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PREFACE

This report documents work performed by the Jet Propulsion
Laboratory (JPL), California Institute of Technology. Pasadena,
California 91109, under Project Order No. F-83-36 with the Air Force
¢ Engineering and Services Center, Tyndall AFB, Florida 32403-6001 and
through NASA (NASA Task RE-152, Amendment 364). Major Dwight Odom
was the project officer for the Air Force Engineering and Services
Center. This technical report has been reviewed and is approved for

publication.

The purpose of this report is to present a methodology for the
evaluation of techniques for reducing peak powet demand and costs by
Air Force base civil engineers. The report is organized as a
guidebook with worksheets for the estimation of energy savings,
power savings, and dollar savings to be gained through the
implementation of techniques to reduce peak power demand.
Interconnection, energy management and control systems (EMCS), and
on-site generation are the techniques considered.

This report has been reviewed by the Public Affairs Office
(PA) and is releasable to the National Technical Information Service

(NTIS). At NTIS it will be available to the general public,
including foreign nationals.

- This technical report has been reviewed and is approved for
publication.

Freddie L. Beason, P.E. Robert L. Smith, Jr.
Mechanical Engineer/Energy R Major, USAF
Chief, Energy Division
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SECTION I

INTRODUCTION

A, PURPOSE

N
This guidebook was developed to assist Air Force base civil
engineering staff .in evaluating alternative methods for reducing the
electric utility costs at the base. The guidebook uses a series of
worksheets that are designed to evaluate the electricity consumption
patterns at the base, determine the potential cost savings due to
peak shaving, and evaluate alternative methods for achieving cost

savings.

Most Air Force bases are major daytime users of electric
power, with very high on-peak electric power demands. Electric
utilities charge their customers not only for ;ngkamount of electric
energy consumed, measured in kilowatt- hours4§5Wh9 but also for the
peak power demanded, measured in k1lowatt5°4kW) Each utility has
its own policy for determining the rates to charge its customers,
but the cost of on-peak power is high and increasing. Consequently,
there is a potential for dollar savings if the peak power demanded
from the utility can be reduced by changing or shifting consumption
patterns. This is often referred to as peak shaving.

Most electric utilities define different types of rate
structures for different types of customers, summarized in the form
of rate schedules, that take into account both the quantity of
electricity purchased and the peak demand, as well as the time of
day the electricity is demanded. This is especially true of sales
to industrial customers, such as Air Force bases. Thus, by finding
ways to reduce the peak power demand from the utility, an Air Force

base may be able to achieve dollar savings.
\

B. COST REDUCTION METHODS

The methods for reducing electric utility costs vary widely,
from conservation to energy storage, and may be classified into six
groups.

1. Conservation

Conservation reduces the energy consumed and may reduce the
peak demand. Any procedure that reduces electrical consumption,
especially during the peak time of day, is applicable. Conservation
usually includes "housekeeping”" measures, such as turning off lights,
setting thermostats higher in summer and lower in winter, etc. 1In
general, conservation reduces costs through reduced consumption and
should be the first method pursued for achieving cost reduction
because it requires no capital investment and no additional operation
and maintenance (O&M). Conservation should be implemented before
using this guidebook.
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2. Rescheduling

Rescheduling, or time-of-day shifting, reduces the peak demand
without reducing the energy consumed, that is, without conservation,
An example is rescheduling an operation from the day shift to the
night shift, thus reducing the peak load during the day and shifting
it to the night when there is less demand. If the base mission does
not preclude the rescheduling of an operation, this should also be
one of the first methods pursued because of the probable cost
savings due to lower off-peak rates. This method also involves no
capital investment and generally no additional O&M (nighttime wage
differential excluded) and should be implemented before using this
guidebook.

3. Fixed Charge Minimization

Minimizing the fixed charges will reduce the utility bill
without reducing either the peak demand or the energy consumed,
This may be accomplished by reducing charges or increasing credits
that are not associated with the actual electricity demand or
consumption. For example, a utility may apply a fixed service
charge for the hookup to the electric meter., If more than one meter
is used to serve the base, the service charge would be
proportionally greater,

In this case, interconnection to one meter can reduce the
monthly service charges. There is no additional O&M required, but
there may be a one-time charge by the utility to achieve the
interconnection, and the monthly savings should be evaluated against
that charge. 1Interconnection is one of the alternatives examined in
this guidebook,

4, Energy Management and Control System

The utilization of energy management and control systems
(EMCSs) usually results in improved energy efficiency in
operations. In most instances, an EMCS can reduce both demand and
consumption, as well as perform a variety of energy management
functions that reduce costs. The use of an EMCS is a form of
conservation but is listed separately because it requires a capital
investment and additional O&M. The installation of an EMCS is the
second alternative examined in this guidebook.

5. On-Site Generation

On-site power generation reduces the peak demand and the
energy purchased from the utility without necessarily reducing the
peak power to the base or the total amount of energy consumed.
Emergency power generation facilities, a dedicated on-site power
plant, or a cogeneration facility can be used for on-site power
generation. This method depends on the capability of the base to
generate electricity less expensively than the utility's peak
charge. This method of peak shaving is the third alternative
examined in this quidebook.
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6. Energy Storage

Energy storage is the most complex method; it reduces the peak
demand while the energy consumed increases. Energy is stored at
night, during which time the demand is low and energy charges are at
lower, off-peak rates. The stored energy is then used during the
day when the demand is high, Due to losses that occur through the
charge~storage-discharge process, the total energy consumption, in
kWh, is usually about 25% higher than direct use. Such a system
could only be beneficial in cases where substantial off-peak rate
savings are offered. Energy storage, in general, applies to large
industrial/commercial facilities, and its application is often
limited by high initial capital requirements. This option is not
examined in this guidebook.

cC. USE OF GUIDEBOOK

In this guidebook, only a general methodology of system
evaluation and indications on cost is given. The users of the
guidebook are urged to obtain firm quotations from vendors or
contract studies for the final evaluation of complicated systems,

The logic of selecting a system to reduce the electricity cost
is based on estimating the total project life-cycle cost based on
assumed values for the savings~to-investment ratio (SIR) and
discounted payback period (DPB). This estimated cost is then
compared to the cost of the alternative techniques to determine
which is best suited to the base's energy needs.

Before proceeding to the technical solutions described in this
guidebook, which require a capital investment, options such as
conservation and rescheduling must be fully explored. The energy
usage at the base should be categorized as (1) environmentally
affected loads, such as heating and cooling; (2) service related
loads, such as workshops, laundries, paint shops, etc.; and (3)
mission-related loads, such as radars, computers, runway lights,
etc. Usually, mission-related loads cannot be significantly
reduced, but loads under the first and second categories should be
examined to see whether a change in the operating schedule might
reduce these loads.

.
f% Worksheet A, Site and Load Data, is designed to assist in
WS collecting and organizing the base energy consumption data for
ﬁﬁ analysis. Early start and finish of work during summer periods
gb would reduce the peak demand caused by air-conditioner usage during
] late afternoon periods. If shifting to a night schedule is |
= possible, the increased usage of light should be traded off with the }
e decreased air-conditioning lcad. The impact of rescheduling the i
"o operation may be examined by comparing the on-peak demand and
a expenses with the shifted off-peak demand and related expenses.
The next step is to calculate and plot the base's load profile
using Worksheet B, Load Profile, to determine the daily pattern of
W consumption and to determine the nature, extent, and occurrence of
:ﬁ the peak demand.
i
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0 The rate structure of the utility serving the base is analyzed
* next in Worksheet C, Components of a Utility Bill. This allows the
- base civil engineer to disaggregate energy, power, and other
%; charges. Also, time-of-day, day-of-week, and quantity discounts or
#h surcharges may be analyzed. ]
¥
%y' After understanding the base load profile and the utility rate
w structure, it is possible to estimate the potential cost savings

, that could result from shaving the peak; this is quantified in <
é?ﬁ Worksheet D, Prediction of Potential Cost Savings.

s

*
i'l In a few cases it may be that either the base does not have a
Sty noticeable peak, and/or the utility rate structure does not penalize
i the occurrence of peak usage. In these cases potential cost savings

would be minimal.

RN
Wt . . .
i The final step is to examine the three candidate methods to

'23 determine which is a viable, cost-saving technigue. Worksheet E,
,:J Economic Feasibility Evaluation, evaluates the economic viability of
9,f the three methods: Interconnection, EMCS, and On-Site Generation.
ot The latter is divided into a choice between generating electricity
¥ for direct use at the base and generating heat and electricity for
'-ﬁ use at the base as well as selling some back to the utility.
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SECTION 11

SITE AND LOAD DATA: WORKSHEET A

The first step of the analysis requires the collectior ot
site-specific data for the entire base or site. Worksheet A ..
arranged to help serve this purpose, Entries Al through A% are
informational and not used in the actual analysis; theretore,
collection of these data can be omitted. However, entries A.{
through AlS, the site and load data, are needea to getermine trie
range of the demand and consumption on an annual basis. For tr.s
analysis, the highest demand month will be used first because 1f
there is no promise of reducing the utility bill through peax
shaving for the highest month, then there is no neea for furtrer
analysis. If the highest demand month does show promise for cost
savings, then other months should also be examined to determine a
better indication of the potential cost savings.

The entries are a condensed guide to the site-specific Lase
characteristics that will be helpful later. The user may want to
tailor the worksheet into more specific groupings to fit the
characteristics of the base under consideration. Most bases will
probably have available detailed engineering plans, drawings,
layouts, etc. 1Initially, it is only necessary to collect what 1s
available without expending a great deal of effort. Later, 1f 1t
happens that the base under consideration has a high potential for
cost savings by peak shaving, these data may then be analyzea 1in
more detail. For example, to evaluate an energy management anc
control system prior to a decision to implement, it is necessary
either to have detailed facility data or to conduct a survey to
obtain the information.
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O WORKSHEET A

s

ity Al. Enter the name of the base, Al
& - L
%3 A2, Enter the location of the base, A2
LIS —_—
~i; A3. Enter the electrical utility (or utilities) A3 7
by serving the base,

\

ﬁj A4, Enter the number of electric meters serving A4
of, the base. —
o A5. Enter the on-site electrical generation AS
Py capacity, if any.

St
ﬁﬁ A6. Enter the site population.
o a. Military A6a
P b. Civilian A6b
-

‘&‘ A7. Enter the facilities on the base.
o a. Number Ala
A b. Total area (ft?) A7b
Q Y .

oot A8. Enter the buildings on the base.

. a. Number A8a
¥ b. Total area (ft2) ABD
2,
fﬁ: A9. Enter the housing units on the base.

roh a. Number of single-family units A9a
i b. Number of multlple family units A9b
» c. Total area (ft?2) A9c
A

‘:* Al0. Fill in Table A-1 with the monthly demand Al0 Table A-1
f\j and consumption data obtained from the

»::j utility bills.
m ]

.. All. Enter the peak demand; it is the highest All
b value entered in the Demand column of

e Table A-1.

ot
,?3 Al2. Enter the peak demand month, Al2 j
-’1

Al3. Enter the high month energy consumption; Al3

W it is the highest value entered in the
.‘i‘ Energy column of Table A-1.

\ -

J.'l
e Al4. Enter the sum of the monthly peak demand Al4
s values by adding the data in the Demand

i column of Table A-1,.

Al5. Enter the total annual energy consumption AlS

NN by adding the data in the Energy column
S of Table A-1l.
o 6
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iﬁ: D

A A R S R A N A A S G L PR A AR, AR GRR R



S
KR
]
&
#&%
:::; WORKSHEET A (continued)
e
R
Table A-1. Demand and Consumption
-
K
ko | l I [
AT | I Demand | Energy I
Yy | Month | (kW Peak) | (kWh) |
o | | I |
| T ] i
y ) | January | I |
I | | I l
b | | | |
P | February | | |
: : : :
. | March | | |
' ' | ;
'%: { April ‘ | |
P
) | | | i
Bl i | | |
& | May | | |
e | I |
%u{ | June | I |
i | | | |
o | | i |
. | July ! } |
0 | | | 1
QN I | [ |
Wi I August | l| I|
; ! I
2% | | ! [
) | September | ! :
N | | |
i l | | |
o | October | | |
hoves | | | |
""l I l | l
' i November | | I
| | | I
| | | i
I December | | !
| | i :
| | |
[ I R |
] Total ] I |
| | | |

END OF WORKSHEET A
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SECTION III

LOAD PROFILE: WORKSHEET B

The load profile is the variation in the power demanded over a
period of time. Analysis of the load profile will yield the
information needed to determine the potential for peak shaving.

To develop the load profile for the base, load data for the
highest demand month is needed. The load data comprising the
24-hour variation of the electricity demand for two average workdays
and one normal weekend day during the month is needed. The selected
days should be typical for the month to ensure that the data are
reasonably representative of the month's demand.

A utility will generally provide these load data upon
request. Hourly data are adequate for this analysis; if 15-minute
interval data are provided, calculate the hourly average. 1In the
absence of utility-provided data, meter readings taken on an hourly
basis can be used to generate the load data. This can be
accomplished by taking a reading once an hour for the representative
24-hour periods. If there is more than one meter for the base, each
meter must be read and the results summed for each hour.

Next, the tabulated load data is converted to a percentage
tabulation that will be used to develop the load profile curve. The
load profile curve is a plot of the power demanded versus the time
of day. A typical load profile curve is illustrated in Figure 1.

—100
5

2 75 %
Wud Q.
e o)
) -
Z
9 130 5
2z &
- a-

— 25

| 1 1 | 1 0

0400 0800 1200 1600 2000 2400

TIME OF DAY

Figure 1. Typical Load Profile Curve
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fﬁ? For analysis, the three load profiles must be simplified and
converted to a generic load profile. The two weekday and one
weekend day load profiles will be averaged and plotted to highlight
three distinct time periods with flat load levels. The resulting

LA

5?; graph is referred to as the generic load profile.

N

mﬁ The generic load profile is a simplified straight line curve
of the percent of peak load corresponding to a time period under

e study for the base. Thus, the generic profile will represent the

i 24-hour variation of the load for the month selected for study. The

?aﬂ shape of the generic load profile is based on a study by Science

"W Applications, Inc. (SAI) (Reference 1) and supporting analysis to

R this report.

R A generic load profile is assumed to have three flat load

A levels that are joined by straight lines as illustrated in Figure 2,

Say

4 These flat levels, denoted A, B, and C, represent the three

i periods, late night, day peak, and evening. The actual time periods

=
2

associated with the three load levels may vary for different sites
and different times of the year, depending on the type of load and
season. Generally, however, the time periods fall somewhere in the

2 7T

;
LI 2, .
35 following ranges:
W)
13? A: Late night period 0300 to 0600 hours
& B: Day peak period 1200 to 1600 hours
- C: Evening period 1900 to 2200 hours
o8,
L . .
X N Generally, the late night period, A, has the lowest demand.
o During summer months and working days, the highest values are during
@ﬁ‘ the day peak period, B, i.e., 100% on the generic load profile
ThHe scale. The evening period, C, represents the mid-peak or medium
J demand. As an exception, the evening period demand may be close to
B0
&y B: DAY PEAK PERIOD
",,n:.' 100 $—
s
K 90 C: EVENING PERIOD
. 80
& 5 70
"\)'::"" & 60
; "’N’ 5_
!‘.9«
£ 50|~ A: LATE NIGHT PERIOD
N wJ
1,8 (W)
\ 40 }—
4 ‘\‘:'ﬁ 30 |—
o3
K4 204
o 10+
0l TIME OF DAY
e 0 1 ] 1 L 1 1
A::,;:O 0400 0800 1200 1600 2000 2400
Al
'Qﬁ' Figure 2. Generic Load Profile Curve Using Default Values
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the day peak demand, and even exceed it for weekends or at sites
with very cold climates during the winter months. In that case, the
evening period, C, would be 100% or very close to it.

To develop the generic load profile, the load profile percent
of peak data for the three typical 24-hour days, is averaged and
plotted. If these data are not available, an alternative using |
default values, discussed below, can be used.

For each day for which data have been gathered, the three-hour
period that best represents each of the three flat load levels
should be determined. This is done by observing the data in the
intervals defined for each period. For the late night period (A)
and the evening period (C), obtain the average load percentage for
each period by summing the hourly percent of peak data for the time
period and dividing by three. The average load percentage for the
day peak period (B) is 100%.

The monthly average value for each time period is obtained by
adding the three values for the time period and dividing by three,

The resulting generic load profile is then plotted. This is
done by drawing horizontal lines for the flat time periods (A, B,
and C) and then connecting the end points. Figure 2 is an example
of a generic load profile using the default vaiues discussed below.

For those sites having more than one meter connection, the
generic load profile should be determined for the sum of each
meter's data.

In the event that the actual load data cannot be obtained,
default values for A, B, and C can be used; these are as follows:
A = 55%, B = 100%, and C = 85%. These A, B, and C values are based
on the SAI study (Reference 1) and analysis done in support of this
report. Default results are considered accurate to within + 10%. A
screening analysis based on default values should be confirmed later
hy actual data prior to any significant capital investment.

