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critical because the funds required and the funds available were approximately
equal.

Two factors have arisen that make more rigorous analysis and more careful
ranking necessary. First, the sum of estimated costs of all proposed projects
exceeds the funding available. Second, the Federal Energy Management Program
(FEMP) requires all executive agencies to use an LCC analysis technique pro-
mulgated by the Department of Energy (DOE) to determine which projects are to
be funded. Thus, DoD must incorporate this method into its ECIP analysis and
ranking techniques.

’g/The report presents an improved financial analysis method--IFAM-- for use
in ECIP which fulfills all the FEMP requirements. IFAM employs a microcom-
puter with user-friendly software to analyze and rank projects. Inputs to
IFAM are both general--GNP deflators, DOE energy cost escalation rates, OMB-
authorized federal discount rate, etc., and project-specific--estimated capi-
tal and operational cash flow, schedules, local utility energy costs, etc.
Only the project-specific inputs are required from the proposing installationm.
Analysis takes place at a central analysis center where general and project-
specific inputs are entered on an electronic ledger '"spread sheet." Using
IFAM, the analysis center produces a most likely value for financial para-
meters of interest--LCC, SIR, E/C, etc.--and ranks competing projects by the
desired parameters. A sensitivity analysis and an uncertainty analysis
capability are embedded in the IFAM software.

The reports recommends that the Deputy Assistant Secretary of Defense
(Installations) encourage IFAM's use in the next available ECIP cycle on a
pilot basis by one major command or facilities engineering division of each
Military Department. If that test proves IFAM to be an effective, efficient
ECIP analysis tool, the report further recommends that it be used for all ECIP
analyses and that it be considered for financial analvsis in other DoD energy-
and construction-related programs. ,
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EXECUTIVE SUMMARY

Since establishing the Energy Conservation Investment Program (ECIP) in
1977, the Department of Defense has expended about $750 million on projects
proposed by installations to conserve utility energy. Each proposed project
was analyzed to determine such measures as life cycle cost (LCC), savings to
investment ratio (SIR), energy savings to capital cost ratio (E/C), and then
ranked against all "competing" energy conservation projects to develop funding
priority. Rigor in analysis and ranking was not critical because the funds
required and the funds available were approximately equal.

Two factors have arisen that make more rigorous analysis and more careful
ranking necessary. First, the sum of estimated costs of all proposed projects
exceeds the funding available. Second, the Federal Energy Management Program
(FEMP) requires all executive agencies to use the more demanding LCC analysis
technique promulgated by the Department of Energy (DoE) to determine which
projects are to be funded. Thus, DoD must incorporate this method into its
ECIP project selection techmique.

We have developed for use in ECIP an improved financial analysis method-~
IFAM--which fulfills all the FEMP requirements. IFAM employs a microcomputer
with user-friendly software to amalyze and rank projects. Inputs to IFAM are
both general--GNP deflators, DOE energy cost escalation rates, OMB-authorized
federal discount rate, etc.--and project-specific--estimated capital and
operational cash flow, schedules, local utility energy costs, etc. Only the
project-specific inputs are required from the proposing installation.
Analysis takes place at a center where general and project-specific inputs are

entered on an electronic ledger '"spread sheet.” Using IFAM, the analysis
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center produces a most likely value for financial measures of interest--LCC,
SIR, E/C, etc.--and ranks competing projects by the desired measures. A
sensitivity analysis and an uncertainty analysis capability are embedded in
the IFAM software.

We recommend that the Deputy Assistant Secretary of Defense (Instal-
lations) enlist the cooperation of the Military Departments in a pilot test of
IFAM in the next available ECIP cycle. If that test proves IFAM to be an
effective ECIP analysis tool, we recommend that it be used for all ECIP
analyses and that it be considered as a financial analysis method in other DoD

construction-related programs.
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1. INTRODUCTION

Department of Defense (DoD) installation energy costs are growing in real
terms, and the future rate of that growth has become increasingly uncertain.
Economic analyses of prospective installation projects have thus become
mandatory and more complex. When projects consume substantial amounts of
energy during their lifetimes or when they conserve or shift energy sources,
the combined effects of inflation and energy price escalation make future
costs used in these analyses more uncertain. Planning for new or replacement
facilities must take into account uncertain future costs, as well as initial
acquisition costs.

