y Y Y

Vigilance Systems Corp. Y Y Y Y Y Y Y Y

Voltage Control Corp. Y Y Y Y Y Y Y

Honeywell Y Y Y Y Y Y Y Y Y
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Energy Controllers

HARDWARE FEATURES

The hardware available with each manufacturers products is

listed. Automatic alarms refers to the capability to

initiate alarm action, such as sound an alarm or autodial a

phone. Analog temperatures refers to the ability to accept

analog inputs. Uses personal computers is the ability for

panels to be addressed from small microcomputers, often

referred to as personal computers. Trend logging is the

ability to monitor inputs and log outputs, either on

printout or tape, or in a software routine to watch items

such as utility usage. This feature is required to monitor

EMCS performance by analyzing utility data, or to monitor

utility consumption prior to EMCS implementation. Interface

to lighting is the ability to interface to common lighting

controllers. Other column headings are self explanatory.

Table 11 list results for micro EMCS systems. Table 12

lists results for small EMCS systems.
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TABLE 1I Micro EMCS Hardware Features n LU . " Ij S_

AcF/Paragon Electric Co. YYY Y Y Y Y

AMF Texas Controls, Inc. Y Y

Anderson Cornelius Co. Y Y Y Y Y Y Y

Andover Controls Y Y Y Y Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y Y Y

Barber-Colman Co., Environmental Products Div. Y Y Y Y Y Y Y

Broadmoor Electric Co. Y Y Y Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y

Control Pak Corp. Y Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y Y Y Y Y

Dynelco Div. of El Fuego Corp. Y

Eagle Signal EMS Y Y Y Y

Eaton Corp., Cuttler-Hammer Products Y Y Y Y Y Y Y

Electronic Systems International

Encon Systems, Inc. Y YY Y Y Y

. Enercon Data Corp. Y Y Y

Energy Conservice, Inc. Y Y Y Y Y Y
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TABLE 11 (continued) Micro EMCS t
r=0 in - -0 4J %Hardware Features o Y Y 0 W Y Y
Mac Mt Mag a -d CE 4.n

rt 0~ 0 S- W. r_

Energy Management & Control Systems, Inc. Y Y Y

Energy Sentinel Co.

Fuel Computer Corp. of America V Y Y Y Y Y

Johnson Controls, Inc. Y Y

Leland Energy Corp. Y Y V

Leviton Manufacturing V Y Y Y YVY

Mac Victor Manufacturing, a Wiremold Company

Margaux Controls

Microcontrol Systems Inc. Y YVY Y

National Enco Mfg. Co. V

National Energy Corp. Y

Pacific Technology Div.,Butler Mfg. Co. V Y

Power Controls Products, Inc.

Radix 11 Inc. Y Y Y Y Y Y

Robertshaw Controls Co., Control Systems Div. Y Y V V Y Y V

*Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y V

Robertshaw Controls Co., Uni-Line Div. Y YY Y YY Y

Solid State Systems vy y Y

;-

aiSolidyne Corp. YYop Y Y

Sparton Southwest Inc. Y Y Y Y Y Y
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TABLE 11 (continued) Micro EMCS oU , O. G-EAL 11m - 4jS
Hardware Features o .O a 0 - a W
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Square D Co. Y V Y Y Y

Surgeonics Limited

Teletrol, Inc. YY Y Y Y Y

Tempmaster Corp. Y Y Y Y Y Y Y

Tork

Tour & Anderson Inc. Y Y Y Y Y Y Y Y

The Trane Company Y Y Y Y

Trimax Controls Inc. Y Y Y Y Y Y Y

United Technologies, Building Systems Co. Y Y

Vertex Corp. Y

Vigilance Systems Corp. V Y Y Y

The Wiremold Company

Xencon

Honeywell Y
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TABLE 12 Small EMCS Hardware Features go M U, ME o 1 n' 1- 0 4-J S_

o u-0 0 0 aOG)4J 10 $.-- - - (U W S 4_j
SC 6Ix 0 CA L- W3 C

Advanced Electrical Applications, Inc. Y Y Y Y Y Y Y

Aegis Energy Systems, Inc. Y Y Y Y Y Y Y Y

American Multiplex Systems, Inc. Y Y Y Y Y Y Y Y Y

AMF Texas Controls, Inc. Y Y Y Y Y Y

Anderson Cornelius Co. Y Y Y Y Y Y Y

Andover Controls Corp. Y Y Y Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y Y Y Y Y

Barber-Colman Co., Environmental Controls Div. Y Y Y Y Y Y Y Y

Beckman Instruments Inc. Y Y Y Y Y Y Y

Broadmoor Electric Co. Y Y Y Y Y Y

CESCO Y Y Y Y Y

Climatron, Inc. Y Y Y Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y Y

Control Devices-Div. AEL Microtel Ltd. Y Y Y Y Y

Control Pak Corp. Y Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y Y Y Y Y

Dynapar Corp. Y Y Y

Eaton Corp., Cuttler-Hammer Products Y Y Y Y Y Y Y Y
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TABLE 12 (continued) Small EMCS i .,o a w ®.
Hardware Features q . " C t j

,.V I-,-- ) V ) E,0 a

9 EU n -4

*Elan Energy Systems Y Y Y Y Y
BEmsco Systems Corp. Y

Enercon Data Corp. YY Y Y o

-, Energy Management Corp. YVYY Y YY YSEnergy Micro-Systems Y Y Y Y Y

Functional Devices, Inc. Y Y

General Electric, Energy Management Systems Y Y Y Y Y Y V Y

IBM Corp. Y Y Y Y Y Y Y Y

Intelligent Terminals, Ltd. Y Y Y Y Y Y Y Y

Johnson Controls, Inc. Y Y Y Y Y Y

Leland Energy Corp. Y Y Y Y Y Y Y Y Y

Leviton Manufacturing Y Y Y Y Y Y

Margaux Controls Y Y Y Y Y Y Y

Margaux Systems, Inc. Y Y YY Y Y Y

MCC Powers Y Y Y Y Y Y Y

McQuay-POerfex, Inc. Y Y Y Y Y

National Energy Corp. Y Y Y Y Y Y

National Semiconductor, Systems Division Y Y Y Y Y Y Y

Pacific Technology Div., Butler Mfg. Co. Y Y Y Y Y Y

Power Management Systems, Inc. Y Y Y Y Y
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TABLE 12 (continued) Small EMCS 90 M ' U = - -W4
E 0 1 -. "a4j 5_

Hardware Features o - "0 0 (A Co

cci "< L-) = - e 0-

0Radix 11, Inc. Y Y Y Y Y Y Y Y

Raytheon Service Co. Y Y Y Y Y Y Y Y

. Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y Y

Scientific-Atlanta, Inc. Y Y Y

Solid State Systems, Inc. Y Y Y Y Y Y Y Y Y

toSolidyne Corp. Y Y YYY Y YY

Sparton Southwest Inc. n Y Y Y Y Y

Staefa Control Systems, Inc. Y Y Y Y Y Y Y Y

TANO Corp. Y Y Y Y Y Y Y

Teletrol, Inc. Y Y Y Y Y Y

Temperature Systems Inc. Y Y Y Y Y Y

Tempmaster Corp. Y Y Y Y Y Y

Tour & Anderson Inc. Y Y Y Y Y Y Y Y

The Trane Company Y Y Y Y Y Y Y Y

Trane Sentinel, Inc. Y Y Y Y Y Y Y

United Technologies, Building Systems Co. Y Y Y Y Y Y V Y

Vigilance Systems Corp. Y Y Y Y

Voltage Control Corp. Y Y Y Y Y Y

Honeywell Y Y Y Y Y Y Y Y
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DATA TRANSMISSION AND HVAC CONTROL TECHNIQUES

The available methods for data transmission are presented.

