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Disclaimer
Use of Non-Metric Unitsin NIST Internal Report No. 6806 2004 ED

The policy of the National Institute of Standards and Technology is to use metric units of measurement in all
its publications. NISTIR 6806 isintended for aworkshop audience that deals with energy projects for
buildings and building systems. In construction-related industries in North America certain non-metric units
are so widely used instead of metric unitsthat it is more practical and less confusing to include in this
workbook only measurement values for customary units.

Note

This publication is re-issued every year with the most recent DOE/FEMP discount rates and energy price
escalation rates. If you intend to use the data in this publication in conducting life-cycle cost analyses, please
be sure to use the current-year edition. Y ou may request a copy of NISTIR 6806 200X ED from the Office of
Applied Economics, BFRL, MS 8603, National Institute of Standards and Technology, 100 Bureau Drive,
Gaithersburg, MD 20899. Fax: 301-975-5337; Phone: 301-975-6132.
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Preface

This student manual for the Project-Oriented Life-Cycle Costing Workshop for Energy Conservation in Buildings
is a workbook for a two-day course on life-cycle costing developed by the National Institute of Standards and
Technology (NIST) for the U.S. Department of Energy (DOE), Federal Energy Management Program (FEMP).
The methodology and procedures in this manual are consistent with 10 CFR Part 436A and its amendments,
which provide guidelines for the economic analysis of investments in energy and water conservation and
renewable energy projects for federa buildings. These guidelines are explained in detail in Life-Cycle Costing
Manual for the Federal Energy Management Program, Handbook 135, 1995 edition. The methodology is aso
consistent with American Society for Testing and Materials (ASTM) Standards on Building Economics, in
particular ASTM Standard Practices E917, E964, E1057, E1074, E1121, and E1185.

The Project-Oriented LCC Workshop is one of three workshops conducted by NIST to provide energy managers
with the knowledge and skills needed to perform quickly and correctly economic analyses required for building-
related capital investments. The analytical methodology presented is equally useful for government and private-
sector investment decisions. The Basic Life-Cycle Costing Workshop takes the participant through the steps of an
LCC analysis, explains in detail the underlying theory of present-value analysis, and integrates it with the FEMP
criteria. The Project-Oriented LCC Workshop builds on the basic workshop, focuses on the use of BLCC
computer programs, and applies the LCC methodology to more complex issues. In some years, a combination of
the two workshops is taught. The third workshop is a two-hour, interactive distance teaching workshop that
introduces the elements of LCC analysis to participants at downlink sites across the U.S.

This student manual is organized into seven teaching modules. The workshop begins with a thorough review of
LCC principles and 10 CFR 436 criteria. Each of the remaining modules is based on a topic that has emerged
from past life-cycle costing workshops and the consulting activities of the Office of Applied Economics at NIST
as being of specia interest to energy managers. The teaching materia is organized around a representative
example of an LCC analysis. A group exercise at the end of each module reinforces the students' knowledge
gained during the presentation.

Visual materials (dides) used in the workshop are printed in the manual in the order they are presented to
facilitate note taking. These visual materials are updated annually to reflect changes in the federal discount rate
and projected energy price escalation rates used in federal LCC analyses of energy and water conservation
projects. Other materials used in the L CC workshop include the following:

@ Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis, Annual Supplement to NIST
Handbook 135 and NBS Special Publication 709, National Institute of Standards and Technology,
NISTIR 85-3273.

This report, which is updated annually, provides current DOE and OMB discount rates, tables of projected energy
price indices, and corresponding discount factors needed to estimate the present value of future energy and non-
energy project-related costs. Request the latest edition when ordering.

2 NIST "Building Life-Cycle Cost" (BLCC) Computer Programs, BLCC5 and BLCC4, National Institute of
Standards and Technology. These programs use as default values the same discount factors and energy
price projections that underly the discount factor tables in the Annual Supplement. Use the latest BLCC
versions, which are available at the DOE web site (see below).

The BLCCS5 program is awindowed version of the DOS-based BLCCA4. It is programmed in Java, making it
platform-independent, and uses an xml file format. The BLCC5 User's Guide is part of its Help system.
BLCC5.2 has five modules, all of them consistent with the life-cycle cost methodology of 10 CFR 436A, but
programmed to include default inputs and nomenclature for specific uses:



(D] FEMP Analysis, Energy Project

for energy and water conservation and renewable energy projects under the FEMP rules, agency-funded;
2 Federal Analysis, Financed Project

for federal projects financed through Energy Savings Performance Contracts (ESPC) or Utility Energy

Services Contracts (UESC) as authorized by Executive Order 13123 (6/99);
(©)] MILCON Analysis, Energy Project

for energy and water conservation and renewable energy projects in military construction, agency-funded;
(@] MILCON Analysis, ECIP Project

for energy and water conservation projects under the Energy Conservation Investment Program (ECIP).
5 OMB Analysis, non-Energy Project

for projects subject to OMB circular A-94.

The remaining user-specific modules now in BLCC4 (i.e., non-energy MILCON analyses, and private-sector
analyses including taxes and mortgage financing) will be transferred to BLCCS5 in the future.

Recently a new auxiliary program was added to the portfolio of life-cycle costing software; the Energy Escalation
Rate Calculator (EERC). It calculates an average escalation rate based on the annual energy price escalation rates
used as defaults in the BLCC programs. This average price escalation rate is based on fuel type, rate schedule,
location, and length of contract term, as a nominal or real rate. It is used for escalating the contract payments in
Energy Savings Performance Contracts (ESPC) and Utility Energy Services Contracts (UESC), where annually
varying escal ation rates proved to be inconvenient.

NIST BLCC programs provide comprehensive economic analysis capabilities for the evaluation of proposed
capital investments that are expected to reduce the long-term operating costs of buildings and building systems.
They compute the LCC for project alternatives over their designated study period, compare project alternativesin
order to determine which has the lowest LCC, perform annual cash flow analysis, and compute net savings (NS),
savings-to-investment ratio (SIR), adjusted internal rate of return (AIRR), and Payback Period (PB). The BLCC
programs can be used by federa, state, and local government agencies, as well as by the private sector (BLCCA4).
In their application to federal energy conservation and renewable energy projects, BLCC5 and BLCC4 are
consistent with

- NIST Handbook 135, and the federal life-cycle cost methodology and procedures described in 10 CFR 436A,

- Circular A-94, and the

- Tri-Services Memorandum of Agreement on Criteria/Standards for Economic Analysis/Life-Cycle Costing
for MILCON Design.

In their application to private-sector and non-federal public-sector projects, they are consistent with ASTM
standards for building economics.

The latest versions of BLCC5, BLCC4 and associated programs and user guides; Handbook 135, Life-cycle
Costing Manual for the Federal Energy Management Program; Annua Supplement to Handbook 135, Energy
Price Indices and Discount Factors for Life-Cycle Cost Analysis can be downloaded from the DOE/FMP web site
at

www.eer e.ener gy.gov/femp/program/lifecycle.cfm

To order diskettes of BLCC4 and associated programs and hard copies of the above publications, call the FEMP
Help Desk:

Energy Efficiency and Renewable Energy Clearing House
1-877-EERE-INF (877-337-3463)

Vi



or write or fax your order to

U.S. Department of Energy

Federal Energy Management Program, EE-90
1000 Independence Avenue, SW.
Washington, DC 20585-0121

Fax: (202) 586-3000

The programs may also be purchased from the following vendors:

FlowSoft

5 Oak Forest Court

Saint Charles, MO 63303-6622
(636) 922-FLOW (3569)
www.flowsoft.com

Energy Information Services
P.O. Box 381

St. Johnsbury, VT 05819-0381
(802) 748-5148
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Workshop Objectives

Know how to use economic analysisto improve
capital investment decisions related to

energy and water conservation and renewable energy
projectsin buildings

Know the common methods and assumptions required
for life-cycle cost analyses of energy- and water-rel ated
investments in federal buildings

Know how to use the BLCC programs for
life-cycle cost analysis

Workshop Overview

The workshop begins with a review of the LCC principles that are the subject of the Basic LCC
Workshop. The elements of performing alife-cycle cost evaluation are explained. Emphasisis placed on
clarifying those issues that often confuse practitioners. Issues include why it is necessary to adjust cash
flows for the time-value of money and how to do it, how to estimate costs and savings, and how to
handle inflation. Students are shown, step-by-step, how to compute Life-Cycle Costs, Net Savings, and
the Savings-to-Investment Ratio. Federa criteriafor performing economic evaluations of energy-related
building projects are presented. The NIST LCC software is introduced with focus on the windowed
version BLCC5. The course uses BLCC5 examples to address specific topics of interest to LCC
practitioners, such as how to structure for LCC analysis projects that require

- fuel switching and phased-in capital replacements

- replacement of functional systems

- decisions whether to replace equipment or purchase services, and
- evaluation of an alternative financing contract.

The issue of uncertainty is discussed and guidance is given on how to deal with it in an LCC analysis.
Exercises are provided on each topic, to be solved by student teams.



Topic

Workshop Agenda

Review of LCC Method

NIST LCC Software: Overview and BLCC5

Fuel Switching and Phased-In Capital Replacements

Replacement of Functional Systems to Improve Energy Efficiency
Replace Chiller or Purchase Chilled Water

Evaluation of Alternative Financing Contracts

Exercises

Xi



I ntroduction

Why this course

The energy crisis of the 1970s, higher energy prices, and environmental concerns focused our attention on the
critical need to include energy conservation as a mgjor performance objective in the design or rehabilitation of
buildings. In the last three decades, the Federa Government, as owner and operator of over a half-million
buildings and the nation’s largest user of energy, has played a leadership role in improving the energy efficiency
of our nation’s building stock. Through energy conservation alone, the Government has been able to save nearly a
billion dollars a year since 1985, at a savings-to-investment ratio of 5:1 and an interna rate of return of 25 %.
More recently, water conservation in buildings and the use of renewable energy and green building materials have
also been included in the Government’ s goal of ensuring efficient resource allocation.

Congress and the President, through legislation and executive order, have mandated energy and water
conservation goals for federal buildings and have required that these goals be met using cost-effectiveness
measures. These measures include both improved operating procedures and the incorporation of energy and water
conservation features in the design of new and existing buildings. The primary criterion mandated by Congress
and the President for assessing the cost effectiveness of energy and water conservation measures is minimization
of life-cycle costs. They have aso instructed the Federal Government to make available to the public and private
sector methods, computational tools, and data devel oped by the Federal Energy Management Program.

Scope

This workshop is complementary to the Basic LCC Workshop, which is theory-oriented. This workshop focuses
more on project analysis and the use of LCC computer software. Each of the examples discussed provides a
different insight into the application of economic analysis to energy and water conservation investments in
buildings. The examples will also demonstrate how to structure an analysis for solution using the NIST BLCC
computer programs.

The principles of economic evaluation taught in the Basic LCC Workshop, and reviewed at the beginning of this
workshop, are applicable to investment decisions both in the public and private sectors. The decisions most
relevant to building-related investments are (1) Is the higher initial cost of a project justified by the lower
operating costs in later years? and (2) Of several potentia alternative investments, which is the most economical
in the long run? While this course focuses on investments in energy conservation and renewable resources in
federal buildings, either agency-funded or financed through energy services companies or utility energy services
companies, the principles are equally applicable to projects undertaken by state and local governments, non-profit
organizations, and for-profit companies and corporations.

About this manual

The manual is intended as both an in-class workbook and as a future source of reference and review. It is divided
into seven modules by subject matter. The subject matter is discussed by way of sample analyses performed in
BLCCS5, the windowed version of the NIST LCC software. At the end of Module A, there is a summary of the
LCC principles reviewed in the first lecture. For all modules an exercise is provided to reinforce the material
discussed in the lecture and to give students hands-on experience with BLCC5. Students are encouraged to work
in small groups when solving these classroom exercises. The solution to each classroom exerciseisincluded at the
end of each corresponding module in the form of BLCCS5 reports.

Xii



MODULE A

Review of LCC
Method






Module A
Review of LCC Method

Objectives: Upon completion of this module, you will
under stand

= rationalefor Life-Cycle Cost Analysis
= basic LCC methodology
= federal LCC rules

= interpretation of analysisresults

Basic Economic Criterion for Capital
| nvestmentsthat Reduce Future Operating
Costs

A

Costs
Savings

Savings must be greater than costs!

A-2




Life-Cycle Costsof Two

Alternatives
$
$
— Operating
Costs
— Investment
Costs
Alternative Alternative
A B

A-3

Dollars

20

18 1
16 1
14 4
12 4
10

O N b O
T N R

Total Life-Cycle Cost isMinimized

Total LCC

Investment
Costs

Operating
Costs

%
Q Ener gy Efficiency

A-4




Dollars

Net Savingsare M aximized

18
16
14
12
10

o N B~ O 0

Q* Energy Efficiency

A-5

Dollars

I ncremental Savings Equal
| ncremental Costs

Q* Ener gy Efficiency

A-6




Types of Decisions

= Accept/regect projects
= Optimal energy efficiency level
= Optimal system selection or design

= Optimal combination of
Inter dependent systems

= Prioritization of independent
projects

A-7

Life-Cycle Cost Analysis

LCCAIis

= amethod of economic analysisthat sumsall relevant
project costsover a given study period in present-value
terms.

= most relevant when selecting among mutually exclusive
project alternatives that provide the same functional
performance but have different initial costs, OM&R
costs, and/or expected lives.

A-8




Typical Project Costs

= Investment-related:
— Acquisition costs
— Replacement costs
— Residual value (resale or disposal cost)
= Operating-related:
— Operation, maintenance, and repair costs
— Energy and water costs
— Contract-related costs (for financed projects)

Generally, only amountsthat are different need to be
consider ed when comparing mutually exclusive
alternatives.

A-9

The Study Period

The study period

= isthelength of time over which an investment is
analyzed based on

— the expected life of the project and/or
— theinvestor’stime horizon.

= Base Date: analysisdate to which all cash flowsare
discounted.

= Service Date: date when building or system isoccupied
or becomes operational.

= Study period must be the same for all alternatives.




Study Period

Base Date
| sy -
Service erio
Date | Service -
) Period
1 I | //
Year 01 02 03 04 n,
Coinciding Study Period and Service Period
Base Date
| Study -
! Service Period
. Date Service
N o ——
1 ! Period
Lt .
Year 01 02 03 04 05 06 07 /A

Phased-in Planning/Construction/l mplementation Period

Adjusting for Different System Lives

Study Period: 15 Years Residual 11
gl LI .I
1 System | 15 20

Study Period: 20 Years

Replacel Residual |
A EEEEEERN II
1 System 11 15 20 30

Length of study period




Present Value and Discounting

A present-value amount
isthe equivalent value to an investor, as of the base date, of a cash
amount paid or received at a future date.

The present value of a future amount

- isfound by discounting;
discounting adjustsfor theinvestor’stime-value of

money.