This report presents a method for performing economic analysis of pro-
posed facility energy projects under the DoD's Energy Conservation Investment
Program (ECIP).

LIFE CYCLE COST

As indicated in Table 1-1, the relative percentages of the construction
and operational phases of a system's Life Cycle Cost (LCC) vary widely, but in
general over one-half of a system's LCC occurs in the operational phase. Thus,
an economic analysis of a proposed project will be meaningful only if acquisi-

tion and ownership cost calculations are accurate and complete.

TABLE 1-1. FACILITY LIFE CYCLE COSTS

Construction . . . . . . . . . . . 28=54%
Operation and Maintenmance . . . . . 45-60%
Replacement and Modernization . . . 5-10%
Salvage and Disposal . . . . . . . 0-1%

Source: Dienemann, P.F., "Life Cycle Cost Analysis Methodology
for Construction Projects.” F. R. Harris, Inc., report
for Royal Commission of Saudi Arabia, Contract No.
8GC-02-1397, October 1978.
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LCC analysis should be performed when any construction, refurbishment or
energy conservation project meets one or more of the following conditions:1

- the anticipated energy costs of the facility, system, or
purchase are expected to be large throughout its 1life;

- the facility, system, or purchase has a long, physical life-
time;

- the increased efficiency of maintenance will have a signi-
ficant impact on overall costs;

- the investment is large;
- the post-purchase costs are significant.
Six steps generally are recognized in the economic analysis of a proposed

energy investment:

Identify alternative approaches to achieve objective.
Establish a common time basis for costs and study period.
Identify and estimate benefits and costs.

Convert cash flows to a common time.

wmoe W -

Compare alternatives based on relative economic efficien-
cies.

6. Perform risk and/or sensitivity analysis.
The method presented in this report covers all steps of the aﬁalysis
except the first. Once the engineering alternatives are established, the
method will either facilitate or directly perform the remaining steps.

ENERGY MANAGEMENT IN THE FEDERAL GOVERNMENT

Federal Energy Management Program

The Department of Energy (DOE) is responsible for establishing
energy conservation regulations and monitoring the energy conservation

performance for all executive agencies, in accordance with public law and

1Brown, R. J. and Yanuck, R. R., Life Cycle Costing A Practical Guide for

Energy Managers, The Fairmount Press, Inc., Atlanta, Ga., 1980.
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executive order.2 One aspect of this responsibility is to provide a common
method of analysis and comparison of the life cycle capital and operating
costs of federal energy conservation and renewable energy projects. The "Life
Cycle Cost Manual for the Federal Energy Management Program" was promulgated
in December 1980 as National Bureau of Standards (NBS) Handbook 135 by the
Department of Commerce. It was incorporated into the Code of Federal
Regulations3 in November 1981. The regulation requires :the FEMP LCC analysis
method to be used to estimate:
- Whether retrofitting an alternative system to an
existing Federal building is cost-effective and tends

to minimize the life cycle cost of that building;

- Relative cost-effectiveness of retrofit investments in |
buildings;

- Whether an alternative design for a new Federal
building will minimize the life cycle cost of that
building;

- Payback time for solar demomstration projects;

- Present value of net benefits or excess costs of a -
solar demonstration project compared to a substitute
conventional non-solar alternative building system in
an existing Federal building or in the design of a new
Federal building.