"Analog" refers to the ability to receive and transmit

analog signals; i.e. if the manufacturer can only transmit

on-off signals, this column would not be checked. Control

point adjustment is another indication of the ability to

deliver analog signals for reset and other functions. Other

headings are self explanatory. The results for micro EMCS

are listed in Table 13. The results for small EMCS are

listed in Table 14.
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TABLE 13 Micro EMCS Data Trans. and HVAC = L +j o
Control 0 .,-- W U W 4-

e *. r 0 0- . 0

Aegis Energy Systems, Inc. Y Y Y

AMF/Paragon Electric Co. Y Y Y Y

AMF Texas Controls, Inc. Y Y Y Y

Anderson Cornelius Co. Y Y Y Y Y Y

Andover Controls Y Y Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y Y Y Y Y Y

Barber-Colman Co., Environmental Products Div. Y Y Y Y Y Y Y Y

Broadmoor Electric Co. Y Y Y

Conlog, Inc. Y Y Y

Control Pak Corp. Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y Y

Dynelco Div. of El Fuego Corp. V

Eagle Signal EMS Y Y Y Y

Eaton Corp., Cuttler-Hammer Products Y Y Y Y

Electronic Systems International Y Y

Encon Systems, Inc. Y

Enercon Data Corp. Y Y

Energy Conservice, Inc. Y Y Y y y
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TABLE 13 (continued) Micro EMCS Data Trans. i-

and HVAC Control 4. W - W 4 CA
-(..4J IM,- M : 6 - -

Energy Management & Control Systems, Inc. Y V Y Y

Energy Sentinel Co. Y

Fuel Computer Corp. of America Y Y Y

Johnson Controls, Inc. Y Y Y

Leland Energy Corp. Y Y

Leviton Manufacturing Y Y Y Y

Mac Victor Manufacturing, a Wiremold Company Y

Margaux Controls Y Y

Microcontrol Systems Inc. Y Y Y Y Y

National Enco Mfg. Co. Y Y Y

National Energy Corp. Y Y Y

Pacific Technology Dlv.,Butler Mfg. Co. Y Y Y Y Y

Power Controls Products, Inc. V Y

Radix II Inc. Y Y Y Y Y Y

Robertshaw Controls Co., Control Systems Div. Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y

Robertshaw Controls Co., Uni-Line Div. Y Y Y

,1 Solid State Systems Y YY Y Y

Solidyne Corp. Y Y

Sparton Southwest Inc. Y YY Y Y Y Y
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TABLE 13 (continued Micro EMCS Data Trans. 0- =n U 4J o'0

and HVAC Control ,o- W L
- CM O 3) . - 0-

Square D Co. Y Y

Surgeonics Limited

Teletrol, Inc. Y Y Y Y Y Y Y

Tempmaster Corp. Y Y Y

Tork Y

Tour & Anderson Inc. Y Y Y Y Y

The Trane Company Y Y Y Y Y

Trimax Controls Inc. Y Y Y

United Technologies, Building Systems Co. Y Y Y Y

Vertex Corp. Y Y Y Y

Vigilance Systems Corp. Y Y Y

The Wiremold Company Y Y

Xencon Y Y

Honeywell Y Y
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TABLE 14 Small EMCS Data Trans. and HVAC I- o
Control to (D 4 (A

Advanced Electrical Applications, Inc. Y Y Y Y

Aegis Energy Systems, Inc. Y Y Y

American Multiplex Systems, Inc. Y Y Y Y

AMF Texas Controls, Inc. Y Y YY Y

Anderson Cornelius Co. Y Y Y Y Y Y

Andover Controls Corp. Y Y Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y Y Y Y Y

Barber-Colman Co., Environmental Controls Div. Y Y Y Y Y Y Y

Beckman Instruments Inc. Y Y Y

Broadmoor Electric Co. Y Y Y

CESCO Y Y Y Y

Climatron, Inc. Y y

Conlog, Inc. Y Y Y

Control Devices-Div. AEL Microtel Ltd. Y Y Y

Control Pak Corp. Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y Y

Dynapar Corp.

Eaton Corp., Cuttler-Hammer Products Y Y Y Y
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*TABLE 14 (continued) Small EMCS Data Trans. .S .. -j0 -
and HVAC Control 4uJ 0 L U$.

M *U - V:1 0

Elan Energy Systems Y Y Y V Y

Emsco Systems Corp. Y

Enercon Data Corp. Y YY Y

Energy Management Corp. Y YVY Y YY

Energy Micro-Systemns Y Y V

Functional Devices, Inc.

General Electric, Energy Management Systems V Y

IBM Corp. Y Y V YY Y

Intelligent Terminals, Ltd. Y V Y Y

Johnson Controls, Inc. Y Y V

Leland Energy Corp. Y Y V

Leviton Manufacturing Y V Y Y

Margaux Controls V Y Y Y

Margaux Systems, Inc. YVYY Y YV

MCC Powers YVY YY

McQuay-POerfex, Inc. Y V Y YY

National Energy Corp. Y V Y

National Semiconductor, Systems Division Y Y V

Pacific Technology Div., Butler Mfg. Co. V V V V V

Power Management Systems, Inc. V Y Y V Y V
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" Radix II, Inc. Y Y Y Y Y Y

Raytheon Service Co. Y Y Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y V

Scientific-Atlanta, Inc. Y Y Y Y

Solid State Systems, Inc. Y Y Y Y Y Y Y

Solidyne Corp. Y Y

Sparton Southwest Inc. Y Y Y Y Y Y Y

Staefa Control Systems, Inc. Y Y Y Y Y

* TANO Corp. Y Y V

Teletrol, Inc. Y YY Y Y Y Y

Temperature Systems Inc. Y Y Y

Tempmaster Corp. Y Y

Tour & Anderson Inc. Y Y Y Y Y

The Trane Company Y Y Y Y

Trane Sentinel, Inc. Y Y Y Y

United Technologies, Building Systems Co. Y Y Y Y Y Y

Vigilance Systems Corp. Y Y Y Y

Voltage Control Corp. Y Y Y

Honeywell Y Y Y Y Y
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Energy Controllers

AUXILIARY FUNCTIONS

Three general categories are presented in this series of

tables. The first three columns list the capability of the

manufacturers system to be a stand alone system, distributed

processing, or both (combined). The second three columns

lists the ability to survive power problems. Power

interrupt protected indicates the ability to recover from

power failure. Surge protection indicates built in

components exist to accept spikes in the power supply and

other power irregularities. Auxiliary memory refers to an

auxiliary memory used to reload software after power

failure, such that complete manual loading is not required.

Software input is most important. System prompted indicates

that the EMCS will prompt all questions in a defined format

to load pertinent data. Manual guided indicates that a

standard routine is used to input data, in lieu of prompting

from the system. Table 15 lists results for the micro EMCS.

Table 16 lists results for the small EMCS.
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TABLE 15 Micro EMCS Auxiliary Functions 1 , - a-

4.J 0 0 = = 0 >) 96

/aErgyn Syemsrinc. Y Y Y YVAIIF/arago Elcti Co.- V C VY )X

AMF Texas Controls, Inc. Y Y Y Y

Anderson Cornelius Co. Y Y Y Y Y Y

Andover Controls Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y V Y Y Y Y

Barber-Colman Co., Environmental Products Div. Y Y Y Y Y Y Y

Broadmoor Electric Co. Y Y Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y

Control Pak Corp. Y Y Y Y Y Y

CSL Industries, Inc. Y Y Y Y

Distributed Control Systems, Inc. Y Y Y Y

Dynelco Div. of El Fuego Corp. Y Y Y Y

Eagle Signal EMS Y Y Y

Eaton Corp., Cuttler-Hammer Products Y Y Y Y

Electronic Systems International Y Y Y Y

Encon Systems, Inc. Y YY Y Y

Enercon Data Corp. Y Y Y

Energy Conservice, Inc. Y Y Y Y
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TABLE 15 (continued) Micro EMCS Auxiliary C. , wed -
Functions j C M W Cn- 4 4-3,. tO E 39 S. X4- 4A C-

J 00 0 >i 0

Energy Management & Control Systems, Inc. Y Y Y Y Y

Energy Sentinel Co. Y Y

Fuel Computer Corp. of America Y Y Y Y Y Y

Johnson Controls, Inc. Y Y Y Y Y

Leland Energy Corp. Y Y Y Y

Leviton Manufacturing Y Y Y Y

Mac Victor Manufacturing, a Wiremold Company Y Y Y Y

Margaux Controls Y Y Y

Microcontrol Systems Inc. Y Y Y Y Y Y Y

National Enco Mfg. Co. Y Y Y Y

National Energy Corp. Y Y Y Y

Pacific Technology Div.,Butler Mfg. Co. Y Y Y Y

Power Controls Products, Inc. Y Y Y Y Y

Radix II Inc. Y Y Y Y YY Y

Robertshaw Controls Co., Control Systems Div. Y Y Y Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y