To accomplish savings due to peak shaving, the load profile
musl demonstrate a noticeable peak in demand that is at least 10%
nigher than the mid~peak value, i.e., B should be at least 10%
larger than C. 1If a sizable peak does not occur, cost reduction
potential through peak shaving is negligible. If that is the case,
further study is unnecessary. If there is a sizable peak occurring,
cost reduction potential should be examined further, repeating the
process for additional months,

The generic load profile analysis is applicable for most of the
continental United States. Unusual cases, such as extremely
Pigh-latitude, cold-climate sites or bases with primarily night
sperations, may not follow this pattern. It should also be noted
that for those sites with little difference between the day peak (B)
and evening peak (C) values and/or for thuse bases served by a
utility that does not charge for the peak kW demanded, peak shaving
will not reduce the utility bill and this analysis does not apply.

-11-
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Bl.

B2.

B3.

B4.

BS.

B6.

87.

BS8.

B9.

WORKSHEET B

Fill in the Demand column of Table B-1l using
hourly load data for two average workdays and
one normal weekend day obtained from the
utility. If 15-minute interval data are
provided, calculate the hourly average, Sum
each of the three Demand columns and enter the
total.

Calculate the average of the three Demand
column totals from Table B-1.

Calculate the percent of peak demand. For
each hour's entry in the Demand column,
divide by the highest value for that day
in the same column and enter the result in
the adjacent column, % of Peak,.

Determine the three-hour period that best

represents the late night, flat load level
period, A. (Look in Table B-1l around the

period from 0300 to 0600 for four entries

that are about the same percent.)

Determine the three-hour period that best
represents the day peak, flat load level
period, B. (Look in Table B-1l around the
period from 1200 to 1600 for four entries
that are about the same percent.,)

Determine the three-hour period that best
represents the evening, flat load level
period, C. (Look in Table B-1 around the
veriod from 1900 to 2200 for four entries
that are about the same percent.)

Determine the average percentage load for

the A and C flat load periods for each day:;
the average percentage load period B is 100%,
Fill in Table B-2.

Determine the month's average percentage load
for the three flat load periods and enter in
Table B-2, If these data are not available,
use the following default values for the
three flat load periods:

A: Late night period 55%
B: Day peak period 100%
C: Evening period 85%

Plot the generic load profile onto Figure B-1
using the month's average data in Table B-2.
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WORKSHEET B (continued)

Table B-1l. Load Profile Hourly Data

Weekday #2
Date:

Weekend Day

Date:

1
| Weekday #1
] Date:

|

$ of
Peak

Demand
(kW)

% of
Peak

Demand
(kW)

$ of
Peak

Demand

Hour (kW)

|

!

|

|
0100 |
0200 |
0300 |
0400 |
0500 |
0600 |
G700 |
0800 |
0900 |
1000 |
1100 |
1200 |
1300 |
1400 |
1500 |
1600 |
1760 |
1800 |
1900 |
2000 |
2100 |
2200 |
2300 |
2400 |
|

!

|

|

Total

|
I
I
I
!
l
|
l
i
!
I
|
|
|
I
|
|
|
I
|
|
I
l
I
I
I
!
I
I
I
I
I
I
I
T
|
|

—_———de - - L h e e e e e e e e e ___ﬁ—”_——_J—n_.___

I
|
I
l
1
I
|
|
|
!
I
I
|
|
I
|
|
|
|
I
|
!
[
I
I
I
l
|
I
I
y
|
I

—_—e—— e — e e rh e ek e e mee ey e e e an w— ee mme em e— mmm e e e o —— —]

[
I
|
I
T
I
|
I
I
I
I
[
I
|
|
I
I
I
I
I
I
I
|
I
I
I
I
I
l
[
B
|
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P WORKSHEET B (continued)

Table B-2. Average Percentage Load for Flat Load Level Periods

Date A: Late Night B: Day Peak C: Evening

Weekday ¥1
100

Weekday %2

!
l
[
l
I
!
!
I
| 100
]

oy ! Weekend day

A ! 100

|
|
I

100 85

100

]
|
|
T
|
|
|
|
I
|
|

T
|
|
|
|
|
f

%ﬁ
,fq Month's Average f
I
|

_—— ]

|
|
f
f
f
!
|
iDefault values | 55
f
|
|
]
!
|

!
' l
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WORKSHEET B (continued)
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END OF WORKSHEET B

-15-
(The reverse of this page is blank.)

l‘ Ls * - v - - -
Fa g et \}:s.v-s. NN A A N \'x‘hﬁi
“M@ \'sn.\n.'f\'.‘\-.\.f?)fk}.t‘_\'x o



hd T -“’-mW
" A sl A ath atd , A g LBA abh alih- oad aaa i * adha= iual

SECTION IV

COMPONENTS OF A UTILITY BILL: WORKSHEET C

The utility bill sent to customers is based on the applicable
rate schedule and usually includes demand, energy, and other
charges. There also may be time-of-day adjustments. Therefore,
careful examination of the utility bill will provide the unit cost
information needed to determine whether or not peak shaving will be
financially successful.

Unlike residential bills, utility bills for lacge industrial-
commercial users, such as Air Force bases, are quite . >mplicated.
Worksheet C was developed to provide an understanding ¢ the utility
rate structures for the base under study.

Worksheet C is arranged to analyze a utility bill th t has
on-peak, mid-peak, and off-peak rates. If there is a fixea -ate per
kWh for energy, then only one column needs to be filled. If -aere
are no demand charges, or the rates decline with increasing de. ~nd
and total energy consumption, then cost reduction through peak
shaving is unlikely, and further analysis should focus on

conservation.

Worksheet C identifies the key elements in the structure of a
typical utility bill and illustrates how some surcharges as well as
discounts are applied. The most significant discount offered by
most utilities is for the use of off-peak energy. This implies that
each kWh of energy consumed during off-peak hours costs less than
the energy consumed during on-peak hours. The delineation of the
off-peak hours is at the discretion of the utility. Generally,
during summer months and daytime hours, rates are higher. Some
utilities also have mid-peak rates, which are between the off-peak
and on-peak rates.

Surcharges or credits may be related to the power demanded in
kW or energy consumed in kWh, Examples of surcharges are fuel
adjustment clauses, meter charges, and equipment rental, among
others. Credits are often given for such things as installing
transformers and adding equipment to correct the power factor. The
utility bill usually contains information regarding the various
rates and charges.

The data required for the entries on Worksheet C are obtained
from the utility bill for the highest demand month, which was
selected as the basis for analysis on Worksheet A. For initial
screening, use of the data from the high month is adequate. Later,

or before a final commitment to a peak shaving technology, it may be
necessary to do each month separately and sum the results for annual

figures, especially if the utility rate schedule exhibits seasonality
(i.e., different rates in summer versus winter).
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W WORKSHEET C

Cl. Enter the peak power demand in the three Cl Table C-1
utility-defined periods in Table C-1. T

2{ (Either use the utility bill as the source
j for these data or request the data from the
« utility.)
C2. Enter the demand charge rates ($/kW) for C2 Table C-1 .
M on-peak, mid-peak, and off-peak demand for -
o the different kW ranges indicated in Table C-1.
[\
' C3. Enter the actual demand charges for each C3 Table C-1
i level in the three utility-defined periods in
Table C-1. Sum the three values to obtain
K, the total demand charges. (Use the utility
% bill as the source for these data.)
)
ﬂ C4. Enter the energy consumed .n the three C4 Table C-1
" utility-defined periods in Table C-1. -
(Use the utility btill as the source for
w these cata.)
h d
$ C5. Enter the energy charge rates ($/kWh) for C5 Table C-1
P on-peak, mid-peak, and off-peak energy
e consumption or for the different kWh ranges
- indicated in Table C-1.
f: C6. Enter the actual energy charges for each level C6 Table C-1
P in the three utility-defined periods in
ﬁ Table C-1. Sum the three values to
. otbtain the total energy charges. (Use the
i utility bill as the source for these data.)
o C7. Enter the tntal for each entry in Table C-1 C7 Table C-1
e in the Total column.
}; C8. Enter the surcharges that are listed on the
i utility bill,
. a. Fuel adjustment ( $/kWh) C8a
' b. Customer charges C8b
o c. Equipment rental C8¢c
A d. R&D fund C8d
ﬁq e, Other C8e -
i f. mToral Surcharges (sum C8a through C8e) -}
b C9. Enter the credits -hat are listed on the
ko~ utility bill. |
N a. Trarsformer c9a 1
1 b. Power factor adiustment CYb
"' c. Other CSc
4, Total Credits {sum C%9a through C9%c) C9d
-,
‘.Q
w
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WORKSHEET C (continued)

Cl0. Enter the net additional charges. Clo

(C8f minus C9d)

Cll. Enter the total actual payments Cll

(Total demand charges from
Table C-1 + Total energy charges
from Table C~1 + Cl10)

" -19-~
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WORKSHEET C

(continued)

Table C-1. Demand and Consumption Data

! H
| I Time of Day |
l ! |
‘ E [ | I
" U'r1lity Bill Entry I On-peak | Mid-peak! Off-peak! Total
| | | | I
! f ] X .
! Peak Power Cemand (kW) ! a j | -
1 i ! | !
! ’ T ! H
| Demand Charce Rates ({$&/kW) | ! ] !
| ; i | |
! 8 to KW ! ! | I
' Lo KW ! | | I =
t e £o kW i ! | I
| B ! | j |
| ! i l '.
! Demand Charges ($) | | | |
! ! I ! l
i 0 to X kW ! | ! I
| i | ! |
i X to Y kW | } | i
! | | ! l
| Y to 2 kW 1 I ! !
! ! | l |

Total Demand Charges | ! ! |
! : | ! !
T | T ! T
! Energy Tonsumed {(kWh) ! | i !
! l | : |
| 1 T I ]
I Energy Charge Rates ($/kWh)i ! | |
! l J J i
! 0 to kwh ! 2 ! | =-———-
i to KWh I I l | ===
| _____to _kWh i ! ! [ =———-
b | ! | |
| | T [ i
I Energy Charges (%) | l | [
' ? ! i |
i 7 o X kWh : i | (
| ! i ! |
| ¥ o Y kWh : ! | !
i 1 ‘ | I
l { to 7 kwWnh ‘ | ! |
| i i i
| Total Energy (harges ' i t I
i | ]

\

Sl Gt

ROALNCY, RS

END OF WORKSHEET C

-20-

L

Yy R A N T T
.h.-x:;.u..ci IR T Oy s O (T BT Y , V0,0 CUUR S WOpe s

NPT S PP Jy° 0 oY

f X
-'_;J'__J‘_4..‘f.xfkg( J’




Ed .) B

S NCEREY

R

<3

e BRSNS

X,

"id fif n LA .'mfl‘(.n.{n.:' \

hACAGA AN NI Al Sl S0 il aha e ane mas ks oas:-ann

SECTION V

PREDICTION OF PIT:ZNTIAL COST SAVINGS: WORKSHEET D

Peak shaving is the process of reducing the peak power level
demanded. A reduction in the amount 0f energy purchased from the
utility mey also occur. Th= reduction can be represented on the
generic lovad profile curve. For example in Figure 3, a 5% recuction
due to peak shaving is regresented by the snaded area; the
percentage reduction in energy purchased is t.e shaded area divided
by the total area under the load profile curve. The total area
under the curve 1is the summaticn over the 24-hour _er:oa of the kW
demand times the duration of tnat demand; it reprec.-~ts the energy
consumed. Thus, by using tne zase-specific generic . ad profile
calculated and plotted in Worksheet B, the percentage ducticn in
energy purchased from tne utility, referred to as the ¢ gy
reduction factor, r, can be calculated for any given lev of peak
shaving,

100 - TN
7o

96 o 10%

8C — -
L 0=
e .
& 40—
o) R
s
z |
U 40—
x
w
a

30—

20—

10—

{
0l . . "
0400 0800 1200 1600 2000 2400
TiME CF DAY

Figure 3. Peak shaving Regresented on tne honeric Load

Profile Curve

As an example, calculaticns have been made using the cegadlt
values for A, B, ana C from worksheet B, For 5% peax shaving, the
ratio of the reduction of tne energy purchased to the daily total is
about 0.013 or 1.3%, Similarly, caicuiations for tu% ana 15% peak
shavings yield r = 0.33 and r = 0.05, respectively. Peak shavings
of over 15% are unlikely, but coula be caiculatea 1n a simllar
man.ner.,
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In concert with the calculation of energy savings (when they

R occur) that correspond to a given peak shaving, it is possible to
predict dollar savings for that level of peak shaving. For any
~ given course of action that results in peak shaving, whether it
\: involves the purchase and installation of capital equipment or the
&) rescheduling of certain energy intensive activities, the dollar -
N savings may be predicted.

Worksheet D presents a basic methodology for calculating
energy savings and determining the dollar savings that correspona to
a reduction of kW demanded and kWh energy consumed. The savings

~$ consist of the sum of changes in demand, energy, surcharges, and

i\ credits resulting from the peak shaving. Three alternative methods

X that are variations of the basic methodology, starting with a quick
but simple screening and proceeding to a more accurate but tedious

KN way of estimating the annual energy and demand cost savings, are

> presented for estimating the annual savings. The predicted savings

N are compared with the necessary investment to determine economic

Y feasibility in the next section.
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WORKSHEET D

Basic Methodology

Dl.

De.

D3.

D4.

D5.

D6.

and 15% peaxk shaving levels
Figure B-1

Mark the 5%, 10%,
on the generic load profile curve,
of Worksheet B.

Calculate the energy reduction factor, r,
corresponding to tne 5%, 10%, and 15% peak
shaving levels. Divide the area that
represents the 5%, 10%, and 15% reduction
levels by the total area under the generic
load profile curve,

a. 5% energy reduction factor

b. 10% energy reduct:.on factor

¢c. 15% energy reduction factor
If the default generic load profile curve was
used for Figure B-1, enter the default values
as follows:

for 5% reduction, r = 0.013
for 10% reduction, r = 0.03
for 15% reduction, r = 0.05

Calculate the energy reduction for the month
under analysis for each level of peak shaving.
a. for 5%, D2a x Al3
b. for 10%, D2b x Al3
c. for 15%, D2c x Al3

Calculate the dollar savings due to the
reduction of energy consumption. Use

the highest C5 entry from Worksheet C, which
is the energy rate in $/kWh. Enter the dollar

savings for the 5%, 10%, and 15% reduction
levels in Table D-1.

a. for 5%, D3a x C5

b. for 10%, D3b x C5

c. for 15%, D3c x C5

Calculate the peak demand reduction for the

5%, 10%, and 15% reduction levels.
a., for 5%, All x 0.05
b. for 10%, all x 0.10

c. for 15%, All x 0.15

Calculate the dollar savings due to the
reduction of peak demand. Use the highest
C2 entry from Worksheet C, which is the
demand rate in $/kW. Enter the dollar
savings for the 5%, 10%, and 15% reduction

levels in Table D-1.
a. for 5%, DSa x C2
b. for 10%, D5b x CZ2
C. for 15%, DSc x C2

-23=

Dl Figure B-1
22
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L.

D3a

D 3b

D3c

D4 Table D-1
D5a

D5b

DSc

D6 Table D-1
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#3§§ WORKSHEET D (continued)
NN

e D7. Calculate the surcharge reduction, if D7 Table D-1
g?&; applicable, and enter in Table D-1. For
4 a0 an energy-related surcharge (i.e, $/kWh),
m 2% the dollar savings would be as follows:
ﬁi. a. for 5%, surcharge rate from C8 entry x D3a
ety b. for 10%, surcharge rate from C8 entry x D3b

c. for 15%, surcharge rate from C8 entry x D3c

Eﬂ; For a demand-related surcharge (i.e., $/kW), the
»’J{ dollar savings would be as follows:
N d. for 5%, surcharge rate from C8 entry x D5a
g : e. for 10%, surcharge rate from C8 entry x D5b
SO f. for 15%, surcharge rate from C8 entry x D5c¢
W D8, Calculate the credit increase, if applicable, D8 Table D-1
. and enter in Table D-1., For an energy-related
Ry credit (i.e., $/kWh), the dollar savings would

be as follows:
N a. for 5%, credit rate from C9 entry x D3a
B b. for 10%, credit rate from C9 entry x D3b
gy c. for 15%, credit rate from C9 entry x D3c

e For a demand-related credit (i.e., $/kW), the
4 dollar savings would be as follows:
N a. for 5%, credit rate from C9 entry x D5a
f. b, for 10%, credit rate from C9 entry x D5b
e c. for 15%, credit rate from C9 entry x D5c
a
-$2\ D9. Determine the potential monthly dollar D9 Table D-1
%:{ savings due to peak shaving by summing the
L data in Table D-1.
','A‘
hj Annual Savings - Approximate Method
if This method will overstate the annual savings.
:@g D10. To approximate the annual savings due to D10 Table D-1
Wy peak shaving, multiply the Monthly Dollar
: Savings by 12 in Table D-1.
if. Annual Savings - Improved Method
B -
_{ﬁ Dll. Do steps D3 through D8 of the basic
;5$ methodology using Al5 and Al4 in place -
o of Al13 and All, respectively.
] Step D3: D2a x AlS Dlla
g D2b x AlS D1lb
" D2c x AlS Dllc -
'ﬁ: Step D4: Dlla x C5 Dlld Table D-2
o Dllb x C5
' Dllc x C5
o
2




o
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pos
Nt WORKSHEET D (continued)
b

0‘,?.'
* Step D5: Al4 x 0.U5 Dlle

e Al4 x 0.10 Dl1f

2 . Al4 x 0.15 Dllg
- Step D6: Dlle x C2 Dllh Table D-2
e DI1f x C2

' Dllg x C2

- Step D7: Dlla x C8 Dlli Table D-2
N Dllb x C8
Aoty Dllc x C8
'o.!