Thediscount rate

. istheinterest ratethat makesan investor indifferent
between cash amountsreceived or paid at different
pointsin time.

Life-Cycle Cost

Operating
Costs

e
4\ Replacement Replacement

Investment
Costs

Cost Cost
l
/H y OM&R Costs - Contract Costs
) Residual
First Cost Value
’4 Study Period V|




Converting future amountsto
present value:

. 1
PV = C x —(1+d)t
LCC = ; G
o (1+d)!

wheren = length of study period.

Useful Discount Factors

(1) Single present value (SPV) factor for one-time amounts
or non-annually recurring amounts:

PV =F xSPV,

(2) Uniform present value (UPV) factor for uniform annual
amounts: PV = Agx UPV,,

where A, = annual amount at base-date prices




Useful Discount Factors (cont.)

(3) Modified uniform present value (UPV*) factor for
changing annual amounts

PV = A, x UPV* o

DOE Energy Price Projections

DOE energy price escalation ratesvary

= by region (censusregion)
= by fuel type (elec., ail, gas, L PG,
coal)

= by rate (residential, commercial,
industrial)

= by year




Summary of Present Value Factors

Single future amount (year t) PV =F xSPV 4
Ft

PV SPV
Recurring annual amount (over nyears) PV =A x UPV, o
PV UPVv Ao Ao Ao
Changing annual amount (over nyears) PV =A x UPV* 4
A
PV A 3
upvs A §

Single Present Value Factor

Example: Find the present value of $1,000 received at the end of
year 10 when the discount rateis 3.0% (table A-1, Annual
Supplement to HB135).

PV =F,x SPV
PV =$1,000 X SPV (4-3 0%, t=10)

=$1,000 x 0.744 = $744

A-20




Uniform Present Value (UPV)
Factor

Find the present value of an annually recurring operating cost
of $1,000 each year for 10 yearswhen the discount rateis 3.0%
(table A-2, Annual Supplement to HB135).

PV =Ayx UPV
PV =$1,000 X UPV (4_3 00, n=10)

= $1,000 x 8.53 = $8,530

A-21

M odified Uniform Present Value
(UPV*) Factor

Find the present value of an annually recurring operating cost
of $1,000 over 10 years, when thiscost is expected to escalate at
2% /yr and the discount rateis 3.0% (table A-3a, Annual
Supplement to HB135).

PV =A,xUPV*
PV =$1,000 (annual) X UPV* (4_3 50 n=10, e=296)
= $1,000 x 9.48 = $9,480

A-22




FEMP UPV* Factor for Energy
Costs

Find the present value of an annually recurring electricity cost
of $1,000 over 10 years, given current DOE energy price
escalation rates (Region 4, industrial rates) and the current
DOE discount rate of 3.0% (table Ba-4, Annual Supplement to

HB135).
PV =A,x UPV*

PV =$1,000 X UPV* 309 n=10, electr . industrial, region 4)

= $1,000 x 8.51 = $8,510

A-23

Sour ces of Discount Factors
= Discount factors can be hand-calculated, computer -
calculated, or looked up.
= Sources:
— Annual Supplement to Handbook 135 (for federal
proj ects)
— NIST DISCOUNT computer program, NISTIR 85-3273-xx
— Generic discount factor tables, NISTIR 89-4203
= Available from:
— DOE HELP Desk at 1-877-EERE-INF (337-3463) or
— www.eer e.ener gy.gov/femp/program/lifecycle.cfm
— Updated annually on April 1

A-24




|nflation Adjustment in LCCA

Definitions
= |nflation: rate of increase of the general
level of prices.

= Escalation: rateof increasein the price of
a particular commodity.

» Differential escalation: rate of increasein
the price of a particular commodity
relativeto therate of increasein the
general level of prices.

A-25

I nflation Adjustment in LCCA

Definitions (cont.)

= Constant dollars: dollars of uniform
purchasing power from year to year,
exclusive of general inflation.

= Current dollars: dollars of purchasing
power of year in which actual pricesare
stated, including general inflation.

A-26




Change in Consumer Price Indexes: 1980 to 2003

21\ A

A \
15
10 . A
10 \/ AV A
V
-20
LP I LT LS LPLLS I FT L LS P
N N I RS S N S R I S M M

—4—All items === Fuel oil

Annual percentage change

S
S S

A-27

Two Approaches
for Dealing with Inflation

= Exclude general priceinflation:
- Specify all costsin constant dollars.
- Useareal discount rate (excluding inflation).

» |nclude general priceinflation:
- Specify all costsin current dollars.
- Useanominal discount rate (including inflation).

Both approachesyield the same present values.

A-28




Comparing LCCsof Alternative
Systems Requiresa Common
Analytical Perspective

= Basedate, service date

= Study period

= Discount rate

= Inflation assumption (constant vs. current $)
= Cost estimating method(s)

= Operational schedule

= Energy analysis method

A-29

Federal Criteriafor LCC Analysis

Energy and Water Conservation Projects—10 CFR 436A/HB135

— DOE discount rate (updated annually), published in Annual
Supplement to Handbook 135

— Maximum 25-year service period
— Local energy prices, metered energy quantities
— DOE energy price escalation rates

— Analysisusually in constant base-year dollars(i.e., excluding inflation),
except for financed projects

= Other federal projects—OMB Circular A-94

— OMB discount rates, varying with length of study period and type of
project
— Nolimit on study period

A-30




Example Al: Central AC System
Selection for Office Building

L ocation: Federal building, Washington, DC;
DOE Region 3
Discount rate: 2004 FEM P discount rate: 3.0% real
(constant-dollar analysis)
Fud type: Electricity
Price: $0.08/kWh, local rate as of base date
Ratetype: Commercial
Useful life: 20 years
Study period: 20 years
Base date: April 2004
A-31
Base Case:

Conventional System w/o Computer
Controls and Economizer
$103,000 Initial investment costs
$ 12,000 Replacement cost for fan at the end of year 12

$ 3500 Residual valueat the end of the 20-year
study period

$20,000 Annual electricity costs (250,000 kWh at
$0.08/kWh)

$ 7,000 Annual OM&R costs

A-32




Cash-Flow Diagram for Base Case

$103,000
~ Initial
investment
cost $20,000 annually
: Electricity >
" $7,000 annually
| OM&R >
$12,000
Base Date Fan replacement
NN
Year123456789101112"20|
$3,500
Residual
value
A-33
(Conventional System)
Cost Items BaseDate Year of Discount Present
Cost Occurrence Factor Value
) ) ©) 4 (5)=(2)x(4)
Initial investment ~ $103,000 Basedate alreadyin $103,000
present value
Capital replacement  $12,000 12 SPV,, 0.701  $8412
(fan)
Residual value ($3,500) 20 SPVy 0554 ($1,939)
Electricity:
250,000 kWh at $20,000 annual  UPV", 14.76  $295,200
$0.08/kWh
OM&R $7,000 annual UPV,, 14.88 $104,160
Total LCC $508,833

A-34




Alternative Case:
Energy-Saving System with Computer Controlsand

Economizer

$110,000 Initial investment costs

$ 12,500 Replacement cost for fan at the end of
year 12

$ 3,700 Residual value at the end of the 20-year
study period

$ 13,000 Annual electricity costs
(162,500 kWh at $0.08/kWh)

$ 8,000 Annual OM& R costs

A-35
(Ener gy-saving system)
Cost Items Base Date  Year of Discount Present
Cost Occurrence Factor Value
(1) 2 3 (4 (5)=(2)x(4)
Initial investment cost $110,000 Basedate alreadyin $110,000
present value

Capital replacement  $12,500 12 SPV,, 0.701 $8,763
(fan)
Residual value ($3,700) 20 SPV,, 0.554 (%$2,050)
Electricity:
162,500 kWh at $13,000 annual  UPV",, 14.76 $191,880
$0.08/kWh
OM&R $8,000 annual  UPV,, 14.88 $119,040
Total LCC $427,633

A-36




Lowest LCC

L CC of Base Case: $508,833
L CC of Alternative: $427.633 «—

Alternative with the lower LCC
IS the economic choice.

Uses of Life-Cycle Cost

Types of Decisions LCC Criterion

Accept /Reject yes lowest LCC
Optimal Performance yes lowest LCC
Optimal System/Design yes lowest LCC

Project Priority no

A-38




Supplementary Economic
M easur es

Net Savings (NS)

Savings-to-Investment Ratio (SIR)
Adjusted Internal Rate of Return (AIRR)
Discounted Payback (DPB)

Net Savings (NS)

NS = PV of operational savings
minus PV of additional
Investment

NSa_ 7 LCCpqe -LCCy ;

$508,833 - $427,633
$ 81,200

NS,
NSuL T

Alternative with positive NS
IS the economic choice.

A-40




Uses of Net Savings

Types of Decisions NS
Accept /Reject yes
Optimal Performance yes
Optimal System/Design yes
Project Priority no

Criterion

>0/<0
maximize
maximize
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Savings-to-Investment Ratio (SIR)

SIR = Ratio of PV of operational savings
to PV of additional investment costs
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Savings-to-Investment Ratio

PV operational savings

SIR = "BV of additional investment costs

PV Operational savings= PV O&M costsg: - PV O&M costs,, ¢
PVA Investment costs = PV investment,, ; - PV investment

(295,200 + 104,160) - (191,880 + 119,040)

SIR = (110,000 + 8,763 - 2,050) - (103,000 + 8,412 - 1,939)
SIR = 88440 = 12.22
7,240

A-43

Uses of Savings-to-lInvestment

Ratio
Types of Decisions SIR Criterion
Accept /Reject yes >1/<1

Optimal Performance no

Optimal System/Design no

Project Priority yes descending
order

Meaningful SIR cannot be computed for financed
proj ects.
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Adjusted Internal Rate of Return
(AIRR)

AIRR = Measure of performance of
investment as a percentageyield,
assuming reinvestment of cash
flowsat agiven rate(r)

AIRR = (1+r)SIR¥N-1

= (1+0.030) 12.22 0. 1
AIRR = 16.73%
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Uses of Adjusted Internal Rate of

Return
Types of Decisions AIRR Criterion
Accept /Reject yes >d/<d

Optimal Performance no

Optimal System/Design no

Project Priority yes descending
order

Meaningful AIRR cannot be computed for
financed projects.
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Discounted Payback (DPB)

DPB = Minimum value of n, years, for
which discounted savingsin year t
areat least equal to additional
initial investment costs

A-47

Discounted Payback for Alternative

Base-year electricity savings: $7,000
Base-year OM&R savings: - $1000
Additional Initial Investment: $7,000

Cumulative Alnitial Cumulative
Y ear PV Savings Cost PV Net Savings
1 $ 5,750 $7,000 -$1,250
2 11,180 7,000 4,180

Year 1: ($7,000 x 0.96) — ($1,000 x 0.97) - $7,000 = -$1,250
Year 2: ($7,000 x 1.87) — ($1,000 x 1.91) - $7,000 = $4,180

Discounted Payback occursin year 2.
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Uses of Discounted Payback

Types of Decisions LCC Criterion
Accept /Re ect yes </=proj.life
Optimal Performance no

Optimal System/Design no

Project Priority no

Meaningful DPB cannot be computed for financed
proj ects.
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Example A2: CAC System Selection for
Office Building with
Planning/Construction Period

= 2-year planning/construction period

= First half of investment cost incurred at
end of year 1, second half at service date
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Cash Flow Diagram for Base Case
with P/C Period

Initial investment costs $12,000
Cap. repl.
$51,500 (fan)
$20,000
Electricity >
$7,000 OM&R >
Base|Service
Date] Date
Ll Ltttz
Year 1 2 5 10 14 18"" 21
$3,500
Residual
value
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L CC Calculation for Base Case
with P/C Period

Cost Items Base Date  Year of Discount Present
Cost Occurrence Factor Value
@ @ ©) 4 (5)=(2)x(4)
Initial investment cost:
1st Installment at $51,500 1 SPV,; 0.971 $50,007
midpoint of construction
2nd Installment at $51,500 2 SPV, 0.943 $48,565
beginning of service
period
Capital replacement $12,000 14 SPV,, 0.661 $7,932
(fan)
Residual value ($3,500) 2 SPV,, 0.522 ($1,827)
Electricity: UPV'5,
250,000 kWh at $20,000 annual 15.87-1.87=14.00  $280,000
$0.08/kWh
OM&R $7,000 annual  UPV,,,
15.94-1.91 = 14.03 $98,210

Total LCC $482,887
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L CC Calculation for Alternative

with P/C Period

Cost Items Base Date  Year of Discount Present
Cost Occurrence Factor Value
1) 2 3 4 (5)=(2)x(4)

Initial investment cost:
1st Installment at $55,000 1 SPV, 0971 $53, 405
midpoint of construction
2nd Installment at $55,000 2 SPV, 0.943 $51,865
beginning of service
period
Capital replacement (fan) $12,500 14 SPV,, 0.661 $8,263
Residual value ($3,700) 2 SPV,, 0522 ($1,931)
Electricity:
250,000 kWh at $13,000 annual  UPV~,,,14.00 $182,000
$0.08/kWh
OM&R $8000  annual  UPV,,, 1403 ¢112240
Total LCC $405,842

Net Savingsfor Alternative

NSt

I\ISALT -

NSy T =

with P/C Period

LCCge -LCCp 1
$482,887 - $405,842
$77,045

Savings-to-Investment Ratio (with P/C period)

SIR

SIR

(280,000 + 98,210) - (182,000 + 112,240)

(105,270 + 8,263 — 1,931) - (98,572 + 7,932 — 1,827)

83,970 = 12.12
6,925
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Exercise Al

Attic Insulation

Materialsrequired: Annual Supplement to Handbook 135
Four-function calculator

Note: These problems are intended for manual solution.

Use the worksheet on the next page to determinethelevel of insulation with the lowest life-cycle
cost, which isto beinstalled in the attic of a house located in Northern California. The existing
insulation level isR-11.

L ocation: West (Region 4)

Base date: April 2004

Service date: April 2004

Discount rate: 3.0%

Expected life: 25 years

Replacements: none

Residual value: none

Electricity price: 0.08/kWh

Ratetype: Residential

Insulation Annual energy consumption  Installed

Level kWh Cost ($)

R-11 9602 0

R-19 7055 450

R-30 6804 650

R-38 6703 800

A-55
(€ @ (©) (4= 5 (6)= (0= (8)=
(3)X$.08/kWh (4)x(5) (2)+(6) LCCr—LCCry
Initial Energy Cost Total Net
R- Cost Annual Annual Life LCC Savings

value (&) kWh (&) UPV* % (€] 6]
R-11 0 9602
R-19 450 7055
R-30 650 6804
R-38 800 6703
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Exercise A2

Selection of Heating System

Select theresidential heating system with the lower life-cycle cost and calculate its Net Savings
and Savings-to-Investment Ratio. Use the worksheet on the next page.