Robertshaw Controls Co., Uni-Line Div. Y Y Y

Solid State Systems Y Y Y Y Y

Solidyne Corp. Y Y Y Y

Sparton Southwest Inc. Y Y Y Y Y Y Y
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TABLE 15 (continued) Micro EMCS Auxiliary M ,0 r =,-

Functions C = W tm.#-j +j
**4j 0 0 = 0 >-,'

Square D Co. Y Y Y Y Y

Surgeonics Limited

Teletrol, Inc. Y Y Y Y Y

Tempmaster Corp. Y Y Y Y Y Y

Tork

Tour & Anderson Inc. Y Y Y Y Y Y Y

The Trane Company Y Y Y Y

Trimax Controls Inc. Y Y Y Y

United Technologies, Building Systems Co. Y Y Y Y Y Y

Vertex Corp. Y Y Y Y

Vigilance Systems Corp. Y Y Y Y Y Y

The Wiremold Company Y Y Y

Xencon Y Y Y Y

Honeywell Y Y Y
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TABLE 16 Small EMCS Auxiliary Functions ., a 'w

f M r S-. X 4- VI C
.- 4.0 = = 0 >')E

Advanced Electrical Applications, Inc. Y Y Y Y Y Y

Aegis Energy Systems, Inc. Y Y Y Y Y

American Multiplex Systems, Inc. Y Y Y Y Y Y

AMF Texas Controls, Inc. Y Y Y Y YY Y Y

Anderson Cornelius Co. Y Y Y YY Y

Andover Controls Corp. Y " Y Y Y Y

Atlantic Energy Technologies, Inc. Y Y Y Y Y Y

Automated Intelligence Corp. Y Y Y Y Y Y Y Y

Barber-Colman Co., Environmental Controls Div. Y Y Y Y Y Y Y

Beckman Instruments Inc. Y Y Y Y

Broadmoor Electric Co. Y Y Y Y Y Y

CESCO Y Y Y Y Y Y

Climatron, Inc. Y Y Y Y Y

Conlog, Inc. Y Y Y Y Y Y Y

Control Devices-Div. AEL Microtel Ltd. Y Y Y Y

Control Pak Corp. Y Y YY Y Y

CSL Industries, Inc. Y Y YY Y

Distributed Control Systems, Inc. Y Y Y Y

Dynapar Corp. Y Y

Eaton Corp., Cuttler-Hammer Products Y Y Y Y
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Mn E X s- X 14--
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Elan Energy Systems Y Y

Emsco Systems Corp. Y Y

*Enercon Data Corp. y yy Y Y

Energy Management Corp. YY Y YY Y

Energy Micro-Systems yyy Y

Functional Devices, Inc. Y V Y Y Y

General Electric, Energy Management Systems V V Y Y Y

IBM Corp. Y Y Y Y

Intelligent Terminals, Ltd. V V

*Johnson Controls, Inc. V Y Y Y

Leland Energy Corp. yy y Y V

Leviton Manufacturing V Y Y y
*Margaux Controls Y YVYY Y

Margaux Systems, Inc. Y Y YY YY Y

MCC Powers Y V

McQuay-POerfex, Inc. Y YY Y Y

National Energy Corp. V Y YY V

National Semiconductor, Systems Division Y V V Y

Pacific Technology Div., Butler Mfg. Co. V V V V V V V

Power Management Systems, Inc. V V V V
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Radix II, Inc. Y Y Y Y Y Y Y

Raytheon Service Co. Y Y Y Y Y Y Y

Robertshaw Controls Co., Integrated Systems Div. Y Y Y Y

Scientific-Atlanta, Inc. Y Y Y Y Y

Solid State Systems, Inc. Y Y Y Y Y Y Y Y

Solidyne Corp. Y Y Y Y Y

Sparton Southwest Inc. Y Y Y Y Y Y Y

Staefa Control Systems, Inc. Y Y Y Y Y Y Y

TANO Corp. Y Y Y Y Y Y Y

Teletrol, Inc. Y Y Y Y Y

Temperature Systems Inc. Y Y Y YY Y

Tempmaster Corp. Y Y Y Y Y

Tour & Anderson Inc. Y Y Y Y Y Y

The Trane Company Y Y YY Y

Trane Sentinel, Inc. Y Y Y

United Technologies, Building Systems Co. Y Y Y Y Y Y Y

Vigilance Systems Corp. Y Y Y Y Y Y

Voltage Control Corp. Y Y Y

Honeywell Y Y Y Y Y Y
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Energy Controllers

SUMMARY

The capabilities of commercially available products varies

widely as shown in the brief tables. This reinforces the

need for good plans and specifications to outline what is

expected of the manufacturer. The manufacturers definition

of an application program may not match what is specified,

so due caution is necessary in review of seemingly qualified

proposals.

A sample calculation of savings potential follows for two

extremes of the presented systems; time clock control versus

small EMCS control of an air handling unit.
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Sample Savings Analysis

A manual technique for calculating savings is outlined in

"Standard EMCS Energy Savings Calculations". This technique

will be used to compare three options as an example:

1) Time clock control only.

2) Time clock control and pneumatic control

retrofit.

3) Small EMCS control.

The example is for a hypothetical six zone multizone unit

located in a building in Springfield Missouri. Pertinent

information follows:

Area Square Footage = 20,000 SF

System Total Air Volume = 15,000 cfm

Outside Air Requirement = 3,000 cfm

System Fan Total Static

Pressure = 3.0" wg

Fan Brake Horsepower = 13

Fan Motor Horsepower = 15

Constant Cold Deck = 55 degrees

Constant Hot Deck =100 degrees

Dry Bulb Economizer

No Night Setback or Optimum Start/Stop

24 Hour Operation

5 Day Use, 0800 through 1700
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Building Thermal Transmission = 0.81 Btu/hr

ft2degree F

0.8 KW per ton Centrifugal Chiller

0.70 Boiler Seasonal Efficiency

Natural Gas Fuel = 1,031,000 Btu

per MCF

The calculation procedure follows the guide referenced

above. Table 17 is the summary table of calculations based

on two time clocks. At $0.05 per kilowatt-hour and $5.00

per MCF of natural gas, the savings potential of this system

is $8,523 for a $400 investment in time clocks.

Table 18 is the summary table for time clocks and control

retrofit for hot deck/cold deck reset. The savings becomes

$11,716 for a $1,100 investment in retrofit components.

Table 19 is the summary table for EMCS control. Cost

estimates are from "EMCS Cost Estimating Data". Projected

savings is $19,375 (based on $20.00 per hour for labor) for

$4,856 investment in interface equipment. This cost does not

include the cost of the small EMCS system, only the

interface hardware. Payback will be substantially longer if

these costs are included.

Selection and Implementation

of Single Building EMCS Page 150

• € , o , ,. g , ,"2",-i,." " . .,' ;. " 2 '. - ...-'. ..-. "-.. ...-. '". .'.... . . . ...... . .... .".-.-. . - ."-. . ....



C) C) ~

4 ~ -4 -4oN

- co qc'

c-

C) 1- -41

r- 0 CD. 4.

FAK~ I
Gs s:li

F- - --v- 0 '. C) C> 
-"

4cL 0 4 Dw. li W. oK
1 0 -2 '-IKI Cooi-II

rp L)4 %a04(4ad

sI i5 III4
0~C Im.KK K 9i~

10 g I I~ =I 14 e
03 K'K 0o0

CI wh

ii x0 K I. ILIL.d3

" 0 . 4 w 1

w .0 am " 0 0 o0 0 4 w
CD CD~ A" A = .

-n - -o-- i--on

0

W 4 " a 9-4 V 0 V4 -1

U 'sII
b- -o Q W W- - -0 - -l

Page 151



-C) C);. .- C)~.- - -~- .

U-- O al. -O - O

001

S- -n an - - --

a) 1-0 UU,-

4- ~ .- - - - -

0

U, 0

*~C 0 - - --

C0C
C) C CO)

CV m 00

0 % 0 0.%

- ~ P bU .j0~'
KC g id PC C

'.-'- C.

~~0 .,1fJ

U3O . C.i 00IK i

cc .I I %. , U b

KU3 40.4 1 x.iw ?A d
LDl mw 

-Z 

%.'
KK~C x 0 K c

"A I ccxA
_1% 96 A~ he. x I ILdI

00 Aa CI II Ai

C= mw a- 0aa 6.

