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CHANCES TO CIVIIL ENGINEERING LABORATORY PUBLICATION NO. 78 MR 423

.
.

Page 38.
Replace Paragraph 2 withe

“The cost of an EMCS projecct is determined by the system/
functions that individually meet the 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 should 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 '

Chanze introductory sentence to:

"The basic steps for the prioritization of an EMCS project
are:" ; : . SR

.

Change items 4 & 5 to:

"4, Calculate the savings to investment ratio and the
annual energy savings to investment ratio (E/C) for each alterna-
tive." ' - f

5. For those alternatives that meet criteria, rank in
descending order the alternatives by the annual energy savings
to investment ratio (E/C)."

Delete items 6 & 7

Page 95,

_The cutoff line shown is in error. The project cost is determined
by the amount of justifiable scope. If Building 200 weets criteria,
it would be included in the project.
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1.0 SUMMARY

This document is prepared in accordance with Contract N68305=8156-0007 from g
the Civil Engineering Laboratory NCBC, Port Hueneme, California 93043, i
under the supervision of Mr. Dale H. Johnson, Code L26, AV360-5795/4661, |
FTS 799-5795/4661, AC(805) 982-5795/4661. s .

This document establishes methods for performing economic analysis of
Energy Monitoring and Control Systems (EMCS) for Energy Conservation Invest-
ment Program (ECIP) and Energy Technology Applications Program (ETAP)
funding. ‘i
|
t

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/S$K) (line 9) and simple payback, (line 10), design
costs not yet obligated (1b) must be added to line (la) for ETAP
funded projects.

2, ETAP funding is for energy conservation projects of $5K-$100K range.
Projects will be prioritized by energy saved/investment ratio.

3. ECIP funding is for energy conservation projects of greater than $100K
range.

Various common EMCS functions along with typical energy consuming systems
to which they are applied are described. Procedures ror estimating potential
energy and cost savings from the application of each EMCS function are
included. Data for use in preparing EMCS cost estimates has been obtained
through a survey of EMCS manufacturers and is tabulated. Methods for
determining the best alternative uses of an EMCS 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.




i i 2.0 EMCS OVERVIEW

5 N

i The purpose of this report is to provide guidelines for economic analysis
of Energy Monitoring and Control Systems (EMCS) as they apply to basewide
Navy installations. A method is presented for completion of an Energy
Conservation Investment Program (ECIP) Economic Analysis Summary. This
summary may also be used for Energy Technology Applications Program (ETAP)
projects. {

Based on the current Navy design philosophy, the primary purpose of an EMCS
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 EMCS is illustrated in Figure No. 1.

Generally an EMCS 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 EMCS, and sensors and actuators with their related
equipment located in each building connected to the EMCS.

As shown in Figure No. 2, the basic components of the master control center
includes a Central 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
control center devices, processes data, executes programs and interprets
commands. The system control consoles are used by the operator to communi-
cate with the EMCS. 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 signal lines,
radio transmission, and microwave transmission. Many different methods and
design philosophies are associated with each of these types of data transfer.
At this time, none of the EMCS manufacturers use exactly the same transmission
methods and protocols.

To interface with the transmission system and subsequently the 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,
and to transmit signals to field actuators. For each of these functions,
the FID contains signal conditioning electronics to amplify, convert, or
otherwise modify field signals into a standard configuration. The field
interface device also contains analog to digital convertors which convert
analog signals from field sensors into a digital form for transmission to
the central control center. 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
including 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 transmitting 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 functioms
and some system optimization.

This discussion constitutes a simplified and generalized definition of an
energy monitoring and control system. There are as many different devices
and configurations for each of the components defined as there are EMCS
manufacturers.
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3.0 ANALYSIS CONCEPTS

The basic steps required in performing an EMCS analysis are:

| Field Investigation

2 i Savings Analysis

3. Cost Analysis

4. Prioritization Analysis

S Overall Economic Analysis

Field investigation determines what energy consuming systems are present
which an EMCS may control, and what EMCS functions may be pertormed on

those systems.

The savings analysis determines the potential energy and cost savings from
EMCS installation.