¢ Step D8: Dlle x C9 ~11j Table D-2
. Dl1f x C9

N)
%? Dllg x C9 ‘
DAR)

ﬁm‘ Dl12. Determine the potential annual dollar savings D12 ~able D-2 ‘
PN due to peak shaving by summing the data in

08 Table D-2.
&E: Annual Savings - More Accurate Method
PO
é}h This method produces the same results as the
Qdﬁ improved method when the energy and demand charge
Nt rates in entries C5 and C3 do not vary with the
energy and demand levels.

;#; D13. Do steps D3 through D8 of the basic D13 Table D-3
sj methodology twelve (12) times, once for
&? each month., Use each month's enercy
oy and demand data from Table A-1 in place

) of Al13 and All, respectively. Also use the
e appropriate energy and demand rate to match
.ﬁ@' the energy and demand values for steps D4
KR and D6. Use Table D-3 to enter the results
ﬁ : from each step.
n'ng
e Dl4. Determine the potential annual dollar D14 Table D-4
2 savings due to peak shaving. Fill in

et Table D-4 with the approprlate data

v from Table D-3 and sum.
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WORKSHEET D (continued)

e
e
E
-

Table D-1. Potential Annual Dollar Savings - Approximate Method

T

Contribution Percent Peak Shaving
to

Dollar Savings

5% 10¢ 15%

D4 Energy
Dollar Savings

D6 Demand
Dollar Savings

D7 Surcharge
Dollar Savings

|
]
|
|
|
|
|
{
|
{
i
|
|
|
|
D8 Credit |
Dollar Increase |
|

1

I

|

|

|

|

|

|

i

Monthly Dollar
savings
(D4 + D6 + D7 - D8)

Annual Dollar
Savings
(Monthly Savings X 12)

I
l
|
I
l
I
|
I
|
I
|
|
I
I
I
I
I
I
I
I
|
1
I
I
I
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WORKSHEET D

(continued)

Table D~2. Potential Annual Dollar Savings - Improved Method

Contribution
to
Dollar Savings

Percent Peak Shaving

5%

i0% 15%

D4 Energy
Dollar Savings

D6 Demand
D7 Surcharge
Dollar Savings

D8 Credit
Dollar Increase

I
I
|
I
I
!

Annual Dollar
Savings

I

!

|

I

|

I

I

|

|

I

[

| Dollar Savings
|

!

I

|

I

I

|

|

!

| (D4 + D6 + D7 - D8)
[

|
l
I
i
I
I
-
I
!
I
I
|
|
|
I
|
|
I
|
I
!
|
I

I
|
!
|
I
I
I
I
I
I
I
I
[
|
f
|
I
|
I
!
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Applied to More Accurate Method

WORKSHEET D (continued)

Table D-3.




M Al A 4l A0 Ase Aaa 4t aia 4 ""."."

2 2]

T

WORKSHEET D (continued)

fJ‘ Table D-4. Annual Savings from More Accurate Method for
5% Peak Shaving

l I T
Demand (Surcharge| Credit | Total Monthly
Savings | Savings |[Increases| Savings
(D6) (D7) (D8) |(D4 + D6 + D7 -DB8)

Energy
Savings
(D4)

Jan

Feb

Mar

Apr

May

Jun

|
|
|
|
|
|
!
]
|
|
[
|
J
|
|
|
{
—
I
|
]
|
|
!
Jul |
I

Aug

Sep

Oct J

=
i o

i

Nov

-
-'.}
-.d

i et [T RN IO S U U S S SO N S
I R e e i i i e I A

)
P® A
el e

R P

¥

T jTotal

Ny lAnnual
'~ iSavings/|

o | i

o, —

I

I

I

I |
| I
1 I
I l
I I
I I
I I
I |
I |
| |
I |
I I
! |
I I
| |
I I
| I
I !
| I
| I
i !
| !
I I
J I
I I
| |
! I
I I
| |
i I
I I
I I
| I
! I
I I
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WORKSHEET D (continued)

Annual Savings from More Accurate Method

for 10% Peak Shaving

Table D-4.

(continued)
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WORKSHEET D (continued)

Table D-4. Annual Savings from More Accurate Method
for 15% Peak Shaving (continued)
| [ | [ { | |
| | Energy | Demand |Surchargel Credit | Total Monthly I
| Month | Savings | Savings | Savings ,Increases]| Savings |
| | (D4) | (D6) : (D7) : (D8) | (D4 + D6 + D7 -D8) |
! | | I |
| | | | | | |
| Jan | I { I | !
! | | | | i i
| | I | I | |
| Feb | | I I I |
l | | J | | |
| | [ | | | |
I Mar | I I | I |
I J J I | | |
i | ] | ] | !
i Apr | { | | | }
! | | | | | |
i I I ! I | |
| May | [ | | ! J
I i | I I | |
| | | | i [ |
L Jun | I I I | |
! | | I | | I
| [ | ! ! i I
i Jul | | ! } ) |
| I I | | | |
| I I | ! I [
I Aug | | | | | |
! | i | | | |
! ] I i I ! |
{ Sep | ! J | j |
I | | | | i |
| I i | | I |
v oct | | | J | |
I | | | | | !
| [ I [ | I |
| Nov | [ I | | |
| | I | | I I
| { [ I i { |
| Dec | | J ] I j
! | | I | [ |
! i [ [ [ | |
Total | ! | | | |
{Annual | i | | | |
ISavings| | { { | I
[ | ] J I | |

END OF WORKSHEET D
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SECTION VI

ECONOMIC FEASIBILITY EVALUATION: WORKSHEET E

There are a variety of technigques that can be used for peak
shaving at a base. The goal ©of this worksheet is to provide a
method to estimate the total project cost and provide sufficient
information to determine which techniques may be most suitable for
the base under study.

The result of Worksheet D is the potential annual energy
savings that could be attributed to a 5%, 10%, and 5% reduction 1n
the peak demand and associated energy consumption &:. the base, The
next step of the analysis requires a determination or n econom-
ically viable technique for accomplishing the reductioi. . Thus, an
economic evaluation leading to proof of cost effectivene 5 is needed
to guide the selection of a peak shaving technique prior o making
an investment decision,

A cost-effective method to reduce the utility bill by p ak
shaving is one that provides dcllar savings greater than the
expenditures over the economic life of the project. With the
potential annual dollar savings known, the maximum expenditure,
which includes both the capital investment and the annual operations
and maintenance costs, for a cost-effective project can be estimated
and compared against the cost of the alternative techniques,.

There are a variety of methods for determining cost effec-
tiveness, The Air Force Life Cycle Costing Handbook for the Energy
Conservation Investment Programs (ECIP) (Reference 2), utilizes four
"modes of analysis”™ for potential Air Force projects; these are:

Savings-to-Investment Ratio (SIR)
Discounted Payback Period (DPB)
Simple Payback Period (SPB)
Energy—-to-Cost Ratio (ECR)

=~ SRV 0 o
— e e e

(
(
(

The first two modes of analysis are used in this guidebook as
the basis for determining which peak shaving techniques are vest
suited to a base's energy reduction potential. The assumptions and
methodology described herein are consistent with the ECIP guideilnes
and are based on the National Bureau of Standards Handbook-135
(1BS-135), Life-Cycle Cost Manual for the Federal Energy Management
Program (Reference 3).

The gavings-to-investment ratio (SIR) is the primary method
used by the Air Force for ranking potential energy conservation
nrolects., It is a numerical ratio calculated with the reduction 1in
energy costs, net of increased non-fuel operation and maintenance
costs, as the numerator, and the increase in investment costs, minus
1ncreased salvage values plus increased replacement costs, as the
denominator; all amounts are expressed as present values., An SIR
greater than one (l1.0) indicates that the investment is cost-

-13-




effective; the higher the ratio, the greater the dollar savings per
dollar spent and the more attractive the investment.

SIR={ AE - AM] = [ AI - AS + AR]

where:

AE is the Reduction in Energy Costs

AM is the Differential Non-fuel O&M Cost

AI is the Differential Investment Cost

AS is the Differential Salvage Value

AR is the Differential Replacement Cost
All amounts are expressed as present values,

The discounted payback period (DPB) is the time required for
the cumulative savings from an energy conservation investment to
offset, or "pay back," the initial investment cost plus cumulative
future costs, taking into account the timing of the cash flows. The
shorter the time, the more attractive the investment.

Y
DPB = Y when ]}: [AE -AM -~AR ] = AI
=1 3 3 B

where:
Al is the Differential Investment Cost
AE, is the Reduction in Annual Energy Costs
AMs is the Differential Annual Non-fuel O&M Cost
AR, is the Differential Annual Replacement Cost

All amounts are expressed as present values; the subscripted amounts
are the yearly amounts in constant dollars.,

To obtain the present value, in constant dollars, of the yearly
cost, the cost must be discounted using the Department of Energy's
real "Discount Factors Adjusted For Average Fuel Price Escalation®
(Reference 4) and a real 7% discount rate,

In applying these modes of analysis to the peak shaving
techniques, two main oblectives are to be achieved:

(

1) To identify cost-~effective projects
(2)

To identify those projects that will result in the
greatest return to the Air Force budget

Achieving the first objective only requires that an SIR be greater
than one (1.0) or the DPB be less than the system economic life,
Achieving the second objective requires that a project do much
better than meeting the minimum SIR or maximum DPB; for this
objective the greater the SIR or the smaller the DPB, the more

attractive the project.
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In recent vears, the Alr Force has funcec pry-ects wWith a JPB
in the range rfrom three to 51X vears. DJependiny oL ULLE SysSten
economic life of the projec:t, this range inpi:es an SIR in trne range
of 1.5 to 4.5.1 Table . 1nd;cates the approximate SIR Valiues for

a4 range of DPB valces ana diifere: sYSTel vllnomlc .ives, Tnus, Ly
assuming a target SIR or DPB vd-ue, 10 COonjunction with tre
potential annual savings ceternined in worksneet D, ain €Stidate uf

o

the total project cost, 1nci.ding oY Tnée initlal 1avestnent coust
and the annually recurring operations ans .aiftenance Justs, ninat
meets these objectives can be made. By conrraring the estilane of

- total project cost derived 1n this manner w.ir Toe eXpel
cost for a specific technigue, the pase Civii er ".neel Can cecide
whether or not further anaiysls and 50rle Q€ltdi.evu o..31€3 sNuuiU De

Assumptions:

| 0 Constant annual returns over system economic life
Investment cost in first year

No differential escalation rates

I Ratio of annual maintenance cost to investment cost
{ 1s small

o OO

pursued.
Table 1. Approximate SIR Va.iues for Range c¢t DPB iues and
Different System Economic Lives
| [ T T
| DPB | System EconomicC Litfe i
I I I
I I 10 15 20 2o |
I I !
3 2.68 3.48 4.04 4.45 |
I I l
b4 | 2.07 2,69 3.1z 3.44 I
| I |
5 1.71 2.22 2.58 <.84 |
] I I
[ - 1.47 1.91 2.22 2.44 |
| | I
P70 1.30 1.69 1.96 .16 f
f I |
I8 1.18 1.53 1.77 1.95 !
| | I
9 1.08 1.40 1.62 1.79 |
I I I
r1c 1.00 1.30 1.51 1.66 I
| | l
| I
I |
I
l
|
I
}
!
I

lohgs range

15 apprcximate and assumes no differential fuel
escalation an

da constant annual savings over the life of the system.
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The methods for reducing electric utility costs vary wigely;
six methods are discussed in the Introduction to this guide 500k,
Three methods - interconnection, energy control networks, and
on-site power generation - are discussed here,.

e

b
L ¢ 4

A, INTERCONNECTION

a e

.
s’s

Many Air Force bases, primarily due to incremental growth and
construction over the years, have multiple points of entry for
purchased electricity. Each point of entry on the base has a master .
meter from the same or different utility company. Interconnection
consolidates the source of electric power supply %0 one master
meter. (Though not discussed here, the principles behind
interconnection can also be applied in reverse under certain
conditions. Some utility company rate structures may provide
" incentives to increase the number of meters, hence isolating the
) peak to one certain master meter,)

..

g A A R N

x\

o The cost savings that can be derived from the interconnection

& technique occur because the peak demand through a master meter may

B be considerably less than the sum of the peaks from several meters.
a That occurs primarily when there are timing differences in the

'J occurrence of the separate peaks. Consolidation will reduce the

N demand charges if the demand charge rate is the same for all levels
. of demand and may reduce the demand charges if the rate varies for

. different levels of demand. An additional cost savings that :s not
b obvious initially can occur because some utilities charge a fixed

fee for each master meter. Thus, multiple master meters would

> increase the utility charges by an amount proportional to the number
t of master meters in use at a site. Consolidation through inter-

- connection would reduce these fixed charges.

» To determine if interconnection is a viable technique, the

steps outlined in this gquidebook should be modified to evaluate
‘o whether or not peak shaving occurs with interconnection. Basically,
-, the steps outlined in Worksheets A and B should be followed for each

Q meter separately. Next, the generic load profiles are compared to
o determine whether or not the peaks occur at the same time. If they
. occur at the same time, the peak demand will not be significantly

' reduced and the only cost savings will come from the reduction in

P fixed charges, If, on the other hand, the peaks occur at different
. times, then it is very likely that there will be savings due to peak
5 shaving in addition to reducing the fixed charges. These savings

N can be estimated by following the steps outlined in Worksheets A and
O B for the data from all the meters added together ac 1f it were for .
; one meter and subtracting the peak demand from the sum of the

; separate peaks.

)

The dollar savings due to the interconnection technigue can
\ then be estimated using Worksheet D, substituting the demand savings
‘) determined in the manner described above in the appropriate entries,
Finally, the dollar savincs are used to estimate the total project
cost on Worksheet E. The system lifetime for interconnection is
usually 15 years.




B. ENERGY MANAGEMENT AND CONTROL SYSTEMS

There are many different types of control systems that are
used for a variety of purposes at Air Force facilities. Those
assocliated with peak shaving are commonly labeled: energy management
and control systems, central supervisory controls (CSC), radio
control systems (RCS), energy monitor:ng systems (EMS), etc. (In
addition to these various automated concrol devices, many Air Force
bases have a plan that 15 implemented when the utility company
notifies a base official that peak shaving is required. Though not
discussed here, telephone notification of pre-icentifiead
organizations on a base is often accomplished via the Base Energy
Action Plan (BEAP), the Demand Avoidance Plan (DAP), etc.)

Energy management ana control systems comprise ntedrated,
computer-based information systems and control equipme. - that
accomplish energy savings for heating, ventilating, air
conditioning, process equipment, lighting, chillers, anc -oilers. A
related technique that is compatible with EMCS is the raa.» control
system, Both of these systems achieve peak shaving by mon.toring
and controlling the electrical demand for the base. These . res of
systems can automatically cycle electrical equipment to reduce the
demand under predetermined conditions. The number of cycles a.. the
length of a cycle can be varied to meet various reduction
requirements.

The modern EMCS is an efficient and cost-effective technique
for reducing energy consumption and peak demand without significantly
affecting the services rendered and comfort provided. EMCS is being
used extensively in modern buildings and retrofitted for use in
older structures.

To determine if EMCS is a viable peak shaving technique,
complete Worksheets A through E. Compare the estimated project cost
with the expected costs for different types of EMCS and/or RCS to
determine which, if any, should be pursued further. The system
lifetime for EMCS is usually 15 years.

C. ON-SITE POWER GENERATION

On base resources exist or can be installed to produce
electricity in order to avoid a peak in purchased utility power,
For bases with simultaneous electrical and thermal loads
cogeneration 1is a potential peak-shaving technique. For bases with
considerable emergency or standby generator capacity, these assets
can be brought on-line to supplement the demand placed upon the
local utility company.

Cogeneration is the simultaneous production of usable thermal
enerqgy and electrical energy from a single source. It can save
energy by achieving better efficiency in meeting energy requirements.
Cogeneration is an on-site generation technigque that reduces the
demand from the ucility because the base is generating its own
power. However, the demand savings are not the only savings
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attributable to cogeneration; there are fuel savings as well,
Because of these different factors, determining the economic
feasibility of a cogeneration system can be fairly complex. Thus,
the Air Force provides a variety of computational tools and aata to
evaluate cogeneration system options.