Annual space heating load: 50 MBtu
Distillate il price: $1.12/gallon ($8.00/M Btu)
Natural gas price: $0.80/ther m ($8.00/M Btu)
Rate type: Residential
L ocation: Midwest (Region 2)
Discount rate: 3.0%
Base date/service date: April 2004
Study Period: 15years

Oil Furnace Gas Furnace
Initial cost: $4,500 $5,000
Annual maintenance cost $125 $75
Annual efficiency (average) 82% 88%
Expected life (years) 15 15
Residual value $500 $1,000

Wor ksheet for Exercise A2

LCC =Initial Cost + PV energy + PV maintenance - PV residual value

Oil Furnace:
LCC= + + -

LCC=

Gas Furnace:
LCC= + + -

LCC=

SIR = Net reduction in operating-related costs

Increasein investment-related costs

SIR=
SIR=
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Solution to Exercise Al

Energy Cost
R- Initial Cost Annual Annual Life Total LCC Net Savings
value (€)] kWh %) %) (6] (%)
R-11 0 9602 768 12,833 12,833 -
R-19 450 7055 564 9,424 9,874 2,959
R-30* 650 6804 544 9,090 9,740 3,093
R-38 800 6703 536 8,957 9,757 3,076

UPV* =16.71
*R-30 hasthelowest Life-Cycle Cost and the highest Net Savings.

Solution to Exercise A2
Lowest Life-Cycle Cost:
LCC =Initial Cost + PV energy + PV maintenance - PV residual value

Qil Furnace:

LCC =$4,500 + (50/0.82 x $8.00 x 11.11) + ($125 x 11.94) - ($500 x 0.642)
LCC =$4,500 + $5,420 + $1,493 - $321

LCC =$11,092

Gas Furnace:

LCC =$5,000 + (50/0.88 x $8.00 x 10.85) + ($75 x 11.94) - ($1,000 x 0.642)
LCC =$5,000 + $4,932 + $896 - $642

LCC =$10,186

Net Savings for Gas Furnace:
NS =$11,092 - $10,186

NS = $906

SIR for Gas Furnace:

SIR= ($5420+$1,493) - ($4,932+$896) _ $1,085
($5,000 - $642) - ($4,500 - $321) T %179

SIR= 6.06
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Worksheet for Exercise Al

D (2) 3) (4)= (5) (6)= (7)= (8)=

(3)X$.08/kWh (4)x(5) (2)+(6) LCCr,—LCCxy
Initial Energy Cost Total Net
R- Cost Annual Annual Life LCC Savings
value %) kWh $) UPV* $) $) $
R-11 0 9602 - - - - -
R-19 450 7055 - - - - -
R-30 650 6804 - -
R-38 800 6703 - - - - -

A-1




Worksheet for Exercise A2

L CC =Initial Cost + PV energy + PV maintenance - PV residual value

Oil Furnace:
LCC = + + —~

LCC =

Gas Furnace:
LCC = + + -

LCC =

SR = Net reduction in operating-related costs

Increase in investment-related costs

SIR =
SIR =
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Summary of the Life-Cycle Costing M ethod

Savings and investment costs

The basic criterion for determining whether a design aternative that increases capital investment and lowers
future operating costsis cost effective isthat the savings generated by the investment must be greater than the
additional investment cost. The number of years over which the savings are accumulated and the weighting of
future costs (or cost savings) relative to present costs are major considerationsin life-cycle cost (LCC) analysis.

Life-cycle cost

The LCC concept requires that all costs and savingsrelated to a design decision be evaluated over a common
study period and adjusted for the time value of money before they can be meaningfully compared. Choosing
building systems on the basis of first cost aone can increase the long-run owning and operating costs of a
building. For example, the purchase of alow-efficiency heating system, while initialy less expensive than a more
efficient system, will incur higher energy costs when in use. The difference may be significant since for many
building systems only a small part of the life-cycle cost is attributable to the initial purchase price. The greater
part is usually attributable to ongoing operating, maintenance, repair, and energy costs.

The principles of present-value analysis, which are the basis for the life-cycle cost method, apply to investments
in federal, state, and local governments whether they are funded by the government agency from tax
appropriations or financed through private-sector energy or utility services companies.

To supplement LCC analysis, there are additional measures of economic effectiveness, such as Net Savings
(NS), Savings-to-Investment Ratio (SIR), Adjusted Internal Rate of Return (AIRR) and Discounted Payback
Period (DPB). If computed correctly, all of these measures are consistent with the LCC method.

Particular care must be given to the use of the DPB as a criterion for accepting or rejecting projects. The DPB
is consistent with the LCC method only when nothing more is required than that payback occur before the end of
the study period and if cumulative net savings after payback is achieved are positive. DPB is not consistent with
the LCC method when an arbitrary payback period is specified as a cut-off point for project acceptance.

Comparing alternatives

From a decision standpoint, the LCC of a design alternative only has meaning when it is compared against
the LCC of a base case. For example, Alternative B has a higher investment cost but lower operating-related
costs than Base Case A, although both are expected to perform equally well with regard to their basic purpose.
Since the sum of investment cost plus operating cost (including energy costs) for alternative B is less than that for
A, alternative B is the more cost-effective choice. Note that in an existing building, the base case alternative (i.e.,
the existing design) may not require any investment; it may be the "do nothing" aternative. In that case, the life-
cycle cost of the base case is made up entirely of operating-related costs, which must be compared against the
combined investment and operating costs of the alternatives considered. In other cases (e.g., a new building
design) the base case may be the design with the lowest first cost or the minimum level of performance that
satisfies building code requirements.

Minimizing total owning and oper ating costs

The graph in slide A-4 istypica of energy conservation investments. It compares the owning and operating costs
associated with a wide range of energy efficiency levelsfor a building system (e.g., exterior wall insulation or air
conditioner efficiency). Generally, as the level of energy efficiency increases, initial costs increase at an
increasing rate. Lower levels of efficiency can generally be achieved at low cost, but as the efficiency level is
increased, structural, mechanical, or design modifications must be made to accommodate the added components.
This quickly adds to the initial cost. For example, to increase the effective thermal resistance value of awall, the
wall thickness must be increased or a more costly type of insulation must be used; or, in the case of air



conditioners, significantly larger heat exchangers or more costly compressors are necessary to increase energy
efficiency. For some systems, such as fossil-fired furnaces, there are practical limits to the extent to which
efficiency can be increased, causing the investment cost curve to bend sharply upwards.

The operating cost curve in the graph shows that as the energy efficiency of the system is increased, energy
consumption is decreased, but at a decreasing rate. In fact, energy consumption is generally inversely proportional
to energy efficiency so that additional units of improvement generate less savings than the ones before. For
example, increasing the thermal resistance value of attic insulation from R-30 to R-40 only saves about 18 % as
much energy as increasing the level from R-10 to R-20.

The total cost curve is the vertical summation of the investment cost and operating cost associated with any level
of energy efficiency. The lowest point on the total cost curve, Q°, determines the level of energy efficiency
that minimizes life-cycle costs. It is important to recognize that there are a number of factors that contribute to
this result. For example, longer study periods, more severe climates, lower conservation costs (say through
technology improvements), and higher energy prices al tend to result in a higher level of energy efficiency
becoming cost-effective.

M aximizing net savings

The graph in dlide A-5 shows that the most cost-effective level of energy conservation can also be determined by
finding the level that maximizes net savings, the difference between total costs and total savings. The slide shows
two curves, the investment cost curve, which isidentical to that shown in the previous dide, and a savings curve.
The savings curve is determined by taking the difference between the operating cost at the zero level of
investment and the operating cost at any other level of investment on the graph.

Note that total savings are greater than total costs anywhere between the origin and the point where the two curves
cross. Thus we might conclude that any level of investment between these two points is justified. But in fact the
economically optimal level of energy efficiency is that level for which net savingsis greatest, again Q . Thisis
the same point that was determined by finding the level with the lowest LCC. This is not surprising if you
recognize that net savings at any point along the horizontal axis of the graph in dide A-4 isthe difference between
the LCC of the base case (measured at the zero investment level) and the LCC of the aternative at that point.
Thus the energy efficiency level with the lowest LCC must have the highest net savings. By contrast, at the point
where investment cost just equals savings (slide A-5), you are no better off than you were at the origin, since in
both cases net savingsis zero.

I ncremental savi Ngs ver sus Incr emental costs

Graph A-6 provides an additional look at the relationship between the investment cost curve and the operating
cost curve. Here incremental costs and incremental savings are plotted. Each additional unit of energy efficiency
results in smaller and smaller increments in savings and greater and greater additions to cost. The shape of these
curvesis quite typical: conservation investment costs are increasing at an increasing rate and energy savings are
decreasing at a decreasing rate. The point where these two curves cross deter mines the economically optimal
level of energy efficiency, again Q’, the point at which the last increment in cost increases savings by the
same amount. This is the same point, Q', found by minimizing LCC or maximizing net savings. At any point to
the left of Q', incremental savings are higher than incremental costs, so that incr easing the energy efficiency level
will reduce life-cycle costs and increase net savings. At any point to the right of Q' the intersection, incremental
savings are less than incremental costs, so that reducing the energy efficiency level will reduce life-cycle costs
and increase net savings.

Economic efficiency

It is essential to recognize that all three of these methods arrive at the same optimal level of energy efficiency. In
general, if the LCC methodology is applied correctly, all three of these methods arrive at the same optimal
level of energy efficiency. Economists refer to the level of investment where life-cycle cost is minimized, net



savings is maximized, and incremental investment is equal to incremental savings as the "economically efficient"
level of investment for a given project.

The above treatment of costs and savings assumes that the energy efficiency of building systems can be improved
in a continuous fashion. In fact, commercially available systems are rarely available in a continuous range of
efficiency ratings. However, the underlying concepts shown here are valid even when efficiency improvements
come in "step” form. That is, the alternative with the lowest LCC will be the most cost-effective choice, given
that it satisfies the other performance objectives of the system. In every case, finding the alternative with the
lowest L CC will provide sufficient infor mation to choose the economically efficient level of investment.

Types of decisions
There are five types of investment decisions related to energy conservation to which economic analysis can be
usefully applied:

)

(2

3

(4)

()

An accept/reject project is a project that is optional from a building design standpoint and can be either
implemented or not, depending on whether or not it is a good investment. A good example is the installation
of standard storm windows over existing single-pane windows in a house. The comfort level of a house can
be maintained at an acceptable level with or without storm windows, but with storm windows installed much
less energy will be used. (If severa options are available with different levels of energy performance, then
this becomes a decision about the optimal efficiency level.)

Optimal efficiency level refers to the problem of selecting the most cost-effective level of energy
performance for a building system. For example, attic insulation can be installed over a wide range of
thermal resistance levels, an air conditioner can have a wide range of seasonal efficiency ratings, and a solar
heating system can have a wide range of collector areas.

Optimal system selection refers to the problem of selecting the most cost-effective system type for a
particular application. System selection can directly impact the energy performance of a building. Examples
include the choice of the heating and cooling system types for a building (e.g., electric heat pump or gas
furnace with electric air conditioning), wall design (e.g., masonry or wood frame), or even insulation type
(e.g., rigid foam or mineral wool).

Optimal combination of interdependent projects refers to the problem of selecting two or more building
systems at the same time, recognizing that the implementation of one system will have significant effects on
the energy savings potentia of the other, and vice-versa. For example, installing a high-efficiency furnace
will reduce the energy savings potential of storm windows, while installing storm windows will reduce the
energy savings potential of installing a high-efficiency furnace.

Prioritization of independent projects is required when a number of cost-effective energy conservation
investments have been identified but not enough funding is available to implement all of these projects.
Economic analysis alows the ranking of these projectsin decreasing order of cost effectiveness as a guideline
to allocating available funding.

Basic stepsin LCC analysis
The basic stepsin an LCC analysisareto

identify the alternatives under consideration,

specify the data requirements and establish assumptions,
estimate the costs in dollars,

adjust costs for time value of money,

compute total LCC for each alternative, and

choose the alternative with the lowest total life-cycle cost.



Depending on the circumstances, you may also want to caculate supplementary measures of economic
performance, perform an uncertainty assessment, and add a narrative describing non-economic issues. All of
these steps will be covered during the workshop.

Typical project costs

Relevant effects

To make a decision about economic efficiency, it is important to measure the economic consegquences of
aternatives. Data requirements for making an economic decision are not the same as those for keeping an
accounting system. For an LCC analysis, you need, in general, evaluate only costs that change from one
aternative to another. Costs that remain the same do not decrease or increase the life-cycle costs of an aternative
relative to the base case and thus need not be included.

Because collecting cost data can be expensive, you want to focus on collecting those data which are likely to have
a significant effect on the life-cycle costs of an alternative. Y ou do not want to spend your limited resources on
collecting data that have little impact.

Do not include " sunk” costs in your analysis. Sunk costs are those costs that have already been incurred and
cannot be avoided by future decisions. Only amounts that can be changed by the decision need to be included in
the analysis.

Non-tangible costs are costs or benefits that cannot easily be expressed in dollar amounts. Even though they
cannot be explicitly included in an LCC analysis, their effects should be described in a narrative so that they will
not be overlooked when making a decision.

Types of costs

Life-cycle costs typically include investment-related costs and operational costs. Acquisition costs, including
costs for planning, design, and construction, are investment-related, as are residual values such as resae value,
salvage value, or disposal costs. Under the FEMP rule, capital replacement costs are also defined as investment-
related. Energy costs, maintenance costs, and repair costs are considered operationa costs, that is, non-
investment-related costs. This definition is useful when computing economic measures that evaluate long-run
savingsin operational costsin relation to total capital investment costs.

Some of the costs included in an LCC analysis are annually recurring, such as energy, and routine maintenance
and repair costs. Non-annually recurring costs are those that may occur only one time during the life-cycle,
such as acquisition costs and residual values, or several times, such as replacement costs. This definition is
needed for choosing the appropriate discount factors used to convert future costs to present values.

In a third classification, acquisition costs are designated as initial costs and al other costs as future costs, a
useful classification both for selecting discount factors and for relating initial investment costs to the operating
costs of a project.

All costs included in the analysis are expressed in base-year dollars. These base-year amounts will be multiplied
by discount factor s that incorporate the discount rate and any applicable escalation rate.

Energy and water costs
Special criteria apply to energy costs in analyses of conservation measures considered for federal buildings:

Current prices: It is essentia to get current energy prices from local suppliers. It is better not to use regional or
national average energy or water cost data, since they do not reflect local supply and demand conditions. Prices
should take into account, where applicable, rate type, rate structure, summer and winter differentials, block rates,
and demand charges to reflect an estimate as close as possible to today's actual price.