** K 14W as aa o *
UU~14 C C ~h ~~ U Ln .- tI.

opp

0s as va
60 v V4 W, '

"4 V- IS coNg U 'U
-1" "4 bd a a

44 bd 4 0

Page 152



toU 4 0  m 0 0

C~~nL) r-. o, c
U42)

0 .. C.J to"~-4) 0LO
:0 -g 009 LDC ) nC

ELA~CY C) 0CONL

00O 0 0- :
0h CD CD4 4-'- r-I

C:) C') - c

CD CCOC9 C:)C PC

CD -4O c j:,
x- di C) r

*~1 
0 0...

PC 0, *'0*

5 L~*n c!II-

go kn an sk t C

. U) U3 AbpIIC~

so W U3c I I A d C
* In *0 K ' cii

01a CC Id.o l S C

0cab wiUr
0.6 OU bex

.4IshiKD tl CD h~

C4) bd I d " " I

in~£ CD0 n

~~~~~ or r~ I~1
Id6

~lK. .17~ 5 l
KM £**J

-I-I . *.be e A

w a.

C'44

Id 0 1 C ' m

bebe1be'.441 4 U4 VS 4

Page 153



Chapter 3: Selecting Single Building Energy Controllers

The results are summarized below:

Cost Savings Simple Payback

Time Clock $400 $8523 1 Month

Time Clock $1100 $11716 1.1 Months

& Controls

EMCS $4856 $18215 3.2 Months

Obviously, with the poor original system and high building

loads, the payback looks very good. Comparative studies
V such as this are used to compare various levels of control.

For systems operating continuously, time clocks will be a

substantial improvement if operation over 24 hours is not

required. Control retrofits, as discussed under time

clocks, are also possible, however, routine maintenance is

required to achieve projected savings through semiannual

calibration. EMCS systems offer the greatest potential for

total building management.
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Conclusions

The proper selection of an energy management device for

single buildings requires a comprehensive evaluation of

savings potential for each alternative. The results are

quantitative only, however, and the qualitative

considerations of maintenance, expandability, and

flexibility must also be considered. A time clock, at the

low end of the range, is a high maintenance item with very

limited flexibility. If building schedules are very routine

and predictable, using clocks for shut-down may be

acceptable. If schedules vary, either clocks will be

rescheduled, or override switches must be incorporated into

the circuits. Experience has shown that time clocks are

prone to mechanical failure, and frequent abuse. When

properly applied and maintained, time clocks are a practical

alternative.

Duty cycling devices and demand limiters serve the sole

purpose of monitoring and controlling electric demand to

reduce utility billings. Application requires a diversity

of loads, which may not be present in smaller single

buildings. When these devices are used, proper override

controls must be incorporated to prevent high or low

temuperature extremes.

°.

Programmable controllers require a special knowledge of

ladder logic programming techniques. These devices are

applicable where a micro EMCS has excess capability for the

il
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Chapter 3: Selecting Single Building Energy Controllers

given application, and where reporting, monitoring,

print-outs and other feedback items are not required. These

controllers do offer direct digital control, which can

-override or replace existing controls to create versatile

and very powerful system control sequences.

Micro and small EMCS have the greatest capability and

applicability for single buildings. These devices offer the

ability to maintain building control from a single location,

and monitor equipment status, temperatures, power

consumption and more.

The proper selection must be made based on desired control,

savings potential, estimated costs, economic payback, and

budget constraints.

•q.
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CHAPTER 4

GUIDES TO-EFFICIENT INSTALLATION

This chapter is devoted to examining the actual hookup of

EMCS controls to air handling unit fans, chillers,

reciprocating compressors, boilers, and components of air

handling units.

The tie of time clocks into fan starter circuits is

necessary for effective control. The implementation is

presented along with integration of single and dual setpoint

night setback thermostats.

The supervisory control of chillers and reciprocating

compressors is presented. Boiler control interface is

discussed with reset concepts. Typical air handling units
are presented, with details on control of the individual

sections.

Only control interface details applicable to time clocks,

processors, micro and small EMCS are presented. The

capability to monitor also exists. The details of

monitoring are presented in Figures 4-1 through 4-29 of

NAVFAC DM-4.9 "Energy Monitoring and Control Systems".

Symbols used are either standard industry symbols, or

special symbols presented in Figure 1-30 of this reference.

A list of standard symbols is included in Appendix D.
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Chapter 4: Guides to Efficient Installation

Time Clock Interface

The general interface technique of on-off or open-closed

relays is presented here. These apply to time clocks, duty

cyclers, demand limiters, and digital outputs from

programmable controllers, micro EMCS, and small EMCS.

The digital interface is normally tied into the fan starter

circuit. The exception to this is when fans are of

fractional horsepower and the control relay is interfaced

directly into the line voltage power feed to the motor.

Typically in a magnetic starter circuit, the high

temperature cut-out, low temperature cut-out (fire and

freeze stats, respectively), and/or the smoke detector, are

wired in series such that a break in any one of these

normally closed devices deactivates the starter. When the

contact closes the motor is reactivated. Controls are

sequenced to close outside air, return air, and exhaust air

dampers when the fan is deactivated, and send other devices

to fail safe conditions.

Figure 18 details normal control relay interface into the

holding coil circuit of the starter. Note that wiring must

be in series such that other safety devices and overloads

are never removed from the circuit. When night setback is

required, for low temperature only, a two position

thermostat is wired in parallel with the new control relay.

This device is a normally open contact, which closes below

the set point. The typical device is selected with a
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differential, which is the difference between make and break

of the contacts, of 2 degrees. The wiring of the night

setback thermostat is shown in Figure 19. Where both night

setback and setup are desired, a second thermostat, or a

dual setpoint thermostat is wired in parallel with the new

control relay as shown in Figure 20. If the temperature

falls below the low setpoint or above the high setpoint,

this would cycle the controlled unit on until the

temperature increases or decreases through the differential.

A wide variety of electric thermostats are available.

Consult manufacturers catalogs for selection.
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Chapter 4: Guides to Efficient Installation

Primary Cooling Equipment

The interface to chillers, condenser water controllers, and

reciprocating compressors is presented in the five figures

which follow.

The control of centrifugal chillers is normally done in

three ways. The first option is to directly intercept the

pneumatic control signal from the chiller controls to the

inlet guide vanes. In this centrifugal device, the

positioning of the inlet guide vanes controls capacity of

the device. This option is not recommended, as all of the

manufacturers safety controls to prevent surge are bypassed,

and damage or destruction of the chiller could result on

EMCS control failure.

There are two practical options. The first is feasible when

analog output is available, which would be typical of a

programmable controller, or micro or small EMCS. Figure 21

shows the control configuration to reset a two input

pneumatic controller to limit demand, and reset chilled

water temperature, thus this device serves dual purposes.

If a standard controller has a set point of 44 degrees and a

*4 degree throttling range, a 45 degree water temperature

will adjust chiller capacity to 75 percent. If unloading of

the chiller is desired, the set point could be reset to 45

degrees for example. The actual chilled water temperature

of 45 degrees will, through the controller, reset chiller

capacity to 50 percent. This reduces demand as desired.
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Chapter 4: Guides to Efficient Installation

The most important feature of this method is that no chiller

controls are bypassed. This method is recommended where

chillers are under warranty or extended service plans.

Where analog outputs are not available, as is the case of

most duty cycling and demand limiting devices, the control

circuit for chiller maximum capacity can be intercepted.

This is detailed in Figure 22 for a standard capacity rotary

switch of 40, 60, 80, and 100 percent. The normally open

relays are positioned in each leg, and the duty cycle or

demand program selects the capacity desired. If the chiller

maximum capacity is set at 80 percent and demand reduction

is required, switching to the 60 percent relay is executed,

