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Page 38

Replace Paragraph 2 with:

“The cost of an ~ 1CS project is det~ermined by the system!
functions that individually meet thc criteria of the funding
program. This minimizes the potential of future project incre—
mentation. A prioritization based on the annual energy savings
to investment ratio for each of these system/functions shou3cl be
performed. This prioritization can be useful in some cases
where cost overruns are later experienced and decisions are
required on accomplishing the most beneficial scope of the
project.”

Paragraph 3 -
.

Change introductory sentence to:

“The basic steps for thc~ prioritization of an ENCS project
are:” •

Change items 4 & 5 to:

“4. Calculate the savings to investment ratio and the
annual energy savings to investmen t ratio (E/C) for each alterna-
tive.”

“5. For those alternatives that meet criteri’a, rank in
descending order the alternatives by the annual energy savings

• to investmen t ratio CE/C).”

• Delete items 6 & 7

Page 95.

The cutoff line shown is in error. The project cost is dcterm~ned
by the amount of justifiable scope. It ~uilding ~OO meets criteria.,
it would be included in the project.
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1.0 SUMMAR Y

This document is prepared in accordance with Contract N683ö~~e1S~-OOO7 from
the Civil Engineering Laboratory NCBC, Port Hueneme , California ~~~~~• under the supervision of Mr. Dale H. Johnson , Code L26 , AV360-5795/4661 ,
FTS 799-5795/4661 , AC(805) 982-5795/4661. —

This document establishes methods for performing economic analysis of
- - Energy Monitoring and Control Systems (EPICS) for Energy Conservation Invest-

ment Program (ECIP) and Energy Technology Applications Program (ETAP)
funding .

Analysis for ETAP funded projects are similar to that of ECIP with the
following exceptions :

1. In the economic analysis summary when determining energy savings vs.
investment (MBTU/$K) (line 9) and simple payback , (line 10), design
costs not yet obligated (ib) must be added to line (Ia) for ETAP
funde d projects .

2. ETA? funding is for energy conservation projects of $SK-$100K range .
Projects will be prioritized by energy saved/investment ratio. b

3. ECIP funding is for energy conservation projects of greater than $IOOK
range .

Various common EPICS functions along with typical energy consuming systems
to which they are applied are described . Procedures tar estimating potential
energy and cost savings from the application of each EPICS function are
included . Data for use in preparing EMCS cost estimates has been obtained
through a survey of EPICS manufacturers and is tabulated . Methods for
determining the best alternative uses of an EPICS when funding levels are
fixed are presented . Forms and requirements specifically related to the
completion of an “ECIP Economic Analysis Summary” are included.

General description and derivation of the methods established are included
in Sections 2.0 through 8.0 and in the APPENDIX of this report. Section

- 
- 

9.0 provides a step-by-step example of the use of these procedures.
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2.0 EPICS OVERVIEW

The purpose of this report ~s to provide guidelines for economic analysis
of Energy Monitoring and Control Systems (EPICS) as they apply to basewide
Navy installations . A method is presented for completion of an Energy

• Conservation Investment Program (ECIP) Economic Analysis Summary . This
summa ry may also be used for Energy Technology App lications Program (ETAP)
projects.~~~

Based on the current Navy design philosophy , the primary purpose of an EMCS H-
is to effect reduced energy consumption and thus reduce energy related
operating expenses. This goal is accomplished by exercising control over
energy consuming mechanical/electrical systems . A simplified schematic of
an EPICS is illustrated in Figure No. I.

Generally an EPICS will consist of a master control center , a data trans-
mission system between the central control equipment and each of the build-
ings connected to the EPICS, and sensors and actuators with their related
equipment located in each buildin g connected to the EMCS.

As shown in Figure No. 2, the basic components of the master control center
includes a Centra l Control Unit (CCU, minicomputer), system control consoles
(CRT ’s), mass storage devices (disks), hard copy output devices , and a
Central Communications Controller (CCC). The CCU controls all master
contro l center devices , processes data , executes programs and interprets
commands. The system control consoles are used by the operator to coinmuni-
cate with the EPICS. The mass storage devices are used to store information
that is not currently being utilized by the computer. When a permanent

• copy of an alarm or a report is desired by the operator , the hard copy
output devices are used for this function . The CCC provides the interface
between the master control center and the data transmission system .

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

To interface with the transmission system and subsequently the master - •

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

and to transmit signals to field actuators . For each of these functions ,
the F!D contains signal conditioning electronics to amplify, convert , or
otherwise modify field signals into a standard configuration . The field
interface device also contains analog to digital convertors which convert
analog signals from field sensors into a digital form for transmission to
the centra l control center. Digital to analog converters convert digital
signals from the control center to analog signals for control of actuators .
Typically , sensors connected to the field interface device measure temper- 
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atures , pressures , position of various mechanical devices , relay status ,
switch status, etc . The actuators discussed consist of a variety of devices
includ ing motors , valves , switches, positioners, relays , controllers , etc.

Recent industry trends are toward the use of “smart” field interface devices.
In these systems the field interface device contains a microcomputer system
capable of handling and storing data from sensors, and transmLtting data to
the central control center by exception. These FIDs are designed so they
can continue operation even when communication with the central control
center is interrupted . They are smart enough to do time clock type functions • -•

and some system optimization .

This discussion constitutes a simplified and generalized definition of an - -
~

energy monitoring and control system . There are as many different devices
and configurations for each of the components defined as there are EPICS
manufacturers .

I
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3.0 AN~LYS1S CONCEPTS

The basic steps requ i red in performing an EPICS analysis are :

I. Field Investigation

2. Savings Analysis

3. Cost Analysis

4. Prioritizati on Analysis

5. Overall Economic Ana lysis

Field investigation determines what energy consuming systems art’ present
which an EPICS may control , and what EPICS functions may be performed on
those systems .

The savings analysis determines the potential energy and cost savings f rom
EPICS installation . :~
The cost analysis estimates investment required to install the EPICS.

The prioritization analysis determines which alternatives should he included
in the project in order to provide the maximum sav ings  fo r  a g iven i n v e s t-
ment .

Once the alternatives to be included in the project are determined , an
overall economic analysis of the EPICS may he performed.

I
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4.0 FIELD INVESTIGATION

The primary purpose of the h eld investigation phase of the analysis is to
determine wha t energy consum ing sys t ems are pre sent wh ich may be controlled
by the proposed EPICS. What EPICS t u ~.ct ions may be performed on each of the
systems must also be determined . A b~ ief description of common EPICS functions
is included in the APPENDIX. Also included in the APPENDIX are schematics
of typical energy consuming systems which may be controlled by an EPICS.

In order to perform an EPICS analysis , pertinent information on the site for
which the EPICS is proposed must be gathered. The following information is

- - generally required:

1 . l~ase map showing fac ilit y numbers and general layout of the Base .

2. Utility maps showing Base electrica l distribution , water , sewer , and
communications systems .

3 . Fac ilit y li s t ings indicat ing:

a. Fa cility ID Number

h. Facility Name/Description

c. Facility fl oor area , square feet

4. Utili ty cos t da ta including ra te s t ruc tu res or current prices , and
cop ies of b illings over the last year. Estimated local escalation
rates should be provided if available.

5. Information from the Base Communications/Telephone Office on the
qua li ty, availability, and cost of utilizing Base telephone lines for

- - data transmission .

6. Shop drawings , spec i f ica t ions , or other information on any existing
EPICS or similar centra l control systems .

7. Information on any past , current , or future energy conservation prOjects
such as control upgrades , insulaton projects , etc.

8. Plans for future additions to buildings or new building which mi ght be
connected to or affect the EPICS. Also , plans for demolition of exist-
ing buildings .

9. Listings of critical facilities which should be connected to the EPICS
for monitor ing purposes (computer rooms , fli ght simulators , etc.).

10. “As-built ” mechanical , electrical and control drawings of each building
being considered for connection to the EPICS.

I 
- 

Ii. Schedules of occupancy and usage for people , li ghts , and equipment for
each building. 

L~- -~~~~ .:i ~~~_ _
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12 . Any available small scale p lans of bu i ld ings under considera t ion f or
EPICS connection .

The “as-built ’ mechanical drawings are a necessity for the efficient use of
field survey t ime . Without them , much time may be wasted in try ing to
track down every mechanical room in a building , particu larly if the building
is large and has been extensively remodeled. Because of the large number
of systems and drawings on a nil.itary base , obtaining the re”uired prints
can be a problem . In genera l , if base personnel are simply asked to provide
copies of all mechanical and electrical drawings for the buildings on the
list , difficulties occur. Fulfilling such a request will require 500 to
2000 prints. Base Engineering records departments are not usuall y equi pped
to handle such a load in the time frame needed . Also , many of the drawings
which would be provided by such a request are not needed for the EPICS
design ana lysis. The best solution to this problem is for the EPICS design
enginee r to review the tracing files for the buildings in question. Only

- I those tracings which are absolutely necessary for use in the EMCS field
investigation should be selected for printing . Whateve r approach is to be
uti’ized , it must be clearly defined before the project is initiated and
dates established by which drawings must be provided .

To perform detailed analysis of a proposed EPICS, schedules of occupancy and
usage for people and equipment in the buildings being considered must be
obtained . On some bases this information has been gathered for use in
other projects and may be available through the Base Engineering Office.
If not , it must be obtained . Several approaches may be used , including a
telephone survey of custodians of each building , written memos to the users
of each building , discussion with base maintenance personnel , or visits to
each building to discuss schedules with the occupants.

On some bases , small scale plans of buildings may be available. These have
usuall y been prepared for use in planning, office allocations , fire escape
routes , or other purposes. These drawings are generally on 8-1/2” x 11”
sheets at whatever scale is necessary to depict floor plans of the building .
These drawings are extremely useful in the building by building survey for
the identification and location of systems . If these are not available ,
full scale drawings are not as convenient for the field investigation but
they can be used.

Once drawings are obtained , they are used to plan the survey work to be
done during each site visit. Much time can be wasted without a definite
plan of items to be accomplished during each day of the field investigation
and adequate preparations to meet planned requirements .

The purpose of the field investigation is to determine which systems are to
be considered for EPICS connection and to gather enough information on each
system to allow analysis of that system. Once the design analysis is
completed and the systems to be connected to the EMCS are identified , a
detailed field inspection of each of those systems must be performed in the
final design stage . This detailed survey must closely examine each system
for sensor location , existing controls condition , EPICS interface to local
controls , damper actions , etc . However , the field investigation required
to perform the basic design analysis described in this report does not
require this detailed hardware inspection . The field work for the design

9.
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analysis stage of the project is primarily concerned with identifying the
type of system in question, its current operating hours, its required
oper ating hours , the horsepowers of motors in the system , aw.. other data
required for the analysis of savings which would result from EPICS control
of that system .

The most efficient approach to the field investigation itself has been
found to be the gathering of as much data as possible from drawings of each
building and using the site survey to verify the data obtained from the
drawings. One important aspect of this approach is the development of
standard survey data sheets . These sheets provide a basis for the data
gathering and should include blanks for all data pertinent to the analysis .
Each engineer has a different approach to the survey data recording problem
and whether one uses a separate form for each system type, a single standard
form , a tabular approach , or some other method is not important as long as

t the data are recorded and easily referred to. An example of one type of
field survey data sheet is included as Figures 4 and 5.

- 1
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5. 0 SAVINGS ANALYSIS

Savings resulting from installation of an EPICS may be simply stated as:

S = RC
1-RC~

where:

S = net savings

RC 1 = resources (energy, demand , or manpower) consumed prior to EPICS
installation ‘1

RC2 = resources (energy, demand , or manpower) consumed after EMCS
installation .

Historical data currently does not exist in sufficient detail to allow
direct estimation of either RC1 or RC2

. RC1 is generally available only ona basewide basis. Sufficient ~1ata from existing EPICS installations has not
been collected to allow estimation of RC

2 on that basis . Since historical
data is not available , engineering estimates based on theoretical equations,
accepted engineering practice , and related experience must be used.

The logical basis of EMCS savings calculation is on a function-by-function

I basis.

Where resource consumption is simply a function of equipment running time
or size, straightforward equations may be derived . The equations are
suitable for manual calculations. Where resource consumption is a function
of more complex variables (such as weather conditions , building occupancy,
system type, etc.) more involved analysis is required. This analysis may
require extensive manual or computerized calculations to reasonably simulate
the conditions. The engineer must use experience and judgement in selecting
methods appropriate for each situation. k
Because savings resulting from performing several functions on the same
energy consuming system are interrelated , false duplication of savings in
the analysis must be avoided . This is done by performing calculations in a
hierarchical fashion. Generally, functions performed on a system must be
analyzed one after the other, with each analysis based on the existance of
the previous functions. Examples of such an approach would be found in the
estimation of savings resulting from EPICS control of an air handling unit.
If , prior to installation of the EPICS, the air handler runs 24 hours per
day, even though it is required to operate only 12 hours per day, an obvious
EPICS function to perform is TIME SCHEDULED OPERATION . Another potential
EPICS function might be ENTHALPY ECONOMIZER. The economizer operation
energy savings are dependent on the number of hours per day the air handler
operates. Economizer savings calculations must be based on a 12 hour per
day operation since that is the schedule on which the system will operate
following EPICS installation. In general , those functions which provide the
maximum savings should be analyzed first with other function’s savings
calculated based on the existance of those maximum savings functions.

13. 
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- ods of calculating savings resulting f rom each typical function have
examined and a summary of the resultant equations are as follows (see
lx C for description of the equations and a discussion of simulation

uirements where such is indicated):

ols - The following symbols are used in the savings calculation equations:
control efficiency factor

- fraction of an hour which system may be cycled off during
critical electrical demand situations .

= equivalent full load hours , annually

= number of hours of required operation per year

= number of hours in summer where system may be shut off
because the outside temperature is below a limit.

number of hours in winter where system may be shut off
because the outside temperature is above a limit.

maximum heat transfer capacity of device in THERIIS. p.

1W/HP conversion at 0.746 KW/HP

L = load factor

H = number of months during which load operates only applicable
when demand is calculated monthly (no ratchet clause) and
demand unit cost is in monthly, not annual , units. - -

o = fraction of an hour which system may be cycled off for
consumption reduction.