Other on-site power generation techniques that may be
considered include the use of backup or standby electrical power
generators or a dedicated on-site power plant, which might be a
renewable energy source. These systems also reduce the demand from
the utility because the base is generating its own power durinyg the
peak demand.

To determine if on-site power generation is a viable
technique, complete Worksheets A through E. The estimated project
cost will be based on energy savings alone and will not provide the
complete picture, which should include fuel savings as well.
However, the comparison of this amount with the expectecd project
cost should provide sufficient information regarding whether or not
to pursue further analysis. The system lifetime for on-site
generation systems is usually 25 years.
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WORKSHEET E

Enter the DOE Region number for the base
location.

Enter the UPW Discount Factor Adjusted for
Average Fuel Price Escalation for industrial

electricity and a 7% discount rate (use Ref. 4).

a. 10 years
b. 15 years
¢. 20 years

d. 25 years

Enter the present vaiue (PV) of the 5%, 10%,

and .5% savings for system lifetimes of

10, 15, 20, and 25 years in Table E-~1.

PV = EZ (UPW factor for 10, 15, 20,

and 25 years) X Annual Savings
from Worksheet D (either D10,
D12, or Di3d depending on which
metnod was used).

Enter the estimated total project cost for the

different alternatives (calculated in E3)
1n Table E~2. Assume SIR values of 1, 3,
and 5.

Project cost = E3 entry -+ SIR
{This egquation is approximate only and
assumes the ratio of maintenance cost to
investment cost 1s low.)

Enter the UPW Discount Factor Adjusted for
Averace Fuel Price Escalation for industrial

electricity and a 7% discount rate (use Ref. 4).

a. 3 years
5. 4 years
c. 5 years
d. 6 years

Enter the total project cost for assumed DPB
values of 3, 4, 5, and 6 years in Table E-3.
Project cost = ES5 (UPW factor for 3, 4, 5,

andé 6 years) x Annual Savings
from Worksheet D (either DI1O,
D12, or D18 depending on which

method was used).

Enter the estimated cost range for a peak
shaving project based on achieving an
SIR = 5 or a DPB = 6 years.

a. 5% peak shaving

5. 10% peak shaving

c. 15% peak shaving

-39

E2a

EZb

E2cC

E2u

23

ESa

Table E-1

Table E-2

ES5b

ESc

E5d

E7a

E7b

Table E-3

E7c




s, WORKSHEET E (continued)

E8. Enter the expected cost of the alternative peak
o shaving techniques.
3“0 a. Interconnection E8a
o b. EMCS E8b )
P\ c. On-site power generation E8cC

E9. The results from E4 and E6 overlap to
et illustrate the relationship between 4
o the SIR and the DPR., A comparison of
A E7 with E8 is the basis for pursuing
further analysis. An E8 value that
gﬁ, is considerably greater than the range
d of values in E7 is not an economically
viable project.
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WORKSHEET E (continued)

Table E-1. Present Value of Annual Savings

I i i
! { System Lifetime |
! $ Peak | I
| Shaving | I I T I
| I 10 years | 15 years l 20 years { 25 years |
I | | | I |
I [ ] o I I
I 5 i I [ I |
| | I | | |
| 1 ] | T I
| 10 I l | I I
I i | I |
| } T I ,
| 15 l | I I |
| \ | { I !
Table E-2. Estimated Total Project Cost for
SIR =1, 3, and 5
J I |
I | System Lifetime |
{ % Peak | |
| Shaving | | R [ |
l | 10 years | 15 years | 20 years | 25 years |
| | I | | |
J I i - i T I
bos 5 I | I I I
| 0 I l I { I I
I | 10 I | | | |
s ! | | | |
[ 15 I I | I I
| | I I I I I
I I [ I ! 1] I
b 5 | | | I |
| ’ | I I I I [
! ! 10 [ | | | !
s | | | I I
Y 15 I | l I I
I | I | | I |
| i ] ] | 1 !
| o | 5 | | I I I
I I I I | | |
l & | 10 I | | | |
| @ l | I l I
ln 15 | | | I I
I I I I I | |
~-4]1-
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WORKSHEET E (continued)

Table E-3. Estimated Total Project Cost for
DPB = 3, 4, S, and 6 years
I I | o
| % peak | Discounted Payback Period [
| Shaving | !
I I | | ! |
| | 3 years | 4 years { 5 years { 6 years I -
I J | | | )
I | [ 1 T f
| 5 | | ! | I
I [ I I | I
| 10 | I l I l
| I I I I |
I 15 I I I | I
| [ | | | |
I I | I I !

END OF WORKSHEET E
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WORKSHEET A

Al. Enter the name of the base. AL MowesTAFE T

A2. Enter the location of the base. A2 M/ DWEST

A3. Enter the electrical utility (or utilities) A3 MpwesZ7Clo 7
serving the base,.

A4. Enter the number of electric meters serving A4 MA. |
the base.

AS5. Enter the on-site electrical generation A5 NA.

capacity, if any.

A6. Enter the site population.

a. Military A6a N.A.

b. Civilian A6b Al AR.
A7, Enter the facilities on the base.

a. Number A7a AA.

b. Total area (ft?) A7b 117/[
A8. Enter the buildings on the base.

a. Number ABa .

b. Total area (ftz) ABD A.
A9, Enter the housing units on the base.

a. Number of single-family units A%a AA.

b. Number of multiple-family units A9b N

c. Total area (ft2) A9¢c A
Al0. Fill in Table A-1 with the monthly demand AlQ Table A-~l

and consumption data obtained from the
utility bills.

All. Enter the peak demand; it is the highest All 2[420}“/
value entered in the Demand column of
Table A-~-1l.
Al2., Enter the peak demand month. Al2 /]uaug
é
Al3. Enter the high month energy consumption; ALl /). BO27/0 LM

it is the highest value entered in the
Energy column of Table A-1l.

Al4. Enter the sum of the monthly peak demand Al4 /5&095}“}
values by adding the data in the Demand
column of Table A-1,.

. &
AlS. Enter the total annual energy consumption ‘ AlS BE. 699 X/ﬂf‘ﬂ
by adding the data in the Energy column
of Table A-1.

~47-
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:E WORKSHEET A (continued)
!“c
R Table A-1. Demand and Consumption
A
Ry | | I | "
::.:' | | Demand | Energy I
X | Month | (kW Peak) ! (kWh) {
| | | (e r0%“) !
o g ll l[ I .
f anuary |
s | | /%09 | é.9¢o |
;:‘, | [ I l
B | Febrvary 0 s2,02 1 6./92 |
3 ! | | !
Vi
g | Mare  s/eed | 600!
':‘;‘ | | | |
' April
5 | Aeri a9 | Sere |
. | l l |
40
o | MY . /3872 | 597 |
5 l ! | 1
' | J |
g | June | 20208 | 8456 |
. I I ! |
N I July l 2/360 | /. 280 |
N | Bugust . 2/gdo0 | ysoc2
) | | | !
o |  September [ /765 | 7 827 '
D) -, I l | |
| | l |
| October | ! |
| | I I
:: : November : 17520 : .57 :
:‘:. : December : : : R
e | /376 5832 ’
I I | I
e i i | |
: | Total | /8o02s | 88.437 | )
oA
D
.:‘
,‘—‘5 END OF WORKSHEET A
;
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WORKSHEET B

£ill in the Demand column of Table B-1 using
hourly lcad data for two average workdays and
one normal weekend day obtained from the
utility. If 1l5-minute interval data are
provided, calculate the hourly average. Sum

each of the three Demand columns and enter the

total.

Calculate the average of the three Demand
column totals from Table B-l.

Calculate the percent of peak demand. For
each hour's entry in the Demand column,
divide by the highest value for that day
in the same column and enter the result in
the adjacent column, % of Peak.

Determine the three~hour period that best
represents the late night, flat load level
period, A. (Look in Table B-1l around the
period from 0300 to 0600 for four entries
that are about the same percent.)

Determine the three-hour period that best
represents the day peak, flat load level
period, B. (Look in Table B-1 around the
period from 1200 to 1600 for four entries
that are about the same percent.)

Determine the three-hour period that best
represents the evening, flat load level
pericd, C. (Look in Table B-1 around the
period from 1900 to 2200 for four entries
that are about the same percent.)

Determine the average percentage load for

the A and C flat load periods for each day:
the average percentage load period B is 100%.
Fill in Table B-2.

Determine the month's average percentage load
for the three flat load periods and enter in
Table B-2. 1If these data are not available,
use the following default values for the
three flat load periods:

A: Late night period 55%
B: Day peak period 100%
C: Evening period 85%

Plot the generic load profile onto Figure B-l
dsing the month's average data in Table B-2,
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Table B-1

35/595 4/

Table B-1l

pPR00 - 600

00 - /60

00 - 2/00

Table B-2

Table B-2

Figure B-1l
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WORKSHEET B (continued)

Table B-1l. Load Profile Hourly Data
| | I [ !
| | wWeekday #1 | Weekday #2 [ Weekend Day !
: | Date: 3 | Date: /1JAus &2 : Date: m;:
: | Demand : ¢ of | Demand { % of l’ Demand : % of l
|  Hour | (kW) | Peak |} (kW) | Peak | (kW) |  Peak |
| | | ! ! |
I 0100 | /30721 422 ' /33/0! 43, | Jogre | 22.3 1
I 0200 | /2764 493 ! 286! 407 | sam;0 | 479 !
| 0300 1 s2097 | s73 ! s2g/8! BB ! 9340 ! (g8 !
| 0400 | /830 | 5,3 | s2048! 57/ | soo0! t2.9
I 0500 | s/6/¢ | 5.3 I /2708 | 574 [ 8820 ! ¢/ 2 f
| 0600 ly7Bg |\ g5/ ) 12330} 584 ! Bese! coo !
0700 1 /28281 4r0 ! s33¢8! 633 ! Bg2q4 ! s8¢
| 0800 | /57801 72.2 | /5072 274 | 8319 | ¢r 92 |
| 0900 | /o848 | Bo/ | foosC | e/ | 997232 ) 4745 ]
I 1000 | /goco ! BS 6 | rpo76 | Bo.2 | yopse! p4.¢ |
I 1100 | /37661 9/2 | s8/32 | 852 | //2/6 | 82.7 |
| 1200 | /98SB | 94.5 | /9200 P10 | /128691 25.3 |
| 1300 | 20807 | 975 | 20009 94.5 | /3380 ! 92.8 |
| 1400 | 2o962! 999 | pog7a |l 970 ! /3704 | 957 !
| 1500 1 270241 so0 | 24770 so0 ! 19/89 ' sgg !
I 1600 | 209281 99¢ | 20_952| 99.3 | 14294 I 58.8 I
[ 1700 | zor36 ! 9{5 ! /8732 | &8.7 l r44)2 | 100 |
I 1800 | /gsze ! 3.3 | ) 70952 | 8o.8 | /4450! 5. |
| 1900 ly73eq | gze | s5572) 767 ' /3508 U0 C
L2000 | /2372 | g2.4 | /5-397' 72 l /35’90' 543 l
200V szroel gy ysoral 707 ' j3392 ) 92'9 |
2200 1520l 288 ' yag8e ! ese ' 12372 s !
I 2300 | /s¢3¢ | 794 ! /353 69./ 2372 a5 !
: 2400 : /9532 : 69./ || /2436: 59.2 : // 378 ll 78. > :
E Total i395382.i —_— E37329/i _— £Z753$8i — i
~50-
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WORKSHEET B (continued)

Table B-2. Average Percentage Load for Flat Load Level Periods

l ! | 1 I
| Date [ A: Late Night | B: Day Peak | C(C: Evening [
| | | | I
|7 Weexday ¢1 T 1 T I
| | | 100 | I
\ s Auey B3 |I 56 3 Il I &g3. 7 |
I | |
| Weekday $2 | o { I
| I I 100 | I
| yff Aug 83 | 579 | I 7S/ |
! | | | I
| Weekend day | | 1 i
! ! | 100 | |
:ZZAuq £3 ll 2./ Il | 94.9© |
I |

| 1 | 1 |
[Default values | 55 | 100 | 85 |
I | | J |
( i | | |
} i | 1 |
Month's Average I 100 | !
I I . 843 |
| { | |

. 527
|
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WORKSHEET B (Continued)
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WORKSHEET C

Enter the peak power demand in the three
utility-defined periods in Table C-1.
(Either use the utility bill as the source
for these data or request the data from the
utility.)

Enter the demand charge rates ($/kW) for
on-peak, mid-peak, and off-peak demand for
the different kW ranges indicated in Table C-1.

Enter the actual demand charges for each
level in the three utility-defined periods in
Table C-1. Sum the three values to obtain
the total demand charges. (Use the utility
bill as the source for these data.)

Enter the energy consumed in the three
utility-defined pericods in Table C-1.
(Use the utility bill as the source for
these data.)

Enter the energy charge rates ($/kWh) for
on-peak, mid-peak, and off-peak energy
consumption or for the different kWh ranges
indicated in Table C-1l.

Enter the actual energy charges for each level
in the three utility-defined periods in

Table C-1. Sum the three values to

obtain the total energy charges. (Use the
utility bill as the source for these data.)

Enter the total for each entry in Table C-1
in the Total column.

Enter the surcharges that are listed on the
utility bill.

a. Fuel adjustment (_.»Q002228 $/kWh)

b. Customer charges

¢. Equipment rental

d. R&D fund

e. Other

f. Total Surcharges (sum C8a through C8e)
Enter the credits that are listed on the
uytility bill,

a. Transformer

b. Power factor adjustment
¢c. Other
4

Total Credits (sum C9%a through C9c)

-53-

Cl Table C-1

C2 Table C-1

C3 Table C-1

C4 Table C-1

C5 Table C-1

C6 Table C-1

C7 Table C-1

C8a £ 285 72/8
C8b -

C8c o 706
C8d —_—
C8e —
CBf f 26475
C9a -

Cob £ 305"
C9¢ ¥ 272/7¢60
94 4
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WORKSHEET C (continued)

O
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Cl0. Enter the net additional charges. Cl0 —gié—éio
(C8f minus C94d) -

Cll. Enter the total actual payments Cll £530350
(Total demand charges from
Table C-1 + Total energy charges
from Table C-1 + Cl0)
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i~ WORKSHEET C (continued)
(<37
j::; Table C-1. Demand and Consumption Data
K o*
o I I . T ‘.
o | | Time of Day I i
iy | I I I

A I T I I I I I
“-).";, | Utility Bill Entry ] On-peak | Mid-peak| Off-peak| Total | ‘
o | | | I [ I |
D | T T i T L
s - | Peak Power Demand (kW) I 2 o | l ) 968D | ----- | i
St | | /19409 | | | I
T | 1 ol 1 | | |
g | Demand Charge Rates ($/kW) | | I | ;

3 I I I I | ;
W, | 0 to kW | $9.80 | g9.50 | 4980 | ----- I
. | to KW I l | I |
w5 I to kW | | | | —mmmm |

' L% [ ——

b | | | | I I
- ! b ] | I I
AN | Demand Charges ($) i l I I I
» )
K~ | I | I | I
i | 0 to X kW I I [ | I
1S5 | I I I I I
"‘;' | X to Y kW I | | | }
i I I | I I I
B2 | Y to Z kW [ I | l I
27 ! | | l | |

| Total Demand Charges f202920] I 202 920!

&8 I | I I | I
W I T T I 1 I

v | Energy Consumed (kWh) I4,¢4aaa{ —_ :,/7aaaoll//zamal

. I | |

o
o vy I I I I | I

) | Energy Charge Rates ($/kWh)| | | | l
e I I | I I |
2% | 0 to kWh | f0.033 |30.033 40933 | _____ |

2 1 to kWh | l l | ———-- l
'»"_;: | to kWh ! ! | bo==——- I
et I | l I I |

= I I I | | I

» | Energy Charges (§$) | | | | |
- ! | | | | |

o | 0 to X kWh | | | | I
L ! I | ! | |
., X to Y kWh | I I I )
. | Y to Z kWh ! } | ! l
\:-. I | I I I I
o | Total Energy Charges ¢ 2734080 | I |37 30 |
Joa I | I I I I
"-.".
K v) END OF WORKSHEET C
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WORKSHEET D

Basic Methodology

Dl.

D2.

D3.

D4.

D5.

D6.

i, ™ 1,8 I oo ™0 3 0 } O AR AT AT ;
O R A N R R R LSO, SN HH AN L0 el D e St TN Py

Mark the 5%, 10%, and 15% peak shaving levels Dl Figure B-1
on the generic load profile curve, Figure B-l
of Worksheet B.