The cost analysis estimates investment required to install the EMCS.
The prioritization analysis determines which alternatives should be included
in the project in order to provide the maximum savings for a given invest-

ment .

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

AT AT A ST N RS R T




4.0 FIELD INVESTIGATION

The primary purpose of the field investigation phase of the analysis is to
determine what energy consuming systems are present which may be controlled

by the proposed EMCS. What EMCS fuictions may be performed on each of the
systems must also be determined. A biief description of common EMCS functions
is included in the APPENDIX. Also included in the APPENDIX are schematics

of typical energy consuming systems which may be controlled by an EMCS.

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

1. Base map showing facility numbers and general layout of the Base.

2
& .

Utility maps showing Base electrical distribution, water, sewer, and
communications systems.

Facility listings indicating:

a. Facility ID Number

b. Facility Name/Description

c. Facility floor area, square feet

Utility cost data including rate structures or current prices, and
copies of billings over the last year. Estimated local escalation
rates should be provided if available.

Information from the Base Communications/Telephone Office on the
quality, availability, and cost of utilizing Base telephone lines for

data transmission.

Shop drawings, specifications, or other information on any existing
EMCS or similar central control systems.

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

Plans for future additions to buildings or new building which might be
connected to or affect the EMCS. Also, plans for demolition of exist-
ing buildings.

Listings of critical facilities which should be connected to the EMCS
for monitoring purposes (computer rooms, flight simulators, etc.).

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

i1. Schedules of occupancy and usage for people, lights, and equipment for
each building.

p————
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12. Any available small scale plans of buildings under consideration for
EMCS connection.

The "as-built™ mechanical drawings are a necessity for the efficient use of
field survey time. Without them, much time may be wasted in trying to

track down every mechanical room in a building, particularly if the building
is large and has been extensively remodeled. Because of the large number

of systems and drawings on a military base, obtaining the recuired prints
can be a problem. In general, 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 usually equipped
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 EMCS

design analysis. The best solution to this problem is for the EMCS design
engineer to review the tracing files for the buildings in question. Only
those tracings which are absolutely necessary for use in the EMCS field
investigation should be selected for printing. Whatever approach is to be
utilized, 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 EMCS, 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 prcjects 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
usually 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 EMCS 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, EMCS 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.




analysis stage of the project is primarily concerned with identifying the
type of system in question, its current operating hours, its required
operating hours, the horsepowers of motors in the system, auc other data

required for the analysis of savings which would result from EMCS 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
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.
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5.0 SAVINGS ANALYSIS
Savings resulting from installation of an EMCS may be simply stated as:
S = RCI-RC2

where:

S = net savings

RCI = resources (energy, demand, or manpower) consumed prior to EMCS
installation
RC, = resources (energy, demand, or manpower) consumed after EMCS

installation.

Historical data currently does not exist in sufficient detail to allow
direct estimation of either RC, or RC,. RC. is generally available only on
a basewide basis. Sufficient &ata from existing EMCS installations has not
been collected to allow estimation of RC, 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
basis.

Where resource consumption is simply a function of equipment running tiine

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.

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 EMCS control of an air handling unit.
If, prior to installation of the EMCS, the air handler runs 24 hours per
day, even though it is required to operate only 12 hours per day, an obvious
EMCS function to perform is TIME SCHEDULED OPERATION. Another potential
EMCS 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 EMCS 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.
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PECD

PEI

SKW
SKWH

STHERMS

ods of calculating savings resulting from each typical function have
examined and a summary of the resultant equations are as follows (see
IX C for description of the equations and a discussion of simulation
uirements where such is indicated):

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 THERMS.
conversion at 0.746 KW/HP

load factor

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.

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

number of days of required operation per year.

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

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

Annual kilowatt demand savings
Annual kilowatt hour savings

Annual therms heating savings

14.
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Methods of calculating savings resulting from each typical function have
been examined and a summary 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 -
C

D

EFLH

HS

OoD

PECD

PEI

SKW
SKWH

STHERMS

2 iy X !

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 belcw 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 THERMS.
conversion at 0.746 KW/HP

load factor

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.

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

number of days of required operation per year.