OD number of days of required operation per year.

PECD = percent energy consumption decrease, annually (expressed in
decima l , i.e. 1% = .01)

PEI = percent efficiency increase per 0F increase/decrease in
CNW/CDW temperature (expressed in decimal , i.e., 1% .01)

SKW Annual kilowatt demand savings

SICWH = Annual kilowatt hour savings

STRE RM S An nual therms heating savings - I’

14.
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Methods of calculating savings resulting from each typical function have
been examined and a summa ry of the resultant equations are as follows (see
APPENDIX C for description of the equations and a discussion of simulation
requirements where such is indicated):

Symbols - The following symbols are used in the savings calculation equations:

C = control efficiency factor

D = fraction of an hour which system may be cycled off during
critical electrical demand situations .

EFLH = equivalent full load hours , annually

H = number of hours of required operation per year

HS = number of hours in summer where system may be shut off
because the outside temperature is below a limit.

11W = number of hours in winter where system may be shut off
because the outside temperature is above a limit.

I = maximum heat transfer capacity of device in THERNS.

KW/HP = conversion at 0.746 KW/ JIP

L = load f-actor

H = number of months during which load operates only applicable
when demand is calculated monthly (no ratchet clause) and
demand unit cost is in monthly , not annual , units.

0 = fraction of an hour which system may be cycled off for
consumption reduction. p

OD = number of days of required operation per year.

PECD = percent energy consumption decrease , annually (expressed in
decimal , i.e. 1% = .01) - -

PEI = percent efficiency increase per °F increase/decrease in
CI1W/CDW temperature (expressed in decimal , i.e., 1% = .01)

SXW = Annual kilowatt demand savings

SKWH = Annual kilowatt hour savings

STHERNS = Annual therms heating savings-

14.
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Time Scheduled Operation

o Cooling Savings - Simulation
o Heating Savings - Simulation

Auxiliary Savings (fans , pumps , constant running apparatus) -

SKWH = HP x L x KW/HP x (8760-H) x C

HP = total nameplate HP of constant loads .

Duty Cycling

o Heating and Cooling Savings - Assume None

o Auxiliary Savings (fans, pumps , constant running motors) -

SKWK HP x L x O x H x K W / H P

HP = total nameplate HP of constant loads.

Demand Limiting

° SKW H P x L x K W / } j P x O x H

HP = total electrical load of system (fans, pumps, compressors , etc.)

Start/Stop Optimization

O Cooling Savings - Assume None 
- 

-

o Heating Savings - Assume None

o Auxiliary Savings -

SXWH H P x L x K W / H P x T x O D

Outside Air Limit Shutoff

o Auxiliary Savings (fans, pumps , etc.) -

SKWH = HP x L x  KW/HP x (HS 4 HW)

HP = nameplate HP of constant loads.

Maintenance Run Time

o Savings - estimate manhours based on current maintenance practices ( i . e .
roving patrols , preventive maintenance schedules , e t c . )

15.
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~~
py Economizer

O Cooling Savings - Simulation
o Heating Savings - None

Hot/Cold Deck Reset

O Cooling Savings - Simulation
° Heating Savings - Simulation - - -

Chilled Water Reset

o Cooling Savings -

SKWH Tons x EFLH x 1 KWH/ ton-hr .  x PE 1 x (°F CHW Increase)

Co ndense r Water  Reset

o Cooling Savings -

SKWH = Tons x EFLH x 1 KWH/ ton-hr .  x PEI x (°F CW Decrease)

Outside Air Schedule Reset *

o Heating Savings -

STHER M S = EFLH x PECD x I

Safety Alarm s

o Savings - Estimate Manhours

lnter (-oms

° Savings - Estimate Manhours

_ 
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6.0 COST ANALYSIS

The accurate analysis of an EPICS requires accurate and reliable cost esti-
mating data . This is extremely important because potential savings alone
do not determine whether a particular function should be connected to the
EPICS. The cost of that function is equally important in determining whether
or not it should be connected. Cost estimating is of additional importance
because cost for a part icular  EPICS function is relatively constant , irrespec-
tive of the size of the system being controlled. It essentially costs the
same to start and stop a ten horsepower fan as it does to start and stop a —

one horsepower fan. However, the difference in potential energy savings is
tenfold.

Several items complicate the cost estimating analysis. The f i r s t  and
probably most important complication is the fact that no two manufacturers ’
EPIC systems are identical. Every manufacturer takes a different approach
to performing each EPICS function. For example , because of a particular
configuration, one manufacturer may be able to provide a status feedback
for a piece of equipment being started and stopped by the EPICS for a very
small cost, whereas a different manufacturer with a different configuration
might actually double the cost of simply providing start-stop capability,
if status feedback is required . Another difficulty arises from the reli-
ability of budget estimates received from manufacturers ’ sales represent-
atives. For obvious reasons, these representatives generally are very
guarded about revealing detailed or exact cost information. They generally
prefer only to give rough budget estimates based on the total number of
points in a system. This type of information is not adequate for the
detailed analysis of an EMCS . Each component cost of the EMC system must
be broken down separately to perform comparative analysis. Obtaining this

- 1 type of information has been difficult. However, several manufacturers
were willing to provide the information which has been used in this study .

In order to determine an optimum EMCS configuration , each cost component of
the system must be analyzed . The five main cost components of an EMCS are 

- 
- -

1) general cost, 2) central control center cost, 3) transmission system
cost, 4) facility connection cost, 5) sensor/actuator cost.

General cost consists of the following components :
-I

a. Estimation
b. System engineering
c. Shop drawing preparation
d. System testing and debugging
e. Training
f. Maintenance contract

All of these costs involve a considerable amount of overhead time , thus
making them only slightly dependent on the number of facil i t ies and sensor/ 

- -

actuators connected to the EPICS .

Operations and Maintenance cost for the EMCS deserves special note. In
addition to the maintenance contract cost , government operators must also
be employed to properly utilize the system . Traditionally a total annual
operations and maintenance cost of 10% of the original system cost is

17.



i nc l uded in economic anal ys i s  of EPICS . If  more exact f i gu re s  are a v a i l a b l e
(such as s t a f f i n g  requirements  s tud ies)  then those should be used in l i e u  - 

-

of the 10% figure .

The central cont rol center consists of the following main components:

a. Centra l processing unit hardware
b. Periphera l hardware and associated softwa re drivers
c. Operating system software
d. EPICS command software
e. EPICS app lications software , -  -

f. Communications hardwa re
g. Communications software

The cost of these components is relatively constant , irrega rdless of the
number of facilities or sensor/actuators that are connected to the system .

a. Overhead transmission cable
b. Underground transmission cable
c. Telephone modems (Modulator-demodulator)

This cost is basically a function of the number and location of facilities
connected to the EMCS.

Facility connection costs are those fixed costs associated with connecting
a facility to the EPICS which are independent of the number of sensors/-
actuators that are installed within that facility. Facility connection
cost is the fixed cost which would be incurred to connect a facility to the
EPICS even though that facility only required a single EMCS sensor. The
components of facility connection costs are:

a. A field interface device , along with its power supply and installation

b. The transmission line to the building in question , if a dedicated
— 

- 
contractor installed transmission system is being utilized 

- 
-
~~

c. Telephone lines and modems from the buildin g in question back to
centra l console location if a telephone transmission system is
used

The facility connection costs listed above are dependent on the number of
facilities connected to the EPICS and not on the number of sensor/actuators .

The sensor/actuator cost is the cost to add a sensor/actuator to the EPICS,
assuming a field interface device to which this point will be connected is
already available in the building . Cost components associated with each
sensor/actuator are :

a. A signal conditioning device usually in the form of an integrated
circuit card which plugs into an appropriate slot in the field

- - interface device

18. a 
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b. Wiring trom the tield interface device to the sensor/actuator

- The sensor/a ctuator itself

~I. The installation and interface of the sensor/actuator with the
existing local control system

e. Loca l controls wh i ch must be replaced , repaired , or added

1. Miscellaneous new equipment (dampers , ductwork , thermometer
wells , Venturi tubes , insulation , auxiliary starter contacts ,
etc .)

g. Definition and entry ~ each sensor/controller into the central
control center - 

-

The total sensor/actuator cost is a function of the number of points connected
to the EPICS and generally not related to the number of different facil ities
in which those points occur.

Several manufacturers were contacted and presented with -i list of questions
designed to obtain specitic cost estimates for the components listed above .
The data supplied as a result of this request is listed in Table 1 thru
Table 5. Spaces left blank indicate that information was not supplied for
that item by that manuf acturer. Some manufacturers requested that their
prices not be openly presented for protection from then- competition ;
therefore , none of the manufacturers names have been listed. It should be
pointed out that both convent ional controls manufacturers and the smaller
“systems house” manufacturers are included in those listed . The figures
included here were obtained during November , 1978.

19,
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9
7 .0  PR I OR1TI ZA T I ON ANALY SIS

On a Naval install ation there are many possib le uses o an Energy Nonitor-
ing and Contro l System (EPICS). Some of those uses are worthwhile f rom a
cost and energy savings standpoint , and some are not. Each EPICS installed
u sing Energy Conservation Investment Program (ECIP) funds must be justified
according to certain economic and energy conservation criteria. Each EPICS
function to be applied to each existing energy consuming system (call this

system/function) should be ana lyzed to assure that that system/function
meets the criteria. System/functions which are not justified should he
deleted from the project . H
Once system/ functions are eliminated which are not justifiable , the remain-
ing system/ functions must be ana lyzed. In genera l., no EPICS project includes
enough funds to perform all justifiable uses of’ an EPICS on a particular 5.

base. An anal ysis must be performed which determines which of the many
alternatives should he performed with the funds avilab le. Such an ana l ysis
is called a “prior iti zat ion ana l ysis ” . The pri orit i zation anal ysis deter—
mine’s which of  a set ot alternativ es should he included in the proJect to
provide the most sa ings for the least i nvestment .

The basic steps in performing a prior it i za t ion .iI(.l I ys is for au EPICS (or any
other project involving a large number of alternatives and a limit ed budget)

I. l)etermine alternatives to be considered .

‘~.i l c u l . i t  t’ savings for each alternative (Note that savings may he in
d o l l a r s  or energy units , depending on the criteria.)

1. Calculate investment for each alternative

4. Calculate the savings /investment ratio for each ~ilte rna t ve

5. Prepare a list of alternatives ranked based on savings /investment
ratio (best alternative l it  top of l i s t  • worst at bottom )

6. Cumulate the investment costs for the a iternat. ives nut. i 1 the t o t i l
reaches the budget amount . This establishes the cutoff ’ line .

7. All alternatives above the cutoff line on the list should fou-m the
basic project - Alternatives 1 isted below the cutoff line should bt’
deleted from the project (or he’ included as additive bid items ).

The prioritization pi-ocei~s described above is app licable to EPICS projects.
The first step is to determine the alternatives to be considei-ed . There
are two approaches to this. One is to consider each individual system/-
function as an alternative . This results in anywhere f rom ~0() to 5,000
individua l alternatives . Such an approach is very di f fi c u l t  to perioi-m
using man ual calculation techni ques. Computer prog i have heeui wi- it t en
which can accomplish this type of analysis , however , t hose programs are
highly specialized , expensive to run , and require intimate fam ili.i r ity on
the part of the user to he used e f f e c t i v e l y .  A second .ip 5si-oa ch i s  to
consider all work within each building as an alternat ive . ‘Fhis is a more

38.

-



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

practical method , and is more consistant with the general level of accuracy
of the analysis.

Once the alternatives are determined , sav ings (in energy BTU’s and doll ars)
and investment may be estimated as discussed in Section 5 and 6 of this
report. Tabulation, ranking , and cutoff of the alternatives is illustrated
in the example problem , Section 9.0 of this report.

It is very important to note that current ECIP projects are funded based on
their E/C (energy saved (in million BTU) divided by thousand dollars invested)
ratio as long as the project has an S/I (life cycle dollar savings divided
by dollars invested) ratio greater than one. All projects which have an
S/I ratio greater than one are prioritized for funding strictly on their
E/C ratios. Projects which have higher E/C ratios will be funded prior to
projects with lower E/C ratios , regardless of what the S/I ratios actually
are for those projects (as long as the S/I ratio is greater than one).

‘I
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8.0 OVERALL ECONOMIC ANALYSIS

An overall economic analysis must be performed for each Energy Monitoring
and Control System funded under the Energy Conservation Investment Program
(ECIP). Criteria for the required analysis is as follows (according to
instructions issued from the Office of the Chief of Naval Operations dated
27 July 1978) :

t 1. EPICS ECIP projects must be cost-effective based on a savings-to—invest-
ment (S/I) ratio greater than one utilizing a life cycle cost analysis.

2. Each project must have an energy savings-to-investment ratio of at
least the following values for annual million BTU’s (MBTU’s) saved per
$1000 of total investment (E/C ratio): FY-80, 22; FY-8l , 20; FY-82,
19; FY-83, 18; and FY-84, 17.

3. Projects shall be supported with engineering calculations in sufficient
detail to allow validation of energy savings .

4. Actua l fuel heating value rates should be used when known. If not
- F known, the following conversion factors will be used to permit standard-

ized project evaluation comparisons :

Distillate Fuel Oil 138,700 BTU/gal 
- 

-

Residual Fuel Oil 150~000 BTU/gal
Natural Gas 1 ,031 ,000 BTU/l000 cu.ft.
LPG, Propane , Butane 95,500 BTU/gal
Bituminous Coal 24,580,000 BTU/Short Ton
Purchased Steam 1 ,390 BTU/lb
Electrical Source Fuel 11 ,600 BTU/KWH

5. Boiler efficiencies should be included in the calculation of savings
from reduced steam consumption . The resulting reduction in fuel input
and boiler feedwater represent a real cost avoidance when steam consump-
tion is reduced . The “as-consumed” cost of fuel and electricity shall
be used in determining energy dollar savings. The energy costs , as
reported by each activity in the monthly Defense Energy Information
System (DEIS-Il) report, are “as-consumed” costs. An “Activity Rate 5
or Host Rate”, which includes overhead and maintenance costs , should
not be used for calculating savings . Such costs do not normally
change with small percentage reductions in overall steam consumption.