and so on, until demand is reduced. Note that if the

chiller is only operating at 50 percent, the reduction of

the maximum capacity switch from 80 to 60 percent will not

reduce demand. For this reason, it is normally desirable to

intercept the chilled water temperature controllers as

outlined in Figure 21. On intercepting the capacity

switching, one relay should be normally closed to continue

chiller operation in a default maximum capacity condition on

4 EKCS shutdown or failure.

Figure 23 details reset of a condenser water temperature

controller. Lower condenser water temperatures are

desirable to reduce chiller power consumption. Reset is
best accomplished by replacing the existing single input
controller with a dual input controller, providing the

second input as the reset signal from an analog EMCS output.
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Reciprocating chillers are normally controlled by

pneumatic-electric switch (PE) activation, where the PE

switch pneumatic input signal is from a standard controller.

Two cases occur. The first is where either several

compressors, or several stages of a single compressor, are

activated by several PE switches. In this situation, lock

out of these units is normally accomplished through a

normally closed relay (if operation is desired on EMCS

shutdown or failure) or a normally open relay (if operation

is to stop on EMCS shutdown or failure) wired into each PE

switch circuit. This is shown for a two stage control in

Figure 24. Control of nominal horsepower hermetic

compressors should be through a digital output relay in the

electric thermostat control circuit, similar to Figure 22,

where the control signal is the 100% circuit only.

The second case occurs where the coil is activated by a

single PE switch, with internal controls providing

unloading. Figure 25 details control of this option.

Control of these primary refrigeration machines should be

done with due caution. When in doubt, always consult the

manufacturer. Whenever chillers are controlled, emphasize

design of the interface which does not circumvent any of the

built in safety controls and devices.
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Boiler Control

Steam and hot water boilers require slightly different

control techniques. Steam boilers are operated off of a

pressure controller. Normally this pressure setting is

determined based on the needs of the connected coils, heat

exchangers, and other devices. EMCS control for single

building applications is best accomplished in controlling

the using devices to minimize use of steam, which will in

turn reduce loads on the steam boiler.

Hot water boilers are controlled from temperature

controllers. Where reset is not utilized,the controller is
1j single input. This controller is replaced with a dual input

device, with the second input from the EMCS to reset the

controller setpoint. The setpoint reset can be based on

outside air temperature, maximum zone load, return air

temperature, and any other reset variable. A typical

control scheme is shown in Figure 26.

Where boilers are controlled from two position electric

controllers, reset does not apply. Control should be on/off

similar to nominal horsepower hermetic compressors, as

discussed for these devices.
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Air Handling Unit Control

All air handling units are comprised of three main sections.

These are the "mixing" section, the "air handling unit"

section, and the "terminal devices" section. Almost any air
handler in production today, or currently installed, can be

modeled by selecting one schematic from each of these
sections and combining. Each section has its own method of

control. Control systems which are further refined

interconnect some of the control between these sections to

provide reset and optimization.

Four typical systems are shown. Figure 27 shows a single

zone system which could be controlled as a reheat system, a

standard heating/cooling system, or a variable air volume

system. Figure 28 shows a terminal reheat system. Figure

29 shows a multizone system, and Figure 30 shows a dual duct

system.

.1
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-' Mixed Air Section

The mixed air section is the location where outside air is

mixed with return air. The control of this section should

be checked and calibrated at least semiannually to ensure

maximum savings. Three typical mixed air sections are shown

with EMCS control interface.

Figure 31 details a section with a fixed quantity of outside

and return air. To control this system pneumatically, main

air is sent to a minimum positioner where the output is

adjusted to set damper position. To provide time clock (or

any other digital control) of the outside air damper, the

pneumatic branch line to the damper operators is intercepted

with a solenoid air valve.

Where a dry bulb economizer exists, Figure 32 details

interface requirements for closing of outside dampers. It

is important that the final branch line to the actuator be

intercepted. If the EMCS is used for economizer high limit

changeover, the two position reverse acting controller C-1

AI is replaced with a solenoid air valve.

Where enthalpy changeover is desired, the EKCS commands the

solenoid air valve V-2 to pass main air below the changeover

valve, and vent to atmosphere (C to NO) above the

changeover. Solenoid air valve V-1 is used for night shul:

down of outside air dampers to full closed when desired.
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These mixed air sections can proceed any of the air handling

unit sections described in the following section.

'C.
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Air Handling Unit Section

The air handling unit section contains numerous devices;

proportional chilled water coils, direct-expansion coils,

bypass sections, steam coils, hot water coils, and electric

resistance coils. There are other devices, but all are

controlled in a similar fashion.

A chilled water coil is a typical proportionally controlled

device. In single zone systems the coil is normally

controlled directly from a room controller. In multizone or

dual duct systems the control is normally from a discharge

sensor. Figure 34 illustrates the typical EMCS tie to a new

dual input controller for reset of cooling coil leaving

conditions.

Direct expansion or "DX" coils are activated by liquid line

solenoid valves, normally from a PE switch. To lock out

mechanical cooling for duty cycling of the compressor,

demand limiting, night shutdown, or reset, a normally closed

EMCS relay is wired in series with the PE switch connection

as shown in Figure 35.

Where a DX or chiller water coil runs wild and capacity is

controlled by face and bypass, reset of the bypass section

controller, and thus the leaving air temperature, is

controlled as shown in Figure 36.
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Two position coils such as steam are controlled by an on-off

signal, again normally from a PE switch. Lockout of heating

is performed with a normally closed relay as shown in Figure

37. (Caution! Watch out for freeze-up of coils.)

Hot water coils can be controlled in a two-position
sequence, but are often controlled proportionally. Reset of

heating coil discharge temperatures is shown in Figure 38.

Electric resistance devices are either controlled

proportionally, or staged. Where proportional, reset the

controller input as shown for the hot water coil of Figure

38. For staged coils, a control relay is normally placed in

the control circuit of each stage of the heating to allow

total or partial shutdown.

Each of these examples of the air handling unit section can

be combined with any of the preceding mixing sections, or

terminal devices sections to follow.
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Terminal Devices Section

After heated and/or cooled air leaves the air handling unit

section it is either delivered directly to the zone,

tempered, or mixed.When delivered directly to the zone, no

further control is required.

Tempering of the air is either done with reheat coils using

hot water or steam, or staged electric reheat. Figure 40

illustrates hot water or steam coils,which are

proportionally controlled as shown. While each coil could

be reset, this is not practical due to the large number of

devices. The normal control override is to either break the

control signal to the coil if the valve is normally closed
(this sends 0 psig to the valve, so it remains closed), or

to switch the air pressure to the valve to main air if the

valve is normally open. These options are shown in the

figure.

Staged electric reheat is similar, with venting of the

branch line or sending main air to the branch line entering
the staging controller. A normally on example is

illustrated in Figure 41.

MultLzone and dual duct mixing boxes are examples of the

mixing process for capacity control. The processes are the

same except for location. In multizone systems, the mixing

box hardware is attached directly to the air handling unit.