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

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

Annual kilowatt demand savings
Annual kilowatt hour savings

Annual therms heating savings




Time Scheduled Operation

® Cooling Savings - Simulation
° 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
® Heating and Cooling Savings - Assume None
® Auxiliary Savings (fans, pumps, constant running motors) -
SKWH = HP x L x O x H x KW/HP
HP = total nameplate HP of constant loads.

Demand Limiting

© SKW = HP x L x KW/HP x D x M
HP = total electrical load of system (fans, pumps, compressors, etc.)

Start/Stop Optimization

® Cooling Savings - Assume None
° Heating Savings - Assume None
° Auxiliary Savings -

SKWH = HP x L x KW/HP x T x 0D

Outside Air Limit Shutoff

® Auxiliary Savings (fans, pumps, etc.) -
SKWH = HP x L x KW/HP x (HS + HW)
HP = nameplate HP of constant loads.

Maintenance Run Time

® Savings - estimate manhours based on current maintenance practices (i.e.
roving patrols, preventive maintenance schedules, etc.)




Enthalpy Economizer

° Cooling Savings - Simulation
° Heating Savings - None

Hot/Cold Deck Reset

® Cooling Savings - Simulation
® Heating Savings - Simulation

Chilled Water Reset

® Cooling Savings -

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

Condenser Water Reset

® Cooling Savings -

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

Outside Air Schedule Reset

° Heating Savings -

STHERMS = EFLH x PECD x 1
Safety Alarms

® Savings - Estimate Manhours
Intercoms

® Savings - Estimate Manhours




6.0 COST ANALYSIS

The accurate analysis of an EMCS 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
EMCS. The cost of that function is equally important in determining whether
or not it should be connected. Cost estimating is of additional importance
because cost for a particular EMCS function is relatively constant, 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 first and
probably most important complication is the fact that no two manufacturers'
EMC systems are identical. Every manufacturer takes a different approach
to performing each EMCS function. For example, because of a particular
configuration, one manufacturer may be able to provide a status feedback
for a piece of equipment being started and stopped by the EMCS for a very
small cost, whereas a different manufacturer with a different configuration
might actually double the cost of simply providing start-stop capability,
if status feedback is required. Another difficulty arises from the 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

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 ;u
the system must be analyzed. The five main cost components of an EMCS are p?
1) general cost, 2) central control center cost, 3) transmission system ?ﬁ
cost, 4) facility connection cost, 5) sensor/actuator cost. &
z
General cost consists of the following components: %é
a. Estimation '
b. System engineering |3
[ Shop drawing preparation i
d. System testing and debugging !’
e. Training | 4
f. Maintenance contract |8
'8
All of these costs involve a considerable amount of overhead time, thus :
making them only slightly dependent on the number of facilities and sensor/ .
actuators connected to the EMCS. ?

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

iasat
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included in economic analysis of EMCS. 1f more exact figures are available
(such as staffing requirements studies) then those should be used in lieu
of the 10% figure.

The central control center consists of the following main components:

Central processing unit hardware

Peripheral hardware and associated software drivers
Operating system software

EMCS command software

< EMCS applications software

Communications hardware

Communications software

®x -0 an oTe

The cost of these components is relatively constant, irregardless 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 EMCS 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
EMCS 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

n

Telephone lines and modems from the building in question back to
central 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 EMCS and not on the number of sensor/actuators.

The sensor/actuator cost is the cost to add a sensor/actuator to the EMCS,
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.
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b. Wiring trom the field interface device to the seasor/actuator
C. The sensor/actuator itself !
d. The installation and interface of the sensor/actuator with the

existing local control system

e. Local controls which must be replaced, repaired, or added

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

R- Definition and entry of each sensor/controller into the central

control center

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

Several manufacturers were contacted and presented with a list of questions
designed to obtain specific 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 manufacturer. Some manufacturers requested that their
prices not be openly presented for protection from their competition;
therefore, none of the manufacturers names have been listed. 1t should be
pointed out that both conventional controls manufacturers and the smaller
"systems house'" manufacturers are included in those listed. The figures
included here were obtained during November, 1978.
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