40.
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6. Energy, material , and labor prices should be escalated from current
rates to those projected for 30 September of the fiscal year for which
the project is submitted for funding. Unless more definitive future
prices can be determined or predicted for an individual activity , the
following rates are to be used for escalation :

FY-19 FY-80 FY-Bi FY-82 FY-83

Design & 7.0% 6.5% 6.0% 6.0% 6.0%
Construction

Operations & 6.4% 6.2% 5.6% 5.6% 5.6%
Maintenance

Coal 10.0% 10.0% 10.0% 10.0% 10.0%

Fuel Oil 16.0% 16.0% 14.0% 14.0% 14.0%

Natural Gas 15.0% 15.0% 14.0% 14.0% 14.0%
& LPG

Electricity 16.0% 16.0% 13.0% 13.0% 13.0%
(KWII & KW )

7. The l i f e  cycle cost analysis used to determine the project ’s savings-
to-investment ratio shall utilize a base fiscal year coninencing on 1
October following the project ’s progranmied year. The long-term differ-
ential escalation rates below are to be used for computing the present
worth of recurring annual costs and benefits if more definitive data
is not available at individual activities .

Operations & Natural  Gas ‘ -

Maintenance 0% & LPG 8%

Coal 5% Electricity
(KWH & 1(W) 7%

Fuel Oil 8%

8. The present worth factors for multip lication of recurring annual
savings can be selected from the appropirate differential escalation h
rate column in the DISCOUNT FACTORS table below.

ECIP DIFFERENTIAL ESCALATION RATES

ECONOMIC 0&Pl OIL &
- 

- 
LIFE IN COSTS COAL ELECTRICITY GAS
YEARS 5% 7% 8%

15 7.980 10.798 12.278 13.112

9. Economic life is the period of time over which the life cycle benefits
to be gained from a project may reasonably be expected to accrue . As

41.
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such, the economic life may differ from its physical and technological
life . The economic lives below may be used as guides , and ordinarily
will not be exceeded .

CATEGORY ECONOMIC LIFE

ENERGY MONITORING AND CONTROL SYSTEMS 15 years

An ECU’ economic analysis suninary format is included on Figure No. 6
to illustrate the minimum life cycle costing analysis necessary to
determine a savings-to--investment ratio.

The project cost for line Ia of the economic analysis format is the
cost of construction plus the cost of supervision , inspection and
overhead . The project cost should include contingencies. The design
costs in line lb are not to include any design or survey costs which
have already been obligated .

I
I
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i:c II ’  ECONOMIC ANALYSIS SUPfl4ARY

ACT lV I ri 6 1 0CM ION

Ti ThE OF PROJ I-IC U FY—

INVESTM ENT

1. PRt)JECl’ COSTS (Economic l i f e  of years )
a.  Pro j~~-t cost e~- L -alated to end of program year. . . . $ 
b. Design costs  not yet obligated $ _ _  - 

Tota l  Pro jec t  Cost (a ÷ b) $ 
- -

SAVINGS

2. ANNUAL. ELECTRICITY SAV I NGS : KWH : ______ ______

a. Equ iva len t  energy : KWH x O.0116 . . . . . . . . . O ’ I B T U ’s : $  )
b.  Cost per KWH a t  end of program year 
c .  F i r s t  year annua l  d o l l a r  savings ( KWH x b) $
d~ D i f f e ren t ia l  e s c a l a t i o n  present worth f ac to r
e. Discounted sa vings (c x d) $ 

- -  - -

I
3. ANNUAl. ENERGY SAV INGS (TYPE: 

_____ 
MBTU ’s:

a. Cost per MBTU at end of program year $~ - - - -

b. Fi rst year annua l dollar savings ~~~~~~~~~~~~~~~~~~~~~

c. D i f f e r e n t i a l  e sca l a t i on  present  worth fac tor  
d .  D i scoun ted  savings (h x c) 

4. ANNUAL ENERGY SAViNGS (TYP E: __~~~~ _ - 
MBTU ’s: )

a.  Cost per MBTU a t  end of program year $
____

b .  F i r s t  year  annual  do l lar  savings S
c. D i f f e r e n t i a l  esca la t ion  present wor th  f ac t o r
d. Discounted savings (b x c) $

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

5. ANNUAL OTHER—THAN—ENER GY SAV I NG S (OR COSTS )
a. Labor S - 

P -

b. Material & Other  $ H
c. Total (a + b) $ - -

d. 10% Discount Factor 
e. Discounted O t h e r — t h a n — e n e r g y  savings (or costs)  $ 

6. TOTAL FIRST YEA R ANNUAL SAVINGS (2c + 3b + 4b + Sc) .. $

7.  TOTAL DISCOUNTED SAVINGS (2e + 3d + 4d + Se) $ 

COST ESCALATION

Cu rrent  Elec $~_  ~x x x  
______ 

= $ 
- -

rates Oi l  $ _______x x _____x x $
as of Gas $___ x x ___x x S

$ ___x
_ 

x x ~ $

RATIOS

8. 1)TSCOUNTED SAVINGS/INVESTMENT RATIO (LIne 7 -~ Ic)  
- - -~~

9. TOTAL MIITU SAV ) NGS - - - - - 
-. (L In e  1 .1 ~ 1000) -

10. SIMPLE PAYI~ACK PERiOD (1 a ~ Li ne 6) YRS

~ ..2T~T~
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9.0 SAMPLE NAVAL BASE 
-

In order to demonstrate the analysis discussed in this report , a hypothet-
ical Naval Base has been created on which the analysis has been performed .
This procedure has been prepared for use by professional engineering personnel. - -

It is not possible to describe completely all activites involved in an -

engineering design process. For this reason , this section is meant only to
be used as a framework for EMCS analysis. Every military base is different ,
and parts of the process described herein must be adapted , added to, or
ignored as the situation requires. The judgement required to make these
decisions requires a mechanical and electrical engineering design team 

-

fully familiar with the mechanical and electrical systems an EMCS is to
— control and how that control is to be accomplished.

I

LI
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9.1 EXAMPLE PROBLEM DESCRIPTION

The examp le problem chosen is a hypothetical f ive  bu i ld ing  Naval Base. The
five buildings and the systems serving those buildings have been chosen as
typical of the type found on many Naval Bases. This approach for a step by
step explanation was chosen so that the principles of each step can be
clearly explained and illustrated without being confused by the complexity
and sheer volume of an analysis of an actual Base (from 10 to 100 times the
complexity of this simple five building example).

The buildings which comprise the hypothetical Naval Base and the systems
within each building are listed below:

BUILDING NUMBER: 100
USAGE: PUBLIC WORKS
SYSTEMS: Hot Water Boiler

Air Cooled Chiller
Multizone Air Handler

BUILDING NUMBER : 200
USAGE : BASE PERSONNEL
SYSTEMS: Steam Boiler

Single Zone Split System

BUILDING NUMBER : 300
USAGE BASE HEADQUARTERS - -

SYSTEMS 2 Hot Water Boilers
Air Cooled Chiller
Single Zone Air Handler
2 Multizone Air Handlers

BUILDING NUMBER: 400
USAGE: WAREHOUSE
SYSTEMS: Steam Unit Heater System

Steam Boiler

BUILDING NUMBER: 500
USAGE : ADMINISTRATION BUILDING
SYSTEMS : Hot Water Boiler

Single Zone Split System

A map of the Sample Naval Base is included on Figure 7.

Criteria for this example analysis will be assumed to require the use of
government furnished telephone lines.

Another criterion used will be the assumption that the purpose of the EMCS
is to provide energy savings through control of energy consuming equipment.
This is consistent with current policy . Performing the analysis to optimize
monetary savings is very simple if that were given as the desired end .
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9.2 FIELD INVESTIGATION

Field investigaton is visiting the site to determine 
what systems are

present in the buildings being considered for EMCS 
connection . The oper - -

ation of each system and the building it serves 
must be determined in

sufficient detail to determine which EIICS functions may 
be applicable to

each system. Completed survey forms are included on the following 
pages .

ij~
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9.3 SAVINGS ANALYSIS

The savings resulting from EPICS installation on the SAMPLE NAVAL BASE are
calculated in this section. A summary of the equations used in estimating
the savings is included on the following pages. Following that is a suiimiary 4
of computerized simulation results for the analysis of functions which are
not easily calculated manually. Also included are example computer program
output summaries. The actual savings - cost calculation worksheets for the
Sample Naval Base are included at. the end of Section 9.4 Cost Analysis.

Note: Special attention should be paid to the fact that false duplication
of calculated savings must be avoided . EPICS functions are interrelated
and that fact must be accounted for as discussed in Section 5.0.
If both time scheduled operation and duty cycling are to be
performed on a system then the duty cycling savings would have to
be calculated based on only the time period the system is turned
on by the time scheduled operation function.

3-
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9.3.1 SAVINGS EQUATION SUMMAR Y

~y~~~~ls - The following symbols are used in the savings calculation equations :

C control e f f i c i e n c y  fac tor , use 1.0 if no time clock existing
and 0.3  if time clock is existing.

D fraction of an hour which  system may be cycled off during
critical electrical demand situations , use 15 minutes per
hour.

EFLH equivalent full load hours , annually. Assume 1000 EFL1I for
both heating and cooling .

H number of hours of required operation per year 
. 

-

HS = number of hours in swmner where system may be shut off
because the outside temperature is below a limit.

HW number of hours in winter where system may be shut off
because the outside temperature is above a limit.

I maximum heat transfer capacity of device in THERMS.

KW/HP = conversion at 0.746 KW/HP

L = load factor , use 0.8 to account for combination of diversity .
motor efficiency , power factor , and motor oversizing

M number of months during which load operates , for refrig-
eration equipment use 6 months/year , air handlers 12 months/year.

0 = fraction of an hour which system may be cycled off for
consumption reduction , use 10 minutes per your

00 = number of days of required operation per year.

PECD = percent energy consumption decrease , annuall y (expressed in
decima l , i . t ’ . 1% = .0 1) ,  use 1% sJv ing s .

PEI perc ent e f f i c i e n c y  increase per °F increase/ ~lec rease in
CHW/CDW temperature (expressed in decima l , i.-e ., 1% .01) ,
use 1.5% efficiency increase per degree F.

SKW K i l o w a t t  demand savings

SKWH = annua l Ki lowat t  hour savings

STHERIIS annua l therms heating savings
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4

Time Scheduled Operation

O Cooling Savings - Simulation (do not include auxiliaries)

o Heating Savings - Simulation (do not include auxiliaries)
o Auxiliary Savings (fans, pumps , constant running apparatus) - - -

SKWH = HP x L x KW/HP x (8760-H) x C~ HP x .8 x .746 x (8760-H) x C
= HP x (8760-H) x C x .597

HP = total nameplate HP of constant loads.

Duty Cycling

o Heating and Cooling Savings - Assume None
o Auxiliary Savings (fans, pumps , constant running motors) - . j
SKWH = HP x L x 0 x H x KW/HP = HP x 0.8 x 10/60 x H x .746

= HP x H x .099

HP total nameplate HP of constant loads .