Energy Conservation Investment Program

N e

The Department of Defense established ECIP in March 1977 as its

“»
.
7

primary program for achieving the energy reduction goals for existing
facilities which were established by Executive Order 12003. It is a Military
Construction (MILCON) funded program for retrofitting existing DoD facilities

to make them more energy efficient. The program has expanded to include such

2Section 381(a)(2) of the Energy Policy and Conservation Act, as amended,
42 U.8.C. 6361(a)(2); Section 10 of Executive Order 11912, as amended; Title V
of the National Energy Conservation Policy Act, 92 Stat. 3275.

3Subparu a. Pa 636, Title 10, Code of Federal Regulations.
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projects as renewable energy sources and cogeneration. The ECIP program has
been effective in accomplishing energy conservation measures that would not
have been funded through Base Operating Support funds.

Through FY 1981, the Military Departments spent approximately $750
million for energy conservation improvements under ECIP, as detailed in Table
1-2. During that period, the estimated cost of proposed projects and the
funds available were approximately equal. Therefore, although projects were
ranked for order of accomplishment, the ranking was not critical. Beginning
in FY 1982, however, a backlog of unfunded projects developed and ranking

became more significant.

TABLE 1-2. ECIP PROJECTS FUNDING
(Millions of Dollars)

FISCAL YEAR ARMY NAVY AIR FORCE TOTAL
FY76 30.4 28.8 44.0 103.2
FY77 60.1 52.5 28.1 140.7
FY78 15.6 26.1 31.6 73.3
FY79 52.7 42.9 35.0 130.6
FY80 45.0 46.7 32.2 123.9
FY81 67.4 53.0 45.2 165.6
TOTAL 271.2 250.0 216.1 737.3

The analysis scheme for ECIP projects, in existence since the pro-
gram's inception, is different from the LCC analysis methods now required by
the FEMP. It is a simple system, ignoring some elements of a project's life
cycle cost. In keeping with the national policy of the late 1970's, it
emphasizes energy (Btu) savings. A comparison of FEMP and ECIP project-
ranking guidelines is shown in Table 1-3.

As Table 1-3 suggests, the FEMP LCC analysis is a complete economic

analysis and project ranking method. It can be applied not only to energy

1-4
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TABLE 1-3. COMPARISON OF ECIP AND FEMP GUIDELINES
FEP ECIP

A. Required Zor all energy related construction. A. Required for only ":apital {atensive"

recrafit projects.

3. All projects zust be LCC cost-effeccive. 3. All projects zust de cost-effeczive.
All LCC cost parameters are included. LCC cost parameters not included =r
Based on a savings-co-investment ratio used differencly are design, infcial
(St3) ~t.0 & terminal salvage, and replacement

costs. Based on a 'simplified” iis-
counted energy savings-to~cost ratio
(E/C) > 1.0,

C. Retrofit projects ranked by SIR. New c. Retrofit projects ranked by E/C (un-
construction ranked by LCC. Solar discounted construction working
projects vanked partially by net LCC, estimacte (C4E), firsc operating ‘ear
payback, and SIR. energy savings only). New constIuc-

and solar not applicabla 2o ECIP.

3. All annual cash flows are estimated D. Annyal cash flows are estimacted in
in constant dollars as of the date of constant dollars as of the end of che
scudy. 3ase vesr i3 fiscal year of prograa (day #1 of execution year)
scudy. by use of short-term escalation fac-

tors for all cosc and savings cate-
gories. Base year is axecution vear.

. Seven percent "real" discount rate E.  Ten perceat "real” discounc rate must
aust be used. be used.

s, “ntil marginal utilizy prices become F. Yo meantion of marginal pricicg or
availablie, project investment costs benefits~to-sociery adiustzents.
occur at che beginning of the base Investment costs occur at che be-~
year and zust be adjusted downward (0 ginning of tha ¢xecution vear.
serceat to reflect benefits to society.