Energy price projections: Energy prices are assumed to increase or decrease at arate different from general price
inflation. To avoid inconsistencies in LCC analyses throughout the government, it is required under the FEMP
rule (10 CFR 436A) to adjust today's energy price estimates by the energy price projections published annually by
DOE. These energy price projections are embedded in the discount factors updated annually and published on
April 1 of each year in Energy Prices and Discount Factors for Life-Cycle Cost Analysis 20xx, Annual
Supplement to NBS Handbook 135 and NBS Special Publication 709. These projections are also included in the
NIST BLCC computer programs.

Water costs: In 1995 water conservation was added to energy conservation as a designated goa for the Federal
Energy Management Program. No special water usage/disposal escalation rates are projected by DOE.

Contract-related costs:

Contract-related costs for Energy Savings Performance Contracts (ESPC) and Utility Energy Services Contracts
(UESC) are treated as operational costs, even though the contract payments made by agencies to the Energy
Services Company (ESCO) are in part for repaying capital investment loans. Consequently, a clear distinction
between investment-related and operating-related costs cannot be made in aternatively financed projects. Typical
ESPC or UESC payments are

Pre-performance Payments, including, for example,
- project facilitation fee,
- down payment,
- payment for energy savings during implementation period.

Performance Period Payments may include
- contract payments for acquisition loans,
- interest payments,
- expenses for management and administration,
- operation and maintenance,
- repair and replacement costs,
- energy costs,
- measurement and verification.

Setting the study period

The study period is the time over which the effects of a decision are of interest to the decision-maker. There is no
one correct study period, but it must be sufficiently long to enable a correct assessment of long-run economic
performance. Often the life of the system under analysis is used as the study period. However, the Federal
Government limits the study period for energy and water conservation projects to a maximum of 25 years from
the service date (Beneficial Occupancy Date in MILCON analyses). Apart from the 25-year maximum limit, there
are other factors that determine the length of the study period:

(D] Compare all alternatives over the same study period. Present-value cash flows calculated for one time
period would not be comparabl e with those calculated for alonger or shorter period.

2 Calculate all measures of economic evaluation (LCC, NS, SIR, AIRR) using the same study period,
otherwise they would not be consistent with each other.

3 Consider the time horizon of the investor. The study period may be shorter or longer depending on
whether the investor is, for example, the builder or the occupant of a building.

(@] Adjust for different expected lives of buildings or systems. In order to fit different expected lives into
the same study period, equalize the differing time periods by using replacement values and residual
values, such as aresale value, salvage value, or disposal costs.



Discounting future coststo present value

Before we can compare or sum costs occurring at different points over the study period, they must be converted to
a common point in time to reflect the time value of money. This means that future costs (or savings) have to be
discounted to present value so that they can be directly compared with initial investment costs.

Cash-flow conventions

There are severa cash-flow conventions that may be used when discounting costs occurring over the study
period to present value. One-time costs are usualy discounted from the actual time of occurrence. Annualy
recurring costs are discounted from the end of the year (FEMP) or the middle of the year (DoD). Costs occurring
at the beginning of the study period do not need to be discounted since they are already in present value.

Discount rate

The discount rate used to adjust future costs to present value is the rate of interest that makes the investor
indifferent between cash amounts received at different points in time. The discount rate adjusts for inflation
and the real earning power of money. This rate is often referred to as the minimum acceptable rate of
return (MARR). It is important to recognize that every investor has his or her own time preference for
money, and thus his or her own discount rate.

Discount factors

Pre-calculated discount factors can be used to calculate present values by multiplying the base-year dollar
amounts by the appropriate discount factor. NIST publication Discount Factor Tables for Life-Cycle Cost
Analyses (NISTIR 89-4203) contains pre-calculated discount factors that incorporate FEMP and OMB discount
rates and DOE energy price escalation rates. These discount factors are also embedded in the NIST BLCC
programs or may be calculated using the NIST DISCOUNT program.

Common discount factor applications

When performing an LCC analysis, three types of future cash flows are most commonly encountered, each
requiring a different type of present-value factor:

(1) The one-time cash flow is multiplied by the Single Present Value (SPV) factor to find its present value. An
example of a one-time cash flow is a replacement cost or aresidual value at the end of the study period.

(2) The uniform annual amount is multiplied by the Uniform Present Value (UPV) factor to find the present
value. An example of a uniform annual amount is an annual operating and maintenance cost that remains the
same from year to year.

(3) The changing annual amount varies from year to year at some known rate, which can be either constant or
variable from year to year. The base-year amount (A) is multiplied by the M odified Uniform Present Value
(UPV*) factor to find the present value. An example of an amount that changes at a variable rate each year is
the annual energy cost of a building when the physical amount of energy consumed is expected to be
reasonably constant but energy prices are expected to change from year to year. An amount changing at a
constant rate may be an operating cost that increases annually due to expected higher maintenance costs.

UPV* factorsfor energy costs

For LCC analyses related to energy conservation in federal facilities, NIST publishes UPV* factors specifically
for use with future energy costs. The NIST UPV* factors explicitly incorporate the FEMP discount rate and DOE
projections of energy price increases over the next 30 years. They are published in NISTIR 85-3273, Energy
Price Indices and Discount Factors for Life-Cycle Cost Analysis 20xx, tables B-1a through B-5a. Because the
FEMP discount rate and the DOE projections of energy price escalation rates change from year to year, this
publication is updated by NIST each year on April 1. The UPV* factors in this publication are differentiated by



fuel type, rate type (residential, commercial, industrial), and by region (Northeast, Midwest, South, and West).
The UPV* factor for energy costsis used with the annual energy cost computed in base-year dollars

How to handleinflation in LCC analysis

Definitions

An economic evaluation of capital investments over time needs to consider both the earning power of money, and
the changing purchasing power of the dollar as reflected by the discount rate. The following five terms will be
used in the discussion of how to handle inflation in life-cycle cost analysis:

- Price inflation: A rise in the genera price level, tantamount to a decline in the general purchasing
power of the dollar.

- Price escalation: Increase in the price of a particular commodity, such as energy.

- Differential (or real) price escalation: The difference between the rate of genera inflation and the
rate of escalation in the price of a particular commodity. For example, if the price of a particular
commodity increases at exactly the same rate as general inflation, the differential price escalation rate is
0%. Energy prices are a type of cost that has deviated significantly from general inflation since the early
1970s. For this reason, the FEMP LCC methodology for evaluating energy conservation investments
requires that projected increases in energy prices be explicitly included in the economic analysis, while
other categories of costs are generally assumed to increase at the rate of general inflation.

- Current dollars and constant dollars: Current dollars include the rate of general price inflation,
constant dollars exclude the rate of genera price inflation.

- Nominal discount rates and real discount rates: Nominal discount rates include the rate of general
priceinflation, real discount rates exclude the rate of genera price inflation.

Treatment of inflation
There are two basic approaches for dealing with inflation in an economic analysis.

(1) Use current dollars and a nominal discount rate and price escalation rates. The rate of inflation is
included in the future dollar amounts, and in the discount and price escalation rates. This is the approach that
is generally used when tax considerations are included in the economic analysis, or when current-dollar cash
flows need to be compared with current-dollar savings, asis the case for ESPC projects.

(2) Use constant dollars and areal discount rate and price escalation rates. Future dollar amounts, as well as
the discount and escalation rates, exclude inflation. In this case a real discount rate and differential price
escalation rates are included in the analysis. Constant-dollar analyses are generally used in agency-funded
government studies.

Both constant- and current-dollar analyses, if conducted properly, will yield exactly the same present-value
result, and thus support the same conclusion. However, it is generally easier to conduct an economic analysisin
constant dollars because the underlying rate of inflation from year to year over the study period does not need to
be estimated.

It is important to differentiate between a present-value analysis of a capital investment and a budget analysis,
where funds must be appropriated for year-to-year disbursement. The purpose of a present-value analysis is to
determine whether the overall savings appear to justify the required investment at the time that the investment
decision is being made. A budget analysis must include general inflation to assure that sufficient funding will be
appropriated in future years to cover actual expenses.



Relationship between real and nominal rates:

@+D)y@a+n-1
L+d)y@+D-1
@a+g/a+n-1
Q+e(1+1)-1

mo go

real discount rate, excluding inflation
nominal discount rate, including inflation

real rate of escalation, excluding inflation
nominal rate of escalation, including inflation
rate of inflation

Supplementary measur es of economic perfor mance

Supplementary measures of economic performance can be used to determine the comparative cost effectiveness of
capital investment. Several widely used measures are presented in this workshop. These are Net Savings,
Savings-to-Investment Ratio, Adjusted Internal Rate of Return, and Payback Period. Except for the
Payback Period, these measures are consistent with and build upon the Life-Cycle Cost methodology. All of these
supplementary measures are comparative rather than absolute measures of performance; they are calculated for
the alternative course of action in relation to a base case.

Net Savings (NS)

NS is a measure of long-run profitability of an alternative relative to a base case. The NS can be calculated as an
extension of the LCC method to show the difference between the LCC of a base case and the LCC of an
aternative. It can also be calculated directly from differencesin the individual cash flows between a base case and
an alternative.

The NS can be used like the LCC measure to determine a project’s cost-effectiveness. For a project alternative
to be cost effective with respect to the base case, it must have an NS of greater than zero. But with azero Net
Savings, the minimum required rate of return (MARR) has been achieved because the required rate of return is
built into the net savings computation through the discount rate. NS is not useful for ranking projects.

Savings-to-lnvestment Ratio (SIR)

The SIR is a dimensionless measure of performance that expresses the ratio of savings to costs. The numerator of
the ratio contains the operation-related savings; the denominator contains the increase in investment-related costs.
An SIR > 1.0 means that an alternative is cost-effective relative to a base case. For selecting the optimal
energy efficiency level or the optimal system or design, the SIR method is reliable only if based on incremental
SIRs.

The SIR is recommended for setting priority among projects when the budget is insufficient to fund al cost-
effective projects. The projects are ranked in descending order of their SIRs.

Adjusted Internal Rate of Return (AIRR)

The AIRR is calculated as a percentage yield. The yield rate is compared with the investor’s MARR. The AIRR
has to be higher than the MARR for an investment to be considered cost effective. (The AIRR is a modified
version of the Internal Rate of Return (IRR); it uses the discount rate rather than the calculated rate of return as
the reinvestment rate for saved cash flows.) The AIRR is used in the same way asthe SIR.

Discounted Payback (DPB)

The DPB measures how long it takes to recover initial investment costs. It is calculated as the number of years
elapsed between the initia investment and the time at which cumulative savings, net of accrued costs, are just
sufficient to offset investment costs. The DPB takes the time value of money into account by using discounted



cash flows. If the discount rate is assumed to be zero, the method is called Simple Payback (SPB), a measure of
evaluation less accurate than the DPB.

Both the DPB and the SPB ignore all costs and savings that occur after payback has been reached. They
should be used only as arough screening measure for accept/reject decisions.

Note: SIR, AIRR and Payback measures are not meaningful measures of economic evaluation in ESPC and UESC
project analyses because the contract payments in these project “operationalize” capital investment costs. In these
cases, the distinction between investment costs and operating costs needed to calculate SIR, AIRR and Payback
cannot be made.

Uncertainty assessment in LCC analysis

Decisions about energy conservation investments in buildings typically involve a great deal of uncertainty about
their costs and potential savings. Performing an L CC analysis greatly increases the likelihood of choosing an
alternative that saves money in the long run. Y et, there may still be some uncertainty associated with the LCC
results; LCC analyses are usually performed early in the design process when only estimates of costs and savings
are available rather than dollar amounts that are certain. Uncertainty in input values creates the risk that a decision
will have aless favorable outcome than expected.

Even though you may be uncertain about some of the input values, especially those occurring in the future, it is
till better to include them in an economic evaluation than to base your evaluation on first costs only. Ignoring
uncertain long-run costs implies the assumption that they are zero, a poor assumption to make.

There are techniques that allow you to estimate the cost of choosing the “wrong” aternative. Sensitivity analysis
and breakeven analysis are two approaches that are so ssimple to perform that they should be part of every
LCC anaysis. These and a number of other approaches to risk and uncertainty assessment are described in detail
in Techniques for Treating Uncertainty and Risk in the Economic Evaluation of Building Investments by Harold
E. Marshall, NIST Special Publication 757, September 1988.

Sengitivity analysis

Sensitivity Analysis measures the impact on the analysis results of changing one or more key input values about
which there is uncertainty. Sensitivity analysis can be performed with respect to any measure of worth (LCC, NS,
SIR, AIRR, PB). The sensitivity of these measures can be compared among alternatives.

Identifying critical inputs: It is important to know which of the uncertain input parameters have the greatest
effect on LCC results. To identify the critical inputs, simply increase the value of each of them in turn by a certain
percentage and, holding al others constant, recalculate the economic measure to be tested. The higher the
percentage change in outcome for a given change in input value, the greater the effect.

Estimating the range of results: To arrive at an estimate of the upper and lower bounds of an economic measure,
it can be recalculated using the lowest and highest likely estimates of its input variables, corresponding to the
most optimistic or pessimistic scenarios.

“What if” scenarios: ldentifying critical input values and determining the range of economic measures answers a
number of “what if” questions. Sensitivity analysis is a good technique for taking a closer look at the most
plausible “what if” scenarios, in order to be prepared to answer these types of questions when they arise during
the decision-making process.

Breakeven analysis
Decision makers sometimes want to know the maximum cost of an input that will allow the project to still break
even, or, conversely, what minimum benefit a project can produce and still cover the cost of the investment.



To perform breakeven analysis, benefits and costs are set equal; all variables are specified, except the breakeven
variable; and the breakeven variable is solved for algebraically.

Advantages and disadvantages of sensitivity and breakeven analyses

Results of sensitivity analysis and breakeven analysis can be presented in text, tables, or graphs. They are easy to
perform and easy to understand and require no additional methods of computation beyond those needed
for LCC analysis. The breakeven value can serve as a benchmark value to be compared against its predicted
performance. The disadvantages of sensitivity analysis and breakeven analysis are that they do not give a
probabilistic measure of the risk of choosing an uneconomic project and do not include an explicit measure of risk
attitude.

Summary of FEMP LCC criteria

The following criteria, consistent with the FEMP rules outlined in 10 CFR 436A, specifically apply to the
economic evaluation of energy and water conservation and renewabl e energy projectsin federal buildings:

Constant-dollar analysis

In general, use constant dollar analysis and real discount and escalation rates. The DOE/FEMP discount rate
and energy price escalation rates are real rates, that is, they exclude the rate of general price inflation. If, as for
example, in the case of alternative financing projects, the analysisis performed in current dollars, the inflation rate
has to be added to the discount rate and price escalation rates.

The DOE discount rate and corresponding discount factors are updated annually on April 1 and published in
NISTIR 85-3273, Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis, the Annual
Supplement to NIST Handbook 135, and in the NIST LCC computer programs, BLCC4 and BLCC5.