Demand Limiting

o 
~~~ = HP x L x KW/HP x D , H = HP x 0.8 x .746 x 15/60 x M

H P x M x O . 149

HP = total electrical load of system (fans, pumps, compressors , etc.)

Start/Stop Optimization

° Cooling Savings - Assume None

o Heating Savings - Assume None

o Auxiliary Savings -
SKWH = HP x L x KW/HP x T x OD = HP x .8 x .746 x .5 x OD

HP x O D xO . 298

Outside Air Limit Shutoff

° Auxiliary Savings (fans, pumps, etc.) -

SKWH = HP x L x KW/HP x (HS + 11W) = HP x .8 x .746 x (HS + 11W)
= HP x (US + 11W) x .597

HP = nameplate HP of constant loads.

t
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Maintenance Run Time

o Savings - estimate manhours at 2 manhours per system

Enthalpy Economizer

o Cooling Savings - Simulation

o Heating Savings - None

Hot/Cold Deck Reset

o Cooling Savings - Simulation

o Heating Savings - Simulation - -

Chilled Water Reset

o Cooling Savings -

SKWH = Tons x EFLH x 1 KWH/ton-hr . x PEI x (°F CUW Increase)
= Tons x 1000 x 1 x .015 x 2

— Tons x 3O

Condenser Water Reset

o Cooling Savings -
SKWH = Tons x EFLI! x 1 KWH/ton-hr. x PET x (°F CW Decrease)

Tons x l 0 0 0 x l x . 0l 5 x 3
Tons x 45

Outside Air Schedule Reset

° Savings -

STHE RM S = EFLH x PECD x I = 1000 x 0.01 x I = I x 10

Safety Alarms

o Savings - Estimate Manhours at 2 manhours per system

The following page is a system savings - cost calculation sheet with
equations and constants as indicated above. This form will be used for
estimating savings for each system.
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9.3.2 COMPUTER SIMULATION RESULTS

The computerized energy analysis results used in calculating cooling and
heating savings are included on the following page . The analysis was
performed using the APEC ESP-1 computer program . Example printouts from
the analysis are included after the summary . Two types of buildings were
analyzed , a two story, 30,000 square foot administration type building , and
a one story , 80,000 square foot shop/warehouse type structure. Several
occupancy and usage schedules were analyzed which represents those most 

- 
-prevalent at the Sample Naval Base.

r
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9.4 COST ANALYSIS

The EHCS installation cost consists ot central hardware and software cost,
transmission system cost, building connection cost, and individual point
cost.

The central hardware and software cost- (along with other miscellaneous
costs) are estimated as follows (using data from Section 6.0 of this report):

Cost

Central Hardware:

Central Control Unit (CCU) $ 25,000.
Central Communications Controller (CCC) $ 25,000.
Printers (2 @ $4,000.) $ 8,000.
Paper Tape Reader/Punch $ 5,000.
Disk Storage System $ 20,000.
B&W CRT $ 3,000.
Graphic CRT $ 8 ,000.
Uninterruptable Clock $ 1,625 .

Central Software:

Command Software Package $ 30,000.
Applications Software Package $ 40,000.
Graphics Pages (50 @ 100) $ 5,000.
CCC Software Package $ 10,000.

Training $ 7,000.
Documentation $ 14,0001
Testing $ 27,000. - 

-

Shop Drawings, Supervision, etc. $ 30,000.

Subtotal $258 ,625 .
Overhead and Profit  (use 35%) $ 90 ,519.
Current Construction Cost $349,144.

Escalation (from Nov 1978 to bid date I -
-

of Nov 1979 @ 7% per year) $ 24,440.

Total Estimated Bid Price (central) $373,584. 
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The building connection cost consists of the FID cost, that cost is:

- - FID (each) $ 3,000.
Overhead and Profit (use 35%) $ 1,050.
Cur rent Cons truction Cos t $ 4 ,050.
Escalation (7%) $ 284.

Total Estimated Bid Price (per FID) $ 4,334 .

Point costs are those itemized in the Section 6.0 tables plus overhead and
profit and escalation 1 Those values have been multiplied by 1.4445 (1.35 x
1.07) to account for these items. Point costs to perform applicable functions
on different system types are tabulated on the following pages. Points
required to perform each function are illustrated on the system schematics
in APPENDIX B.
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SYSTEM/FUNCTION POINT COSTS

System Points Point
Type Function Required Cost

H.W. Boiler Run Time Record H.W. Flow Status $ 199.
Subtotal $ 199. 

I 
-

x 1.445 $ 288.

O.A. Temp Reset H.W .S. Temp. $ 216.
H.W.R. Temp $ 216.
H.W.S. Controller Reset $ 533.

Subtotal $ 965. 
lIl’i

x 1 .445 = $ 1 ,394.
I.)

Safety Alarms Alarm Contact Status ~ 159.
Subtotal $ 159.

x 1.445 = $ 230. 5 1

Single Zone Basic (Note 1) Fan Start/Stop Control $ 179.
Air Handler Fan Flow Status $ 199.

Space Temp . $ 236.
Subtotal $ 614.

x 1.445 = $ 887.
~

Enthalpy Economizer R.A. Temp . $ 232.
R.A. Humid. $ 346.
Economizer Cont Interface $ 479.

Subtotal $1 ,057. I 
-

x 1.445 = $1 ,527. - 
I

Air Cooled Basic (Note 1) Chiller Start/Stop Control $ 179.
Ch iller C.W.  Pump Flow Status $ 199.

Subtotal $ 378.
x 1 . 445 $ 546.

Chilled Wtr. Reset C.W.S. Temp. $ 216.
C.W.R. Temp . $ 216.
C.W . Controller Reset $ 533.

Subtotal $ 965.
x 1 . 445 $ 1 ,394.

Safety Alarms Alarm Contact Status $ 159.
Subtotal $ 159.

x 1.445 $ 230.

Multizone Basic (Note 1) Fan Start/Stop Control $ 179.
Air Handler Fan Flow Status $ 199.

Space Temp . $ 236.
Subtotal $ 614.

x 1.445 $ 887.
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H/C Deck Reset H. Deck Temp $ 255.
C. Deck Temp. $ 255.
H.D. Cont. Reset $ 533.
C.O. Cont. Reset $ 533.
Demand Selectors (2) $1 ,046.

Subtotal $2 ,622.
x 1 .445 $3,789.

Stm. Boiler Safety Alarms Alarm Contact Status $ 159 .
Subtotal $ 159 .
x 1.445 $ 230.

Stem. Unit Basic (Note 1) Valve Open/Close Interface $ 211.
Space Temp. $ 236. *

Steam Valve $1 ,698.
Aquastat Status $ 199 .

Subtotal $2,344.
x 1 .445 $3,387.

- 
-

p .
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SYSTEM/SAVINGS COST CALCULATION WORK SHEETS

Note : Sensors and controls used to perform certain functions may also
be used to perform other functions . Duplication of cost of these

- devices in the analysis of each function must he avoided . On the
following calculation forms, this has been accomplished by grouping
functions which require the same field devices (such as time
scheduled operation , duty cycling, demand limiting , etc. ’).
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BUILDING SAVINGS - COST SUMI-IARY

Bui ld ing  # 100

SYSTEM SYSTEM 
___________ _________SAVINGS ____________

NO. TYPE KW - KWH THE RMS MH COST

/ At~~.6att~~r _ _ _ _ _  
6 15 4 _ _ _ _ _

2. VC C4.Ner _.j~~~ 11 5~ _ _ _ _ _ _ _  4 ~
~~~~~~~~~~ I4HCJ 2.7 ~~~~~ ~z4o 7..

/

____________________ _____________________________ ______________________ __________________ _______________________ ______________________ _____________________

_________ ____________ _________ ________ __________ __________ _________

_ _ _  

TOTALS 7O 1+07i _ / ~~ _ _ _ _

BUILDING CONNECT COST 4334
TOTAL COST 7II~~~~l~

ENERGY ( KWH X 11, 600) + ( ~3I~ TH ERM S x 100,000) /7Z3 MBTU
SAVINGS 1,000 ,000 BTIJ /MBTU

$ SAVTNGS = (70 KW x $ 4.sis /KW ) + (~~407~ KWH x $ 
9~~~~3__/KWH)

t + (lSii THERMS x $ ,4o /THERM) + ( /0 MI-I x $ ~ Ø 1MB) = $

E/C RATIO = ‘2.1 2

3,

88.
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RI I LI) I NG SAVINGS — COST_ SU~~iARY

B u i L d i n g  # 2.00
SYSTEM SYSTEM 

____________ 
SAV IN CS 

____________

NO. TYP E 
- 

KW KWH I’IW RN S MIl COST

__1__ ~w .4~/ ’  o _ _ _ _ _ _  
2. 234 

-

_2e__ 4/ it ~~f. ~~ 4II J~~ L 934 - _ _ _ _ _  _ _ _ _ _

I.

p.

4’-
.

_ _ _ _ _  

TO1’ALS 
~~~~~ T~~E 2’4 ’l

BUI LD ING CONNECT COST 
433 4 - -

TOTAL COST 417? p

ENERGY - 
_ _ _ _ _ _ _ _  

KWH X 11,600) + ( TH E RMS x 1i( ~~~~~ - Z4O MBTU
SAV I NGS 1,000,000 BT1J/MBTU -

$ SAV INGS = ( 3.4 KW x $ 4.D-O IKW) + ( /2&5~ KWH x $ .~~3jKWH)
‘~ + (41k THERMS x $1401THERN) + ( 4 _  NH x $ J~~~ /MH ) = $

E/C RATIO — 34.

89.
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B U i L D IN G SAVINGS — COST SIJ)~4ARY

Rui (ding ~3oO
S \ S L E M  SYSTEM 

______________ SAVINGS 
______________

NO . ‘I ’YPE KW KWH I’HERI ’I S Mu

_ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  
o 4 _ _ _ _ _

_ _ _ _ _ _  
o ~~~~~~~~~~~~_ /56 4 /912

_ _ 3_ */c t4;/M r 2o 1 
_ _ _ _  _ _ _ _ _  4 2/70

54 /~~~~~~~j~~~~~~ _ _ _ _ _  
7..

~~~~~~~~~~~~~~~~~~~~ 
‘.i ? ~4e#c) ~~~3k_ /w? z 54 _!~~~~7~~~ 

7. _447~~_ ,lt*4*U _~~~~~~~zI&1Z2 ~~~~~~~~~~~~~ _ _ _ _ _  
4~ 76

________________________ __________________________________ __________________________ ______________________ ___________________________ __________________________ ________________________ 
5
’

_ _ _ _ _ _  

TOTALS I3~~I ~~LILQ ~~~~~~~ 7T /7 7~O
BUILDING CONNECT COST 4334.

TOTAL COST 
22. ~~ 94.

l-:NE R GY = (4ogf ~~~~j~WH X 11,600 ) + ( 4’~362 TH ERM S x 100 , 000 ) = 7z4~i MB TII
SAVINGS 1, 000 , 000 BTU/MBTU

$ SAV I NGS = (~34~~ KW x $ 4.0ô/KW) + (~0flf~ KWH x $ .03 /KW H)
+ ~&S~~~tTI IER M S x $~~4~~j THERM) + (Jf MN x $ J~~~~/MI!) ~

E/C RA TI o = _3_
~~

_

4 1 1  1 5 - 9  - - — - ____________ - - -——.— ‘5- 5- -~~~~ ‘- ~~~~~~~~~~- - - ‘I~~ (4
.5 —5- ----—— —~--~~- 

- —
~~~~~ ~~~~~~- — - — — ~1~~.-951



iii u u u ~ u NC SAV 1 N CS — COS t SUMMARY

Building 
-

SYSTEM 1 SI SI E M  
_____________ 

SAViN G S _____________
NO. ! ‘l’YI’E KW KWH THERI-I S Mu COST

__ J___ 
~~~~~~~~~~~~~~ 

- 

~~~~
. 2=50

2.- ~t%. Q.#1*i. _ _ _ _ _  o _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

_ _ _ _ _ _  

TO’I’ALS 
_ _ _ _ _ _  _ _ _ _ _  

/ cL q6 ..~~~~~~~~~~~~~~~ _ _ _ _ _ _

B U I L D I N G  CONNECT COST _ 4
~~4~

TOTAL COST 795/

ENER G Y = L _ D KWH X I1 , bOO ) + ( TH E RN S x 100,000) MWI’U
SAV I NGS 1 ,000 , 000 BTU /MBTU

$ SAV I NGS = (~~~~~ KW x $ /K W) + ( 0  KWH x S 
____

+ (/SLffL TIIE RM S x $~~4_ j THERM ) + ( NH x $ 
- -  

‘MI I ’I — s

E/ C RAtIO = 1~2!.
.

• Hj

I
~
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BUILDING SAVINGS - COST SU!’fl1ARY

Building I!
_ _ _ _ _ _ _ _ _

SYSTEM SYSTEM 
___________  

SAV I NGS 
___________

NO. TYPE KW KWH THERMS MR COST

L_ ~~Wy ~ ~~~L /o /57/ 
~~~~~~~~~~~~~~~~~ 

2~ ? 7.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _  _ _ _  

6o 
_4 _ _ _ _

S

_ _ _ _ _ _ _  

TOTALS 
~~~~~~~ /#/571 _~~~~~L~~

___ 6 _ _ _ _ _ _ _ _

BUILDING CONNECT COST 
43I4 ~~~.

TOTAL COST 713 3

ENERGY ~ 
( i~t~71 KWH X 11,600) + ( 51I~ TH E RMS x 100,000) 

_ _ _ _ _ _ _  
MBTU

SAVINGS 1,000,000 BTUIMBTU

$ SAVINGS = KW x $ ~~ _~~~/KW) + (jQjf~~ KWH x $ •~~ 3/KWH)
+ (j~ O T}IERNS x $~~~~ JTHERM) + (~~~~ MR x $ _/~~~ /MH ) = $

E IC RATIO 2.41
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9.7 ECIP ECONOMIC ANALYSIS SUMMARY
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ECU’ ECONOMIC ANALYSIS_SUMMARY

ACTIVITY 6 LOCATION

TITLE OF PRO JEC T 
~~ mp/ir,, ,AJ4~~L_BR~ C FY—~~~~~~

INVES TM ENT

I .  PROJECT COSTS (Economic l i f e  of 5 year s)
a. Pro ect  cos t  escalated to end of pr ogr am y e ar . . . .
b. Des ign costs not yet obligated $ 2

Total Pro)cct Cost (a + b) $ H
SAVINGS

2. ANNUAL ELECTRiCITY SAV INGS : KWH : 
______

a. Equ iva len t  energy : KWH x 0.0116 (MBTU ’s: $ j ’24J )
b. Cost per KWH at  end of program year $ &of
c. F i r s t  year annual  do l la r  sav ings  (KWH x b) 
d. D i f f e r e n t i a l  esca la t ion  present w o r t h  f ac to r  ....
e. Discounted savings (c x d) 

3. ANNUAL ENERGY SAV INGS (TYPE:~~~~~j/ ______ 
MBTU ’s: 

~~~~ 
)

a. Cost pet’ MBTU at end of program year $
b. First year annual dollar savings $~ 4~~9~_
c. D i f f e r e n t i a l  escalation present worth factor  11,111
d. Discounted savings (b x c) 

4. ANNUAL ENERGY ~~~ ING S (TYPE~ EI.c ~e~~~4 MWFU ’s~ 4~I ~a. Cost per ~~~ at end of program year 
b. First year annual  d o l l a r  savings 
c. D i f f e r e n t i a l  esca la t ion  present wor th  f a c t o r  ....
d. Discounted savings (b x c) $ _ ,~~jfl~ -

S. ANNUAL OTHER-TRAN-F.X~F. GY SAV I NGS (Q~ COSTS)
a. Labor ~~ ~~~~~~~~~~~ $~_~~7 H
b. Material & Other C~~.Fft14 t. 1~$ .IP~~E4~ ____

c. Total (a + b) 
d. 10% Discount  Factor  7_ ~~~Oe. Discounted Other—than—energy savings (or costs) . $