In dual duct systems, the mixing boxes are connected to
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branch ducts throughout the building. Figure 42 illustrates

the multizone terminal device section and Figure 43

-" illustrates the dual duct terminal device section. Control

branch lines to either device could be intercepted if

desired as previously illustrated.

'-,

.
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Conclusions

ENCS or time clock interface should be kept simple. The

existing control sequences must be fully understood prior to

interface. The controls should be tested after interface to

assure that the sequence continues to operate as required.

The three sections illustrated are combined as appropriate

to give complete systems. Both the interaction between

standard controls of each section and EMCS control of each

section should be fully examined prior to implementation.

4"
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CHAPTER 5

SUMMARY

The study of selection and implementation of single building
EMCS has proceeded in three main steps which parallel the

actual design phase. To summarize, these steps where

1) Selecting Appropriate Buildings
2) Selecting Single Building Energy Controllers

3) Guides to Efficient Installation

The first step is the selection of appropriate buildings.

Where available, utility billings should be examined to

determine seasonal trends and equipment average and peak

loading by month. This is useful in examining the ability

to recover from peak demand load shedding and reset

techniques. The operation of the building and the tuning of

' the heating, ventilating, and air conditioning system is an
important phase of the building selection. Buildings where

controls do not operate properly, or where systems are not

adequate to meet loads, or where systems are oversized,

should either not be selected, or they should be corrected

prior to EMCS implementation. The controls which exist must

be thoroughly examined. If the existing controls are not

understood, there is no way to determine which EMCS

strategies are applicable. It is of utmost importance to

verify that the controls actually installed match the
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Chapter 5: Summary

documentation used in the study. Where metered data is not

available, measurements should be taken to verify actual

power drawn of components. Long term metering is possible if

desired. Standard techniques exist today for computer

simulation to model base cases and alternate EMCS

opportunities. The programs range from the very simple to

the very complex. Select an appropriate model for the

building being considered. All of these factors should be

carefully weighed to identify initial candidates, followed

by the detailed calculation of savings potential as shown in

Chapter 3, and detailed in Appendix D.

The second step is the selection of the single building

energy controller. The general procedure is to first review

the available application programs, and compare these with

building operating schedules and existing control sequences.

Second, create a list of possible application programs to

examine, and calculate the savings potential of each

incrementally. Third, examine available equipment, and

determine what level of control (i.e. time clock,

programmable controller, duty cycler, demand limiter, micro

EMCS, or small EMCS) is required to carry out eac:h option.

Compare the incremental savings with the cost of each option

and evaluate economics. Select the system which meets

current objectives for economic justification and other

criteria.

After the system is selected, the installation must be

coordinated. The interface to each system must be carefully
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examined. All EMCS controls must be installed to "fail

safew in appropriate equipment operating modes.

The selection and implementation of single building EMCS is

a lengthy process which can be easily accomplished through a

step-by-step approach as outlined in this report.

Q.

,4

.4.
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BOILER ANID FUEL CONVERSION CONSTANTS

~Selection and Implementation

I of Singlo Building ENCS Page 201

4,, ;€, .- , , -, ,';,., .: ,..,; . ...... .. ; ..... . , . . . . . , . . .,. -_. ... . .- .. . .



P I l m m L b *. .. .. . .- : 2- .' .-. .. , - : -q. , ' ,- ., .. _. - -

Equivalent Units for Defining Boiler Output

Item Equivalent Units
.5

1 Pound steam, from 970 Btu/lb

and at 212 degrees

1 Square foot EDR steam 240 Btu/hr

1 Square foot EDR water 150 Btu/hr

1 Boiler horsepower, (Bhp) 34.5 Pounds of steam/hr from

and at 212 degrees

33,472 Btu/hr

139.5 Square feet EDR steam

223 Square feet EDR water

Item Equivalent Units

No. 2 0il 140,000 Btu/gal.

No. 5 Oil 148,000 Btu/gal.

No. 6 Oil 150,000 Btu/gal.

1 Therm 100,000 Btu

S1Kw 3,413 Btu
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OUTDOOR AIR REQUIREMENTS FOR VENTILATION
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Tsble 3 OUTDOOR AIR REQUIREMENTS FOR VENTILATION
3.1 Congrdal Fad~Ues (Offtce, stores, $hops, houis, SP"rt fedilhe, etc.)

Itm Sas.Ossis Ak Raqusywo

maml m i oa
Snow"ae Is-Nf .meew km...
S m a Im O u t l e t slm a d dh N m .4mok lm U s -9 ! M

3!commercial 10 - is - 7.73 A blnk(-
ildicaigs that
smoking (or sm-
smoking) in a
spmo sboud am

StorPipck-up
am30 35 10 17.5 S

Lausis 20 35 15 17.5 7.5 Dryclsaning
wCOMSU May

Coi-oprad 

'p m e i

*drydalanint 20 - Is- 7.5

Sawmu
Diirooms 70 35 7 17.5 3.5

Kimceem 20 - 10 - S

Cafeterias.
fto food
fadlifies 100 35 7 17.5 3.5

Bars aod

bangs 200 so 20 25 5

tovelts. nos. ct.otl sawn us -*3 pm

Parkin
ping
(andosed) 1.5 1.5 7.5 7.5 Distibution mos

consder worer locato,
4Anso Repair and couccostion of

wwkroamsrwofm cgias; swnab
(gmr)1.5 1.5 7.5 7.5 whursaiauamarun

sweet iscotporala systoms
for podsiv ne
lmom Withdrawal.

Deolaes CrcIo ladeodm of roomia

Lllqmsou so 25 25 IL2.mi
so s0o5 25 25 ludepmentfcomlim

boma" cdaeciy for

clostpolso U/s poos.
L is30 is 5 7.5 2.5

* tmrsi ~sol)5 35 7 17.5 3.5

Ammmi rem (Imp) 120 3S 7 17.5 3.5

*Oieaiu120 35 7 17.5 3.5

offloatell 7 20 5 10 2.5

4,mdo3 17.5 3.
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Table 3 OUTDOOR AMR RIDQUIRDMT FOR VMNTHAllON (cent.)
3.1 Coimwmodal VaUU.6d (cent.)

O.MserA qu mmama

euomubma m....pW Swe NeetineMfmUsb NWum Coundef
pemw elm/t mlw LI. 02 Flee

crfwima
uifnda m 0.02 0.02 0.10 0.10

dim/e wmimd L/s ,- MOr mimil
Puberirum100) 75 -37.5 -

Locked Us - kck

soa 5 35 is 17.3 7.5

llmweo Siaog/p.... L/9 gme

sa o 30 25 S 12.5 2.5

Uppor flowsa 20 25 32.5 2.5

isinam 25 5 5 32.5 2.5

*Drmeftrooaw 25 5 32.5 3.5

mawb~ucmn 20 30 s S 2.5

Sipple&rmivm
arm 10 30 5 5 2L5

Wwaum 1 0 5 5 2.5

Emm,. - is - 7.5

soemgrom 70 so - 25 -

aap 25 35S 20 17.5 10

Gr30m - is - 2.5

mINumm to 35 10 7.5 LS5 itrweda

cwsrn II Le ms - L

to 3s 7 37.3 3. Wmllmmm

lamo for lieme - of

4a4..w~~~in. L's 2 - 20 phImfm

Itoee 3 35 7 17.5 3.5

S~e ~70 35 7 17.5 3.5

Em/pmk .5 L SWI.,-

is ? 17.5 3.5
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Tabl 3 OuTDOOR AMR REQUIREMENTS FOR VENTILATION (cost.)
3.1 Comudul Fadae (cout.)

Eidme*dnd

dae l/parma L/s posse

TI"a benehs 20 5 10 2.5

* LabW., fo~eee.

5- mibefumm
rgapiae

IamA oo
350IS 35 7 17.5 3.5

UNP16 TV &ei
su"e 70 - 10 - 5 su 1 aeatlatma~

will be seedeod to
5. ~dimaiwe speia
5' stapeffects(es.

%' dry ice vapors.
-i. etc)

Wmid ai requir

hMs ptooines ~ 1om 0 - 3 2.5 Spam misntaiaw at
lowcmparatum

%(-3 F to+50 F. or
-5' -23*Cso +lO*Qm

sat covaed by them
* requirements ale.

the omopaey is
teouma. v.si
Nation fromt adjoiniag
wma is permisuible.

.9 What the occupancy is
ieuitteat. if-

Irtia ill forhmally
* aowed thm vmudledou

reuirsumL riee( 21)
Phmwe~oo30 - 7 - 3.5

ba 10 - 3 2.5

Cmfamom 10 - 5 2.5

mcbow to 20 1 0

efmft raew U/S as fee inawaflquipam must
Dap~mft p*Uo baopotm"epoeidea-

-- 0.5 - Ls5 bastcoahrolasre

Comamiamts (toxic or

aemwoom so 25 512.5 2.5
Laheesmids 30 - 10 - 5 Spea" onam

cotol Symsta may
s be requred for pro-

namaor fuactom
baiglaboratory

Trsb~30 3 7 3.5 ~animal owupecy.
Muanedsom 30 35 7 17.5 3.5

Ljbrasw 20 - S- 2.5
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Tzb 3 OUTDOOR AIR REQUIREMENTS FOR VENTILATION (coal.)
3.2 Iasiltudonal Fa llds (cost.)

%
*Esimated ocpny

oIN. now ". Otdoor Air Requiremesmi
Use ody wham deig.

oce¢mmM Is not kmowi. Smolkims Nomgm4noldu Snoldme Noemsmoklog Comm ms

Hspima. Nanift A Special requirements
.. Camemvem Nal or codes and pressure

relationships may
determinemmimum
ventilation rates and
tdter efficiency.

,fn/bed L/s • bed
Patient rooms 1O 35 7 17.5 3.5

cfI/pum L/s pae.oa
Niedicall x-.ure
arem 10 35 7 17.5 3.5

Operating roos, Procedures generating
aeliver :oom 20 - 40 - 20 contaminants may

require higher rates.
Recovery a intensive
ewe rooms 20 - IS - 7.5

Autopsy rooms 20 - 100 so Air shall not be rcircu-
S.| lated into other spaces.
S- Physical therapy

sam 20 - IS - 7.5

Tal 3 OUTDOOR AIR REQUIREMENTS FOR VENTILATION (comt.)3.3 Redemdal F dISI. (Private dwelft pl , stle or multiple, low or bhla rise)

Omwdar Air 1u"mWma CemN bf

Operable windows or mechanical ventilation