Discounting convention
Cash flows are discounted from the end of the year. (In MILCON analyses cash flows are discounted from the
middle of the year.)

Present values

For reasons of consistency, the FEMP rule prescribes the use of present-value analysis for evaluating energy- and
water-related projects. All future dollar amounts should be discounted to the base date of the project. Note that
“present-value” amounts are not the same as constant dollar amounts as of the base date, since the latter do not
reflect the adjustment for the time value of money.

Energy prices

The FEMP LCC method uses local energy and water prices at the building site in calculating the annual
dollar value of the energy or water consumed by a building or building system. Local energy and water prices
should reflect the type of rate charged (residential, commercial, or industrial), differences between summer and
winter rates, the impact of block rates on marginal energy and water costs, and demand charges. The analyst
should not artificialy adjust energy or water pricesto reflect environmental externalities.

If fuel is purchased for on-site electricity generation, the costs of the fuel at the point of generation, plus the costs
incurred in generating and distributing the electricity, should be used in the analysis.

Quantity of energy and water usage

Since the FEMP LCC method uses local energy and water prices at the building site, energy and water quantities
should be stated in units consistent with unit prices at the point of metering. Equivalent quantities of energy or
water at some earlier point in the supply chain (e.g., oil or coal prices before conversion to electricity) should not
be used.



DOE energy price escalation rates

Energy prices are assumed to change at rates different from the rate of general price inflation. DOE annually
projects real (differential) energy price escalation rates for the next three years, by Census region, rate type, and
fuel type. These real energy price escalation rates and the real DOE discount rate are used to calculate the
modified present value factors (UPV* factors) for use in FEMP LCC analyses. The UPV* factors are updated
and published annually as a set of tables in NISTIR 85-3273, the Annual Supplement to Handbook 135. At
present there are no equivalent DOE projections of escalation rates for water costs.

Thereal price escalation rates for energy costs are incorporated into LCC evaluations in the following ways:
(1) by multiplying the appropriate UPV* factor by the base-year annual energy cost (or savings) to calculate
apresent value; or
(2) by using the most recent version of the NIST BLCC computer programs, which read the DOE-projected
differential escalation rates from a file on the diskette and automatically compute the present value of
energy costs

Note: FEMP suggests that DOE energy price projections be replaced with appropriately documented projections
provided by your utility company for the years for which they are available.

Items other than energy and water costs in FEMP studies are generally assumed to have a zero real
escalation rate unless there is documentable evidence to the contrary. Thisis equivalent to saying that the prices
of non-energy items are assumed to change at the same rate as general price inflation.

Study period

The maximum study period for federal energy conservation projectsis 25 years from the date of occupancy
of a building or the date of operation of a system. Any lead time for planning, design, or construction may be
added to the 25-year maximum study period.

The study period should be the samefor all alternatives under consideration and the lesser of 25 years, or the
estimated use of the building or life of the system. Replacement costs and residual values, such as a salvage
value, adisposal cost, or aresale value, are used to equalize the study period for the various alternatives.

For evaluating energy use and related investments in a leased federal building, the study period is the lesser of 25
years or the effective remaining term of the lease, including renewal options likely to be exercised.

Uncertainty assessment

If uncertainty analysis casts substantial doubt on the results of LCC analysis, federal agencies are advised to
obtain more reliable input data or eliminate the project. Federal agencies are directed to use the DOE discount rate
as published, without testing for sensitivity.

No evaluation required
The FEMP rule states that

(1) A project is presumed cost-effective if it saves energy and if the costs of implementing the energy
conservation measure are insignificant, and

(2) aproject ispresumed not cost-effective if the building is

(8) occupied under a one-year lease without renewal option or with a renewal option that is not likely to be
exercised;

(b) occupied under a lease that includes the cost of utilities in the rent, with no pass-through to the
government of energy savings, or

(c) scheduled for demolition or retirement within one year.



Suggested Cost Estimating Guidesfor LCC Analysis*

BNI CONSTRUCTION ESTIMATING COSTBOOKS
BNI Building News

1612 S. Clementine St., Anaheim, CA 92802
1-888-264-2665

http://www.bni-books.com

DODGE COST ESTIMATING SERVICES
McGraw-Hill Construction Information Group
http://www.dodge.construction.com

DOLLARSAND CENTSOF SHOPPING CENTERS
DOLLARSAND CENTSOF MULTIFAMILY HOUSING

The Urban Land Institute

1025 Thomas Jefferson St., NW, Suite 500, Washington, DC 20007
(202) 624-7000, 1-800-321-5011

http://www.uli.org

EXPERIENCE EXCHANGE REPORTS (EER)

Building Owners & Managers Association International (BOMA)
1201 New York Ave., N.W., Ste. 300, Washington, DC 20005
(202) 408-2662

http://www.boma.org

MS/B UNDERWRITING ESTIMATORS

Marshall & Swift/Boeckh

911 Wilshire Blvd., 16" Floor, Los Angeles, CA 90017
1-800-421-8042
http://www.msbinfo.com/underwriting.asp

MEANSBUILDING CONSTRUCTION COST DATA-MEANSFACILITIES
M&R DATA

MEANSFACILITIESMAINTENANCE AND REPAIR COST DATA

R. S. Means Co., Inc.

100 Construction Plaza, Box 800, Kingston, MA 02364-0800

(617) 585-7880

http://www.rsmeans.com/means/demo/shortlst.html

NATIONAL CONSTRUCTION ESTIMATOR-BUILDING COST MANUAL-BERGER
BUILDING COST FILE

Craftsman Book Company

6058 Corte del Cedro, Carlsbad, CA 92009

1-800-829-8123

http://www.craftsman-book.com



RICHARDSON’'S GENERAL CONSTRUCTION ESTIMATING STANDARDS
RICHARDSON’'S PROCESS PLANT CONSTRUCTION ESTIMATING STANDARDS
T&M Concepts

P.O. Box 34284, Las Vegas, NV 8913-4284

1-877-653-2678

http://www.tandmconcepts.com/richardsons.htm

SWEET SDIRECTORY
McGraw-Hill Construction Information Group
http://www.sweets.construction.com

THE WHITESTONE BUILDING MAINTENANCE & REPAIR COST REFERENCE
Whitestone Research

P.O. Box 1250, Seattle, WA 98101

1-800-210-0137

http://www.whitestoneresearch.com

*Most of the listed publishers issue additional, more specialized cost guides.
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Module B
NIST LCC Software: Overview and BLCC5

Objectives: Upon completion of this module, you will be able to

use BLCC5 to evaluate energy and water
conservation proj ects.

. describethefeaturesof other NIST LCC
computer programs.

B-1

Office of Applied Economics
Building and Fire Research Laboratory
National Institute of Standards and Technology

BLCC 5.2-04
Building Life-Cycle Cost Program

for Energy and Water Conservation
and Renewable Energy Projects

B-2




Overview —BLCC5

Economic analysis of capital investmentsthat reduce
future costs

Focus on energy and water conservation in buildings

Downloadable from DOE/FEM P web site

B-3

Current Modules—BLCC5

FEMP Analysis, Energy Project

— for energy and water conservation and renewable ener gy
projectsunder the FEMP rules, agency-funded

Federal Analysis, Financed Project

— for federal projectsfinanced through Energy Savings
Performance Contracts (ESPC) or Utility Energy Services
Contracts (UESC)

MILCON Analysis, Energy Project

— for energy and water conservation and renewable energy
projectsin military construction, agency-funded

MILCON Analysis, ECIP Project

— for energy and water conservation projectsunder the Energy
Conservation Investment Program (ECIP)

OMB Analysis, Non-Energy Project
— for non-energy or non-water -conser vation projects

B-4




Future Modules—BLCC5

« Remaining BLCC4 modulesto betransferred to
BLCCS:

— non-energy MILCON

— private-sector analysesincluding taxes and
mor tgage financing

B-5

Data Requirements

« Project Information
— name, location, analyst, comment, discounting
convention, constant or current dollars, discount
rate, base date, service date, and length of study
period
« Capital Investment Costs
— investment costs
— cost-phasing
— escalation rates
— replacement costs and timing
— residual values

B-6




Data Requirements (cont.)

Operating-Related Costs

— annually recurring operating, maintenance, & repair
costs

— non-annually recurring oper ating, maintenance, &
repair costs

— energy consumption and cost data
— water consumption and cost data
— escalation rates

Contract Costs

— annually recurring (annual contract payment, debt
service, performance period expense)

— non-annually recurring (implementation cost, financing
procurement cost)

B-7

MILCON Modules

Energy Project

— “ServiceDate” isreferred to as“ Beneficial
Occupancy Date’

— “OM&R Costs’ as“RoutineOM&R Costs’

— “Replacement Costs’ as“Major Repair and
Replacement Costs”

ECIP Project

— “Service Date” isreferred to as*” Beneficial
Occupancy Date’

— inputsareinvestment cost differences and
operational cost savings

— calculates SPB, SIR, and AIRR

B-8




Creatinga BLCCS5 Input File

Input general information for the project
Input data for each alternative
Usetreeasaguideline and checklist

GotoHelp - Creating and Editing Data Files - for
definitions of all input variables

Save project fileusing user-supplied filename

Print reports

— LCC computations are made each timeareport is

opened

B-9

e

Project

e

Component

BLCC5 Tree

T=E]

File Reports Tree Help

= [ Altermative: Lighting Retroﬂt\
= 9 Contract Cosiz - Annually Recurring <
[ Cost Annual Contract Payment
[ Contract Costs - Mon-Annually Recurring
= [ Energy Costs
[ Cost Electricity
[ water Costs
v =8 Capital Compaonent: Mew System
[ Irvestrnent Cost
&4 Replacement Costs
= [ OM&R Costs - Annually Recurring
[ cost Past-Cantract OM Costs

&l OM&R Costs - Non-Annually Recurting ™

T

Alternative

Cost
data
B-10




BL CC5 module:

Example B

Use BLCC5 to determine the level of insulation with the lowest life-cycle cost, which
isto beinstalled in the attic of a house located in Northern California. The existing
insulation level is R-11.

FEMP Analysis, Energy Project

L ocation: California
Discounting convention: End-of-Year
Real discount rate: 3.0%
Base date/service date: April 2004
Study period: 25 years
Electricity price: 0.08/kWh
Rate type: Residential

Insulation Annual energy consumption Installed

Level Wh Cost ($)

R-11 9602 0

R-19 7055 450

R-30 6804 650

R-38 6703 800

B-11
FEMP Analysis, Energy Project
& BLCCS e =laix]

e

Reports Tree Help

3 open
B close

Bl sae

Save As

& Exit

1) EEMP Analysis, Enerey Project

] Federal analysts, Financed Project
L] MILCON Analysis, Energy Project
1) MILCON Analysis, ECIP Project

1) OMB Analysis, Non-Energy Project

Office of Applied Economics
Building and Fire Research Laboratory
National Insfitute of Standards and Technology

B-12




Screen-
specific
help

General Information

& FEMP Analysis, Energy Project

le Reports Tree Help

=[O

O & 0] «

Eleo-c: |

General Information

General Project Information

HName: Example B

Location: | california b
Analyst: ‘
Comment: Exercise A1 in BLCCS

Tips:

Discounting Convention

-Analysis Information-

(® End-of-Year Discounting
) Mid-Year Discounting

(@ Constant Dollar Analysis
) Current Dollar Analysis

Real Discount Rate: 3.00%

- Far

appropriate.
- Annually recurring costs can be discounted from the end of the year (FEMF) ar the middle of the
ear (DoD) to the Base Date.

Iocations outside the contiguous United States, the selection of LS. Average may be oot

B-13

Enter as
“25years’ -
or “25y”

—

le Reports Tree Help

EE [8]8 [« @

Key Dates
General Information
Base Date: Aapril - 2004]
Service Date (from Base Date): Oyears 0 mumhs\
Length of Study Period: Wy Eyearsl mumhs‘

Tips:

\[Period cannot exceed 25 years in FEMP analyses

- Base Date is beginning of Study Period.
- Operational costs and replacement costs are timed from Service Date.
- Length of Study Period includes Planning/Constructionfnstallation Period and Sendce Period. Senvce|

- Add Y'to number of years and 'm'to nurmber of months, e.q., 2y 4m or enter ' for Remaining fears in
study period).

B-14




Add Alternative

& FEMP Analysis. Energy Project
File Reports Tree Help

IS [=l E3

& HE 38 @
pEmEmTE ||

Add Alternative |

| rCreate New

Alternative Name: \m 1

— \

| Copy Existing

Atternative to Com: [None  ~ | /T

; \r"

/| |- A project cansists of two of more alteratives, one ofwhich is the bage case.

You can
add/copy:

*Alternatives

«Capital

Components

*All cost items

B-15

Add Energy Cost

& FEMP Analysis. Energy Project
ile Reports Tree Help

P[] B

o @e (88 «

=4 Project Example B 3
= [ Altemative: R-11
&

5 water Costs
= 4 Capital Component:
[ investment Cost

4| Add Energy Cost

| -Create New Cost

& Replacement Costs |
G OMaR Costs - Annual -
G OM&R Costs - Non-Al |

Cost Name: | Electricity S

| -Copy Existing Cost

Create Cost

CosttoCopy: |None

B-16




& FEMP Analysis, Energy Project

Reports Tree Help

Energy Usage

I [=1 B3

& [EE (38 [« D

You can have
usage indices
for:

*Energy Costs
*Water Costs

*Annually
Recurring Costs

*Annually
Recurring
Contract Costs

&8 Project Exarnple B Energy Usage
= (A Alternative: R-11
= & Energy Coste s
Name: [Evectricity
A water Costs Annual Consumption: | 4,602, DD‘KW“ -
= A Capital C t —
[3 nvestment Cost -Energy Usage Indices
A Replacement Gosts Fraom Date | Duration I Usage Index
[ omeR Costs - Annua April 1, 2004] Rernaining, 00.0%
A OMER Costs - Nan-A
Tips
- Enterthe base-year annual enetgy consumption ofthe specifisd enargy type
- Use Usage Indices to specify variable energy usage patiern.
- Enter region, state or end-use for emissions calculation.
] I

Emissions
Information

B-17

Energy Cost

file Feports Tree Help

amEa(3t e

[—
3 Project Example B NG USEGE] Creriry Cost DEIHE]
== [ Anernathve: R-11 =
= (3 Energy Costs Sovw Cres
Fatle: Sichedulee: Resitherial -
8 Wl Cosls State: |
= Capital Componant —.—I
13 irestment Cost EUCRRE L ETT
& Replacement Cogls Aniwal Demand Charge: $0.00,
B OMER Cogts - Annus Anral |ty Reshate: $0.00
@ oMER © Mo A =,
DOE Price Fscalation Rates (Ehectricity) <«
Claar Hates Restor
From Daby | Duration Esvakalion
Apil 1, 2004 1 year U months
Apail 1, 2005 1 ywar 0 mion|
Al 1, 2008 1 year U moniths
Apail 1, 2007 1 yisaae 0 enrlhes|
Apal 1, 2008 1 year U moniths
Apail 1, 2004 1 yisaae 0 enrlhes|
Apail 1, 2010 1 yaar U months 1.50%(
Tips:
- Enter sll dollar amounts in bese-year dollars.
- Energy Lizage Indices also apply 1o demand charqes and utiliy rebates.
I applicable, edi 1 alion ribes
U | i il-dullar anid 4 in cument-dallar anabysis
] D