3.  Znergy conversion factors are "boundary G. Some energy coauversion factors are
purchase prices”, i.e., 3412 Btu/kWh for different from thosa in FEMP. Speci-
electricity. fically, the conversicn for elec-

tricity 1s 11,600 3tu/kWh for om~-
site and "boundary purchased" elac-
tricity (for use ouly in the E/C
calculacion).

d. Use actual base year fuel prices if H. Use actual base year (escalated o
available or use DOE prices. Timg-of~ execution year) prices Zar Suel.
day pricing and projected escalation Yo time-of~day pricing zentioned.
rates 3ay be 1sed if provided by supplier.

I. "On-site generated” electcticity pricas 1. Price for electricity or steam pur-
are the higher of actual local purchased chased Srom >n-site sources is the
eiactricity or the price of input fuel actual average gross :nergy input
2lus generacion and distribucion losses. to the generacing piant plus dis~
"On~sice generated" steam and hot water tribution losses.
orice is the price of inpur fuel and
3eneration discribucion custs.

J. DOE-provided differencial escala- J. ECIP-provided differencial escalacion
tion rates must be applied to base rates may be used or "whera local con-
vear fuel costs for projecciom of ditions and experience iadizate Tore
fyuture prices. valid differential ascalacion races,”

local values 3ay be used.

<. Equivalent szudy period of mutually- K. Economic i1ife of all projects must
exclusive proiects is lesser of 25 aot exceed JoD given valuas. Yo
7eATS Or least commot multiple of che zececion of mutually or noa-mutually
asctimated lifetimes of the system aiter- exclusive projects.
nacives. For non-msutually exclusive
cvetrofic projects, use the estimated
life of each system up 3 25 rears.

L. for multiple proposed projects within L. for multiple proposed projects wizhia
a building or syscem, use an iteracive a building or system, "cave zust de
5IR and LCT mechod to eliminata over- exercised Sy the analvst” to assuze
estizmscion of enery? ang dollar that projected energy saviags are
avoidance. a0t duplicative.

M. LCC rule does a0t specifically require . ECIP does not adencion sensitivity
sensictivity or probability analyvseis, analysis but DODI 7041.3 vequires
bue FEMP manual recommends and OMB risk/uncertainty analysis (cost
Circular A-96 requires it "if there ranges Zor estimmces).
is a reasonable basis %o estimace zhe
variabilicy of future coses and
bYenefics."
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conservation retrofit projects, but also to new comstruction, operations and

maintenance, and alternate energy projects. It does not include, however, the

means to assess economic risk.
’ We propose remedying that deficiency by building into the basic FEMP

LCC methodology a capability for assessing cost uncertainty. The resulting

1 i enhanced methodology, which we describe in the rest of this report, would then
} be suitable for financial evaluation of candidate projects for ECIP and other

construction-related programs.
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2. AN IMPROVED LIFE CYCLE COST ANALYSIS METHOD

Our improved financial analysis method (IFAM) permits proposed energy
projects to be ranked by their expected life cycle cost values and the
uncertainty surrounding those values. It fulfills all requirements of the
FEMP and of DoD Instruction 7041.3.°
OVERVIEW

IFAM is designed to use commercially-available, user-friendly micro-
computer hardware and softwate.2 It is envisaged for use at a common analysis
center, such as a Military Department facility engineering headquarters, a
major command, public works center or field engineering division, requiring
only project-specific data to be provided by installation personnel. Figure
2-1 provides a summary system flow chart.

Two data files are required, one project-specific, the other general.
Project-specific data are obtained from the proposing installation. An
installation input form is at Appendix A.

The general file contains such data as the discount rate designated by
the Office of Management and Budget (OMB) for use in the financial analysis of
federal projects, the DOE projection of costs for electricity and fuels (e.g.,
No. 2 heating oil, No. 6 residual o0il) in all DOE Regions, the end-use energy
conversion rates for all fuels, etc. These data will be provided by higher

headquarters.

1"Economic Analysis and Program Evaluation for Resource Management,”" DoDI
7041.3, October 18, 1972.