systems shalt be provided for use when
occupancy is greater than usual conditions
or when unusual contaminant levels are
panratadwithin the space.

Iumlving are to 3

ndl-rooI 10 5 3

AN mer room 10 j Ventilation rae is indpendent of room

Kllebmr 100

116111 tmlts so

daIe sm Ids • WItl caact for

Ga-(sperate for esc intrmitnt o
d rallnguoa) 100 so

-ar" (m d /f f w L/ ISmafl

Maw AiN) 1.5 7.5

Tlb 3 OUTDOOR AiM REQUIREMENTS FOR VENTILATION (cort.)
3.4 Industrial Faiti

Ow ed d ndW ar g m s aies. * i prom l r
no foslwls N Owls t dws Is fb o*@p oiy, . iIm m tn d

sksoaquyapal torasefta lo stia~l 3m 6.1. AM oftiaqm-
my be Im im a Prt of a poieus

dm/mInm L/e-

NO Aaftly laud (23 mor 3 0 17.3 I0 MI o.immi. sac.

Ls5aw k bydb (1.5 no)iU.1/1 . M; 3.5 Lab - I -.k
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TYPICAL AMPERAGE MEASURING DEVICES

-II
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Hand Held Clamp-on Meters

These devices are used for instantaneous readings of

amperage only. To calculate kilowatts accurately, voltage
must be measured also. This list is based on data from the

"TRANSCATALOG" handbook of calibration, test and measurement
*instrumentation, TRANSCAT Company, Box D-1, Rochester, N.Y.

14606, phone 800-828-1470. This equipment is typical.
There are many other manufacturers.

A) Current Gun # 7334E

Price: $295.00

Amperage: 200A or 500A maximum

Typical Accuracy: +- 0.75% full scale to 100A

+- 3.0% of reading 100A to 200A

Display: 3 1/2 digit LCD

Power Supply: 4 size AA batteries

Remarks: DC or AC measurement. 3/4" maximum jaw

" capacity.

B) 60 Hz clamp on Meter, #7405E-60

Price: $169.00

Amperage: 0.1 to 999A

Typical Accuracy: +- 2 percent, +- 1 digit

Display: 3 LED's, 0.270

9'

'a
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Power Supply: 4 size AA batteries

Remarks: AC Amps, AC Volts, or ohms measured. 1.4"

maximum jaw capacity.

C) Clamp-on Wattmeter, #7411E

Price: $389.00

Amperage: High range 0.1 KW to 199.9 KW

.4 Low range 0.01 KW to 19.99 KW

Typical Accuracy: +- 2 percent of reading, +-

1 digit

Display: 4 digit LCD

Power Supply: 9 V battery

Remarks: Input current 1000 amps maximum. Calculates

true watts, single phase or three phase wye

or delta. 1 1/4" maximum jaw capacity.

D) AC Power Meter, #7325E

Price: $925.00

Amperage: 2-200 KW

Typical Accuracy: +- 1 percent of reading + 0.5

percent of range

Display: 4 digit LCD

Selection and Implementation
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Power Supply: 4 size AA batteries

Remarks: Measures true RMS Volts, amps, watts. For

* single phase and balanced three phase circuits. 1" maximum

jaw capacity.

,_.

.1
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Electric Power/Demand Analyser

*These devices are used for recording of electric energy and

demand usage. They are intended for submetering to

N determine time varying power requirements. Outputs are

volts, amps, power factor, kilowatts, kilowatt-hours,

kilowatt-amps, and kilowatt-amps reactive.

Price: $2530.00 basic unit

$260.00 300A or 1000A Clamp-on CT

$895.00 3000A Clamp-on CT

Voltage: 60-600 volts, 0.06-500 Mega volts

Accuracy: +- 0.4 percent of reading

+- 0.1 percent of full scale

Amperage: 0.5-10A, 0.001-10 Mega amps

Accuracy: +- 0.4 percent of reading

s +- 0.1 percent of full scale

Power (KW) 30-6000 Watts

0.001-999.9 Tera Watts

Accuracy: +- 0.8 percent of reading

+- 0.2 percent of full scale

Features: Automatic printout

16 character display

5 x 7 dot matrix printer

calendar
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CONTROL SYMBOLS

I
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.. .v -.- - - - - -.. .-- . .- . . .

.- (- Capacitor Control air supply

(7 Centrifugal fan - Control valve, three-way

NO

Check valve _.q Control valve, two-way

CBOM Damper motor
-4-- Circuit breaker

-'-,.r- Diaphragm

(7' Coil for solenoid valve

EP Electric-pneumatic relay

- Contact, or point of force application

) Electromagnetic coil

Contact, NC

FS Fire safety switch

-II- Contact, NO

U- Float switch

.I Contactor or motor starter; controller

E ___I~qFloat valve

Selection and implementation
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n Flow swich Industrial-type recording controller

Flow switch, NC Inlet vane damper (for centrifugal fan)

F N
-1-.--Ilo swth NO - Limit switch

Funrj.. C Logic relay

Gas pilot iM.e wih thermocouple Manual switch

-C - Globe valve --oi- Manual switch with thermal overload

P.

Ground connection ) Motor

HAND

OFF "M Hand-off-auto (HOA) switch Motor field coil

AUTO

Heater (heating elem ent or resistor Multipole switch (disconnect switch)

O Humidstat room - Needle valve

Selection *ad implementation
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S( Opposed-blade damper (for modulating control) Pressure switch, NC

X16- Overload actuator Pressure switch, NO

Overload contact Propeller fan and motor

- \ \ Parallel-blade damper (for two-position control) [ Proportioning controller, solid-state

Pilot light, color indicated by initial Pump

_ ~ Plug valve O- Pushbutton, normally closed (PB, NC)

Point of solid contact, as to a device case or baseplate o o Pushbutton, normally open (PB, NO)

::.

* Pressure gage I'j Relay

I-- Pressure regulator (pressure-reducing valve) OR Relay coil--0-

[] Pressure switch or sensor -;W- Relay or starter contact, NC
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"Relay or starter contact, NO -

a SPDT switch with center-off position

" Relief valve p." Spray nozzle

SResistor ' Spring (where identified as such)

* -A~h~.- Resistor, variable .o- SPST switch

Fq Reversing relay Static pressure controller

SC Sequencing controller "F Steam trap

Smoke detector Thermal expansion valve, thermostatic expansion valve

-A Solenoid valve; solenoid valve, two-wayo* Thermal switch, NC

Solenoid valve, three-way Thermal switch, NO

-.- SPDT switch Thermometer, remote-bulb or insertion type

Selection and implementation
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Thermostat, insertion type

L4J Thermostat, remote-bulb, duct or pipe, or insertion type

Thermostat, room

Three-pipe control valve

10 Time-delay switch, NC, instantaneous open after energizing, timed
TC close after deenergizing

Time-delay switch, NC, timed open after energizing, instantaneous
07 TO close after deenergizing

SIaC Time-delay switch, NO, instantaneous close after energizing, timed
TO open after deenergizing

°-T Time-delay switch, NO, timed close after energizing, instantaneous
ATC open after deenergizing

k1 Transformer

.q.,.,p- Transformer coil

LI Wiring terminal with identification

selection and Implementation
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Appendix E: Glossary

Algorithm: A set of well defined rules or procedures for
solving a problem or providing an output from a
specific set of inputs.

Analog to Digital Converter: A circuit or device whose
input is information in analog form and whose output
is the same information in digital form.

Architecture: The general organization and structure of
hardware and software.

ASCII: American Standard Code for Information Interchange.
An 8-bit coded character set to be used for the
general interchange of data among information
processing systems, communications systems, process
control systems, and associated equipment. Various
character/graphic subsets are discussed in FIPS PUB
15.

Asynchronous Transmission: Data transmission in which each
character contains its own start and stop bits.

Automatic Temperature Control (ATC): A local loop network
of pneumatic or electric/electronic devices which are
interconnected to control temperature.

Background Programming: A feature of computer hardware to
provide a means of writing, testing, and debugging a
software program on the computer at the same time the
computer is performing other "Real Time" programs.

BASIC: An acronym for Beginners All-Purpose Symbolic
Instruction Code, a high-level, English-like
programming language used for general applications.

Baud: A unit of signalling speed equal to the number of
discrete conditions, or signal events, per second.

Bit: An acronym for binary digit. The smallest unit of
information which can be represented. A bit may be in
one or two states, represented by the binary digits 0and 1.

Boostrap: A technique or device designed to bring a
computer into a desired state by means of its own
action.

Selection and Implementation
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Buffer: A temporary data storage device used to compensate
for a difference in data flow rate or event times,
when transmitting data from one device to another.

Bus: A circuit path (or parallel paths) over which data or
instructions are transferred to all points in the
computer system. Computers have several separate
busses: the data, address, and control busses are
those of greatest importance.

Byte: Eight bits.

Central Memory: Core or semiconductor memory which
communicates directly with a CPU.

Central Communication Controller (CCC): A computer that
performs data gathering and dissemination from and to
the FIDs, as well as providing limited backup to the
CCU.

Central Processing Unit (CPU): The portion of a computer