Calculate the energy reduction factor, r,
corresponding to the 5%, 10%, and 15% peak
shaving levels. Divide the area that
represents the 5%, 10%, and 15% reduction
levels by the total area under the generic
load profile curve.

a. 5% energy reduction factor D2a 2.0/
b. 10% energy reducticn factor D2b 2. 028
¢. 15% energy reduction factor D2cC o o072

If the default generic load profile curve was
used for Figure B-1l, enter the default values
as follows:

for 5% reduction, r = 0.013

for 10% reduction, r 0.03

for 15% reduction, r 0.05

Calculate the energy reduction for the month
under analysis for each level of peak shaving.

a. for 5%, D2a X Al3 D3a /35 ¢o0 AU

b. for 10%, D2b x Al3 D3b )

c. for 15%, D2c x Al3 D3c )\
D4

Calculate the dollar savings due to the
reduction of energy consumption. Use
the highest CS5 entry from Worksheet C, which
is the energy rate in $/kWh. Enter the dollar
savings for the 5%, 10%, and 15% reduction
levels in Table D-1.

a. for 5%, D3a x C5S

b. for 10%, D3b x C5

c. for 15%, D3c x C5

Table D-1

Calculate the peak demand reduction for the
5%, 10%, and 15% reduction levels.

a. for 5%, All x 0.05 D5a
b. for 10%, All x 0.10 D5b
c. for 15%, All x 0.15 D5c

Calculate the dollar savings due to the D6 Table D-1
reduction of peak demand. Use the highest
C2 entry from Worksheet C, which is the
demand rate in $/kW. Enter the dollar
savings for the 5%, 10%, and 15% reduction }
levels in Table D-1l.

a., for 5%, D5a x C2

b. €for 10%, D5b x C2

c. for 15%, D5c x C2

-56-
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%g” WORKSHEET D (continued)
20y
3
et D7. Calculate the surcharge reduction, if D7 _Table D-1
- applicable, and enter in Table D-1., For
- an energy-related surcharge (i.e, $/kWh),
:ﬁg the dollar savings would be as follows:
: . a., for 5%, surcharge rate from C8 entry x D3a
e X b. for 10%, surcharge rate from C8 entry x D3b
8] c¢. for 15%, surcharge rate from C8 entry x D3c
L For a demand-related surcharge (i.e., $/kW), the
ol - dollar savings would be as follows:
RS d. for 5%, surcharge rate from C8 entry x DSa
b e, for 10%, surcharge rate from C8 entry x D5b
%3 £. for 15%, surcharge rate from C8 entry x DSc
" D8. Calculate the credit increase, if applicable, D8 Table D-1
- and enter in Table D-1l. For an energy-related
iy credit (i.e., $/kWh), the dollar savings would
&-: be as follows:
“* a. for 5%, credit rate from C9 entry x D3a
ﬁ\ b. for 10%, credit rate from C9 entry x D3b
Y c. for 15%, credit rate from C9 entry x D3c
. For a demand-related credit (i.e., $/kW), the
oy dollar savings would be as follows:
;a: a. for 5%, credit rate from C9 entry x Db5a
o b. for 10%, credit rate from C9 entry x D5b
o c. for 15%, credit rate from C9 entry x D5c
Y
D9. Determine the potential monthly dollar D9 Table D-1
Yy savings due to peak shaving by summing the
:3 data in Table D-1.
aly
Q: Annual Savings - Approximate Method
.'c't
.UL This method will overstate the annual savings.
)
?ﬁ‘ D10. To approximate the annual savings due to D10 Table D-1
ﬁ‘ peak shaving, multiply the Monthly Dollar
%‘ Savings by 12 in Table D-1.
W
N Annual Savings - Improved Method
e Dll. Do steps D3 through D8 of the basic
&t methodology using AlS and Al4 in place
. of Al3 and All, respectively.
4l ) Step D3: D2a x AlS Dlla g%f%}:%%‘
b DZ2b X AlS D1lb A
= D2c x AlS Dlic 434¢0064uk
‘33 - Step D4: Dlla x C5 Dlld Table D-2
w‘ Dllb x C5
?, Dllc x C5
LI
i
ol
15
A -57-
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i WORKSHEET D (continued)

Step D5: Al4 x 0.05

o Al4 x 0.10
Yo Al4d x 0.15
N
ﬂ- Step D6: Dlle x C2
B "- Dl1lf x C2
Dllg x C2
ho L7
? X Step D7: Dlla x C8
ey Dllb x C8
':R. Dllc x C8
S'."c.
" Step D8: Dlle x C9
N D11f x C9
i“y Dllg x C9
WA Dl2. Determine the pctential annual dollar savings
o due to peak shaving by summing the data in
LS. Table D-2.
iy Annual Savings - More Accurate Method
: % This method produces the same results as the
; } improved method when the energy and demand charge
A rates in entries C5 and C3 do not vary with the
! energy and demand levels.
G
;ﬁi D13. Do steps D3 through D8 of the basic
o, methodology twelve (12) times, once for
ﬁ" each month. Use each month's energy
Y and demand data from Table A-1 in place
3 of Al3 and All, respectively. Also use the
*@ appropriate energy and demand rate to match
; the energy and demand values for steps D4
A and D6. Use Table D-3 to enter the results

i from each step.

D14. Determine the potential annual dollar
savings due to peak shaving., Fill in
Table D-4 with the appropriate data
from Table D-3 and sum.

Dllh Table D-2

Dlli Table D-2

Dl1l1j Table D-2

D12 Table D-2

D13 Table D-3

D14 Table D-4

%
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}g,;,“ WORKSHEET D (continued)

gl

;:::,: Table D-1., Potential Annual Dollar Savings - Approximate Method

a‘."‘

;::Ig | 1

3 | Contribution [ Percent Peak Shaving .
" l to l i
X I Dollar Savings | i [ I

X | 5% | 10% | 15% !
e | | | I I
1 : T 1 T |
' D4 Energy f I | I

o |I Dollar Savings l| 44726 II /1094 3 lI /8275 l

My |

’.g | D6 Demand | | | |

:::. : Dollar Savings lI /OIS |l 20330 || 30495 :
f'.‘

e | D7 Surcharge | | | l
. I Dollar savings | 309 I 722 | /R63 I

-.'," | | | | |
" | D8 Credit | . | | |

3\: | Dollar Increase | | - | - ]

oy | I | | I

W ! - | i l

Lt | Monthly Dollar | [ | |
i | savings | /490 | 3/4885 | spo33 |
e | (D4 + D6 + D7 - D8) | | | |

L | | I | |
N | Annual Dollar I [ ] |
"y | Savings | | [ {

| (Monthly savings X 12) I‘/79¢00 l$3779¢0 I#GW_?PQ !

N | | | I I

>
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WORKSHEET D (continued)

ﬁf Table D-2. Potential Annual Dollar Savings - Improved Method

Contribution
to
Dollar Savings

Percent Peak Shaving

5% 108 15%

D4 Energy
Dollar Savings

I5/23 Br953 /9434/8

D6 Demand
Dollar Savings

256033

85598 /27095

D7 Surcharge
Dollar Savings

297 s662 9099

D8 Credit

|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
Dollar Increase |
|

Annual Dollar 1
Savings

|
(D4 + D6 + D7 - D8) |¥/ 23098
I

$RSs&87/0 ($909/50

-
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Basic Methodology Steps D3 through D8
Applied to More Accurate Method

WORKSHEET D (continued)

\N.A.

|
B
I
|
=
!
|
I
}
|
=

Table D-3.

L
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WORKSHEET D (continued)

Table D-4. Annual Savings from More Accurate Method for
5% Peak Shaving

I I | [ i hl I
I | Energy | Demand |Surcharge! Credit | Total Monthly |
| Month | Savings | Savings | Savings |Increases]| Savings !
( | (D4) II (D6) |I (D7) | (D8) (D4 + D6 + D7 -D8) |
| | | | I
| I I | o | [
| Jan | | | | | i
| | | | | | I
| I | | | o I
| Feb | | ! | | |
| | | | I | |
| I | ! | o !
| Mar | | ! ! | |
| | | | | | |
| 1 | I o o I
e \N.A._ Foe zps c/&__g'f |
| T | I ] !
| May | I I | | |
| | | | | | I
| T [ I | | |
| Jun | | | | | |
! | | | I | |
| { I I ] ) !
| Jul | | | | | I
I | | { | I |
| | ] ] I | |
| Aug | | | | I |
I | I [ I | I
| 1 ] | I | |
! Sep | | | | | |
I | I | | | I
| ] I ] | 4] |
| oct | I | | | I
| | [ I I | |
J T 1 | [ | |
| Nov | | | | | [
I | | | ! | |
| 1 1 T | | I
|  Dec | | | I I |
! | I | | | I
I 1 1 i | | |
jTotal | I i | | |
fAnnual | | | | | |
|Savings| | I | | |
! | | I | ! |
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\$: WORKSHEET D (continued)
Nl
20N Table D-4. Annual Savings from More Accurate Method
Y for 10% Peak Shaving (continued)
¢b& f | Energy | Demand |[Surchargel! Credit | Total Monthly |
;yﬁ | Month | savings | Savings | Savings |Increases| Savings I
:-q,l;; | | (D4) | (D6) | (D7) | (D8) | (D4 + D6 + D7 -D8) |
WY { | | | | | l
“ | T T I T T |
w { Jan | I I ! I |
v I I | I I I
o ! T T ! | T |
! | Feb | | | I I I
ot I | | | I | |
o ! I I T 1 ] |
- |  Mar | | | I | |
ﬁmﬂ | | | | | | I
s | | ! m I T !
R | Apr | I ! ! ! |
o | ! | NA Fﬂl L 7;)'] /s CA:FE |
- & : May II I I | | l
g | { | | !
e | T | T | T |
b I Jun | I | | I |
g I | | | | | I
il | I | [ [ T |
. | Jul | | | | ] I
“ | | | | | | |
N5 | T | | [ T [
e | Aug | | | | | |
Ty | I I | | I |
e I T T 1 T T |
J | Sep | I | | | |
R [ I I | | I I
s . | [ | | I 1 I
f§{§ | nect | | | | | I
33« I | | J | | |
uﬁ‘ I [ T ] I | |
I Nov | I | | | |
: | | | | | | |
s I | [ 1 I [ I
AR | Dec | I I | | I
2 | I I | | I |
- | [ T ] I T |
‘ | Total | | | | | |
|lAnnual | I | I ! |
o . |savings| | | ! | |
) | | I I I I
-63-
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WORKSHEET D (continued)

(continued)

Annual Savings from More Accurate Method

for 15% Peak Shaving

Table D-4.

s o]

(]
> |
—
Ko ~
o [a]
cu
[o e 0 3
b o]

‘4 O
—~ >N
(LI ]
4+
o]
= <

[a]

/7]

]
)]
g~
T O ®
[Vl
O —
U

—
Q
o un
o o~
oo~
L~ 0
O > -
[T
30
[05]

n
T o
c o~
QO
£ >N
Y ©—
(=]

Energy
Savings
(D4)

— —

Tl

Jan

o

llTullu

Feb

———

| | |
| ] | ]
\NA. FOE 7%/S CASE

r

———~————

— — —

b— —— — —— —

END OF WORKSHEET D
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WORKSHEET E

Tnter the DOE Region number for the base El & 72es S-S
locaction.

Enter the UPW Discount Factor Adjusted for
Average Fuel Price Escalation for industrial
electricity and a 7% discount rate (use Ref. 4).

a. 10 years E2a 7.23
b. 15 years E2b 9 7/
c. 20 years E2C L. 32
d. 25 years E2d /20
Enter the present value (PV) of the 5%, 10%, E3 Table E-1

and 15% savings for system lifetimes of
10, 15, 20, and 25 years 1in Table E-1l.
PV = E2 (UPW factor for 10, 15, 20,
and 25 years) x Annual Savings
from Worksheet D (either D10,
D12, or D18 depending on which
method was used).

Enter the estimated total project cost for the E4 Table E-~2
different alternatives (calculated in E3)
in Table E-2. Assume SIR values of 1, 3,
and 5.
Project cost = E3 entry = SIR
(This equation is approximate only and
assumes the ratio of maintenance cost to
investment cost is low.)

Enter the UPW Discount Factor Adjusted for
Average Fuel Price Escalation for industrial
electricity and a 7% discount rate (use Ref., 4).

a. 3 years ESa 2.74
o. 4 years ESb S.5¢
c. 5 years E5C g 72
d. 6 years ESd s o/
Enter the total project cost for assumed DPB E6 Table E-3

values of 3, 4, S, and 6 years in Table E-3.
Project cost = E5 (UPW factor for 3, 4, 5,
and 6 years) x Annual Savings
from Worksheet D (either D10,
Dl2, or D18 depending on which
method was used).

Enter the estimated cost range for a peak
shaving project based on achieving an

SIR = 5 or a DPB = 6 vyears.
a. 5% peak shaving E7a gézig_w,{
b. 10% peak shaving ETb g 325k~ 4 00K
c. 15% peak shaving Elc £ sop-2,0/0K
-65-
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WORKSHEET E (continued)

©8. Enter the expected cost of the alternative peak
shaving techniques.

. -~
a. Interconnection E8a giog
b. EMCS E8b L /M 2™
C. On-site power generation E8c #£2.2 /n § s
g A .
E9. The results from E4 and E6 overlap to ‘462/;422"
illustrate the relationship between

the SIR and the DPB. A comparison of
E7 with E8 is the basis for pursuing
further analysis. An E8 value that
is considerably greater than the range

of values in E7 is not an economically
viable project.

* TWo M/tE D/STANCE.
e DEDICATED /D~ W/ RED SYySTEM, /D00 STATIONS .
X %% D/ESEL SYySTEM;, MEAT CREDIT NOT /NCLudED

ES ConNncCeuSION FOL 7X4/S CASE

/NTERCONNECTION = POTENTIALLY UIABLG
TETHN/I QUE, FULTHER ST72/D Yy
SHowed BE FPueswed

EMCS - POTENT77ALey V/Baste TECHNI/IQUE ;
FURTHERR S7UDYy Siilire D L&
Ao Sy D,

ON- S/ 7& GeNERATION - EXPscred cos
S/EAN ) FICANTCYy GRERTE L TN
ESTIMATED cOST LANGE, MOST™
LIKECy NOT A ViBse&E T7ETHNIQUE,
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WORKSHEET = (Continued)

Tacle E-1. Present Value of Annual favings

System Lifetime

| |
l
: 8 Peak |-
| Snaving | I ! f
| f 10 years | 15 years I 20 years | 25 years
| | ! | |
1 ) T T 1 [ B
| 5 | 889,595 [' 472/ 423 1 4, 27037/ 1 /. 366 388
! | | T I ’ -
; 10 5/,3704173 | 2,356. 898 | 2,665.887 |\ 287/ 68/
1 T T I T —
| 15 :.?, 958, /S5 } 3727, 357 ’l 4222428 : 959/, S5
Table E-2. Estimated Total pProject Cost for
SIR = 1, 3, and 5.
| ! _
| I System Liferime
| % Peax |
| Snaving | i r i B
l | 10 vears | 13 years 1 20 vears ' 2% vears
| i ! :
n i 1 l f R
: ~ 5 1I889, 999 1 /,/2/, 9423 /. 27, 37/ '/, 366,368
i ! ) | i i
x| 0 1,8794731 2,350,898 2, 000887 287168/
= ‘ ; |
T L 2.958/551 3 527,357 222428 459, 565
i ] i T ! T -
- 3 1296,6661 373,808 423957 955943
L B 423149/ 735 6sc pEo.%er 957327
5 98&0S214.242952 1,902,976 .53 8B5S
' 1 I i T
.15 /78,000 224,285 254,079 273278
i i i !
I . 374,095 47/, 370 $33,977 574 .323C
l = | ; . ‘
i O 69/, 3]  2#5.97/ 849,986 9us, 313

-~
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il WORKSHEET £ (continued)
g
\l
N Tabcle E-3. Estimated Total Project Cost for
; DPB = 3, 4, 5, and 6 years
<. 1 | T
o | % Peak | Discounted Payback Period 4
e | shaving |
- | I [ [ I
i | 3 years | 4 years | 5 years I 6 years I
| ! f I | P
- ! I I | i
B ' 1337289 | 438.22> 53,783 | é/6,72/
2
2 Lo : JO8, 865 : 92/,008 |/, /7,627 |[/296./37
| 15 ! I i | |
- I I I | | :
a
3
%
.X._J' END OF WORKSHEET E
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L APPENDIX B

MIDWEST AIR FORCE BASE II




ASEWESEALM AL A AT "
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v"’ﬁ. WORKSHEET A

o Al. Enter the name of the base.

Al
%,% 4 A2. Enter the location of the base. A2 AMpwEST
bR

) A3. Enter the electrical utility (or utilities) A3 MMpesrloF
e _ serving the base.
h )
i A4, Enter the number of electric meters serving A4 A/A
il —_—
] the base.
)
AS5. Enter the on-site electrical generation AS NA.
;‘“ capacity, if any.
2
oA A6. Enter the site population.
;,‘ a. Military Ab6a NA.
B b. Civilian A6b d[d
R A7. Enter the facilities on the base.
N a. Number A7a AA
s, b. Total area (ft2) A7b MA.
I
-f‘ A8. Enter the buildings on the base.
a. Number A8a J1./A
E b. Total area (ft?) A8D ALA
.
',:j- A9, Enter the housing units on the base.
2 a. Number of single-family units A9a NA
0y b. Number of multxple family units AShb A
; c. Total area (ft2) A9cC A A
‘s
o Al0. Fill in Table A-1 with the monthly demand Al0 Table A-1
A and consumption data obtained from the
- utility bills.