ZIFAM was programmed using the VisiCalc (VisiCorp) electroanic ledger
sheet. Other commercial electronic ledger sheet programs such as SuperCalc
(Sorcim) or MultiPlan (MicroSoft) can be used.
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FIGURE 2-1 SYSTEM FLUW CHART

INSTALLATIO
INPUT
SHEET ®

IFAM
PROJECT
SPECIFIC | uos{ééxzu PROJECT
DATA F"'EQ ANALYSIS FILE
INPYT OTHER
PAOJECTS
GENERAL
DATA
FILE RANKING
W ®
LEGEND QUTPUT 4
00E ENERGY s RANKING
CSCALATION PROVIDED BY/PERFORMED AT: PROJECT OF ALL
OMB O1SCOUNt| @ msrauanon Lee PROJECTS
RATE, ETC.Q)| @ somer marus caren ®

® oo

The project-specific data are combined with the general data directly on
an electronic ledger '"spread sheet" on the computer monitor screen. The
spread sheet is the only display needed for the LCC analysis; IFAM software
contains all the analysis algorithms which are 'behind" the spread sheet. A
hard copy example of a project LCC analysis spread sheet, as performed by
IFAM, is at Appendix B.

IFAM calculates the most likely project LCC and several other project
energy and financial indices, such as savings-to-investment ratio (SIR),
energy (MBtus) saved, etc. It also calculates a statistical measure of the
likelihood of the various output indices being achieved and screens and ranks

all projects considered according to desired indices.

3The computer program listing is available from the Deputy Assistant
Secretary of Defense (Installations) in hard copy or diskette.

2-2
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PREPARATION FOR ANALYSIS

For each proposed project, installation personnel must complete an input
form (Appendix A), using data from the standard planning and estimating
process used for any construction project. In addition to discrete estimates
of LCC element values and schedule milestone dates, installation engineering
personnel also should provide high and low values and early and late dates to
establish a practical range around each cost and schedule estimate. IFAM will
employ these ranges in the statistical analysis of economic uncertainty.

Visualizing each proposed project's life by a time line similar to Figure
2-2 should assist installation personnel in estimating the timing of project

cash flow, which is required on the input sheet.

FIGURE 2-2 LCC CASH FLOW TIMELINE

EXISTING EXISTING
SYSTEM SYSTEM
SALVAGE SALYAGE
N\ /
N
DESIGN ENERGY AND 06 M
REPLACEMENT

INVESTMENT
L |

STUDY PERIOD (YEAR)

The FEMP analysis method of NBS Handbook 135 makes several assumptions
about the timing of the date of study (DOS), design, investment, and annual
costs to simplify a complex analysis (e.g. mixing mid-calendar year energy
projections with fiscal year cash flows). The assumptions can generate
inaccuracies in certain output ranking variables, but are the only reasonable

method for use in manual computations. IFAM data processing algorithms, using

2-3
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the actual DOS and projections of construction start date and beneficial
occupancy date (BOD) can easily accommodate the cash flow timing, thus provide
a better estimate of a project's LCC, precluding the need for simplifying
assumptions. Figures 2-3 and 2-4 illustrate the difference between the IFAM
analysis using the actual MILCON planning cycle and an analysis using the NBS
Handbook 135 assumptions.

When the installation input form is complete, it is seant to an analysis
center for processing.

PROPOSED ANALYSIS PROCESS

The basis for the system is an electronic ledger sheet, or "spread
sheet,”" which incorporates all general and project-specific data in a single
presentation. The ledger sheet is visible to the analyst on the cathode ray
tube monitor of the microcomputer. The analyst has only to enter values for
project-specific data by the microcomputer keyboard in the appropriate cells
of the ledger sheet. Using those data and appropriate items of data from the
general data file (previously built), IFAM produces a best estimate of the
project's LCC.