__________

6. TOTAL FIRST YEAR ANNUAL SAV INGS (2c + 3b + 4b + Sc) ..
7. TOTAL DISCOUNTED SAV INGS ( 2e  + 3d + 4d + Se) $ 7o~~ 44

COST ESCALATION

Current  Elec ~~~~~~~~~ I . IL  x Jj ~~__x _x~~~~~~_ -

rates Oil  $ 4à x_ t.l,~ x l.S~~~~x 
_____ 

- ~~~~~~~~~ ~~~~~~~as of L*P,.~ (~~~ $ lO.e~~~ xJ J 4 j .xJ J ~ %,~ x x — $ ~f,_______  t~.*~4 $~4~~~~. x i.P~ x.idL ~~x -

RATIOS

8. DISCOUNTED SAVINGS/INVESTMENT RATIO (Line 7 • Ic) ... .
9. TOTAL M WFU SAVINGS I7511_ e (Line 1 a ~ 1000) 
10. SIMPLE PAYBACK PERIOD (1 di  Line 6) 

NOTE : For ETAP projects use line Ic In  t I n e s  9 and 10 in  l i e u  of la.
97.
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APPENDIX A - FUNCTI ON IDENTIFICATION

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

Ps

The ‘following paragraphs describe each function considered in this study.

TIME SCHEDULED OPERATION

Time scheduled operation consists of the starting and stopping of a system
based on the time and type of day. Type of day refers to weekdays, Satur-
days, Sundays , hol idays , or any other day which has a different schedule of
operation . This is the simplest of all EPICS functions to install , maintain ,
and operate. It also provides the greatest potential for energy conserv-
ation if systems are currently being operated unnecessarily during unoccu-
pied hours. HVAC systems connected to the EPICS generally include a temper-
ature sensor in a space which prompts the EPICS to override the shutoff if
the temperature drops below a certain level.

DUTY CYCLING

Duty cycling consists of the shutdown of a system for predetermined short
periods of time during normal operating hours . This function is normally
only applicable to heating, ventilating , and air conditioning systems. Its
operation is based on the theory that HVAC systems seldom operate at peak
output, thus if the system is shut off for a short period of time , it has
enough capacity to overcome the slight temperature drift which occurs
during this shutdown. Although the interruption does not reduce the net
space heating or cooling energy , it does reduce energy input to constant
auxiliary loads such as fans and pumps. This function also reduces outside
air heating and cooling loads since the outside air intake damper is closed
while an air handling unit is off. Systems are generally cycled off for
some fixed period of time, say 15 minutes , out of each hour of operation.
The off period time length and its frequency should be adjustable. The off
period time length is normally adjusted for a longer duration during moder-
ate seasons and shorter duration during peak seasons. Duty cycling does
produce additional wear on belts and motor starting circuits. Further, it
may affect building air balance between building zones. Awareness of these
problems may preclude use of this function in certain cases.

_ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~



DEMAND LIMITING START/STOP

This function consists of the stopping of electrical loads to prevent
setting a high electrica l demand peak and thus increasing electrical costs
where demand oriented rate schedules apply. There arc’ many complex schemes
for accomplishing this function. They all generally monitor the base
electrical demand continuously. eased on the monitored data , demand predictions
are made by the F.MCS. When these predictions exceed preset limits , certain
scheduled electrical loads arc shut off by the EPICS to reduce the rate of k
consumption and the predicted peak demand . Add itIonal loads are turned off
on a priority basis if the initial load shed action does not reduce the
predicted demand enough to satisfy the function requirements. Generally,
the loads to be shed are HVAC items . The reasoning used in ‘he Duty Cycling
discussion holds here also: allow a slight temperature drift in the space
by shutting off the HVAC equipment . Utility rate schedules , which include
“time of day” pricing , offer additiona l savings opportunities . Running of’
certain equipment , such as water well pumps, during off peak hours has
significant impact under that type of schedule and should be thoroughly
investigated .

OUTSIDE AIR TEMPERATURE LIMIT SHUTOFF

An Outside Air Temperature Limit Shutdown function provides the capability
to automaticall y shut off or disable designated contro l points based on
seasonally dependent designated outside air temperature limits. The EPICS
disables or shuts off control points automatically if the outside air
temperature rises above a preset value (WiNTER mode of operation) or drops ‘ I
below a preset value (SUMMER mode of operation). The contro l point is
restarted or reenabled whenever the outside air temperature drops below the
preset value (WINTER) minus an adjustable differential or rises above the
preset value (SUMMER) plus an adjustable differential. The current mode
(SUMNER or WINTER ) is d e f i n e d  and a l t e r e d  m a n u a l l y  by the opera to r .

ENTHALPY ECONOMIZER

The utilization of an all outside air economizer cycle can be a cost effective
energy conservation measure , depending on the climatic conditions and the
type of mechanical system . Where applicahlz , the cycle uses outs ide  a :r  to
satisfy all or a portion of the i~ufl.ding’s cooling requirements when the
enthalpy or total heat content of the outside air is less than that of the
return air from the space . Outside air is introduced through the mechanical
system and relieved during this cycle in lieu of the normal recirculat ton
system.

HOT/COLD DECK TEMPERATURE RESET

Mechanical systems such as dual duct systems and some multizone sys tems use
a parallel arrangement of heating and cooling surfaces conmionly referred to
as hot and cold deck surfaces for the purposes of providing heating and
cool ing mediums simultaneously . Generally speak ing, both heated and cooled
air streams are mixed to satisfy the individua l space thermal requirements.

100 . 
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In the absence of optimization controls , these systems can waste energy
because the fina l space control merely mixes the two air streams to produce
the destred result. While the space conditions may he acceptable , the
greater the difference between the temperatures of the two streams , the
more inefficiently the system will operate. This function can select the
individual areas with the greatest heating and cooling requ i rements , estab-
lish the necessary hot deck and cold deck temperatures based on these
extremes, and minimize the inefficiency of the system .

A variation of the hot and cold deck multizone system is the system equipped
with a cold deck and a bypass section at the mechanical system and individua
heating coils in the reheat position downstream from the unit , the system
operates with a constant cold deck temperature which is , in turn , mixed
with the bypass air in an effort to satisfy individua l zone requirements.
Air supplied at temperatures below the individual space temperature require-
ments is elevated in temperature by the reP~eat coil in response to signals
from an individua l space thermostat. Selec~ ior~ of the space with the
greatest cooling requirements and resetting the cold deck discharge temper-
ature in response to these requirements minimizes the energy used for
reheat.

CHILLED WATER TEMPERATURE RESET

The energy requ i red to generate chilled water in a reciprocating or centri-4 fugal electric driven refrigeration machine is a function of a number of
parameters including the temperature of the chilled water leaving the
machine . Because the refrigerant suction temperature is a direct function
of the leaving water temperature , the hi gher the two temperatures , the
lower the energy input per ton of refrigeration . As a result , because
chilled water temperatures are selected for peak desi gn times , in the
absence of strict humidity control requirements , most chilled water temper-
atures can be elevated during most operating hours . Depending on the( operating hours , size of the equipment , and configuration of the system ,
energy savings can be effected by resetting the chilled water. The chilled
water temperature can be elevated to satisfy the greatest cooling require-
ments. Generally, this determination is made by the position of the chilled
water valves on the various cooling systems . The positions of the control
devices supplying the various cooling coils are monitored and the chilled
water temperature is elevated until at least one control device is in the
maximum position . Other control schemes may he necessary to satisfy different
system configurations .

CONDENSER WATER TEMPERATURE RESET

Another parameter affecting the energy input to a refrigeration system is
the temperature of the condenser water entering the machine . Convention-
ally, heat rejection .quipment is designed to produce a specified condenser
water temperature such as 85° at peak wet bulb temperatures . In many
instances , automatic controls are provided to maintain a specified temper-
ature at conditions othet than peak design . To optimize the performance of
the condenser water sys tem , however , this system can he reset when outdoor
wet bulb temperatures will produce lower condenser water tempera ture .



Where applicable , this function will reduce the energy input t o  the refrig-
eration machine .

OUTS IDE AIR TEMPERATURE RESET SCHEDULE

Hot water heating systems , whether the hot water is supplied by a boiler or
a converter , are designed to supp ly the heating requirement s for the system 1 -

at outdoor design temperatures. Frequently, depending on the specilic
syste. design , the hot water supp ly temperature can be reduced as the
heating requirements for the facility arc reduced. For most fac i lit i es ,
this reduction in heating requ i rement.s is  directly related to an increase
in outdoor ambient temperature. Where appl icable , the capability to reduce
the temperature of the supply water as a function ot outdoor temperature
will effect operating savings . To accomplish this function , the temperature
controller for the hot water supp ly is reset on a predetermined schedule as
a function of outdoor temperature .

START/STOP OPTIMIZATION

An additiona l feature of the t ime  scheduled opcr at~~ou of m e c h a n ic a l  sy s t ems
described above is the opt imized start/stop feature available f rom the
system . Mechanical systems serving areas that are not occupied ~4 hours a
day should be shut down during the unoccupied hours. Trad itionally, the
systems are restarted before occupancy in order to coo l down or heat up the
space. Normally this function is performed on a fixed schedule independent
of weather , space conditions , etc. The optimized start/stop feature of the
system automaticall y starts and stops the system to minimize the energy
required to provide the desired env i ronmental conditions during occup ied
hours. The function automatical ly evaluates the therma l inertia of the
structure , the capacity of the system to either increase or reduce temper-
atures in the facility, start—up and shut-down t imes , and weather conditions
to accuratel y determine the minimum hours of operation of the HVAC system
to satisf y the therma l requirements of the build ing .

BOILE R PROFILE ANt) SELECT

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

CHILLER PROFILE AND SELECT

This function is very similar to the boiler profile described above. Oper-
ating data is obtained and compared with the predicted operating character-
istics of each individua l machine prepared by the manufacturer. Based on
the operating data for each machine with the energy input requirement s for
each operating condition and the instantaneous load , the function would

102 .
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select the chil ler or chiller s required to meet the load with the minimum
energy input .

MAINTENANCE RUN TIM E REPORTS :

A number of maintenance functions associated with mechanical equipment are
related to or can be related to the numbe r of operating hours of the spe~ i-
t’ ic i t e m  of equipment . Some of these f u n c ti o n s  i n c l u d e  l u b r i c a t i o n , clean-
ing , bear ing  checks , e t c .

SAFETY ALARMS :

Many items of mechanical equipment are provided with various types of
a la rms  for  bo th pe rsonne l and equi pment protection . Alarms such as high
and low water for boilers , gas pressure alarms , and va r ious  t empe ra ture and
pressure alarms on refri geration machines , are typica l  of the types of
functions that can be monitored . Monitoring of such alarms provides the
console operator with information regarding the failure ot equipment or the
development of potential problems with the system operation.

INTERCOM : r
A f u n c t ion  of the system t h a t  can be b e n e f i c i al  f rom a maintenance  stand-
point is the capability of coimnunicating between the operators console , the
field interface devices or other remote intercom station locations . The
system can be used for intercoi~ iunivation between maintenance personnel and
console operator for a check out of the overall system , and for monitoring
of start up of equipment .
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APPENDIX B - SYSTEM SCHEMATICS

On the following pages find simplified schematics of coi~~on mechanica l
systems to which an EHCS may be applicable. EMCS functions co nonly performed
along with the sensors and controls required for each function are indicated
for each schematic.
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SYMBOLS

—+ EMCS SIGNAL TR A NSMIT T ED TO EMCS

4— EMCS SIG NAL RECEIVED FROM (MCS

A LARM C ONTA CT SIGNA L

E~J GREA T ES T C OOLING DEMAND SiGNAL

EEl ENTHALPY ECO~OMI ZE R CO NTROL INTERFACE

GREATEST HEATING DEMAND SIGN AL

IJ LO CAL CONTROL INT ER RUPTION INTERFAC E

1jj 
P R E S S U R E  I N D I C A T I O N  S IGN A L

E~J ON/OFF STATUS SIGNAL

DIFFERENTIAL PRESSURE SWITCH STATUS SIGNAL

CONTROLL ER RESET INTERFACE

START/STOP INTERFACE

Ill TEMPERATU RE INDICAT ION

111 HUMID ITY INDICATION SIGNAL

F UNCT ION NUMBER WH ICH RE QU I R E S  S I G N A L

TEMPERATURE CONTROLLER

PRESSURE CONTROLL ER

[OS I 
HIGH/LOW DEMAND SIGNAL SELECTOR

ISTR I MOTOR STARTER

II I SENSOR INSTALLED IN THERMOMETER WELL

f T { SENSOR INSTALLED IN DUCT OR PLENUM

CHW CHILL ED WATER

105. 
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SYM BOLS CONT iNu ED

(A EXHAUST AIR

LAD EXHAUST AIR DAMPER

NW HOT WAT ER

MA MIXED AIR

MZD MULTIZONE DAMPE R
( OA OUTSIDE AIR

OAD OUTSIDE AIR DAMPER

RA RETURN AIR

RAD RETURN AIR DAMPER

SA SUPPLY AIR

I

106 .



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

. .
~~~~~~~~~~~~~

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

TU~~ SCIILbUU3 OPt RATI ON

— 
bUI•T C~Ci.I~~ - 

—

ITANTItTOP

4~IN t t A T O I  OPPIATIUN

c A I t 4 4 %  ~.%A ~%1 AD)~4I~ T 
-~ —

C., 

— 

~~~~~ 
IIAJfl hiP/N*CIIT C’WlC ;

urn~~~ry rL-o*~ .I,r,

~ —.--- ——— _
~~~~~~~~~~!LAPA C t NIGh T ~FTLACI

NOT/COI N O~ CN RE5~~T

tFhItJ~T COIl. Pu tT 
~~ 

j

~ 
cNh L UD vATU I1

~
CT I2~

COTD . 9AT II  I~~~rT_ —
~~ 1:~L1_ ..

O.A. SOIDZULt RISCT 14

C.) 
STA TINTOP OpnP,IMTrn, j j

MN 
~ P~ OPIt t  &

dU L L! N PNOFILE A StL1XT l J

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~]j ~ -
~

~~~‘ ‘~~~ ‘~~~‘ ‘ ‘
TNOUNI & DIACNOSTS

2 C*IT1CA1. MiPS ALA ~~4S

I ~~~Th!L~fl :~~
-

~~~

tF~e

1_

L

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

4 

_ _

_ _ _  _ _ _ _  ~ 1 ~~~

~~~ ‘LI ~~~

AM 
~~~

~ A
0 0~ - —

I-

MN . . 0
x0

107. rs C H EM A T I C I S — 1

—- . -- - . - -

— -. — -~~~~~~~---~~~~~~
,_ _ _—-- ‘~~-~

--,



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1II ~~ 1GhIVWLI~ OPh PM lOll

DUET CYCII NO 3
~ r.~. &IANT/51U

GINIUTON OPIPA1 ION

C LI.~ t UNU ADJU~ T jJ
MN WHIM OP/NION? CY CIP

p. H 14 —— - ~~~~~~~~~~~~~
b ~3 INTOAIIT Vl.OINN!hlI.N

NPM ~ NIGh?? AP.TP .A( R

HUT/COLD NICK RI S I T

ILSIIAT COI L R~ S t T  .u _L
CH ILL ED WAT IA  R I f t ?  It2~

— II ~~—

0 0 ~~~~~~~~~~~ -
IJ I O.A.  SCII1I)t/l.I PIlL?