.
v All. Enter the peak demand; it is the highest All 9225 ﬁw

. value entered in the Demand column of
§: Table A-1.

Al2. Enter the peak demand month,.

|>'
—
[ 8]

i

‘ ~

e . All. Enter the high month energy consumption; all 136(#(2‘/4}‘

- it 1s the highest value entered in the

":.:;; Energy column of Table A-1. |
|

o Al4., Enter the sum of the monthly peak demand Ald S/ 8% Ak/

s values by adding the data in the Demand ‘

t' column of Table A-1,

ey Al5. Enter the total annual energy consumption AlS 28 //2 réQ‘j[dA

...': by adding the data 1in the Energy column

D of Table A-1.

Ve

':‘
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WORKSHEET A (continued)
3 |
W Table A-l1. Demand and Consumption
# I | | |
" | | Demand I Energy I
. | Month | (kW Peak) | (kWh z) |
. | | | (xs0 I
= BE | | |
. ua
vy I anuary | ¢539 | 2.829 |
‘ | [ [ |
. I February | k) | I
¥ i | 4539 | 2.967 |
Y
z:: : March : 4522 : 2.5/ :
0'0. I ] | | I
e : April : 6509 : 2308 :
| | | :
., | May
$'~ : : b9/6 : 2¢29 :
. - : June Il BLr® ; 3. 402 ||
. .a\: I | | :
2 | | e85 | Y8
24 | l | |
o : August : 976/ II q. 865 :
. | | | I
:5;: ] September I 2736 | 3 6’3 |
i ! | | |
: October : 26563 : 2. 624 :
i I l ! :
,:.: : November : L9482 : 2.784 l
48
“e l | | |
X |  December : 45/2 lI 2. 756 :
I .
I I ! |
| | | I
: Total : CYIKT- : g8 //2 :

END OF WORKSHEET A
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Bl.

B2.

B3.

B4.

BS.

B6.

B38.

BY.

WORKSHEET B

Fill in the Demand column of Table B-1 using
hourly load data for two average workdays and
one normal weekend day obtained from the
utility. If 15-minute interval data are
provided, calculate the hourly average. Sum
each of the three Demand columns and enter the
total.

Calculate the average of the three Demand
column totals from Table B-1.

Calculate the percent of peak demand. For
each hour's entry in the Demand c¢olumn,
divide by the highest value for that day
in the same column and enter the result in
the adjacent column, % of Peak.

Determine the three-hour period that best
represents the late night, flat load level
period, A. (Look in Table B-1 around the
period from 0300 to 0600 for four entries
that are about the same percent.)

Determine the three-hour period that best
represents the day peak, flat load level
period, B. (Look in Table B-1 around the
period from 1200 to 1600 for four entries
that are about the same percent.)

Determine the three-hour period that best
represents the evening, flat load level
period, C. (Look in Table B-1l around the
period from 1900 to 2200 for four entries
that are about the same percent.)

Cetermine the average percentage load for

the A and C flat lcad periods for each day:
the average percentage load period B is 100%.
F1ll 1in Table B-2.

Determine the month's average percentage load
fcr the three flat load periods and enter 1n
Taclie B-2. 1If tnese data are not available,
use the following default values for the
three flat load pericds:

A: Late nijht period 55%
8: Day peax period 100%
z Evening period 8513

ot the gereri1c 12ad profiie cnto Fijure B-1
inJ trne montn's average anata 1n Table B-..

1

4
;o

>

Table B-1

NA.

Table B-1

Table B-2

| 8]

Table B-

Figure B-.

" -'\.
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2' WORKSHEET B (continued)
Ll
Table B-1. Load Profile Hourly Data
3 f ] | | [
.i | | Weekday #1 | Weekday #2 | Weekend Day [
¥ | | Date: | Date: | Date: |
b ! | | | I
I I | | | 1 | |
. | | Demand | % of | Demand | % of | Demand | % of |
'y ! Hour | (kW) | Peak | (kW) | Peak | (kW) | Peak |
2 | | | [ | | | |
P ! T I T I T I |
b7 ] 0100 | | | | | | |
_ | 0200 | | | | | I l
b | 0300 | | | | | | |
A | 0400 | | | | | | |
, | 0500 | | | | | | |
. [ 0600 | | | | | | |
b {0700 | ! | |
N NA. FPoe 7#/s chdse
N | 0800 | | | | | | l
" | 0900 | DEFAULT VYALUWES ALE wsED |
! 1000 ) ] J | | | |
o i 1100 | | | | | | 1
¢
k I 1200 | I | | | | |
" I 1300 | | | | [ | |
' | 1400 | [ | | 1 | 1
p I 1500 ! | l I 1 | |
" L1600 | | | | | l |
Ay 1700 | 1 | | | | |
N | 1800 | | ! | | | \
il '1900 | | l | : | i
[}
o © 2000 | | | | | i !
ye 2:00 | | | | | |
2 2200 | u | | z | |
LD | | | !
2400 1 ; | | |
‘. ! | I l |
hY A ] T T
Toral I I == I
s | ! ! | | | |
by e —— e - - —_— -
e
e
l
|:'
+ _ 4-
r
N«
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WORKSHEET B (continued)

Table B-2. Average Percentage Load for Flat Load Level periods
| | | !
I Date | Late Night | Day Peak | C: Evening
! | I |
| Weekday ¥1 1 | |
| | | 100 |
! | N.A. | | NA.
! | |
| Weekday $#2 | | |
| | | 100 I
| l N.A. | | NA.
| | | |
| Weekend day | I ]
| I | 100 |
| | NA. | | MNA.
I [ | |
J | ] |
iDefault Values | 55 | 100 | 85
I | J |
! | I |
! | [ ]
IMonth's Average| l 100 I
| | | |
[ | | |

55

X
\
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WORKSHEET B (Continued)

DeFAUL T UALWES

_USED.

5% Area = _ Dy ACT KRAUVS

10% Area = 79 CAI(CULATE

4//_-_——__—‘\\§’5 15% Area =
1200 1600
Time of Day
Plot of the Generic Load Profile

2400

5%
2000

Total Area

/
4

]
LO
(o a) .
| n
]
fes}
)
r }
L >
[y o
[an Kl
p <3 e
<

o o o (o] o (=) o o [en]
[o o« ~ (Yl wn < ~ ~ —
Xead 3O Iuladaad

lOOW

END OF WORKSHEET B
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WORKSHEET C

Enter the peak power demand in the three
utility-defined periods in Table C-1.
(Either use the utility bill as the source
for these data or request the data from the
utility.)

Enter the demand charge rates ($/kW) for
on-peak, mid-peak, and off-peak demand for
the different kW ranges indicated in Table C-1.

Enter the actual demand charges for each
level in the three utility-defined periods in
Table C-1. Sum the three values to obtain
the total demand charges. (Use the utility
bill as the source for these data.)

Enter the energy consumed in the three
utility-defined periods in Table C-1.
(Use the utility bill as the source for
these data.)

Enter the energy charge rates ($/kwh) for
on-peak, mid-peak, and off-peak energy
consumption or for the different kWh ranges
indicated in Table C-1.

Enter the actual energy charges for each level
in the three utility-defined periods in

Table C-1. Sum the three values to

obtain the total energy charges. (Use the
utility bill as the source for these data.)

Enter the total for each entry in Table C-1
in the Total column,.

Enter the surcharges that are listed on the
utility bill,

a. Fuel adjustment (__. gp924 $/kWh)
b. Customer charges

C. Equipment rental

d. R&D fund

e. ONther

f.

Total Surcharges (sum C8a through CB8e)

Enter the credits that are listed on the
utility bill.

a. Transformer

b. Power factor adjustment

c. Other

d. Total Credits (sum C9a through C9c)

-77-
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Table

Table

Table

Table

Table

Table

Table

C-1

C8a g Jso000
b —

C8

C8c¢ /000
C8d —

C8e —

C8f ddwpooo
C9a —_—

CY9b -_—

C9c —
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WORKSHEET C (continued)

Cl0. Enter the net additional charges,
K (C8f minus C94)

|O
—
o

L Cll. Enter the total actual payments Cll £ 2a28aQseo r
K (Total demand charges from
A Table C-1 + Total energy charges

from Table C-1 + C1l0)

§ -78-
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WORKSHEET C (continued)

Table C-1, Demand and Consumption Data

I [ | |
i | Time of Day |
! | | |
N | [ ) ] I ;
J] Utility Bill Entry | On-peak | Mid-peak| Off-peak| Total |
I | | I | I
[ I | | A I
| Peak Power Demand (kW) Igp;ub/ I I | o= !
| { I | ! |
! | | | i |
| Demand Charge Rates ($/kW) | I | | |
I | | ! | |
| 0 to kW I}‘ ! | | e J
- 70.00
l 40 _ to 7 kW [ ] l I | === I
| T to KW ) #7227 I I |
I | | | | I
| | { R ! I
| Demand Charges ($) | | | | !
! | | | I [
| 0 to !fkw | | ! } I
.1 | #9000 | | g0 |
I to KW | I i | [
! ¥ 77968 | | |87 7968 |
[ Y to Z kW | | f | |
I I I I | |
i Total Demand Charges | 77868 | I g 772868 |
| | | | { I
| T ] I ! i
' Energy Consumed (kWh) | g 8BS o0 | |orm & 50O
‘ I I | |
1 { 1 I
Energy Charge Ra:es ($/kWh)! I ! |
{ I ! I
o Lo 2000 Knh | 0. 0276 | I I o=
20000 O JRO0QQQKWh g0 0250 | I [ =~
QROPD ° /AZP COXWh I;a,ﬂZ?Z J J I
1000000 T go. 22/ | . |
: | | {
. Energy Trarges (§$. I [ i I
' 2o000 | I I '
’ J om0 ¢ xWh - $57R i i ;j;i
‘ : ! I i ¥
2@?201@%?” 8 R009 I I I
106800 [Apo0c ' % /9980 ! /9982
o ah I i I | |/ 550
/Po0 000 Ry 2248 . ®
Tival Enersy Jrarges i//&f/&l ! . s,00 /82
END OF WUPKSHEET C
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oo WORKSHEET D
Sy
el Basic Methodology
Y Dl. Mark the 5%, 10%, and 15% peak shaving levels 2. Figure 8-,
') on the generic load profile curve, Figure B-.
oy of Worksheet B.
2]
Ll
e D2. Calculate the energy reduction factor, r,
corresponding to the 5%, 10%, and 15% peak
tﬁ shaving levels. Divide the area that 1
oo represents the 5%, 10%, and 15% reduction
2 levels by the total area under the generic
‘f: load profile curve.
O a. 5% energy reduction factor J<a o )
b. 10% energy reduction factor Db
e €. 15% energy reduction factor Tic
Lt If the default generic load profile curve was
X used for Figure B-1l, enter the defaul:t values
ALY as follows:
%{ for 5% reduction, r = 0.013
o for 10% reduction, r = 0.03
- for 15% reduction, r = (.05
\I
1k D3. Calculate the energy reduction for the month
i; under analysis for each level of peak shaving.
“o? a. for 5%, D2a x Al3l ola
Ch b, for 10%, D2b x Al3 37b '
7 c. for 15%, DIlc x ALl 53¢ A
ok D4. Calculate the dollar savings Jue to the 04 Tacle D-.
::A reducticn of energy ccnsumption. Use
S the highest C° entry from Worxshee: [, wh.:on
' 15 the energy rate i1n $ kWh. Enter wne Jdc..a:
savings for the %, (0%, and %% red.coticon
g Leve.s 10 Tab.e D-1.
e a. for %, ~2a x (5
- T, flr 08, D3z ox U8
N S.o foo Ty, o3 ox IS
)
Ny
B S, JalZ..ate tre reax demand reld.cotin ol otre
oy S8, 3%, anI 1w reduction levels
"y a. tor o th, AL X < “5a
v“.. - [ B . X N - e h
~ - . . -~ N
'.\‘ ‘-« A X N = _ A“' 1
s
A -t aLTLlate e 1 1 O R R I s - '.: L.l -
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1 Irarge rezucticn, 1t

2nzer .n Tacle 2-1.. For

I s.Iilnazrce 1.2, 3,KWh),

35 wCuL.id Ce as Zollows:

cnarge rate from CB8 entry x D3a
r-narge rate from C8B entry x D3b
rcrarge rate from C8 entry x D3c
ated surcrarge (1.e., $/kW), the
.23 ve as follows:

crarge rate frcem C8 entry X DSa
rcrarge raze from C8 entry x D5Sb
r-narse rate from CB entry x D5Sc¢
231% 1ncrease, 1f applicable,

.e D-1. For an energy-related
kwh., tne dollar savings would
3.t rate from C9 entry x D3a
ez1t rate from C9 entry x D3b
edit rate from C9 entry x D3c
azed credit (i1.e., $/kW), the
..3 re as follows:

i1 rate from CY9 entry x D5a
ed1z rate from C9 entry x DSb
ezZ1t rate from C9 entry x D5c
tertial monthly dollar

reax shaving by summing the

>x.mate Metnod

S

zate the annual savings.

e anncal savings due to
Lz.o.y the Monthly Dollar
Tac.e I2-1.
cwed Method
-in -8 of the basic
T ALY arnd Al4 1in place
rescectively.
X AlS
X ALS
X ALS
x 75
x I35
£ 5
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Table D-1

D8

Table

D9

Table

D10

Table

Dlla
D11Db
plic

Dlld

425456 Al
L3056 00 RN

Table D-2
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WORKSHEET D (continued)

tep DS5: Al4 x 0.05 Tlle Poeet
Al4 x 0.10 oi.f 5252"
Al4 x 0.15 D1i: 1374
Step D6: Dlle x C2 Ollh Tap.e _-.
DL11f x C2 -
Dllg x C2
Step D7: Dlla x C8 21l1 Table L_-.
Dllb x C8
Dllc x C8
tep D8: Dlle x C9 Dilj Table CT-.
D11f x C9 -
Dllg x C9
D12, Determine the potential annual dollar savings D12 Table D-.
due to peak shaving by summing the data in
Table D-2.
Annual Savings - More Accurate Method
This methed produces the same results as the
improved method when the energy and demand charge
rates in entries C5 and C3 do not vary with the
energy and demand levels.
D13. Do steps D3 through D8 of the basic D13 Table D-2
methodology twelve (12) times, once for
each month. Use each month's energy
and demand data from Table A-1 in place
of Al3 and Al)l, respectively. Also use the
appropriate energy and demand rate to match
the energy and demand values for steps D4
and D6. Use Table D-3 to enter the results
from each step.
J.4, Determine the potential annual dollar Dl4 Table D-4

savings due to peak shaving. Fill in
Table D-4 with the appropriate data
from Table D-3 and sum.
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WNCRKSHEET D (continued)

Tacs.e J-:i. 3as1C Mernodo.ogy Steps D3 tnrudygn 4
Applied to More Accurate Method
[
. i STEUPS
| Month
. ; DI ] 04 I D5 | D6 T D7 [ DA
| 1367277 | 7726 I 327 [ 20049 T 3g0 I
. Jan 1 a4@8r70 | /79/ ! ¢33 | g£20 I 288 | =
P \/preSO | 2385 | %0 | Jpri | (308 |
. ' 39s7/ | 8/« I 327 | 2o [ 252 !
v Fet 1 8ecv/0 | /@878 | o3 | 1208 | £23 | o
i /RIS | Ir i1 J 280 [ 78// | /322 !
| 130030 | 688 L 326 I 259y | o2 I
| Mar | y)§ %00 | /5683 [ 052 ( s/98 | (97 { —
i | t24500 | 26F8 | 9728 | 2297 | /ef |
, ' 307¢s5 | 69> s | 2592 | ZJIZ I
| B I ro0>€0 | /497 | ¢SV | s/89 | é I —
I | /BRSO | 2455 | ®2¢ | 72226 | /o9%q |
. 39 /77 | r/ | Ia/ | 2¢8) | 376 |
. May | @0 | /669 | 69y I &7 I 230 D
A gSe | 2229 | 962 | 2670 | i/ |
I do82C | o988 | g3/ | 3¢25 | #2323 |
Cin 1 /08060 | 2280 | Be2 | 46869 | so00 I —
| | /o0 | 3800 | /293 | /0309 | [Jeo6 |
' S938g | +aAs3 | g9y | 395 [ Sg» ]
v Sus Irs3720d0 | 2892 | 99 L' o902 | 268 | —
. 228900 . 48/2 | (496 | /’%2% | 213 |
6329 | /339 | gps | 3850 | sgs5 |
AL I /e S 9SO ros8o | 9 e I 2280 | r385© : —
1 2¥3280 _$r33 | 1404 | /tee2 | 2250
' €6 969 £/ | 7%7 I 38go | 92 I
e 08 3% @ 2287 | t 4rd | weoO | s003 | —
(OGSO | D8/2 | /960 | 463D |\ sep/ |
|\ 3¢ 2 | Jx> | 328 | 3orq | FC |
CCt i 28900 |0 166/ | 25¢ i oe8 | 728 | ——
(/¥ P00 | R768 | ir3gd | soqgZ | /2/¢ !
; I 36,92 1 769 1 32 [ 2s8% | 33¢ |
toNCY B3S20 1 /pe2 | o4 | §766 | 2723 | e
| 139200 | 2937 | 9722 | 27283 | /288 |
I 3828 | 756 I 326 | 2¢98 | 3%/ !
i lec i 82680 | /oS i oS/ I s5/90_ | 268 | e——
| | /32800 | 29508 | 977 | 2288 | 22y |
-85~
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B 2388 78y /0B — /2/09

o ¥30 8y /32 — /333
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L 2499 7276 /o9 — /3 q