When the analysis of all competing projects has been completed, IFAM can
provide a ranking of projects according to the desired parameter(s). If any
data are changed, either project-specific or general, entry of the new data
will automatically and essentially instantaneously change the output LCC
information of affected projects and the concomitant rankiang of all projects.
This capability not only accommodates actual changes in cost estimates, but
also allows the testing of the sensitivity of projects' LCCs and LCC rankings

to changes in the value of input financial parameters.

2-4




e

PV O arr o et

ot e s < e et

——————————

FIGURE 2-3 MILCON CYCLE

] : ] ] '
! ba o . REPLACEMENT
gty =2, 8 |
o 212 al Sa ENERSY
g15120 3, 3% Ane
15 8 0 sv waINTENARCE
] H : I = S 0=
alz b % vensy cacasy
I1S,202 =1 ppeuper AuD 1) AND !
P2,8 2 ) 8 1 wvestuenr wAINTENANCE NN TENANCE WAINTENANCE |
j1m='al g & g X
(28 s EnERey teeney ENERSY encaey
I B AND AND ) Y7)
I T SAINTENANCS NARTERARCE MAINTENANCE BAINTENANCE
e O | | |
R AT 3 . D 7 0 9 IOJ
]
J 1pase vean! ) SALVAGE saLvase i
f P Fhon Faon
a v REPLACENENT 0I3POSAL
| vt [
i L uig v
gaz £ s 88 STUDY PERIOD (VEARS)
B 2E g2l
=y H § ot E
- : -
o+ 22 ogEs @ cmenr Fiscac vean ;
- -
Tal v 8 27 (© seoser rean (riscaL vean)
st s 8 =3
] & & N2 () Procnin rear (sTimaTe veam - miscac rean)
g‘. - - -<
a2 - =
-z" ~ 2
- o
-
FIGURE 2-4 FEMP CYCLE
AEPLACENENT
AND
Ty
aND
AINTENANCE
engney Eneney Engaey EneReyY -
ano i) Ane AND
MAINTERANCE wAINTENANCE saNTENANCE NAINTENANCE

PROECT
INVESTHENT

ACTUAL ANALYSIS PERFORNED - = — — = -

[11413]
AND
WAINTENANC

ENgReY
AN
BAIRTERANCE

[ L1111
ARD
WAINT ERANCE

(1141}

ARD
« NAINTERANCE

3 4 S ' ¢ 7 e 9 10 '
sALVANE SALVASE
FaomN FROW
NEPLACENENT 015P0SAL

CEFPECTIVE” DATE OF ANALYSIS — r-

ACTUAL PROJECT HOVESTHENT = [~ = =

ACTUAL 30D -~ § = = = ==

.

Y
STUDY PERIOD (YEARS)

2=5

AR s - o - - w.m‘.=



Sensitivity analysis is a method of measuring the responsiveness of a
project's financial parameters--LCC, SIR, energy savings (MBtus or dollars) to
cost ratio (E/C) etc.--to a range of values for a selected or uncertain key
input. Frequently called "what if" analysis, it allows the analyst to assess
the effect of a change in an input parameter on the project's LCC. For
instance, a change in the discount rate (established at 7 percent by OMB
Circular A-94), may be under consideration. Or the planned opening or closing
of a refinery or pipeline may change the projected fuel cost for installations ;
in a certain area. Or an uncertain economic outlook in an area may bring
about a wide range in the project's construction working estimate (CWE). The
analyst's substitution of the proposed values for the values used in the '
original amalysis on the ledger sheet will trigger IFAM to recalculate and
display the entire ledger sheet with the new results. A change in the value
of one project-specific input may cause a change in the ranking of that
project's LCC relative to that of other projects. A change in the value of a
general input may change the value, hence the ranking, of all projects' LCCs.
IFAM generates new rankings for each change in input data.
The analysis algorithms of IFAM combine a standard '"present value'"