« Default price
escalation rates
based on:
* ratetype
*region
« fuel type
specified
« Rates can be
edited
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| nvestment Cost

aBE® 3t @@

Project Exarnple 8

| mstrment Cosst |

| ot cost Investment costs can be
; Initial Cost (Base Year Dollars): | $0.00) phased inover a
Annwal Rate of Increase: 0.00%| . .
e | Expucted Lfe (rom Servce Datel: | U pears 0 meaths Planning/Construction
[ Raplacemant Costs Residual Value Factor liﬂlmclﬂk 0.00%| | or Installation (P/C/I)
gg:::g“:'x“‘if Cost Phasing of Infial Cost < Period
O SNam Cost Adustiment Factor; 0.00% .

|| ¥earsiMonttis tfram Dats) Date. rilan
A 0 years 0 morths il 1, 2004, 100.0%)

Average annual
N rate of increase
during P/C/I
period

1 duaring lhu: PAG Preriond

furing Sucty Prericd

irmirstrment cost

n curenl doltar anatysis
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Completed Tree

/2 FEMP Analysis, Encray Pro} =10/
fle Reports Tree lelp

o He 8t |« (@

= 3 Alterratiee. R-11
= [ Energy Costs
[ cost Erecicay
6 wvatir Costs
= & Capital Component
) investment Cost
B Replacernant Costs
08 omen Anrally Risurring
8 OMER Costs - Non-Anrually Recurring

[ cost Ereckiciy
B water Costs
= [ Capital Componant
3 irvvrssmant Cosa
A Replacement Costs
3 OMER Costs - Annualty Recurring
B OMER Costs - Mon-Annualy Riscuming
= [ Altesriatiey. B30
= [ Energy Costs
[0 cost Elecxicar
B watir Costs
= B Capital Component
) investment Cost
B Replacernant Costs
(3 OMAR Costs - Anrually Recurring
B8 OMER Cosls - Non-Annuaiy Recurring
= 3 Altemative: R- 36
- Ennagy
[ cost Erecticay
B water Costs
= [ Capital Componant
3 irvvrssmant Cosa
B Replacement Costs
B OMAR Costs - Annualy Recurring
B OMER Costs - Mon-Annualy Riscuming
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Lowest LCC Report

& Lowest Report _[ol =]

File

NIST BLCC 5.2-04: Lowest LCC
Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart &
General Information

File Mame: C:\Program Files\BLCCS.2-04\projects\Exauple B-04.xml
Date of Study Wed Jun 09 14:58:54 EDT 2004
Analysis Type FEMP Analysis, Energy Project
Froject Name Example B
Project Lacation: Califernia
Analyst asr
Comment Exercise A1 in BLCCS
Base Date: April 1, 2004
Senice Date: April 1, 2004
Study Period: 25 years 0 months (&pril 1, 2004 through March 31, 2029)
Discount Rate: 3%
Discounting Convention: End-of-Vear
Lowest LCC

Comparative Present-Value Costs of Alternatives
(Shown in Ascending Order of Initial Cost, * = Lowest LCC)
Alternative Initial Cost (PV) Life Cycle Cost (PV)

R-11 §0 $12,835 R-30 has
R-18 §450 §9,881 the |OWeSt
R-30 650 §9,745 *

R-38 5800 9,760 LCC
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BL CC5 Reports

- For all alternativesin project
— input data listing
— life-cycle cost analysis (detailed and summary)
— yearly cash flow analysis
« Comparativeanalysis
— listing of LCCsfor all project alternatives, with lowest L CC flagged
— compar ative economic measur es (alter native ver sus base case)
— side-by-side comparison of present values
— net savings ESD Tree Hep

. . . Input
— savings-to-investment ratio [ :
[T petaited Lce

— adjusted internal rate of return FEH] Cash Flow
- payback [F] summaryLcc
— energy savings [ Lowest Lce

@ Comparative Analysis

Eecr

— emission reductions
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BL CC5 Reports(cont.)

* Energy Conservation Investment Program (ECIP) Report
— no capital replacement costs

— component replacements should be entered as non-annually recurring
savings/costs

— will appear in the numerator of the SIR rather than in the
denominator

— residual values are not included

— SIOH (supervision, inspection and over head), design cost, salvage value
of existing equipment, and public utility company rebates, if any, are
specifically identified
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& ECIP Report =1 E3
File
NIST BLCC 5.2-04: ECIP Report
Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A
The LCC calculations are based on the FEMP discount rates and energy price escalation rates updated on April 1, 2004
Location Wirginia Discount Rate 3%
Project Title: Project #342 - Install DX Split System AC Analyst JGE
Ted & 09 14:59:30 EDT
Base Dale april 1, 2004 Preparation Date e,
2004
BOD April 1, 2005 Econamic Life 21 years 0 months
C:\Program
FileName Files\BLCCS.2Z-04\projectsiMilconECIP.xnl
1. Investment
Construction Cost §14z,800
SI0H §10,200
Design Cost §17,000
Total Cost §170,000
Salvage Value of Bxisting Equipment §0
Public Utility Company 50
Total Investment §170,000
2. Energy and Water Savings (+) or Cost ()
Base Date Savings, unit costs, & discounted savings
Iterm UnitCost Usage Savings Annual Savings Discount Factor Discounted Savings
Electricity §25.52943 734.6 MBtu §18,755 14.520 §279,824
Energy Subtotal 734.6 MBtu §18,755 $279,824
Wiater Subtotal 0.0 Mgal §0 40
Total §18,755 £279,824 —
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Auxiliary Program for ESPC and
UESC: Energy Escalation Rate
Calculator (EERC)

EERC calculates

— average energy escalation
rates

— by fud type, ratetype,
location, length of
contract term

— asnominal or real rate

— for usein escalating
contract payments based
onh ener gy savings

B EERC 1 [=1
File Help
Percent of Energy Cost Savings
Fuel Type Weight (%)
Coal 20
Distillate Oil 20
Electricity 20
Natural Gas 20
Residual 20
Total 100

-Fuel Rate Information:

Location: |US Average

Sector: @ Commercial

) Industrial
Performance Period
Start Date: 2008 ~
Duration: 15 «

-Annual Energy Escalation Rate

Inflation Rate (%): 175
Real: -0.76
Nominal: 0.972

B-25

NIST DOS-Based LCC
Support Software

BLCC4

ERATES: complex electricity rate schedules

EMISS: air pollution emission factors

DISCOUNT: present value factors and calculations
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NIST LCC Programs

« Programsupdated every April 1 with new energy price
escalation and discount rates

Downloadable from DOE/FEMP Web site:
— http://www.eer e.ener gy.gov/femp/program/lifecycle.cfm
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Exercise B

Exercise A2 isrestated below. Try the exercise using BLCC5.

BL CC5 module: FEMP Analysis, Energy Project
L ocation: Kansas
Discounting convention: End-of-Year
Real discount rate: 3.0%
Base date/service date: April 2004
Study period: 15years
Annual space heating load: 50 MBtu
Fuel oil price: $1.12/gallon ($8.00/M Btu)
Natural gas price: $0.80/ther m ($8.00/M Btu)
Rate type: Residential

Oil Furnace Gas Furnace
Annual efficiency (average) 82% 88%
Initial cost: $4,500 $5,000
Expected life (years) 15 15
Residual value $500 $1,000
Annual maintenance cost $125 $75

Usethe Detailed LCC, Summary LCC, or Lowest L CC Report to determine which residential
heating system hasthe lowest life-cycle cost. Use the Comparative Analysis Report to find its net
savings and savings-to-investment ratio. How do these values compar e with the ones calculated in
Exercise A2?
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NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise B-04.xml
Date of Study: Mon Jun 21 10:10:19 EDT 2004
Analysis Type: FEMP Analysis, Energy Project
Project Name: Exercise B
Project Location: Kansas
Analyst: asr
Base Date: April 1, 2004
Service Date: April 1, 2004
Study Period: 15 years 0 months (April 1, 2004 through March 31, 2019)
Discount Rate: 3%
Discounting Convention: End-of-Year

Discount and Escalation Rates are REAL (exclusive of general inflation)

Alternative: Oil Furnace

Energy: Distillate Fuel Oil (#1, #2)

Annual Consumption: 61.0 MBtu
Price per Unit: $8.00000
Demand Charge: $0
Utility Rebate: $0
End-Use: Residential Furnace
Rate Schedule: Residential
State: Kansas

Usage Indices

From Date  Duration Usage Index
April 1, 2004 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1year 0 months -5.83%
April 1, 2005 1 year 0 months -2.2%
April 1, 2006 1 year 0 months -0.7%
April 1, 2007 1 year 0 months 0%
April 1, 2008 1 year 0 months -0.14%
April 1,2009 1 year 0 months -0.14%
April 1, 2010 1year 0 months 0.14%
April 1, 2011 1 year 0 months 0.57%

April 1,2012 1 year 0 months 0.28%



April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months

Remaining

Component:

Initial Investment

Initial Cost (base-year $):

Annual Rate of Increase:

Expected Asset Life:

Residual Value Factor:

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date)

Oyears 0

months

0.56%

0.7%
1.25%
1.51%
1.49%
0.93%
0.66%
0.39%

-0.13%
-0.13%

Date

April 1, 2004

0.13%
0.92%
0.52%
0.52%
0.38%
0.51%
0.38%
0.51%
0.38%

0.5%

0.5%
0.45%

$4,500
0%

15 years 0 months

11.1%

Portion
100%

Recurring OM&R: Annual Maintenance

Amount:

Annual Rate of Increase:

Usage Indices

From Date
April 1, 2004

$125

0%
Duration Factor
Remaining 100%



Alternative: Gas Furnace

Energy: Natural Gas

Annual Consumption: 56.8 MBtu
Price per Unit: $8.00000
Demand Charge: $0
Utility Rebate: $0

End-Use:
Rate Schedule:

Residential Furnace
Residential

State: Kansas

Usage Indices

From Date  Duration Usage Index
April 1, 2004 Remaining 100%
Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months -4.7%
April 1, 2005 1 year 0 months -3.64%
April 1, 2006 1 year 0 months -1.75%
April 1, 2007 1 year 0 months -0.69%
April 1, 2008 1 year 0 months -2.35%
April 1,2009 1 year 0 months -1.98%
April 1, 2010 1 year 0 months 1.01%
April 1, 2011 1 year 0 months 2%
April 1, 2012 1year 0 months 2.38%
April 1, 2013 1 year 0 months 1.5%
April 1, 2014 1 year 0 months 1.62%
April 1, 2015 1 year 0 months 0.53%
April 1, 2016 1 year 0 months 0%
April 1,2017 1 year 0 months -0.53%
April 1, 2018 1 year 0 months -0.93%
April 1, 2019 1year 0 months 0.4%
April 1, 2020 1 year 0 months 2%
April 1, 2021 1 year 0 months 0.39%
April 1, 2022 1 year 0 months -0.13%
April 1, 2023 1year 0 months -0.13%
April 1, 2024 1 year 0 months -0.26%
April 1, 2025 1 year 0 months 0.13%
April 1, 2026 1 year 0 months 0.39%
April 1, 2027 1 year 0 months 0.39%
April 1, 2028 1 year 0 months 0.26%
April 1, 2029 1 year 0 months 0.39%



April 1, 2030 1year 0 months 0.39%

April 1,2031 1 year 0 months 0.26%
April 1, 2032 1 year 0 months 0.38%
April 1, 2033 1 year 0 months 0.38%
April 1, 2034 Remaining 0.36%
Component:

Initial Investment

Initial Cost (base-year $): $5,000
Annual Rate of Increase: 0%
Expected Asset Life: 15 years 0 months
Residual Value Factor: 20%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months April 1, 2004  100%

Recurring OM&R: Annual Maintenance

Amount: $75

Annual Rate of Increase: 0%

Usage Indices

From Date  Duration Factor
April 1, 2004 Remaining 100%



NIST BLCC 5.2-04: Summary LCC

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise B-04.xml
Date of Study: Mon Jun 21 10:10:50 EDT 2004
Analysis Type: FEMP Analysis, Energy Project
Project Name: Exercise B
Project Location: Kansas
Analyst: asr
Base Date: April 1, 2004
Service Date: April 1, 2004
Study Period: 15 years 0 months (April 1, 2004 through March 31, 2019)
Discount Rate: 3%
Discounting Convention: End-of-Year

Discount and Escalation Rates are REAL (exclusive of general inflation)

Alternative: Oil Furnace
LCC Summary

Present Value Annual Value

Initial Cost $4,500 $377
Energy Consumption Costs $5,420 $454
Energy Demand Costs $0 $0
Energy Utility Rebates $0 $0
Water Usage Costs $0 $0
Water Disposal Costs $0 $0
Annually Recurring OM&R Costs $1,492 $125
Non-Annually Recurring OM&R Costs $0 $0
Replacement Costs $0 $0
Less Remaining Value -$321 -$27
Total Life-Cycle Cost $11,091 $929

Alternative: Gas Furnace
LCC Summary

Present Value Annual Value

Initial Cost $5,000 $419
Energy Consumption Costs $4,931 $413
Energy Demand Costs $0 $0
Energy Utility Rebates $0 $0
Water Usage Costs $0 $0

Water Disposal Costs $0 $0



Annually Recurring OM&R Costs $895 $75

Non-Annually Recurring OM&R Costs $0 $0
Replacement Costs $0 $0
Less Remaining Value -$642 -$54

Total Life-Cycle Cost $10,185 $853



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

Base Case: Oil Furnace
Alternative: Gas Furnace

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise B-04.xml
Date of Study: Mon Jun 21 10:11:20 EDT 2004
Project Name: Exercise B
Project Location: Kansas
Analysis Type: FEMP Analysis, Energy Project
Analyst: asr
Base Date: April 1, 2004
Service Date: April 1, 2004
Study Period: 15 years 0 months(April 1, 2004 through March 31, 2019)
Discount Rate: 3%
Discounting Convention: End-of-Year

Comparison of Present-Value Costs

PV Life-Cycle Cost

Base Case Alternative Savings from Alternative

Initial Investment Costs:

Capital Requirements as of Base Date $4,500 $5,000
Future Costs:
Energy Consumption Costs $5,420 $4,931
Energy Demand Charges $0 $0
Energy Utility Rebates $0 $0
Water Costs $0 $0
Recurring and Non-Recurring OM&R Costs $1,492 $895
Capital Replacements $0 $0
Residual Value at End of Study Period -$321 -$642
Subtotal (for Future Cost Items) $6,591 $5,185
Total PV Life-Cycle Cost $11,091 $10,185

Net Savings from Alternative Compared with Base Case

PV of Non-Investment Savings  $1,086

- Increased Total Investment $179

Net Savings $907

-$500
$489
$0

$0
$0



Savings-to-Investment Ratio (SIR)

SIR = 6.07

Adjusted Internal Rate of Return

AIRR = 16.16%

Payback Period

Estimated Years to Payback (from beginning of Service Period)

Simple Payback occurs in year 6

Discounted Payback occurs in year 7

Energy Savings Summary

Energy Savings Summary (in stated units)

Energy - Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Distillate Fuel Oil (#1,#2) 61.0 MBtu 0.0 MBtu 61.0 MBtu 914.4 MBtu
Natural Gas 0.0 MBtu 56.8 MBtu -56.8 MBtu -852.0 MBtu
Energy Savings Summary (in MBtu)
Energy - Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Distillate Fuel Oil (#1, #2) 61.0 MBtu 0.0 MBtu 61.0 MBtu 914.4 MBtu
Natural Gas 0.0 MBtu 56.8 MBtu -56.8 MBtu -852.0 MBtu
Emissions Reduction Summary
Energy - Average Annual Emissions----- Life-Cycle
Type Base Case Alternative Reduction Reduction
Distillate Fuel Oil (#1, #2)
COo2 4,426.53 kg 0.00 kg 4,426.53 kg 66,376.81 kg
S0O2 31.66 kg 0.00 kg 31.66 kg 474.81 kg
NOx 3.86 kg 0.00 kg 3.86 kg 57.90 kg
Natural Gas
COo2 0.00 kg 3,001.97 kg  -3,001.97 kg -45,015.17 kg
SO2 0.00 kg 24.23 kg -24.23 kg -363.29 kg
NOx 0.00 kg 2.34 kg -2.34 kg -35.07 kg
Total:
CO2 4,426.53 kg 3,001.97 kg 1,424.56 kg 21,361.64 kg
S0O2 31.66 kg 24.23 kg 7.44 kg 111.52 kg
NOx 3.86 kg 2.34 kg 1.52 kg 22.83 kg



Additional Notes
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Phased-1n Capital
Replacements






Module C

Fuel Switching and
Phased-In Capital Replacements

Objective: Upon completion of thismodule, you will be ableto
evaluate capital replacements affecting ener gy types and ener gy
usage amounts after occupancy.

C1

Boiler Replacement Problem

L ocation: Office building in Maryland
Existing: 3-700 kBtu oil-fired boilers
60% efficient, 15-year remaining life
oil price $1.40/gallon ($10.00 M Btu)
Proposal: 3-700 kBtu gag/oil-fired boilers, 80/83% efficient
$15,000 each (installed)
30-year expected life
gas price $1.00/therm ($10.00 M Btu)
Maintenance similar for both systems
Annual heat load = 2,065 MBtu
Study period =15years
FEMP LCC discount rate = 3.0%
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Preliminary Analysis:
Replace All Three BoilersImmediately

Calculate LCC of existing system.
L CCoqiging = AL/Effqiging X Poii X UPV*

L CCoqging = 2,065/.60 x $10.00 x 10.65
= $366,538

IC =initial cost

AL =annual load

Eff =seasonal efficiency

P =energy price (¥MBtu)

UPV* = modified uniform present value (commercial, region 3, oil or gas)
RF =residual value factor

SPV =single present value factor

SP = study period

C3

Preliminary Analysis (cont.):
Replace All Three BoilersImmediately

Calculate LCC of new boilersusing both gasand ail.

LCC

new

= 1C + AL/Eff g X Pyagy X UPV*
-1C X RF X SPV,
L CCpan(gag= $45,000 + 2,065/0.80 x $10.00 x 10.92
- $45,000 x 0.5 x 0.642
= $312.428
L CCpenony= $45,000 + 2,065/0.83 x $10.00 x 10.65
- $45,000 x 0.5 X 0.642
= $295,533
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L CC for Boiler Replacement

L CC of existing oil-fired boiler $366,538
L CC of new gas-fired boiler  $312,428
L CC of new ail-fired boiler $295,533*

*Lowest LCC

C-5

Phased-In Boiler Replacement

Replace boiler #1 immediately, #2 at end of year 2,
#3 at end of year 4.

LCC, 1y =1C; X SPV, +1C, X SPV, + IC;x SPV, +
+ ALllEffnew X PoiI X UI3V*(15,oil,s,com)

+ ALZ/Effexisting X Poil X UPV*(Z,oiI,S,com)
+ ALZ/Effnew X PoiI X [UPV* (15,0il,S,com) - UPV*(Z,oiI,S,com)]

+ ALS/Effexisting X Poil X UP\/*(4,oil,s,com)
+ALEff oy X Poi X [UPV* 1561 s com) - YPV™ (4,0it,5.com)]
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Boiler Load Profile

Theannual load on each boiler (AL, AL,, AL ;) isneeded to
identify energy use asboilersare phased in.

load distribution (kBtu)

outdoor load hrs/
bin temp (kBtu) | boiler1 | boiler2 | boiler3 | year
1 47 222 222 0 0 684
2 42 444 444 0 0 790
3 37 668 666 0 0 744
4 32 889 700 189 0 542
5 27 1111 700 411 0 254
6 22 1333 700 633 0 138
7 17 1556 700 700 156 54
8 12 1778 700 700 378 17

9 7 2000 700 700 600 2

C-7
Annual Energy Use by

| ndividual Boiler

annual load (MBtu) total
bin | boiler 1 [ hoiler2 | hoiler3 | load
1 152 0 0 152
2 351 0 0 351
3 496 0 0 496
4 379 102 0 481
5 178 104 0 282
6 97 87 0 184
7 38 38 8 84
8 12 12 6 30
9 1 2 1 4
Total | 1,704 345 15 2,064
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L CC for Existing Boilers

LCC aqingi) = AL /Effaiging X Poit X UPV* 1

L CC wigingy = 1,704/0.60 x $10.00 x 10.65 = $302,460
LCC aisingey = 345/0.60 x $10.00x 10.65= $61,238
LCC aisingy =  15/0.60x $10.00x 10.65= $2,663

C-9

L CC for New Boilers (individual)

LCCnaN(i) =1Cpgy X SPVy(i)
+AL /Eff gigting X Pait X UPV* ) i1 5 0om
+ AL /Eff g, X Py X [UPV*
- IC ey X RF; X SPV

=$15,000 x 1.0
+1,704/0.60 x $10.00 x 0.0
+1,704/0.83 x $10.00 x (10.65—0.0)
- $15,000 x 0.50 x 0.642 = $228,831

= $15,000 x 0.943
+345/0.60 x $10.00 x 1.72
+ 345/0.83 x $10.00x (10.65 - 1.72)
- $15,000 x 0.57 x 0.642 = $55,665

= $15,000 x 0.888
+15/0.60 x $10.00 x 3.28
+ 15/0.83 x $10.00 x (10. 65 —3.28)
- $15,000 x 0.63 x 0.642 = $9,405

15,0il,S,com ~ U PV*y(i),oiI,S,oom]

LCC

new(1)

LCC

new(2)

LCC

new(3)
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Lowest LCC and Net Savings

Determinethe LCC, using BL CC5, for the following two

cases:
L ocation:

Annual heat load:

Study period:

FEMP discount rate:

Oil price:
Gasprice:

Office building in Maryland
2,065 M Btu

15 years
3.0%

Boiler # | Existing LCC | NewLCC Net Savings
1. $302,538 $228,831 $73,707
2. $61,238 $55,655 $5,583
3. $2,663 $9,405 -$6,742
C-11
Example C

$1.40/gallon, 140,000 Btu/gallon
$1.00/therm, 100,000 Btu/therm
Maintenance similar for all options.
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Example C (cont.)

Case 1. Existing 3 - 700 kBtu oil-fired boilers
60% efficient, 15-year remaining life

Case 2 New 3 - 700 kBtu gas/oil-fired boilers
$15,000 each, 80/83% (gagd/oil) efficient
30-year expected life, fired-on oil

C-13

Annual Energy Use

Case# Energy Use
1 2,065x106/ (140,000 x .60) | 24,583 gallons

2 2,065x106/ (140,000 x .83) | 17,771 gallons
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Alternative 1 — Existing Oil-Fired Boilers

& FeEMP Analysis, Energy Project - ne Meyer\My Documents\BLCC\BLCC Seattle\Exa.
File Reports Tree Help

o B3t e ®

eneral Alternative Information

4k [ Energy Costs :
[ Water Costs E Name: Existing Qil Fired Boilers

4k (3 Capital Component Comment:
4k £ Alternative: Mew GasfOil Firef

| (Tips
- One ofthe alternatives can be the do-nothing case

- Enter Energy and Water Costs atthe alternative lewel, other OM&R andReplacement costs atthe
component level

C-15

Choosethe Fuel Type

a5 8
P Ana e Proje Progra es\B proje ample C-0 =

File Reports Tree Help

B (36« @

E] Project: Example C-03
= () sltemnative: Existing Oil Fired Boilers

| dd Energy Cost

reate New Cost:
Cost Hame: |Dislillate Fuel Oil {#1, #2) -

Create Cost

(3 water Costs
4k [J Capital Component
4k [3 Alternative: New Gas/Oil Fired Boiler

CosttoCopy: |Distillate Fuel Oil {#1,#2)
Copy Cost

’{upy Existing Cost
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Enter the Annual Consumption

£ Femp Analysis, Energy Project - C:\Program Files\BLCC5\projects\Example C-03.xml
File Reporis Tree Help

a@ B (8]t [« @ \¥
Project Example C-03 [Energy Usage | EiEECOSt DeEtE

= [ Alternative: Existing Oll Fired Boilers .
= [ Energy Costs Eneray Usage

[} - Name: |Di5ti\|ate Fuel Qil G#1, #2) ‘
3 wiater Costs Annual Consumption: | 24‘593_50‘(;3“9" -
=k [ Capital Component:

4 [ Alternative: New Gas/Oil Fired Boilers | -Energy Usage Indices

From Date | Duration \ Usage Index
June 1, 2004 Rermaining 100.0%
B /
/ End-Use: |ingustrialiCommercial hoiler  +
Tii /
Tips

- Entepfthe hase-year annual energy consumption ofthe specified energy type.
- UgfUsage Indices to specify variable energy usage pattern.
- Bffiter region, state or end-use for emissions calculation.

Y ou can index the use here if needed. c17

Enter the Fudl Priceand

File Reports Tree Help

Ee 31«0 \

58 Project: Exarple C-03
= B9 Altarnative: Existing Oil Fired Boilers

Energy Cost

rEner
= ) Energy Costs
3 Rate Schedule: Commer
[ wiater Costs State:
B Manydand
4k [ Capital Component : - L
4k [ Alternative: Mew Gas/Oil Fired Boilars - RS ER #1.20000
: Annual Demand Charge: $0.00;
Annual Utility Rebate: §0.00

;| -DOE Price Esc*tinn Rates {Distillate Fuel il {#1, #2)) I

\ | clearRates | nesioenornaes |
From Da’ Duration Escalation | ‘
April1, 2004 1 vear 0 months -8.33%|~
April 1, 2005, 1 year 0 months’ -4.27%
April 1, 2008 1 vear 0 months 70.97%|
April 1, 2007 1 year 0 months 0.00%|+
ips
- Enter all dallar amounts in hase-year dollars -
- Energy Usage Indices also apply to demand charges and utility rebates.
- If applicahle, edit DOE price escalation rates.
- Use real rates of price escalation in constant-dollar analysis, nominal rates in current-dollar |«
C-18




Review the Summary L CC Report

File
Alternative: Existing Oil Fired Boilers =
LCC Summary

Presentvalue  Annual Yalue
Initial Cost §0 50
Energy Consumption Costs §315,958 §26,725
Energy Demand Costs g0 0
Energy Utility Rebates 50 50
Water Usane Costs 50 0
Water Disposal Costs §0 s0
Annually Recurring OMER Costs §0 50
Mon-Annually Recurting OMER Costs £0 50
Replacement Costs g0 0
Less Remaining Walue g0 0
Total Life-Cycle Cost §315,958 §26,725

Alternative 2 — Gag/Oil Boilers Burning QOil,
Created by Copying Alternative 1

e: Existing Oil Fired Boilers | .
ok [ Alternative: Mew GasiOil Fired Bailers % el neine
i Alternative Name: | / |

: Aud Alternative | /

| -Comy Existing Alternative
: Afternative to Cony: | Existing Oil Fired Boflers -

Copy Alternative

Tips

i |[- A project consists of two or more alternatives, one of which is the hase case.




Enter New Energy Use Data

File Reports Tree Help

=N EREN

] Froject: Example C-03

<k [ Alternative: Existing Oil Fired Boilers

= [ Alternative: New GasiOil Fired Boiler
=& Energy Costs

Jistillate Fusl
[ wiater Costs
4k [ Capital Component

‘| Energy Usage /
‘D\Stlllale Fuel QilT#1, #2)

Energy Usage

Name:

Annual Consumption: ‘ 17,771.00 |Ga|lun -

Energy Usage Indices

From Date Duration

Usage Index

June 1, 2004 Remaining

100.0%

Emissions:

End-Use: |pdustrialiCommercial boiler

Tips:

- Enter the base-year annual energy consumption of the specified energy type
- Use Usage Indices o specify variable energy usage pattern.
- Enter region, state or end-use for emissions caleulation.

c-21

Enter |

Residual Value

nitial Cost, Life, and

File Reports Tree Help

g Ha 3¢ [« @

04 Project Exarmple C-03

=k [ Alternative: Existing Oil Fired Boilers

= [ Alternative: New Gas/Qil Fired Bailer
= [ Energy Costs

£ water Costs
= {4 Capital Component
i 1ent Cost

B4 Replacement Costs

B Cost Distillate Fuel Oil @1, #

A OM&R Costs - Annually Recul
£ OM&R Casts - Non-Annually

: Investment Cost ‘

Initial Cost

v

Initial Cost (Base Year Dollars): $45,000.00
Annual Rate of Increase: 0.00%
Expected Life {from Service Date): 30vyears 0 months
Residual \falue Factor (% of Initial Cost): 40.00%;
Cost-Phasing of Initial Cost:
Cost Adustment Factor: | 0,00%
YrearsiMonths (from Date) \ Date Fortion
Ovears 0 maonths June 1, 2004, 100.0%

Tips:

- Initial Costis incurred at the Base Date or phased in during the P/C Period
- Enter expected rate of equipment price increase during Study Period

- Enter Cost Adjustment Factor for phased-in initial investment cost

-Llse real rate:

in constant-dollar anabesis nominal rates in current-dallar analesi
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Review the Summary L CC Report

File
LCC Summary

Presentalue  Annual Value
Initial Cost §45,000 53,770
Energy Consumption Costs §230,574 519,319
Energy Dernand Costs 50 50
Energy Utility Rebates 0 40
Water Usage Costs 50 50
Water Disposal Costs g0 0
Annually Recuring OM&R Costs §0 50
Man-Annually Recurting OM&R Costs 50 50
Replacement Costs g0 ]
Less Remaining Yalue -514,444 -51,210
Total Life-Cycle Cost §261,130 521,879
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Exercise C

The owner of acommercial building in Maryland is considering the replacement of three, older
inefficient (60%) distillate fuel oil-fired boilers with newer, more efficient (83%) boilers. The annual
heat load on the building is 2,065 MBtu distributed over the three boilers. #2 oil has a heating value of
140,000 Btu/gal and presently costs $1.40 per gallon.