-‘ — 
_ _ _  _ _ _ _Z I$ MN ILl 1 NTAK?/NTOP OflI~~h l ’ tT ON i iC., 

~ 1110 _N0I _4
• • z ~ J NOlIJI PROPI IS A III

-‘ 
~~~~~~ LLR rROFhL I H i T ~~~~

-r
~ 

~~~ [ P~~~~~ LUC ?ION 
. I~~~~

I — I. ~~~~~MN 0 SECU NITY F1JT,CtIOhS _ J~MN 

“A. 
PIPE ? I.AR.’I h’t XCT IOM$ 

~~~~~~~

•

C.) HA hN? NUN TIMI *tPONTS
~~~~ 1~~~~0

MN 
TROUIII N DIAGNOSIS

CR ITICAL A RIAS MAR.95

W ETT A LWAS ,
~•

MN AM 
INCIRCON

MN ___________ - - . . Z .

U A. —

) z  
— _ _ _ _ _ _ _ _ _

-

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

o _ MN
~~~~~~~~~0. 0 M N  01t~ E1— U

I vs • • NI’ NI) ~ —

/ NI’ ~~. _ AM
~~~Ll~~~~~~~~~~~~~~~ vs~~~~~~~

_ —
~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

(JI U MN ~~ —~~~~~P-~~~~~00 . . .  C.)
~~ ~~~~MN M N . )~~~~)~~~~. Z

MN ~~ 0 AM0~~ ~~~~~ 0~~~. MN

— * .. A.,- iI’ 0
— •~~~~ I,,
AM 5~~~ MN ,~~MN0 0

108. 1 —

ISCHEMAT IC S—2

- 
:

~~~~~~
-
~~~~~

-T,
~~~~~~~~ ~~~~~~~ 

__________________



S US SC4ILRH$LPI OF? LAS ION

DUS T C5C L I~ C 
~

PlA NT/STOP

CISIPAIUS OFLI.ATIOI

vs CII IL L) N L IJAI T A L IV E ~
C.) 

—__ _ _

__ ________ I D I

~~~ 1~— MN PAWN EP/SICS?? CYC ID j
LITILAIFY OCO NOM I S I N

o Z SPAC E 1.10111 SCSHAC R 
~U 

1115110011 DL~~ l I S t S  10

WPIILA T COIL ROUT 
~~

CNILLI .S WAT ER RESET 12—
Z 

~ 
p doss . LAT ER RE. ...?

vs 
~~~ (~

) O.A. SCNEVUU RID

MN ~~ I ITAAI/GTOP Opy Dj lzvr l f lS 
~~~ •a 

~ ROIL? !) PROFIL E H ILLICIMN I
\. C?IIL LLI PROFILE P $1110? I S ICJ~~~ I “ ‘p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ ~~~ I PIT?? SLLLCT ION

~~~ L_ —I C.) — 201 H

~~~ 
MN $ECNO1ST )VT?C1IO,$
C.) 

MN -s--

L— 
~~ I AM Ill) ALANS? IVNC11ONS ,

~ 
A. V ._ ... _ .. ‘.. i .

— vs 
— 

MAIN?. III ) TIMO IlTOIT S

— i
~~

’
~~~ 

— U) TROVDII DIACTOS II 1 ~ri CR ITICAL .ARTA1 Al1 i s 1 2~
T

A. ~~~ (I’ WIT? 
~~~ ~f 

r .
- vs - -

CAd IN?FRCON 2 7 1

-
~ — _ _  _ _ _ _ _0 I

5-
vsU U 0

F -

_ _ _ _ _ _  

i

iou . [~C1IEMATI C1S— 3

k ~~~
r — —

~ ~~~~~~~~~~~ 
‘. - -. 

~~~~~~ 
, . -

~~~~



-.- _,_ __-- -.- - . --—- -- -- .— -,-- — 

‘
I 

____  _____  

H
TIIQ 5IIILDUL ID OPLIATIOM 

~— ~~~~~
——— - - — - - -- — -  I

~ vs RUT? CTCLI NO 2
MN C.) s —-— —____..~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ .~•

/ (~J ~~~~~~~~~~~~~$PACE N~~ HT SE1M111~~~~~~~~~~• 
-

MN vs C..) ~~_ NAT/COLD RITE I~ SIT
MN 0 ~~ 0 i....

Uvs 
CHILl ED IMEK 11I~~L1

C’0511. WA1 ;11CT 1 L
us ~
C.) fi O~~~~ SCRI1AULE RKSET

j14J

— ____

MN ~ 
i’

~
T’ )I~~~~PUSFILL A SF I.~~~~ 1

L 

STA RT/STAT?! 0F1 !T I IYAS ITT H.

I Ch ILLER PROPIL?. S SELECT
0_ .

~~~~~~ 
_ _ _ _

vs — C.) — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~r IS .

vs — 1,J I 
— 0~ PIRE ALSPAN 51OICTIOIIS

E U) OH) LA IN? . RON TONE RUORTS

I z ,, z ~ U C.) Z 
*

I ~~~ ~~ ___ 0 AM
I ........J AM C.) 

~~ ~ ~~ I U

~~~~~~~~~~~~~~~~~~~~~ ~~~ zr1~~~~~j I -‘A. :;!I I~~ 
H

nO. —

I SCHEMATIC I S— I

~~~~ _ _ _  _ _ _ _ _ _ __ _ _  _ _ _ _ _ _ _ _  
-- —--- -



SU~ ILIIIIIIII?!) OF? RATIO??

~vu ITLIINO z •

~~~~~~~~~~~~ElM P.41W) DIlUTION

CR ILLIR L.’IT AUJUTT

Pl ILl PANS? UP/RIOt?? CUll
U fl 0 

LSI?LA L PY ECORUTIIISIN I?- : —~ ~ ~ ~~~ 
MN MN - .  — - - —

MN 
~~ 

(
~ ~ 

0 PUCE AI L IIF 51.TRA(.I

-; MN 0 Il/ I/lOIN 01CR NI 551 iolA. ...
~ 

U U 
~ 

[ LtlI? ~~T S OIL  P151?

— 2 ~ 
[
~~~~TLLn H/TI P IPSET

— i~ F— -- - -— - —- - - 12
vs 

I LA! .O . H/SKI 11511

5- ___ ~ r- -:::~ IJTIIL0IJ ’ I RESET__ 
______ 14

t ‘~iiIiiit~ti h
o 5- ST APT/St O l 0 111?IZA1’TI 

56U _____________— 0 ~ NO SIER P P11011 11 H 51111.?P1101111 H 51111.?

vs MN 

.

~~ ~ U 
~ CAu LKS PHOFIL ? H S IL L S. ?U_ U 

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

* 
0 * — U MN __ PEt?? SELECTION 

I N

_ _  

I 

_ _ _

SASETF OLARMS

~~~~~~~~~~~ INTEECORI ..,

U H — —
_ _  _ _ _ _

~~~ 

~~— --rI 
AM E0 . — MN MN

5-vs g— I 
~ vs = 0 MN

r1, ~~~~~~~~~~~~AM

_ft 
LO~~~

fz
~

:
~~~~~~~~~~~~~~~ 

—I CA~I C.3 — MN 
—

I — —~~~~ MN ~~~~~~~~ M N M N  ~~~~~~~t 
_ 

— .~~~ 0 • MN
- — MN 0 ~~~ A . A . A M  —vs 0 vs~~~~~~~~~o*~~~~~0~~~U - —

= 0 0 0 0
MN ~~~~~~~~~~~~ MN~~~~~~~U U U  

—AM

I SCHEMATIC I s— s 
A 

— -- . 
~~~~~~~~~ -- -- -, — — -~~~~~~~~~~~- --- ,— ~~~~~~rn—.- rn-- —— .-- - .~~~~~~~~~



.

NI’ 
TIM SI lit til l El? or? U/I ION

vs 
- 

P151 11* ; . ._:C.) 
vs 0 LEAPT/USA?? I.

* U I — .
MN vs ~ 5- :u LIII P.1101 Or? 11/S ION

MN 0 
.1 

C H I L I I R L t M I T MUAN~

~~ 
~~~ 

~~~~
0 

~~~ I III 111111 41 i t t  Li SIT -

vs ~ I~F1I~ (~~ I ~ ~
J

1I ’

L_~ 
,.............~j ~

. [ f

~~~~~~~~~~~~~~ ut~~~~~~ 1T j ::~
(A1 f U ‘ 

l — -
~-1~ P0511W . 1 1 1 1 1  5 511.51

1~~
.I .1 I. I P

(Ad / S S— __ 
MN d~~ .3 ~~~i t t t ~~ T I I . 4 t t I I  H S I ; I i T~~~~~I

FIll? A4LEI.~T ICND

~~~fl 
AM vs ST/IS S O ?  ~T rT 111 IL A T 1~’S

,- 

~~~~~~~ . 
3•EJ~~ — .—

~ ______ ______ 

, . —i . . ~~~~~~~~~ ‘ ‘ ~~~~~~~ 4’
.

vs ~~~~~~~ ________ ~~~~ l l L M M ’~~’5: 

UI :

ft vs 

TJ1
~~~~~~

f

— —~~~~~~~~~--

~~~ 

_ _

• i ~~/ l  I\V ~ ~
~~~

o vs ~ AM 0
— U 0 0

0 0
0 0 AM (I’ 0 O ’M ~~~ — 0 — ~~~~~~~~~~~ . 

0
0 o — —  0~~~ 0

- 
~~ 0 —

0 .~~~0o  S.

U
— AM MN AM

-‘ 0 0
— A M M N~~~~~~
U AM 

A. A. ~ MNo —

p .d 0 0~~~~~ U) P*P -~vs
MN~~~~~ *5 - M N0

112. 
z 

—~~~~~~~~~

I SC H E M AT I C F S — 6

L .. 
~~~~~~~~~

. --



~ 1

l IMP U. 41101/ I.) Or H/i ION u
vs PiIS l i l , I I* . 

- -

STAP T / .S IW I
I 

~

so. I t p ,st t to S t i l t

451 . 5 Ft rs* ’ei t I : ? N

U ~
‘) . S~~S I  lii .??? S,T4.t~~I

5 5 5  R I S E S  
H

HI~~~~ ? 5 5 1  I I’ ? ?
vs I 

s L ; I t I I  5/Il l  A I t  pv s Z  
~~~

1 . r  
~.. il l’ . . A I I I  1151 1

a /• 0 - r. ~t ~ •~~~i t’LSI li l t

AM~~~~~~~~~ I

0 - 
1 5 . 41? 5 51r r I t I.~~~l. i  ~::.vs . .. ~ l i l t  I £10111 I ‘ i i  1 HU I NI’ ‘ ‘ 1~III — MN U .2 ‘.

~~ 
l. 1 ; L . I ~l ’I~~,t H ‘ t S t ~~T

- 
‘ AM 0 C.) 

F19 P ~~ T I N S  Pb S
— — — AM 

I 1.~ - S

~ ~ I—~~ U t

L 
~ 4.5 0 SILt W i t ?  fl I.i A ; 5s(Ad — — — — ~ _ -- — —

— 
FINK ‘1.41.1 IS s t  55

MN tIl t ! , ?  I t T  ; ‘ ~~* 1 ! r \ 11~~ ~~
— A. 

CII 
TRs ’A~~ t I 0 Is . ‘s

,
sI - ,

I a U g 
- — 

C* IT ’  U SO IS *1.51.” 

—.

vs 
~~

•
1l1 

~~ j 

~
L

IWTW01I

~ t

vs~~~ 
___J~~ 

I 
I

~I P1iL~~ 
-

rt~~~9

113. 

_ _  

_ 

1 

_
I SCHEMAT IC 1 S—?



L TINt sS ULl*SLID Ft 1. 1 1 0 5

~ 
[ I/ I? ~ SL1(NO

•
0

vs 

— _
~J _~

_ S t l I i i  S t i ll? 11 11151 
— —

U 0 ~ s.~., 5?/IICIIT CICL E 7
~~~ NI’ t’ .t l .lLFI UU!5/It~~i R
MN U ~ I——~-—’ 0 I C.) ~~~~~~ 1110115 .111.1.1K

0 NI) I l l / S Ol D 01,1.  II’.!?
0 * 0  I ‘ A . . -

0 0 0 - 11110*1 LOLl. 1151’S

___ 

~~~~~~~ L~~ :: :
~~

_

L _..A

_
~~~~~~~~~ 

~~~~~ 

~j I !~~~~~~~

iLulI

( 
. 