financial analysis with a statistical analysis of the economic uncertainty of

5

a project. The GNP deflator and appropriate differential escalation and dis-
count rates are applied to each cash flow item of the project time line to
determine the present value of the financial parameters -- LCC, SIR, E/C,
etc. -- associated with the future cash flow of the project. The economic
uncertainty or risk analysis uses the ranges of schedule and dollar value
estimates to produce the most probable value of LCC and a measure of the

likelihood of achieving that value.
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IFAM performs risk analysis by incorporating a statistical approximation
of Monte Carlo simulation techniques combined with elements of portfolio
management theory. The basic tenet in this method is that a decision maker,
given the choice between two ECIP projects of equal SIR (or E/C, or other
ranking index), would prefer the project with the higher certainty of
achieving the computed SIR value. Another way of saying this is that the
project with the 1lowest percentage variance would be prei:'etred."’5
Conversely, if two projects have the same percentage variance of the $ik, the

project with the higher computed SIR would be preferred. Figure 2-5

illustrates IFAM's risk analysis technique.

FIGURE 2-5 STATISTICAL UNCERTAINTY ANALYSIS
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The algorithm combines probability distributions of the inputs and calcu-
lates the most likely mean and variance of the outputs. In effect, for each
project the computer approximates the performance of a Monte Carlo simulation
using randomly selected values of each cost element from its unique distribu-
tion curve of probable values. In a Monte Carlo simulation, as shown in
Figure 2-5(A), after 1,000 or more iterations of calculating discrete values
of the SIR, the mean and variance of the resulting distribution curve is
calculated for that ECIP project. The SIR mean is then plotted against its
percentage variance. The next ECIP project is then simulated using its set of
cost element distribution curves, and a mean and percentage variance are
computed and plotted as before. After values for all ECIP projects have been
plotted, Figure 2-5(B) is obtained.

Using the two criteria for preferred investments, i.e., high SIR and low
variance, projects to the right and downward on the normalized percentage
variance versus SIR graph in Figure 2-5(B) are preferred. For example,
project 1 in Figure 2-5(B) is preferred to projects 2 or 3 because it has a
higher SIR at the same variance. Likewise project 4 is preferred to project 3
because at the same SIR value it has lower variance or a better probability of
being achieved. Consequently, projects to the right and downward are pre-
ferred. A "frontier" line (i) may be drawn of the most favorable projects.

Finally, Figure 2-5(C) can be divided into three distinct management
decision-making policy regions: conservative, moderate, and risk-taking. For
example, a risk-taking management policy would invest in a project that had
the highest possible return (e.g., highest SIR) and accept a larger risk of
actually achieving that value. Conversely, a conservative policy would invest

in a project with lower but more certain return (e.g., lower SIR value).
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Also, screening criteria may be imposed: SIR must be greater than 1.0 or
variance must be less than 30 percent (as shown in Figure 2-5(C) by the ver-
tical and horizontal lines). The "acceptable area" (unshaded) now includes
those projects meeting the screening and investment policy tests.

More than one index (SIR, LCC, and E/C, for example) may be simulated,
plotted, and screened. The final acceptable area of projects will be composed
of those projects contained in the feasible acceptable areas of all screens.

The mean value of the index is a more probable estimate than the discrete
value computed without statistical analysis. Examples from the literature
suggest that discrete rates of return on investment of 20 percent would actu-
ally be about 7 percent after uncertainty analysis. This reflects the higher
probability of achieving the 7 percent based on the uncertainty of the inputs.
Projects ranked by this "more probable" index will have a more accurate
ranking since rank is based on higher prebabilities of achievement.

A final question concerns the possibility of unrealistic estimates pro-
vided by the installation for the low and high values of the cost elements.
By providing narrow boundaries for each input estimate it is possible to
artificially increase the weighted mean SIR and lower the variance. If this
becomes a problem, it may be mitigated by providing guidelines for setting the
low and high values, or providing for default values or upper and lower limits
in the IFAM software. For example, if historical construction bidding cost
data for similar projects is available by construction region, the 90 percent
confidence interval around the mean low bid may be determined and applied to
the installation's construction estimate. The range for other large cost
drivers and savings values may be determined in the same way. The estimated

energy costs may similarly be bracketed using low, expected, and high values
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for the ranges of differential escalation rates provided by DOE or by
alternate forecasts such as those provided to subscribers by private econo-

metric services (e.g., Data Resources, Inc., Chase Econometrics).