that performs the interpretation and execution of
instructions. It does not include memory or I/O.

Central Control Unit (CCU): A process control digital
computer that includes a CPU, central memory, and I/O
bus.

Character: One of a set of elementary symbols which
normally include both alpha and numeric codes plus
punctuation marks and any other symbol which may be
read, stored, or written.

Clock: A device or a part of a device that generates all
the timing pulses for the coordination of a digital
system. System clocks usually generate two or more
clock phases. Each phase is a separate, square wave
pulse train output.

Command Line Mnemonic (CLM): A computer language consisting
of a set of fixed, simplified English commands
designed to assist operators unfamiliar with computer
technology in operating the EMCS.

Command Line Mnemonic Interpreter (CLMI): Software used to
implement the CLM language.
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Compiler: A language translator which converts source
statements written in a high level language into
multiple machine instructions. A compiler translates
the entire program before it is executed.

Control Point Adjustment (CPA): The procedure of changing
the operating point of a local loop controller from a
remote location.

Control Sequence: Equipment operating order established
upon a correlated set of data environment conditions.

Crowbar: An electronic circuit which can rapidly sense an
over voltage condition and provide a solid-state low
impedance path to eliminate this transient condition.

Data Environment (DE): The sensors and control devices
connected to a single FID/MUX/IMUX (IMUX only in small
and micro systems) from the equipment and systems
sampled or controlled.

Data Transmission Media (DTM): Transmission equipment
4o including cables and interface modules (excluding

MODEMs) permitting transmission of digital and analog
information.

Deck: In HVAC terminology, the air discharge of the hot or
cold coil in a duct serving a conditioned space.

Demand: The term used to describe the maximum rate of use
of electrical energy averaged over a specific interval
of time and usually expressed in kilowatts.

Demultiplexer: A device used to separate two or more
signals previously combined by compatible multiplexer
for transmission over a single circuit.

Diagnostic Program: Machine-executable instructions used to
detect and isolate component malfunctions.

Direct Digital Control (DDC): Sensing and control of
processes directly with digital control electronics.

Digital to ANalog (D/A) Converter: A hardware device which
converts a digital signal into a voltage or current
proportional to the digital input.
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Direct Memory Access (DMA): Provision for transfer of data
blocks directly between central memory and an external
device interface.

Disk Storage: A bulk storage, random access device for
storing digital information. Usually constructed of a
thin rotating circular plate having a magnetizable
coating, a read/write head and associated control
equipment.

Distributed Processing System: A system of multiple
processors each performing its own task, yet working
together as a complete system under the supervision of
a central computer, to perform multiple associated
tasks.

Download: The transfer of digital data or programs from a
host computer to another data processing system such
as central computer to microcomputer.

Executive Software: The main system program designed to
establish priorities and to process and control other
programs.

Facility Engineer: Person in charge of maintaining and
operating the physical plant. In the Army it is the
Facility Engineer (FE), in the Navy is the Public
Works Officer and in the Air Force is the Base Civil

* Engineer.

Failover Control Board: A bus switch to transfer the
communications function from CCU to CCC in the event
of CCU failure, or the communications function from
CCC to CCU in the event of CCC failure.

Fall-Back Mode: The pre-selected operating mode of a FID
when communications cease with the MCR or the
operating sequence of each local control loop when the
FID to which it is connected ceases to function.

Firmware: A procedure for accomplishing arithmetic
operations where the instruction set is resident in
ROM or PROM.

.* FORTRAN: An acronym for FORmula TRANslation. A
1. high-level, English-like programming language used for

technical applications.
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Hardware: Equipment such as a CPU, memory, peripherals,
sensors, and relays.

Initialize: To set counters, switches, and addresses to

zero or other starting values at the beginning of or
at prescribed points in a computer program.

Input/Output (I/O) Device: Digital hardware that transmits

or receives data.

Interactive: Functions performed by an operator with the
machine prompting or otherwise assisting these
endeavors, while continuing to perform all other tasks
as scheduled.

Interpreter: A language translator which converts
individual source statements into machine instruction
by translating and executing each statement as it is
encountered.

Interrupt: An external or internal signal requesting that
current operations be suspended to perform more
important tasks.

Large Scale Integration (LSI): The technology of
manufacturing integrated circuits capable of
performing complex functions. Devices of this class
contain 100 or more logic gates.

Line Conditioning: Electronic modification of the
characteristic response of a line to meet certain
standards. The characteristics include frequency
response, signal levels, noise suppression impedance,
and time delay.

Line Driver: A hardware element which enables signals to be
directly transmitted over circuits to other devices
some distance away.

Local Loop Control: The controls for any system or
subsystem which exist prior to the installation of an
EMCS and which will continue to function when the EMCS
is non-operative.

Machine Language: The binary code corresponding to the
instruction set of the CPU.
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Memory: Any device that can store logic 1 and logic 0 bits
4in such a manner that a single bit or group of bits

can be accessed and retrieved.

Memory Address: A binary number that specifies the precise
memory location of a stored word.

Microcomputer: A computer system based on a microprocessor
and containing all the memory and interface hardware
necessary to perform calculations and specified
transformations.

Microprocessor: A central processing unit fabricated as one
integrated circuit.

MODEM: An acronym for MOdulator/DEmodulater. A hardware
device used for changing digital information to and
from an analog form to allow transmission over voice
grade circuits.

Multi-Tasking: The procedure allowing a computer to perform
a number of programs simultaneously under the
management of the operating system.

Non-Volatile Memory: Memory which retains information in
the absence of applied power (i.e.; magnetic core,
ROM, and PROM).

Object Code: A term used to describe machine language.

Operating System: A complex software system which manages
the computer and its components and allows for human
interaction.

Optical Isolation: Electrical isolation of a portion of an
electronic circuit by using optical semiconductors nd
modulated light to carry the signal.

PASCAL: A "structured programming" high level computer
language.

Point: Individual connected monitor or control devices
(i.e., relay, temperature sensor).

Predictor/Corrector Program: Applications software which
allows continuous prediction of a future value and
subsequent correction based on actual measurements.
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Program: A sequence of instructions causing the computer to

perform a specified function.

Protocol: A formal set of conventions governing the format
and relative timing of message exchange between two
terminals.

Random Access Memory (RAM): Volatile semiconductor data
storage device in which data may be stored or
retrieved. Access time is effectively independent of
data location.

ROM, PROM, EPROM, EEPROM: Read-Only-Memory, Programmable
ROM, Erasable PROM, Electronically Erasable PROM. All
are non-volatile semiconductors memory.

Real Time: A situation in which a computer monitors,
evaluates, reaches decisions, and effects controls
within the response time of the fastest phenomenon.

Register: A digital device capable of retaining
information.

Resistance Temperature Detector (RTD): A device where
resistance changes linear as a function of
temperature.

SHF: Sensible Heat Factor, the ratio of the sensible heat to
the total heat.

Software: A term used to describe all programs whether in
machine, assembly, or high-level language.

Throughput: The total capability of equipment to process or
transmit data during a specified time period.

Volatile Memory: A semiconductor device in which the stored
digital data is lost when power is removed.

Zone: An area composed of a building, a portion of a
building, or a group of buildings affected by a single
device or piece of equipment.
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