IIUR ITT lS. .1T SS . I’— a 1— —--— - .
A. 0 0 PIU S OLsAR S? Fl S, 1Ii~~ S ,J

0 0 
[‘ 11 .1151 . RI/I T Ot S ‘ I .  . 0 1 5  

~~~~~
AM MN 0 C.) 0 ~ I SROIJII.E DIAl ‘ 5 5 $  

~~vs fl — __ U 0 C.) -— —. C.) .,U ___ 
. . C R I T I C AL 1111.1$ 11, 1 5

I M A MIM — 0 = I— ~ ~ 
-— -

~~~~~~~~~

‘

~~~~~~~~~
--

_ _ _ _ _  
MNE.~11~1 E1~_ _ L  I ~

H __

00 0 ° MN X AM MN
0I — 
C.) MN

4 0 0° O ° ~~~~~Z A. 0I ~~~ ~~~ _ AM ...~~U U UU0  AMvs - 0 0 0 A M  ~~~~~ .oIi U CAl , 
A. MN- (.3 (.5 A. . . . A M v s  —p MN — 0 0 • 0- — (44 C.)

— MN 0
O I LS 

0
0 0
U M N  114. I SCHEMATIC I s— *

- _ , _  —5—.——.— — . 
.,_ ._..-—- -S .- — ’- - -L. .... —.-‘,-- ... 

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

S ..



- -.S-- ~~~~~~~ — ..
~~~~~ 

-
~
‘- . ‘~~~~~~~‘r -‘ .-S

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

TIM I&NKP1LL) OPEW A TION

— 
PUTT ETIL IM

vs

~~~ _ _ _ _

0 0*5?? UP/RIOt?? (50111 7
C.)

~ ~ 4 SIFT ICORR.1NIOII

0 SPACI SLEPt srE R.W U ,
— 0 —_ s-H---

MN — NAT/ COLD RICK 1151?

— 
IUNS.tt COIL *~~I’S

* 
_~ ~~_I 2 CHIILID LATE R HIAt T  I 21

MN — I U _.________ .

— p_.Z COIl?. 1.StlR ISLE? 13vs U OU —~~ 
—

U 0 MN O.A.  SCHETIO L RES ET
-‘-- -—5 —

5
IL — 

~~ j~ /~~~p OPT P~~:.AT ;O? 
1b•

t ~ 
— I - In ~ 

;
~ii ~~~~~

L~ 
I:! ~ _ _

U) SEI.IJIITT rt ,TTIl. AIS

LNT FP0ON s - 4 4

A. ~~~~~~ i i
- -

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

ISCH EMA T IC I s— s 
/ 1  if



TIM SCPIIIULLD OIl LITION

OUT? CTCLII~ 2
t~~ ~0’

GEM? P/TOO UFIUTION 
1 ‘

U (HillEl I. lIlT ASIJ IIIT

(Ad 
o.a. u~~~~uTor~j~,
MAUI 110/41(151 1.5(11 7 -

~ 3 KIlT/lIPS ICOIDTI IZIU

SPACE Lt UlT SIT U/Cl ,

1~~~~~~ ’ {

~~~~~~~~~~~~~~~~~~s
’
~s

’-
~~~

MN 
U MN~~~~ ~~~~~ L~~

D hATLH U/SET 12

0 MN CO/P. 5.1.SEI I l - S I

O.A .  SCIICDLLF. R F S L ?
” s

-”f
1 4 1

— 
ST/IT/STO P OPT tt11LATIOM T~~~

f ’ ’

* vs • ~~~~~~~~ H A? LI/CT 17
MN U ~~~ CHILLE R pRo r iL l SL L rCT
— vs ~~~~~~~~~~~

“
~~“°~~‘ 

‘

U C.) AM A. IsS P1.11? SELECTION 
S

*
AM — —  ______2

~~~~~

0 $!CVRITT PSTSCTIO .’SS

0 ~~~ U FIRE AL/Ill IVi.Ct 10111 2 2 1
— 

14611SF. REM TIlE 
~~~

STS
~~~~~~•I TROIISLE DlA O~~ /

t
,.4~~~~

• U I AM CRITICAL .*HLSS .II•* N.MA

0
vs _ _ _ _  ~~V U AM lItrIlCOt? “I0 —--

0=0
vsAM *

AM MN

L

116. 
ISCHEMAT ISC ls— io

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



r -‘-

~

-—— . .‘-—

~~~~~~ 

—

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

----- . .s- .. 

H-

TI ??? SLI46DI*.IP OPI /AT I IN  I 
~

RU ST (TOLIM

~~ _ _ _

CL/PP/ TON 000&Lfl IN

CHILLS-I LIMIT M 3

MAIM lIP/Plc11 r a l E

II~IIL*LP1 ECOHII.IiSR

__ 
P. Sr/L I 510151 5111* 1 

~
_,,4 ~2

A. NAT /COLD DIII 11.411

C *5111111? COIL l E A S T

5- I
__- _ — __ - 

MN MN ~ ~, 
CIIILI.LSI WA TtS 45511

0 sA 1,5)50. A/ILl RISE’S 13~
—‘ ~: i—-—

— — AM I 0. 6 . 5CIlIDtllE OFAST

~~~ AM — 
_,, _

~~~~~~
..,,,,

— — ~~
__

.1 _ _ _ _ _ _vs ST.~~S/$SOP O P T I U I Z A T  15)5

~~ ~~~~1~~~~~~ LE~ 
PftOPlLL~~ A l ’ ~~ ’S~~~~ 7

f’

~ (11111.1* PIOFILS H iRl.lCI I .;i—~
FCTP SILCCT ION

— e SECI/KI T ? (I.’lCTIOAS

- 
‘\

~~~~~I p  

_  

E CaITI;U
~~~~

MS tL% S +T
C I $~~~s’Sl ,s~~~~~s

--  

IWSA RCAM
H~~~

~ ~~~

A. C
I-A. ~~~~~~.00 CA M  __________

00  1~ni. [SCHEMATIC I s i i
__ _



-. - ‘ — —
——-,-

~~~~
--——- -

~~~~~
—‘. .- .—-,.-. .

T IS?? ICNI(M?ILD OPt.P*?ION 
~ -.

‘I’ I- 
— 

WCT CT(LIM 
—

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~MN 
~~~ 1,J5IRA5OP OI/LRAftUP 4~

0 0 (h u llS IIIIT JOJUA T S

C 
— 0* .  LIMIT SHUTOFF C 

—

.•~~~
5
_ S Z ø’~ ~~~ 

EIP/PII’.tfl ITCh 7

AM C.) AM 0 — AM , ~ 3 [ 5111.1.11? t IO? INSIZCI .1
A. N — ~ ~~~~~ T s ~~ c~~ uIr~~I,iMCs 

~•
I 

HOT/LSIID RII.I5 P1551

U vs EU. 0 0 I REIILAT COIL
I— I — - - 

~
-—--‘---—t —

0 C.) 0 I 
~ (111.11.411/11.1 111.1? ‘ 12 ’

A. C I —-‘ ~~—~-- -

C.) 2 COT.O. LAT IH IPACT

C ~ .1 0.6. SCStfliUtt RES ET
A. -.4 

p. 54

— 
_ _ _ _ _ _ _ _

AM I St/IT/STOP OPT 5IZATTOH
~~~Et, •

E L.~ -~ 1
0 I ~~~~~~1~~~~~~ E1.LC11OA

- 
— 

_
~~Liiiiiii ~~~iSICIJRITT ll.T .t.’TIOM S ~ 5

vs 
_ _ _  

E A F ~ :C ORs T~~T

—â 
IIAIS’S. IllS T I ME UUU~~~T ) 

~
AM ‘ 2 TROUSLE UIAL~)SOS iI 

I
, ,  •

7 4 (0 0*1.15CM. .1/IL/S .\L/It *5 55

NO SI/FIT ALA/ItS

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

I- MN 0 A.

;;~ ~~~~~~~~~~~~~~~~A.
3 0~~~~~~

0 A.
0 k’) 

118. I SCHEMATI CIs— ~~

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

,. .. ~~~~~~~~~~~~ 
— -

~~~~~~~~

_ _ _ _ _ _ _ _  - ._. ..,S_ 5_5rn_ ._ ~~~~ 5



~

T int iCI?ID4JLl~) ~~~~~~~ L.....
IN/ST (TCI.ENO 2

~ START/STOP T~~
’ 

. 
-

(INFlATOR 01(1/lION 
‘

~~ ]

.CIIILILH LIMIT .501011

MN 0* .  LIMIT SHUTOFF Cu1
2.11~~ MAP.’? Ur/IIICIIT CTCLR

— A. 0 8 ftSTt )OL?’t £COI/LMIZK1
EM A. AM 0 — ——  1
I— 0 UP/CL MCIII SET RACK

0 NAT /COLD DICK RESET

0 REIIFX COIL I’ll? El -It-
CHILI/ID 55/11.11 10551 121 Li’
COIl?. WATFL REAET

0.6. SCIIEOIJI.E RESET

A. START/STOP OOTTIII ZATIOT L6 
—

— ~~~~~
— — -- —

0 .— 2 OO II.F.11 PROFILE 51:1.5(1’ 
~~ —I- ‘ ~ CIISLLETI PROFILE SELECT

* 
s.s P511? SELECTION

— 
0 — —

MN — —  _ _ _ _ _ _ _  ~9 .__ 
P .

SECURITY FUICTIOIIS 21. - 
-

___________ ~Q— 
FIRE .51./RH OIICTION$ 2’1’ ’En

~~ 

1(61111. RUN TIMT 11:0/ITS

k (~~~~Ir.l
\ ~~~~~~~~~~~~~~~ ~~~~

—

—I. I— 
_________________________________L ~~~ A INTERCOM TJ
_ _ _ _ _ _ _ _ _  

r
0 / - _ _ _

a I0
MN a

* l A M  I .

I C . )
0 I _
0 0 1 A.
— 0 vs
0 —

O
C.) vs _ L —

C A M
EM

AM
-I — __1_ ~-

—
C.)L

119. ISCHEM A T IC I s— 13
/ H

_ _  _ _ _  _ _ _ _  

/ 
SAhIN~~~~t0*1I —. ,5’I~~~~~~~ - . . -  ‘ ‘ ~~~- —‘— - — . .~~~~. ~~~.~~~.

—--- 
~~~~

-

~~~~~~~~~~~~ ~~~~~~ _ _*~~~~~ ~~~~~~ - 
T~~~’~



- -- - .-~ .-- . - ‘-- .-‘-— .- -~~~--
...

~~~~~ -‘- - . — ~~
--.---~~

. ‘--- .- - -

TIlls SC?IEI?IJI.LIJ OF? RAt ION

IS’?! CTC LI?P~ 7

~ 
%T/JITISTOP I
I.FAIrKITUR orlRAI 1111

ç H I I I ? O L INIII .%fl IUAT 
- .~~

UO — —---‘—-—.-—-—-— . —

0 ~~~ 155*1 IJPIPIGI(I I I I ?  7C r~~~ 
----

~~ 
—

5- d S. 111I,%L?T 1(1111111)1)1

AM ~~ ~
—
~~—1 

0 A R I S E  011. 111 51 1151 11

?SS T/COI .R hEIR II ‘ IT

A. ii Ii si III Dl ‘IT

= (111111,1 ‘.5111 l I - S ’S 12
vs 0 (0/0 . 5./Ill P1 .-I t

AM — . -- .. .

* C .‘. O .A , SLULIIUISE SI l T

— 0
EM a 0 —- - -. - 

IS

C.) StIlt 511)1 SlIt l) I..l) 151 
Ill

~ 101110 P15 11)1? . H 511101 I l
A.

~~~~~ LIIILLSR P10511.!. U SI l S I T 6
AM ..s I LIII? 51115110)1

AM - - 
III

—~~~ . ISO
4 — ‘ — — - — — — — .- —

O AM 500111111 ? I1TICTI0N%
U- I.- _ _ _

~~~~~

.

~~

..

~~

,

~~

... . -- —

U) AM ~~~ FL IP. ,ALSIII rt.NCTIONH ,,J”
U 0 ,t~is’i. IllS? 11111 AIFI’ST ’S I€4) —- _.~~~~~ . _ 

MN C.) 06 1105111 D LM.TOSi$

L~~~~~~~~~~~~~
9

~~~~

el ~~~~~~~~~~~~~

AM
MN MN s... AM AM AM

_ _-

~~~0 AM

___________ 5 -_  -a — 0( f l U  
MN0~~~0 0

—
0

vs _

AM — AM A~~00
— — C —

A.
—
MN
5-

Efl • vs
AM ,.p (Ad
5-
C

120. —
SCHEMAT .~C I S— 14

______ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



-

5 
TINt SI NIUASIS,  ‘~~‘ ‘‘ ‘ ‘ ‘ ~~ I
PIll IT. LIM 

I

S A S S , ’  SAS S Ivs -
I ;

~ 
5 4U • I , I A I I S S I  I S I ? I A I I S ’ , -

N .. I. 55 (55 (5 I. 1~? s I l l  5

z E~ ~
‘ 5 5 1 1 , 1 1 I 1  I , . S , I ’ S  I

1. S A l ,  1 .15 S I ”1, ’ , S ll
~~~~

— ~4) 
IS’S 5 511 55 5 II ‘ 5  5AM Is

~~~~~~~~~~~ 

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

C.) ~~~ 4I~’ IA I 55 151 5 1 * 1 1  II ~ I I  -

AM -. 
D~~ARilSTIIr~~ ’Ifl ’I. S ( ’ ’ A  

I s -

: !~
F
~
- E~E’s ’ :’

~ . 5

.

II: 

1wTImh1l 
-

I I A M C D
1 1  UN’- .)Z
0 — 00 — —

~~~ —I SCH EMATI C I S—’1~

_________________ 

__________ 
_______

_ _ _ _ _ _ _ _  - - .- .--- —. - _ _ _ _ _  _ _ _

-( •~ ‘ 1.’ V_~~ 5~ .. - ...~~ . .... ~. s  
~~~~~ 

.._._
~~ 

~~~~~~~~ 
IIN~~s~s0 ~~~~~~~~~~~ 

— S. —f. 5— ~~~~~



TINE SIIII’ IIIIR.LTI IIPIIAIION 
I

04)1? ETI I 101

~ 
STAPT/S1C~

0 0 CIII 0.5101 OI’IOAT IOS

— 
0 — I- I’ .1 — - . -. - -
AM 0 (11111,1 LI M IT  .IIE SUST

~ I C —- — —

vs C ~ ,~ C.) — -
.~
—- -.— --.—_ _  -. - - - - - --

U 0 5- JAR.’? 51/111.111 L 1 l 1 5  7
MN .r ~~1 -.I~~~~ I~~~~~ — —- -- -

MN U Li I — ~~ 
1~ 73 11111.1.5 r* I(II H.fl, I / S D

4 ~~~ 
I ~~ 

t.~ ~. 10/CS 511.1)1 1/TRAC E

C A. ..a vs lIST 1*1.11 11110 I L S I T  
-

L 
~ kf 1_/ _~_

j 
11/11 5.61 ImI 1 2 1

[
~
] El -a AM

0 IEEERITT lt,lI .S I/Il l

~~ 0 FIPE A lAR M SVISCTIO?IS
0 0 5- —-.-----.. ---- ---- --- -— .