3. IMPLEMENTATION OF THE PROPOSED METHOD

The stage is well set for implementing IFAM. First, it takes advantage
of new microcomputer hardware and software which simplify its use. The method
simultaneously improves rigor and accuracy of ECIP project evaluation and
eliminates the redundant manual calculations now needed for even limited
analysis. Second, potential users in appropriate organizations of each of the
Military Departments have contributed to and are familiar with IFA.H.1

We recommend the first step of IFAM implementation in the DoD be

conducted as a trial -- a pilot program.
The Deputy Assistant Secretary of Defense (Installations) (DASD(I))
! should enlist the cooperation of the three Military Departments. One major
command each in the Army and Air Force and one facilities engineering division
headquarters in the Navy should be selected to use IFAM to analyze and rank
all proposed ECIP projects within its purview during the next available fiscal
3 cycle. Upon completion of the ECIP package submission for inclusion in the
k MILCON appropriations, the DASD(I) should review comments and recommendations

from the Military Departments concerning the utility of IFAM and encourage the

e

4 DoD-wide implementation =-- or retirement -~ of IFAM accordingly.
If IFAM proves beneficial for ECIP, it should have similar advantage in
the DoD major construction program and in such other energy- and construction-

related programs as:

lECIP-knowledgeable representatives of the Corps of Engineers, the Naval
Facilities Engineering Ccmmand and the Air Force Engineering and Services
Ceanter have been consulted on ECIP during the development f IFAM, and have
received an IFAM demonstration.
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TABLE 3-1. DoD PROGRAMS IN WHICH IFAM
COULD BE USED BENEFICIALLY

ALL MILITARY SERVICES

Alternative Energy Sources Programs (geothermal, solar, and wind)
Refuse-Derived Fuel and Biomass Programs

Facilities Metering Program

Dual Fuel and Coal Conversion Programs

Energy Conservation and Management Program (ECAM)

Maintenance Programs (O&M)

New Building Design and Construction Program (MILCON)

ARMY

——

Energy Engineering Analysis Program (EEAP)
Quick Return on Investment Program (QRIP)
Family Housing Energy Conservation

NAVY & MARINE CORPS

Energy Engineering Program (EEP)

Boiler Tune-Up Program

Family Housing Conservation Programs

Energy Conservation Opportunity Program (ECOP)
Federal Agencies Substitution Task Program (FAST)
Reserve Facilities Energy Conservation Program
Navy Exchange and Commissary Conservation Program

AIR FORCE

Energy Audits and Technical Surveys Program
O&M/Management Actions Program

Colloidal Boiler Fuels Program

Fluidized~-Bed Combustion and Coal Gasification Programs
M-X Renewable Energy Systems Program

Power Systems and Resource Conservation R&D Programs
Terrestrial Energy R&D Programs

Process Energy Use Analysis Program

Process Equipment Retrofits Program

3=-2
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APPENDIX A

INSTALLATION INPUT FORM
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APPENDIX B
SAMPLE PROJECT LCC ANALYSIS SPREAD SHEET g
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DESICN ] ] [] ] [ ] (] [] [ ] ] [ ] L
[47] 3 L} ] ] [ ] [ ] ] ] [ ] ] ] ] L]
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SALVAGE(Existing) [ ] ] [ ] ] [ ] [ ] [ ] [ ] [ ] 0 L] [}
SALVAGE (New) [ ] [ [ ] [ ] [ ] ] [} [ L] L] ] 0
REPLACENENT L] ’ ] L} [ ] L} L} [ ] [ ] L] L] L
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