Mae o 27229 D620  12/6 — réeo
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’ - e ' 1 A & 1L s0LLnt rate use Rel . 4,

e ) R ;¢J:$ E.c ,;:ﬂ?_JLZ:,

T L ) totne o8, LU, E3  Tat.e B-.
1 L W Y L Sy stem vietim es uf
.. 5. <&, oAan . ,®aL5 i Tar.e E-
Pox DI Pw o tactor far 13, LS, ‘0,
- AT T L0 peal X Ahinsa. oavings
4 't " AN tastwes T eitner 010,
o N !y sepending on which
N e T owas Lsed
Ed, Trrer cre e Tyte vt 3) procect cost for the E4 Table E-o
’, ivfrarars 3 terc gt uey “fa.cuidted 10 EJ)
. - Tavle E-. Ao .me SIR valdes of L, 3,
o sy T
" Dol ot Gt 2 N oentry e 5R
R I L o dptroximate on.y and
. 155 .mes * e rar, f maintenance cost to
. (nWesTmert tast 13 L oW,
': T, Errer o tme Pe s v 4art Factor Adjusted for
L ALers3iie fLe, Pr.ce Escaiation tor industridid
" R LT, 3 : a2 TM lisccunt rate use Ref. 4.
1 10 ESa
- Rl 3 ES-E .
. L5 e EEE ‘
.; s - ©ars ESa o7
" - rraer ;e o o, prolect cost for assumed DPB Eb Tabie E- ©
3. .03 ! , %, %, and & years 1n Table E-3.
Py 2rotect Ccns3t s ES ;pw factcr for 3, 4, 5,
o An3 6 years, x Annual Savaings
5 trom wWorksneet D {either DO,

~
W .4, 0 0.5 depending on which
*nod was used).

i E™. Tnter =tne 2stimated cost range for a peak

1

¢ snaving proiect based on aghxevxng an

b 3518 = 3 25 a DPB = 6 years. ‘

) a. ©% peak sraving E7a £ - K 1‘

" S. 108 peax snaving E7b K |
C. 5% reak shaving E7c 45&

¥ ;

* |

3 |

3
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o WCRXSHEET E (continued,
N 8. En=wer the exgectad cost of tne alternative reax
B 3maving technijues.,
-:" 1. Interconnection E8a ‘(2,:’5’
RaX o. EMCS EBL -
o C. Odn-site power generation E8c ‘ 7 M
Y2 341 fn /0%
, E9. The results from E4 and E6 overlap to t"”z ofe
¥ 1llustrate the relationship between ' /5 S
“hY *he SIR and the DPB. A comparison of
e E” with EB is the basis for pursuing
. fir-her analysis. An EB8 value that
' 15 considerably greater than the range
of va..ses in E7 1s not an economically
'l viable procecet,
.,
‘i
P
B N MNALS MiL& DYSTANCE.
: M DEOICATED MIRD-WIRED SySTEAM: SOO STAr7onS.
% Mux D/IESEL SySTEM, SEAT cOED/T NOT sNCLudED.
',
e,
& £E9 CoNcLusioN FoR r#/S cASE
o
5 /INTERCcONNECTION - PorE&Nr7Reey VIABcs
[ -
n TETHNI QUE ) FHlTA/e2 Srtpy

SHOUD Sé PaSu&ed

=~ EAMCS — /ﬂfé'/t)ﬂﬁl.cy UWARBLE TECHANI QUE
i IF /5T PEFA SHALNG CAN 24
v ACHIEVELO, FdCITHER S72/Dy
+

e SHOH D B PulsaeED
a}“:
J
— ON- S/7& GENERA 770N - EXPECTIED coS7
\ 3 SIEN/IFreRNT LY GREMFER 7244N
o ESTIMATED cos7 LANG &, MOST
O

O LI/CELYy MNOT /A V/ABLE TETAHA/PUE
o
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WwORKSHEET E (Continued)

Taole E-1. Present Value of Annual Savings

System Lifetime

15

] |
|
) ) Peak : '
i >naving | l I [ !
! I 10 years | 15 years | 20 years : 25 years =
| | I
| r T I T |
: s 137,32 | J7049¢ | $37, 78/ | 562,58/ |
I [ T ! |
oL | 776./89 | 983,30/ ',/,/2410/7 \/,2/8, 45/
I { i
| [
| |

|
l

l l |
‘AazCzﬁvG¥;7': IC:f:?éL"5k7: ), 76, 5274 :/$£y533’5“73:

Taocle E-2. Estimated Total Project Cost for
SIR =1, 3, and 5.

System Lifetime

|

{

& Peax |
| ] | |
|

|

|

Shaving

10 years | 15 years | 20 years | 25 years
| I |

> |37/ 3¢2 | 429,497| 53775/ $62,98/ |
|10 1 276,/ 8 | 983 3o/ I/,/24,a/7 /,2/8,49“

1

o4

- |

I l/, 206,08)) /,525,044  17¢e. 57'7‘, / 393,373‘,
i T [ i { |

-~ > /23,287 | /56,83/ |' /73, z«w; /5¥,327 ,|

N | Rs8, 708 327,767 | 37¢, 672 | dot.se9 |

! 15 |4ﬂ92&¢?22j9| 529§L-33163| S582,/9/ I 63/, /24 :

I

{ 5 . 7%, ‘?72% 55,099 /.ozfso e, >5":

" :I 10 1/55230 l /5@&&0!224303 243,&331
.! 15 f,z//, 2/7 l 308, wm S 3/5 l 8675 1

5

SIR
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WORKSHEET E (continued)

Table E-3. ©Escimated Total Project Cost fcr
DPB = 3, 4, 5, and 6 years

I

' % Peak | Discounted Payback Per:iod

{ Shaving | L {

I I 1] | :

| | 3 years | 4 years ! 5 years ! 6 years i

I [ I I I

| hl 1 ] 1 o 1

: 5 ; /197.928 ll /89, 020 II 226,575 | 200 4/5 ;

L0 309,/85 | 395070 | 475449 | 545, 295 |

| 15 | H80 933 | 48 887 || 73%, 4¢3 : 8¥S5. 762

I I | I

I I | | | I

END OF WORKSHEET E
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APPENDIX C
SOUTHEAST AIR FORCE BASE
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Al.

Ad.

AS.

A6 .

A7,

A8.

A9'

AlOD.

All.

Al2.

Al3.

Ald,

Als.

PP —

Enter the electrila. «tlilty . Or Jtillt.es
serving the base,.

Enter the number Of electric meters serving
the base.

Enter tne on-site e.ectrica. generation
capacity, 1f any.

Enter the site population.
a. Military
b. <Civilian

Enter the facilities on the base.
a. Number
b. Total area (ftz)

“nter the buildings on the base.
a. Number
b. Total area (ftz)

Enter the housing units on the base.
a. Number of single-family units
b. Number of multiple-family units
c. Total area (ft?2)

Fill in Table A-l with the monthly demand
and consumption data obtained from the
utility bills,

Enter the peak demand; it is the highest
value entered in the Demand column of
Table A-1l.

Enter the peak demand month.

Enter the high month energy consumption;
it is the highest value entered 1in the
Energy column of Table A-1l.

Enter the sum of the monthly peak demand
values by adding the data in the Demand
column of Table A-1l.

Enter the total annual energy consumption
by adding the data in the Energy column
of Table A-1.
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WORKSHEET A (continued)

Rt o lat e/t day o Bt e fh topa s ¢ fherv et Lliat otle ¢ Bat il dne. g -

Table A-1. Demand and Consumption
: Demand : Energy
Month | (kW Peak) | (kWh)
| | (x/0%)
January : /00/3 : s /29
February i /10685 E 5,208
March i //49/ i 499¢
April :l /12 09 :l 5<%/
May i /357 E 6.2060
June E /4789 i 7 3¢3
July E /49 789 " 7772
August 1: /4 789 | 7 653
September | /5/20 8 fe&
Cctoper /5/87 S ¢ <
NweTre /e 22 < Se”
54<s - "
ce o= ‘- ;e
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WORKSHEET B

Bl. Fill in the Demand column of Table B-l using Bl Table B-1
hourly load data for two average workdays and
one normal weekend day obtained from the
utility. If 15-minute interval data are
provided, calculate the hourly average. Sum
each of the three Demand columns and enter the

total.
B2. Calculate the average of the three Demand B2 NA
» column totals from Table B-l.
B3. Calculate the percent of peak demand. For B3 Table B-1

each hour's entry in the Demand column,
divide by the highest value for that day
in the same column and enter the result in
the adjacent column, % of Peak.

B4. Determine the three-hour period that best B4 J3n- el
represents the late night, flat load level
period, A, (Look in Table B-1l around the
period from 0300 to 0600 for four entries
that are about the same percent.)

BS. Determine the three-hour period that best BS /200 -
represents the day peak, flat load level
period, B. (Look in Table B-1 around the
period from 1200 to 1600 for four entries
that are about the same percent.)

B6. Determine the three-hour period that best B6 900 - 2202
represents the evening, flat load level
period, C., (Look in Table B-1 around the
period from 1900 to 2200 for four entries
that are about the same percent.)

B7. Determine the average percentage load for B7 Table B-2
the A and C flat load periods for each day:
the average percentage load period B is 100%.
Fill in Table B-2,

B8. Determine the month's average percentage load B8 Table B-2
for the three flat load periods and enter in
Table B-2, 1If these data are not available,
use the following default values for the
three flat load periods:

A: Late night period 55%
- B: Day peak period 100%
C: Evening period 85%

B9. Plot the generic load profile onto Figure B-1 B9 Figure B-1
using the month's average data in Table B-2.

-97-~
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5. WORKSHEET B (continued)
a1}
R Table B-1., Load Profile Hourly Data
)
My
e"'\ I I I l l
5$ | | Weekday #1 ! Weekday #2 | Weekend Day | ﬂ
e [ | Date: | Date: | Date: |
I | | | |
. | | | ] ] | | |
!
R [ | pemand | % of | Demand | % of | Demand | % of | ﬂ
ﬁh | Hour | (kW) | Peak | .(kW) | Peak | (kW) | Peak |
g
t |.0 l
e | 0100 | | | | | | |
- | 0200 | | | | | g 1
Ao | 0300 | l | | a | |
RN
ot
s | 0400 | | l | | ! l
i | 0500 | | | | | | I
< | 0600 | | | | | | I
Lo | 0700 | VN A. Fol 7%/S cisE : :
L, | 0800 | | | | |
Sy
o | 09500 |  DEFGuweH JALWES Are USED |
. | 1000 | | | | ! | |
wiy | 1100 | ! | ! ! | |
) | 1200 | | | | L |
s | 1300 | ! ! ! | | |
J | 1400 | | | | | | |
Lt
-%& | 1500 | ! | | | | !
el | 1600 | | | I I l l
ﬁg | 1700 | | | | | | !
- ] 1800 | | | | | | |
3 | 1900 | | | | | | |
gﬁ | 2000 | | | | | | |
N | 2100 | | l | | l |
= | 2200 | | | | | | |
33 | 2300 | | | l | | l
oy | 2400 | | | | | | |
P
i | | | | | | | |
N | | [ | | [ [ I
) | Total | |- | === |-
ek | ] | | | | | |
f “:.
?5 4
;.:.'
’ -98-~
M
J‘"s.
G i e , o N . i I - e
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WORKSHEET B (continued)

Table B-2. Average Percentage Load for Flat Load Level Periods

: Date : A: Late Night : B: Day Peak {7 C: Evening :
=WeeT<<Tay ¥l II '—Il lr II
| N4 7
|\~ Weerday 171 — 1 |
T e L e
| Weekend day | I | I
| Y R 7 R
| |' — T |
IDefault values | 55 | 100 | 85 I
| | | | |
| | | 1 I
:Month's Average{ 55 { 100 { 24 :
| I I | i
-99-
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WORKSHEET B (Continued)
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WORKSHEET C

Cl. Enter the peak power demand in the three Cl Table C-1
utility-defined periods in Table C-1.
(Either use the utility bill as the source
for these data or request the data from the
utility.)

C2. Enter the demand charge rates ($/kW) for C2 Table C-1
on-peak, mid-peak, and off-peak demand for
the different kW ranges indicated in Table C-1.

C3. Enter the actual demand charges for each C3 Table C-1
level in the three utility-defined periods in
Table C-1. Sum the three values to obtain
the total demand charges. (Use the utility
bill as the source for these data.)

C4. Enter the energy consumed in the three C4 Table C-1
utility-defined periods in Table C-1.
(Use the utility bill as the source for
these data.)

C5. Enter the energy charge rates ($/kWh) for C5 Table C-1
on-peak, mid-peak, and off-peak energy
consumption or for the different kWh ranges
indicated in Table C-1.

C6. Enter the actual energy charges for each level Cé Table C-1
in the three utility-defined periods in
Table C-1. Sum the three values to
obtain the total energy charges. (Use the
utility bill as the source for these data.)
C7. Enter the total for each entry in Table C-1 C7 Table C-1
in the Total column.
C8. Enter the surcharges that are listed on the
utility bill,
a. Fuel adjustment ( 0,02/l $/kwh) C8a B8506,
b. Customer charges C8b —
¢. Equipment rental C8c —
d. R&D fund C8d —_—
e. Other C8e -
f. Total Surcharges (sum C8a through C8e) C8f /8 5268
C9. Enter the credits that are listed on the
utility bill.
a. Transformer C9a —
b. Power factor adjustment C9b —
¢. Other C9c —
d. Total Credits (sum C9a through C9c) C9d —
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WORKSHEET C (continued)

Cl0. Enter the net additional charges.
R (C8f minus C94d)

(@]
—
[

|

Y

éﬂﬂ Cll. Enter the total actual payments

S (Total demand charges from

Table C-1 + Total energy charges
- from Table C-1 + C10)
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j WORKSHEET C (continued) B
I Table C-1. Demand and Consumption Data 3:
1"
| I | B I }"‘
I ! | Time of Day l I
| f t | I >
P | T | | | | o
| Utility Bill Entry | On-peak | Mid-peak| Off-peak| Total |

! | ! i | I b

| ! i | | I s

P | Peak Power Demand (kW) | /5722 | { I l
| I | | | I Y.
l | | l | | -4
| Demand Charge Rates ($/kW) | I | | | ]

| I | I | I -
| 0 to kW | .25 | | | ————- l at%

| to kW | pé | | | =—=-- |

I to kW | | | | === I “e':
| | I | I I o
| | ! | | l e
| Demand Charges ($) | | | | | o
| I | | | | O

! 0 to X kW | | I I l o
| | | I | l Y
| X to Y kW l I [ [ i o
! ! | | | | o~
| Y to 2 kW | | | | | o)
| | | | | I Y
| Total Demand Charges |95 00 | | |g o5 OO0 |

I | | | | I

I T | | | | 2

| Energy Consumed (kWh) P;gaao&l ’ :35&00001 o

| | | I o
| | i I I I

| Energy Charge Rates ($/kWh)| ! ! | J

I I I | | ‘. -
I 0 to kWh | $0.0//3 | | | ———-- | g

I to kWh I I | | - I !
| to ~  kWh | | I I | o
I | I I | I e

I | f | I I :

| Energy Charges ($) I | I | I "

I | I I | i g

| 0 to X kWh ! ] | | [ =

: ! | l | I I oy
| X to Y kWh | | l I I Pyt

[ | [ I [ I A

| Y to 2 kWh | | | | I .

. I | I | | I L8
| Total Energy Charges | 9e8/8 | I lé§oe8/4 | A

I [ l I I I "0

1

END OF WORKSHEET C Py
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WORKSHEET D

Basic Methodology

Dl1. Mark the 5%, 10%, and 15% peak shaving levels Dl Figure B-1
on the generic load profile curve, Figure B-l
of Worksheet B.