0 -.a C AM 0 ______ 

NAIAIT. I?’N TINE IrroItTS
~~~,l•

AM En C C.) TROI III L 116(10510
_.~~ 

vs N -a 0 U C ———- -
— U ...a 0 AM _J CRITICA l.  SNUS *1.5511 :5AM ••~Z A. C 0 1

* 0  

_ _ _ _ _

U 
AM~~~~~

vs C I..y En F
= MN~~ ,, —

— .~~ 
A. O * ,  - .

MN 0
I... ! 0 AM

- .0
— v s — o~~~~~”~~~ a

AM 
~~~~~~~~~.4 

— a
MN _1 AM

~~ A. 00 0 U 0  0
E n E n A MZ AM

0 ~~~~~~~ ~~~~~~~~~ 5-
MN _ I MA M0  0 —000  0 0 0 AM —

MN U A .A . CMN

MN ~~~U U U 0A M _  0
•0 0 AI. C

(Ad

12 2 .  ___________________

I SCHEM A T IC IS— 16



¶ l~~ Al NEDU?.i* Ill? R A S I S ’ S

IIIII’V LVI  1.11.1
AM 

S1ART/5~~p 11
~EloRArvl urrlA,IQNNM 
CNILUR I DIll ADJUSTAM 

C.) 
______ 0* .  u~~it sNUTO,,?

t 
~~~ :~ :~~: : - --

~
OP/C? Ill/IT UTRAIE 

~
101//sI? 0 05C R RESET 

10 10 
0011.1.1 COI L lOll ’? 1

7 7
a 

—.-.
CH 1LI.Lo HA ItI U(Rfl 

~t2~
U 

~~~
— -—--- ---- —-5- MN C0P~ü. MAIPI Il5~~ 

~l3 I
0.6. $l lItEt4/t5 $e551 ( 7 / I

I 
*TA RT/RTI W IFIIIII:At I’ ll ‘

~ ~~— I 
~ RO lLER PES)PI . /  5 5 1 ) 1 S T  

~~~~ -— I 
CN T L L I H  PICA/IL! H SEl ECT

~ I 
P511? SIIICTIOM— I 

—-——

~~~
- -
~~~

—vs 
—

~~ 

—.- —--~2L.11.11111? fliIc’T10~~0 
FIRE Al lIS? FV’4CTWN~~~~~0 
N/ lIT . RI’S TINE Hl~~IRt $ 71

~t 

0 I 
1104)11.1 116(50015 

[24

F , 
— ~ 

_ _ _  

-

U 
CR ITIC/I IRK/i AL1.RH0~41/LITT ALA/INS 176 1

.M

123. I SCHEMATIC I S—I?

_ _ _  

_ _ _  _ _ _ _ _ _  

ij
-- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



APPENDIX C - SAVINGS ANALYSIS DISCUSSION

‘4 124 . 

-— .-——- -- —--.— —~~~~----— —- ~~~~~~ 
- .-



FUNCTION: TINE SCHEDULED OPERAT ION

Simulate building loads and system operation using computerized
energy analysis program. In initial run assume that systems run
24 hr/day , 7 day/week. In second run assume that systems run
only during occupied hours plus one hour in the morning for warm
up or cool down. Do not include fan XW in computer runs so that
results are representative only of heating and cooling energy
reduction. This heating and cooling energy savings can then be
proportioned on a per cfm basis to other similar systems. Fan
(or other auxiliaries) energy savings should then be added by
multiplying the KW by the number of hours of shutdown for the
system. Thus:

Cooling Savings = Difference in electrical consumption
of computer analysis runs. .5 -

Heating Savings = difference in heating consumption of
computer analysis runs.

Auxiliary Savings = HP x ‘~ x KW/HP x (8760 - H) x C

Where
HP = total fan motor nameplate horsepower
L = load factor
XW/HP = 0.746
H = number of hours of system operation
C = control efficiency factor

If the air handler is presently operating around the clock the I ’
above calculated savings may be used directly. If however the
unit is currently started and stopped by a time switch, full
credit can not be taken for the above savings for the EMCS.
Determining what savings may be attributed to the E!ICS becomes a
function of the reliability of the time switch system. Time
switches can be effective devices for the reduction of energy
consumption, however , they have several disadvantages. They do
not take into account holiday operation, seasonal changes, or
daily weather variations. They are also easily tampered with,
bypassed, or overridden. The pins which activate actions may
slide, thus causing system operation and energy consumption at
unnecessary times. They must be checked often to insure proper
operation and must be reset manually everytime a power outage
occurs for any appreciable time period . The ENCS is capable of
performing the same operations as the time switches but without
most of the difficulties descr ibed , since it is not within the
reach of tampering, and system operations are monitored constantly
by the console operator.

An exact method of analyzing the energy savings of an ENCS over a
time switch system is not available. The survey of buildings
indicates that some buildings with time switches are operating
properly while others have been overridden or set improperly.
With time clocks, a system that is operating properly one day may
be operating improperly the next day. This is not true with the
EPICS since modifications to operations must be made by the EPICS
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operators . For these reasons , the EPICS savings over time switches
will be estimated by multiplying an efficiency factor times the
heating 11 cool ing, and fan savings estimated above . The efficiency -

factor will be assumed to equal 0.3 in analysis in this report .

FUNCTION: DUTY CYCLING

Assume the system may be shut down for an average of 10 minutes
per hour . The savings resulting from this function are fan
energy and outside air heating and cooling energy . Outside air
loads are difficult to determine since they actually depend on
space load conditions . If there is a net cooling load in the
space, and the outside air is below 75°F, the outside air actually
reduces energy consumption. Also actual outside air quantities
may be very different from design quantities , with no practical
means of determining what the actual quantity is. Therefore
outside air load savings will be ignored in duty cycling analysis.

SKWH = HP x L x  10/60 x H x  KW/HP
Where
HP = total motor nameplate horsepower
10/60 = fraction of time system is shut down
H = required annual hours of system operation
L = load fac tor
XW/HP = 0.746

FUNCTION: DEMAND LIMITING START/STOP

Assume that. system can be shed 25% of time under peak load conditions .

S = HP x L x KW/HP x 0.25 x H
Where
HP = total motor nameplate horsepower of all motors in system
I. = load fac tor
KW/HP = 0.746
H number of months per year system operates

FUNCTION: START/STOP OPTIMIZATION

Assume an average of 1/2 hour of fan operation per occup ied day
may be saved by this function . Assume no net heating or cooling
energy is saved.

S HPx LxKW/HP x 0.5 xOD
Where
HP = Total fan motor nameplate horsepower
L load factor
KW/HP = 0.746
OD = number of occupied days per year
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FUNCTION : OUTSIDE AIR LIMIT SHUTOFF

Savings are derived from reduced hours of operation of auxiliary
equipment and reduction of system losses (heat transfer thru pipe
walls , leaking steam traps, etc.). Whenever the system loss
savings can be identified they should be included in the analysis,
however , generally it is not possible to reasonably estimate what
those losses are. Auxiliary savings are derived from the shutting
off of pumps, fans , etc. Whenever the outside temperature crosses
limits which , according to the time of year, indicate the heating
or cooling media which those auxiliaires are moving is not required,
the auxiliaries may be shut down. Auxiliary savings are thus:

SKWH H P x L y . KW/HP x (HS + HW)
Where
HP = nameplate HP of constant loads
L = load factor
KW/HP = 0.746
US = hours in sunm~er outside temperature is below sunm~er limit
NW = hours in winter outside temperature is above winter limit

FUNCTION : MAINTENANCE RUN TINE

By scheduling maintenance based on actual operation, assume the
EPICS is able to save one man-visit per year to the system being
monitored by the EPICS. Assume this man-visit is 2 hours in
duration .

S = 2 man hours

FUNCTION: ENTHALPY ECONOMIZER

Simulate building loads and enthalpy economizer operation with
computerized building energy analysis program. In initial run
assume that no economizer is operable, in second run simulate
savings from conventional dry bulb economizer changeover, and in
third run simulate savings from enthalpy economizer operation.
All runs should be made assuming the system is operating the
minimum number of hours necessary. Savings may be proportioned
for similar systems on a per cfm basis.

FUNCTION: HOT/COLD DECK RESET

Simulate system operation with computerized energy analysis
program. Program used should have simulation routines necessary
to select the zones with the greatest demand and then calculate
the necessary hot/cold deck leaving temperatures. In order to H
approximate the savings from this function, run the program once
using constant deck setpoint temperatures and then a second time
simulating variable deck temperature based on a discriminator
control scheme.
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FUNCTION : CHILLED WATER RESET

Assume approximately 1.5% efficiency increase may be obtained by
increasing the average chilled water temperature 1°F. Assume the EMCS
is capable of obtaining an average increase of 2°F. in chilled water
temperature , thus a resultant savings of 3% of compresser and cooling
tower fan energy should be realized . To conservatively approximate
these savings, assume a loading of 1000 equivalent full load hours.
Also assume an average consumption of 1 KWH/ton-hour. Savings resulting
are:

S = T x 1000 hrs . x 1 KWH/ton-hr x 0.03
Where
T = chiller capacity , tons

FUNCTION: CONDENSER WATER RESET

Assume approximately 1.5% efficiency increase may be obtained by
decreasing the average condenser water temperature 1°F. Assume the
EPICS is capable of obtaining an average decrease of 3°F. in condenser
water temperature, thus a resultant savings of 4.5% of compressor
energy should be realized . To conservatively approximate these savings,
assume a loading of 1000 equivalent full load hours. Also assume an
average consumption of 1 KWH/ton-hr. Savings resultings are:

S T x 1000 hrs x 1 KWH/ton-hr x 0.045
Where
T = chiller capacity , tons

FUNCTION: O.A. SCHEDULE RESET

Eoiler temperature reset saves by reducing heat losses through the
heating system and flue gases and by providing more exact control at 

‘I
the end use point . This last item provides savings by reducing overheating
of spaces at less than maximum loads due to control valve insensitivity
in those operating ranges. No exact means of quantifying these savings
is known , however experience indicates these savings should be a
function of the annual equivalent full load hours of boiler operation
and the total capacity of the boiler.

S EFLHx PECDxI
Where
S = annual savings , Theras
H annual equivalent full load hours for boiler
PECD = efficiency increase
I = maximum heat transfer capacity of device, therms

FUNCTiON: SAFETY ALARM

Assume total of 2 hours saved per year of occupant and maintenance
personnel time in conveying alarm information.

S 2 man-hours
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BUILDING SAVINGS - COST SUMMARY

Bui ldi ng # 
— 

_________________________________________________- ___________ J
SYSTEM SYSTEM 

___________ 
SAVINGS 

____________

NO. TYPE KW KWH THERMS MH COST

____________

_  _  _  _  _  _  _

TOTALS 
___________ __________ _____________ ___________ ___________ 

- .

. 
-

BUILDING CONNECT COST

TOTAL COST

EN ERGY — ( KWH X 11, 600) + ( ThERM S x 100 ,000) - 
_______ 

MBTU
SAVINGS 1,000 ,000 BTU/MBTU

$ SAV INGS = (_ KW x $ /KW) + (
________ 

KWH x $ _____/KWH)
+ ( THER NS x $ /THERM ) + (

_____ 
MR x $ _____INN) = $ 

________

E/ C  RATIO =
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A I ’  I ~~~N

TI  TLE OF PRO.II-:C-I 
- 

K Y—

INV K SrM NT

I . I’RO.JECT ( O S  IS ( Econon~i l i f ( ~ (CI V ( ’ .I I )
.4 • I’Ll ) l t ’t t  ~‘s 5~~~( c~-~’~ l.ited to end ot ~~~~~~~~ v( .Ir . • • . $ 

—.5— —

h. t)estgn t ’ O S L S  no t  ve t  ohligat.’d $ 
-

c . Total Project Cost (a + b) $ 
-

SAVING S

~~. ANNUA l El ECTRICITY SAVIN G S:  KWH :
a. Equivalent t’nergy : KWH X 0.0116 (MRTU ’s: $ 

-- 
‘I

h. Cost per KWH at end (CI program v ’.tr $
c . Fl rs t ve.~ r . innua I do 11.1 SaVings  (KWH x h) $ 

- -

d. Differenti al escalat i on presen t wor t h factoi . . . • - -

e. Discounted savings (c x d) $ 
- - -  -

3. ANNUAl. ENERGY SAV iNGS (TYPE: MBTU’s: _)
.i. Cost per MI% TU at  end of pt-ogram vear  $
h .  F i r s t  vc.u annua l d o l l  .~r say tugs $

• Di ft t r en t  Ia !  escalat ion present worth tat - tor 
-

d . Discount e’d say tugs (h x c $ 
- -

4 .  ANNUAL ENER GY SAV INGS (TYPE: 
- 

M Wrt t ’s: 
- - - - -

a. Cost per MRTU at end 01 prograni year $ 
— —

b . Ft rs t y ea r  aimua I do! 1.4 r s.~v I ngs $ 
— —  — - -

c . DI ft ere ’nt 1.4 ! (s(.Ilat ion present worth I . ietor  
-

d. Discoun ted savings  (b x c)  $ 
-

. ANNUAL OTHER—THAN—ENERGY SAV IN G S (OR COSTS)
a .  Labor $
h.  M a t e r i a l  ~ Other  $ 

-

~~. TOt~ I (a + b) $ 
-

d. IO ~- I ) i scount  Fac tor 
-

e. Discounted Other—than—energy saVings (or co s ts )   $ 
- -  -

6. TOTAL FIRST YEAR ANNUAL SAV I NG S (2c + 3h + 4h + 5c ) .. $
7. TOTAL DISCOUNTED SAV I NGS ( .~c + 3d + 4d + ~e )  $ 

-

COST ES CAI ,A I’ I ON

Curren t Elec $ x x x x - $
ra te s 011 $ x 

- - 
x x x — $

I’, ot  (‘as $ x x x x —

$ X X X

RATIOS

8. I)ISCOIINTED SAV I NGS/ INVESI’MENT RATIO (Line  I $ 1 ~~~~ -~~~~ —

9. TOTAL MRTU SM I NCS 
-~~ - + 1.1 ne I .i t 1 000) 

10. S I M P L E  P AYR A CK PER I OD ( I  . ‘s  l in e  h)  -~~~ — 
\ R S

NOTE: For K-rAP p ro~ cc t s use I In c  1 c I n lin es t) and 10 In  I f  i n  ot  1 .i.
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