D2. Calculate the energy reduction factor, r,
corresponding to the 5%, 10%, and 15% peak
shaving levels. Divide the area that
represents the 5%, 10%, and 15% reduction
levels by the total area under the generic
load profile curve.

a. 5% energy reduction factor D2a 2.0/
b. 10% energy reduction factor D2b
c. 15% energy reduction factor D2cC 2.0

If the default generic load profile curve was
used for Figure B-1, enter the default values
as follows:

for 5% reduction, r = 0,013

for 10% reduction, r 0.03

for 15% reduction, r 0.05

D3. Calculate the energy reduction for the month
under analysis for each level of peak shaving.
a. for 5%, D2a x Al3
b. for 10%, D2b x Al3
c. for 15%, D2c x Al3

B

4 ‘1
%@4

4 Table D-1

o

D4. Calculate the dollar savings due to the

reduction of energy consumption. Use
the highest CS entry from Worksheet C, which
is the energy rate in $/kWh. Enter the dollar
savings for the 5%, 10%, and 15% reduction
levels in Table D-1.

a. for 5%, D3a x C5

b. for 10%, D3b x C5

c. for 15%, D3c x C5

D5. Calculate the peak demand reduction for the
5%, 10%, and 15% reduction levels.
a. for 5%, All x 0.05

c. for 15%, All x 0.15 D5C zzggéa/

(e}
L4
)

b. for 10%, All x 0.10

i

E

D6. Calculate the dollar savings due to the Table D-1

reduction of peak demand. Use the highest
C2 entry from Worksheet C, which is the
demand rate in $/kW. Enter the dollar
savings for the 5%, 10%, and 15% reduction
levels in Table D-1,

a. for 5%, DSa x C2

b. for 10%, D5b x C2

c. for 15%, DSc x C2
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WORKSHEET D (continued)

D7. Calculate the surcharge reduction, if D7 Table D-~1
applicable, and enter in Table D-1. For
an energy-related surcharge (i.e, $/kWh),
the dollar savings would be as follows:
a. for 5%, surcharge rate from C8 entry x D3a
b. for 10%, surcharge rate from C8 entry x D3b
c. for 15%, surcharge rate from C8 entry x D3c
For a demand-related surcharge (i.e., $/kW), the
dollar savings would be as follows:
d. for 5%, surcharge rate from C8 entry x DSa
e. for 10%, surcharge rate from C8 entry x DSb
f. for 15%, surcharge rate from C8 entry x DSc

D8. Calculate the credit increase, if applicable, D8 Table D-1
and enter in Table D-1. For an energy-related
credit (i.e., $/kWh), the dollar savings would
be as follows:

a. for 5%, credit rate from C9 entry x D3a

b. for 10%, credit rate from C9 entry x D3b

c. for 15%, credit rate from C9 entry x D3c
For a demand-related credit (i.e., $/kW), the
dollar savings would be as follows:

a. for 5%, credit rate from C9 entry x D5a

b. for 10%, credit rate from C9 entry x D5b

c. for 15%, credit rate from C9 entry x D5c

D9. Determine the potential monthly dollar D9 Table D-1
savings due to peak shaving by summing the
data in Table D-1.

Annual Savings - Approximate Method

This method will overstate the annual savings.

D10. To approximate the annual savings due to D10 Table D-1 |
peak shaving, multiply the Monthly Dollar
Savings by 12 in Table D-1.

Annual Savings - Improved Method

Dll. Do steps D3 through D8 of the basic
methodology using AlS and Al4 in place
of Al3 and All, respectively.

Step D3: D2a x AlS Dlla 402 L3204 L)

D2b x AlS DIIb 2245200 4k
D2c x AlS DITc 3942000 44
Step D4: Dlla x CS Dlld Table D-2
Dllb x C5
Dllc x C5
-105-
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WORKSHEET D (continued)

Step D5: Al4 x 0.05
Al4 x 0.10
Al4 x 0.15

Step D6: Dlle x C2
Dl1f x C2
Dllg x C2

Step D7: Dlla x C8
Dllb x C8
Dllc x C8

Step D8: Dlle x C9
D11f x C9
Dllg x C9

Dl2. Determine the potential annual dollar savings
due to peak shaving by summing the data in
Table D-2.

Annual Savings - More Accurate Method

This method produces the same results as the
improved method when the energy and demand charge
rates in entries C5 and C3 do not vary with the
energy and demand levels.

D13. Do steps D3 through D8 of the basic
methodology twelve (12) times, once for
each month. Use each month's energy
and demand data from Table A-1 in place
of Al3 and All, respectively. Also use the
appropriate energy and demand rate to match
the energy and demand values for steps D4
and D6. Use Table D-3 to enter the results
from each step.

Dl4. Determine the potential annual dollar
savings due to peak shaving. Fill in
Table D-4 with the appropriate data
from Table D-3 and sum.

~-106-

Dlle
D1l1lf
11

:
%E

Dllh Table D-2

Dlli Table D-2

Dllj Table D-2

D12 Table D-2

D13 Table D-3

D14 Table D-4
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WORKSHEET D (continued)

Table D-1. Potential Annual Dollar Savings -~ Approximate Method

Savings
{Monthly Savings X 12)

I |
J Contribution I Percent Peak Shaving
| to. |
I Dollar Savings l | |

| 5% | 10% | 15%
| ' | |

[
| D4 Energy | | |
| Dollar Savings ! /252 I 295085 : 454’/
I I |
| D6 Demand | : :
| Dollar Savings |
| | 4725 | 9%¥s°o | /f/ 75
| D7 Surcharge | | :
| Dollar Savings | [ l
| RS L~ | £452 | 9253
| D8 Credit | | |
| Dollar Increase I — | — I —_
I | I I
| | I |
| Monthly Dollar f # 5 | I# PR
I Savings | 8390 | | B 2
| (D4 + D6 + D7 - D8) | I ’{/7907 |
| | | I
| Annual Dollar | I T
f |
| I
I I

$/00, 680 |#2/4,88% |$339,228
|
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WORKSHEET D (continued)

Table D-2. Potential Annual Dollar Savings - Improved Method

I |
| Contribution | Percent Peak Shaving I ‘
| to [ | N
| Dollar Savings ! | I |
J | 5% ] 10% | 15% !
| | | J |
| I T T I /
| D4 Energy J | I !
| Dollar savings | //582 | 26 727 f 4¥5 ¥ |
I | I | I
| D6 Demand | | | :
I Dollar Savings | 4973/ | 99 g2 | /49739 |
i | [ I i
| D7 Surcharge | | [ | :
I Dollar Savings | 22/38 | Ss/jo28 | B5/¥7 | I
I | | | [ :
| D8 Credit | | I _ !
| Dollar Increase | — | |
I | | | |
| Annual Dollar I ! ) I I
| savings I | I | |
| (04 + D6 + D7 -D8) | BBIFS/ (8,772,277 f278.88¢ |
I | | | I 1
I
|
o |
22 !
T )
s
R
if
e
“.u
.'f.l
B .
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WORKSHEET D (continued)

-4‘.-\\

Basic Methodology Steps D3 through D8
Applied to More Accurate Method

Table D-3.

}.-i
\-.\--.- . LI l‘f\n l\\ \J ‘.\-~\- \—- uu. V. .-L.-- AL AR N [ -.-..-lﬂ-.-

. RORORY ; ey e
A Ch : A-.-~\ PAPY. ST Y K v s OIS
, \. e ..mr ..w .,. 1..Q elas ; o Ry | SYNURAE, s ndd s,
'

........

D7

D6

STEUPS

B
|
I

I
!
|
I

|
|
|
o
|
|
|
|

|
|
|
!
J
!
I
|
o
I
|
l
!
|
|
l
l
!
[
l

D5
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WORKSHEET D (continued)

}% Table D-4. Annual Savings from More Accurate Method
for 15% Peak Shaving (continued)
e
AN | | I | I | I
oy I | Energy | Demand |Surcharge! Credit | Total Monthly I ‘
-3 | Month | Savings | Savings | Savings |Increases| Savings i
£ : : (D4) : (D6) : (D7) | (D8) | (D4 + D6 + D7 -DB) |
I | l
o | 1 I l i | I {
oy | Jan | ! | | ! !
oy
e | I | | | | I
Ve I | 1 | | ] |
ind | Feb | I | | I |
| I | ! ) | J
Sl I | 1 | [ [ |
o | Mar | | l l I |
SN I | | I | | |
_4ﬁ : I Iﬁ ! | ! |
; e ol 77 | |
“3" | | N.A = VS cAISE |
bowd I | 1 | | | |
I | May | | I | I |
e ! | | | I | |
P2t l T T [ I I I
.ﬁh I Jun | I I | I l
LA | | | | | | |
. | ] 1 [ ! { |
oY b Jul | | | | | |
’§$: | | | | | | |
oY | ! | I | i I
v |  Aug | ! | | | !
o | | | | | | |
J I | 1 ! | ! |
et | Sep | | | | | I
v I I | | | | !
[ I Oct | | | | I I
W | | I | | | I
N | | | | i | |
. | Nov | I | l [ |
e | | | | | I I
P I il | I | | :
N | Dec | | | |
N ! I | | I I |
I ! ! | ! | I
P |Total | | | | I |
i lAnnual | | | | | |
" Isavings| I | | | |
b2, | | | | | | |
oy
l.‘_" 4
iﬂb END OF WORKSHEET D
ﬁ?
R
nfﬁ:.
f“9:'
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WORKSHEET E

El. Enter the DCE Region number for the base
Location,

E2. Enter the UPW Discount Factor Adjusted for
Average Fuel Price Escalation for industrial
electricity and a 7% discount rate (use Ref. 4).

a. 10 years
~ b. 15 years
c. 20 years
d. 25 years

E3. Enter the present value (PV) of the 5%, 10%,
and 15% savings for system lifetimes of
10, 15, 20, and 25 years in Table E-1.
PV = E2 (UPW factor for 10, 15, 20,

and 25 years) x Annual Savings
from Worksheet D (either D10,
D12, or D18 depending on which
method was used).

E4. Enter the estimated total project cost for the
different alternatives (calculated in E3)
in Table E-2., Assume SIR values of 1, 3,
and 5.
Project cost = E3 entry =~ SIR
(This equation is approximate only and
assumes the ratio of maintenance cost to
investment cost is low.)

E5. Enter the UPW Discount Factor Adjusted for
Average Fuel Price Escalation for industrial
electricity and a 7% discount rate (use Ref. 4).

a. 3 years
b. 4 years
c. 5 years
d. 6 years

E6é. Enter the total project cost for assumed DPB
values of 3, 4, 5, and 6 years in Table E-3,
Project cost = ES5 (UPW factor for 3, 4, 5,
and 6 years) x Annual Savings
from Worksheet D (either D10,

D12, or D18 depending on which

method was used).

E7. Enter the estimated cost range for a peak
shaving project based on achieving an
SIR = 5 or a DPB = 6 years,

a. 5% peak shaving

b. 10% peak shaving

c. 15% peak shaving

-113-
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WORKSHEET E (continued)

E8. Enter the expected cost of the alternative peak
shaving techniques.
a. Interconnection

Eglf;’o
clo
;

h

c. On-site power generation ESC J/.9M kzi%,-"
9.2 fon /0%0 .
E9. The results from E4 and E6 overlap to $C. 771 for /sgz

illustrate the relationship between
the SIR and the DPB. A comparison of
E7 with E8 is the basis for pursuing
further analysis. An E8 value that

is considerably greater than the range
of values in E7 is not an economically
viable project.

x ONE MiILE D/STANCE .
wu  DEDICATED NARD-WIRED Sysrers BoOO SrA7IoNS.
¥y D/ESEC SYSTEA HEART CesD/7T Ao INCLUDED.

EY CoNctusioN FOL 7x/S c4s&

INTER CONAN ETT/ON - Po7ENT?ALey UIAEce
TETHN/QUE ; Fe/oraere SIUDy
SO e D BE LPag€ Scy &2

EMCS - POren7/Acey U/APLE FTETHN/QUE
17 10-185T6 FERi SHAAING
CAN B& AcH/EVED, Frertere

STUWD Yy SHfOweld OB& PLPwlfSwel.

OM- S17E GENERATI0N) ~ EXPETCTED cOST
SIGANI EreAN T ¥ GEAITTR T2/40
ESTIMATED COST LANCE, WOS7T
LIKE LY NOT A UIABLE TECHA /QUE.
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WORKSHEET E (Continued)

Table E-1. Present Value of Annual Savings
|
| System Lifetime I
§ Peak | !
Shaving | [ [ f I
| 10 years | 15 years | 20 years I 25 years |
| I I I
I | [ | I
5 | 2B, ¢¢/ | 753,523 | 868,725 | 78, 835 |
I I f f |
10 1,296,257 |1 6008/ | L89S 459 |2.0/5499 |
| | | | I
15 |/, 960,562 |2, 578, 39/ ; 2,903,203 : L /70,934 }
Table E-2. Estimated Total Project Cost for
SIR = 1, 3, and 5.
| | I
| I System Lifetime I
| % Peak | I
| Shaving | I I | |
I : 10 years | 15 years : 20 years : 25 years :
|
I | J i [ I I
I ~ I 5 I 586,06/ I 753563 I 568,72f|| 948,838 |I
I}
o= Y s 2g6257 o008/ 1845 95T 2.0/5690
T LY o 29l 2.5%8.349) | 2,903,203 3,/70,934]
I T I T | 1 I
B 5 Il /95,559 '| 25,188 'I 239,57;|| 376,272 ||
| . L0 15,419 | 533,609 | é/5,/5/ :‘7/, 850 |
%) 1653523 183349797 739 |/, 056,578
I | I [ I I !
. L s 117332 I/fo 7/3 | /73,745'| /89,768 | |
I [
o : 10 |245 25/ i 320,/62 I 369,09/ 5:/&3,/25 !
| ~
Loe s '392 /14 '5&504&'520&4/"34/57 '

N N el

AT, PR ORI
G N B A A,
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WORKSHEET E (continued)

Table E~3, Estimated Total Project Cost for
DPB = 2, 4, 5, and 6 years

I I
| % Peak | Discounted Payback Period | -
| Shaving | !
! I I [ [ |
[ | 3 years | 4 years f 5 years ! 6 years |
I ! | ! I [ (
| | I | [ I
! 5 | 220,377 | 2885902 | 395,87 | 40,392 |
| J | | | |
|10 | pB, 0/ | 606,287 | 733,927 | 8§52, 702 |
| | | | I I
s 173 253 | 953790 | /59,588 | 1, 37,592 |
I | I | | l

END OF WORKSHEET E
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GLOSSARY OF TERMINOLOGY

Average monthly peak

Cogeneration

Daily average

Daily energy consumption

Daily peak

Demand

Demand charges

Discounted payback
period (DPB)

Energqgy

Energy charges

Enerqy consumption

Energy management and
control system (EMCS)

¥
lf"

The average of daily peaks for the
month.

The simultaneous generation of usable
thermal energy and electrical energy
from a single source.

The average of the hourly peaks for
the day.

The integrated load for a 24-hour
period, generally determined from
reading a kilowatt-hour meter.

The maximum amount of power demanded
during a 24-hour perioad.

The rate at which power is received,
usually expressed in kW. Also
referred to as "load."

An amount charged by the utility that
is proportional to the value of the
peak demand. Expressed in $/kW,
demand charge policy is set by the
utility.

The time required for the cumulative
savings from a capital investment to
offset, or "payback," the initial
investment cost plus cumulative
future costs, taking into account the
timing of the cash flows.

The inteqgrated load or demand over a
period of time, generally expressed
in kWh.

An amount ($/kWh) charged by the
utility that is proportional to the
energy consumption during the billing
period.

The amount of electric energy used
over a period of time, generally
expressed in kilowatt-hours (kWh).

Integrated, computer-based information
system and control equipment that
accomplish energy savings for

heating, ventilating, air
conditioning, process equipment,
lighting, chillers, and boilers.
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Load

Load profile

Load shedding

Master meter

Mid-peak period

Monthly energy consumption

Monthly peak

Off- peak period

On-peak period

On-site generation

Peak power

Peak shaving

Power
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Thg amount of power demanded from the
utility, generally expressed in
kilowatts (kW).

The variation by time of occurrence in
the power demanded.

A demand reduction technique applied
during high peak periods. Non-critical
energy usage temporarily turned off or
lowered. '

A single device that measures and
indicates energy use of an installation
or a major portion of an installation,
such as the housing area.

The period of time during which total
demand from a utility is between the
on-peak demand and the off-peak
demand. Also referred to as "partial
peak”™ or "shoulder peak” by some
utilities.

The integrated load for a month.

The maximum amount of power demanded
during a month.

The period of time during which total
demand from a utility is relatively
low.

The period of time during which total
demand from a utility is relatively

high.

The generation of electrical power
on-site by the customer and not

purchased from the utility company.

The maximum amount of power demanded
during a specific time period. Also
referred to as "peak load"™ or "peak
demand."

The process of reducing the peak power
level demanded.

The time rate of using electric
energy. usually expressed in kW.
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Power factor A factor indicating the ratio of real
power to the apparent power demanded
from the utility.

Radio control system (RCS) A system that monitors the electrical
demand and automatically cycles
electrical equipment using radio
gignals to reduce the demand under
predetermined conditions.

‘ savings-to-investment A numerical ratio calculated with the
ratio (SIR) reduction in energy costs, net of

increased non-fuel operation and
maintenance costs, as the numerator,
and the increase in investment costs,
minus increased salvage values plus
increased replacement costs, as the
denominator. An SIR greater than one
indicates the investment is
cost-effective.

Uniform present worth A factor for finding the present value
(UPW) factor of an annually recurring uniform
amount.
I
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