Because of cash flow, the owner has decided she cannot afford to replace all three at the same time. Her
schedule is to replace one boiler now, another at the end of year two, and athird at the end of year four.

The boiler control system presently stages one boiler on until it can no longer meet the load and then adds
another boiler. Using this strategy, the lead boiler meets 1,704 MBtu of the load, the second boiler meets
345 MBtu, and the last boiler only comes on to meet 15 MBtu of the load.

She plans to use the first new boiler installed as the lead boiler.

Compare the life-cycle cost of this approach against the status quo. Use a 15-year study period and
assume a 30-year life for the new boilers. The base date is specified as June 2004 Use the end-of-year
discounting convention.

Hint: You will need to determine the oil use of each boiler during the construction period and use the
energy-indexing feature of BLCC5. Y ou will also need to determine the remaining life of each new
boiler for residual value calculation.
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Exercise C (cont.)

Annual
Load Fuel Used Year 5
Boiler # MBtu Gallons Year 1 Year 2 Year 3 Year 4 through 15
lold 1,704 20,286
2old 345 4,107 4,107 4,107
3old 15 179 179 179 179 179
Total = 24,571 24,571 24,571 24,571 24,571
1 new 1,704 14,664 14,664 14,664 14,664 14,664 14,664
2 new 345 2,969 2,969 2,969 2,969
3 new 15 129 129
Total = 18,950 18,950 17,812 17,812 17,762
Fraction 1 1 0.940 0.940 0.937
Residual Value
Boiler Life Used Life Left Factor
1 15 15 0.50
2 13 17 0.57
3 11 19 0.63
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NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

C:\Documents and Settings\Gene Meyer\My Documents\BLCC\BLCC Boston\Exercises\Exercise C-

File Name: 04.xmi
Date of Study: Mon Jun 21 15:10:12 CDT 2004
Analysis Type: FEMP Analysis, Energy Project
Project Name: Exercise C
Project Location: Maryland
Analyst: Gene Meyer
Comment: Phased Boiler Replacement Versus Base Case of Do Nothing
Base Date: June 1, 2004
Service Date: June 1, 2004
Study Period: 15 years 0 months (June 1, 2004 through May 31, 2019)
Discount Rate: 3%
8losr$\(/);nntti1)nng: End-of-Year

Discount and Escalation Rates are REAL (exclusive of general inflation)

Alternative: Existing 60% Boilers

Energy: Distillate Fuel Oil (#1, #2)

Annual Consumption: 24,571.0 Gal
Price per Unit: $1.40000
Demand Charge: $0
Utility Rebate: $0
End-Use: Industrial/Commercial boiler
Rate Schedule: Commercial
State: Maryland

Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months -8.33%
April 1, 2005 1 year 0 months -4.27%
April 1, 2006 1 year 0 months -0.97%
April 1, 2007 1 year 0 months 0%
April 1, 2008 1 year 0 months -0.2%
April 1, 2009 1 year 0 months 0%
April 1, 2010 1 year O months 0.78%

April 1, 2011 1 year O months 0.78%



April 1,2012 1year 0 months 0.39%

April 1, 2013 1 year 0 months 0%
April 1, 2014 1 year 0 months 1.35%
April 1, 2015 1 year 0 months 1.14%
April 1, 2016 1 year 0 months 1.88%
April 1, 2017 1year 0 months 2.21%
April 1, 2018 1 year 0 months 1.26%
April 1, 2019 1 year 0 months 0.89%
April 1, 2020 1 year 0 months 1.06%
April 1, 2021 1 year O months 0.35%
April 1, 2022 1 year 0 months 0.35%
April 1, 2023 1 year 0 months 0.17%
April 1, 2024 1 year 0 months 0.87%
April 1, 2025 1 year 0 months 0.69%
April 1, 2026 1 year 0 months 0.51%
April 1, 2027 1 year 0 months 0.68%
April 1, 2028 1 year 0 months 0.51%
April 1, 2029 1 year 0 months 0.67%
April 1, 2030 1 year 0 months 0.67%
April 1, 2031 1 year O months 0.5%
April 1, 2032 1 year 0 months 0.66%
April 1, 2033 1 year 0 months 0.65%
April 1, 2034 Remaining 0.63%
Component:

Initial Investment

Initial Cost (base-year $): $0
Annual Rate of Increase: 0%
Expected Asset Life: 0 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1,2004 100%

Alternative: Phased Boiler Replacement

Energy: Distillate Fuel Oil (#1, #2)

Annual Consumption: 18,950.0 Gal
Price per Unit: $1.40000
Demand Charge: $0

Utility Rebate: $0



End-Use:

Industrial/Commercial boiler

Rate Schedule:

State:

Usage Indices

From Date

June 1, 2004 2 years 0 months
June 1, 2006 2 years 0 months

June 1, 2008

Duration

Remaining

Escalation Rates

From Date
April 1, 2004
April 1, 2005
April 1, 2006
April 1, 2007
April 1, 2008
April 1, 2009
April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

Duration
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

Component: Boiler #1

Comment: Installed in year 1

Commercial

Maryland

Usage Index

100%
94%
93.7%

Escalation

-8.33%
-4.27%
-0.97%
0%
-0.2%
0%
0.78%
0.78%
0.39%
0%
1.35%
1.14%
1.88%
2.21%
1.26%
0.89%
1.06%
0.35%
0.35%
0.17%
0.87%
0.69%
0.51%
0.68%
0.51%
0.67%
0.67%
0.5%
0.66%
0.65%
0.63%



Initial Investment

Initial Cost (base-year $): $15,000
Annual Rate of Increase: 0%
Expected Asset Life: 30 years 0 months
Residual Value Factor: 50%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1,2004 100%

Component: Boiler #2

Comment: Installed at end of year two.

Initial Investment

Initial Cost (base-year $): $15,000
Annual Rate of Increase: 0%
Expected Asset Life: 32 years 0 months
Residual Value Factor: 57%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
2 years 0 months June 1,2006 100%

Component: Boiler #3

Comment: Installed at end of year 4

Initial Investment

Initial Cost (base-year $): $15,000
Annual Rate of Increase: 0%
Expected Asset Life: 34 years 0 months
Residual Value Factor: 63%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
4 years 0 months June 1,2008 100%



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

Base Case: Existing 60% Boilers
Alternative: Phased Boiler Replacement

General Information

C:\Documents and Settings\Gene Meyer\My Documents\BLCC\BLCC

File Name: Boston\Exercises\Exercise C-04.xml
Date of Study: Mon Jun 21 15:12:03 CDT 2004
Project Name: Exercise C
Project L ocation: Maryland
Analysis Type: FEMP Analysis, Energy Project
Analyst: Gene Meyer
Comment Phased Boiler Replacement Versus Base Case of Do Nothing
Base Date: June 1, 2004
Service Date: June 1, 2004
Study Period: 15 years 0 months(June 1, 2004 through May 31, 2019)
Discount Rate: 3%
ountng evbot-e

Comparison of Present-Value Costs

PV Life-Cycle Cost

Base Case Alternative Savingsfrom Alternative

Initial Investment Costs:

Capital Requirements as of Base Date $0 $42,467 -$42,467
Future Costs:

Energy Consumption Costs $371,936  $271,804 $100,132

Energy Demand Charges

Energy Utility Rebates

Water Costs

Recurring and Non-Recurring OM &R Costs

Capital Replacements

Residual Value at End of Study Period

8888EE

Subtotal (for Future Cost Items) $371,936  $255,435 $116,501




Total PV Life-Cycle Cost $371,936  $297,901
Net Savings from Alternative Compared with Base Case

PV of Non-Investment Savings $100,132
- Increased Total I nvestment $26,097

Net Savings $74,035
Savings-to-Investment Ratio (SIR)
SIR= 384

Adjusted Internal Rate of Return
AIRR = 12.66%

Payback Period

Estimated Years to Payback (from beginning of Service Period)

Simple Payback occursin year 4
Simple Payback isnegated inyear 5
Simple Payback occursin year 6
Discounted Payback occursin year 6

Energy Savings Summary

Energy Savings Summary (in stated units)

Energy - Average Annual Consumption----- Life-Cycle
Type BaseCase Alternative Savings Savings
Distillate Fuel Oil (#1, #2) 24,571.0 Gal 17,922.9 Gal 6,648.1 Gal 99,690.3 Gal

Energy Savings Summary (in MBtu)

Energy - Average  Annual  Consumption----- Life-Cycle
Type BaseCase Alternative Savings Savings
Digtillate Fuel Oil (#1, #2) 3,729.1 MBtu 2,720.1 MBtu 1,009.0 MBtu 15,129.7 MBtu

Emissions Reduction Summary

Energy - Average Annual Emissions-----  Life-Cycle

$74,035



Type BaseCase Alternative
Digtillate Fuel Oil (#1, #2)
CO2 270,693.09 kg 197,452.60 kg
S0O2 1,936.33kg 1,412.43 kg
NOXx 244.01 kg 177.99 kg
Total:
CO2 270,693.09 kg 197,452.60 kg
SO2 1,936.33kg 1,412.43 kg
NOXx 244.01 kg 177.99 kg

Reduction

Reduction

73,240.49 kg 1,098,256.39 kg

523.91 kg
66.02 kg

7,856.09 kg
990.00 kg

73,240.49 kg 1,098,256.39 kg

523.91 kg
66.02 kg

7,856.09 kg
990.00 kg



Additional Notes






MODULE D

Replacement of
Functional Systemsto
Improve Energy
Efficiency






Module D
Replacement of Functional Systems
to Improve Energy Efficiency

Objectives: Upon completion of this module, you
will under stand

. cost-effectivenessrequirementsfor

— new systems or mandatory replacement of
functional systems

— optional replacement of functional systems
- timing of optional system replacement
. sengitivity analysis

D-1

Optional Replacement
to Increase Ener gy Efficiency

- Entireinvestment cost must bejustified, not
just incremental cost.

- Timing of optional replacement isindependent
of remaining system life.

- Optimal timing is affected by changesin energy
prices, technology, and other factors.
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Example D

Economic Evaluation of Air Conditioning System — Source: Joe Graf, NAVFAC

PROBLEM STATEMENT

The existing facility, an 8100 sq. ft. government office building in Virginia, provides administrative space, counseling rooms, and records
and research areas. Over time, the increased use of devices such asindividual work stations and printers has increased the cooling
requirements at the building. The building is currently cooled by several window air conditioners, which require frequent maintenance and
consume excessive amounts of energy. On very hot days there are complaints about uncomfortably high temperaturesin the building. The
building is heated by electric baseboard heating.

Options
Maintain Existing System
With the current maintenance schedule, the present heating and cooling system could be kept functional for another 21 years.

Install DX Split System
Install new “split-system” air-conditioning unit and associated elements required to provide adequate space conditioning. The installation
will provide anew air distribution system for the building, with central air conditioning throughout.

Connect to Central Chilled Water Plant

Install piping network to connect the office building to the central chilled water plant on the site. The installation will provide a new air
distribution system for the building, with air conditioning throughout. This option, if cost effective, would be preferred to the DX Split
System because it would allow centralized maintenance. A general overhaul of the Central Plant is scheduled for 2006. If the piping
connection to the office building were done then, the initial investment cost would be reduced by about 25%.

Electric baseboard heating will continue to be used for the facility. The removed air conditioning units will not have any appreciable
salvage value. Either upgrade will require a planning and installation period of one year. The equipment installation will inconvenience
personnel in the office building but should not shut the offices down

Example D (cont.)

Economic Evaluation of Air Conditioning System

ANALYSIS

Perform an LCC analysis to determine which of the available options results in the lowest life-cycle cost. Perform
sensitivity analysis for those of the uncertain variables that have the greatest impact on LCC.

Scenarios
1. Analyze the outcomes, assuming that

a)  you will keep the existing system if its LCC is lower than the LCCs of the alternatives, or

b)  you have aready decided to replace the existing system with one of the possible two alternatives.
2. Perform sensitivity analysis by varying initial investment costs and electricity prices.

a) Determine critical inputs by changing all input values by 10% and calculating the percentage effect on
LCC.

b)  Calculate NS for all aternatives by changing energy prices and investment costs by +10%, +25%, and
+50%.
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General Project Information

« AC system in NAVFAC office building in
Virginia

- Discount rate: 3.0%

« Mid-year discounting

« Constant-dollar analysis

« Agency-funded proj ect

D-5

Key dates
- BaseDate: June 2004
« Study period: 21 years
+ Implementation Period: 1 year
« ServiceDate: June 2005

Note: operational costs begin at service date
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Alt. 1. Base Case:
Keep Existing System

Initial cost: $0
Energy consumption: 280,000 kWh/yr
Energy price: $0.08711/kWh, industrial

Ann.-recurr. OM&R costs: $1,050, increasing at 2% /yr
Non-ann.rec. OM&R costs. $5,000 in years5, 10 & 15 after

service date
Expected system life: 21 years
D-7
Alt. 2.
DX Split System AC

Initial cost: $210,000

Energy consumption: 120,330 kWh/yr

Energy price: $0.08711/kWh, industrial

Ann.-recurr. OM&R costs; $530

Non-ann.rec. OM&R costs: $6,300in yrs. 5, 10, 15 after
service date

Capital replacement cost:  $31,130in year 15 after
service date

Useful Life: 15years
Residual Value Factor: 67%
Expected system life: 20 years
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Alt. 3:
Central Plant Connection

Initial cost: $275,000
Energy consumption: 112,000 kWh/yr
Energy price: $0.08711/kWh, industrial

Ann.-recurr. OM&R costs: $126

Non-ann.rec. OM&R costs: $950in yrs5, 10, 15 after
service date

Expected system life: 20 years

D-9

Alt. 2. DX Split System
Cash Flow Diagram

| Energy, OM&R

Replacement

Inv. 1
so |Repair | | Repar |

L1l L 77 1 | |
I 11117 17T 777717 7T 1T 1T T 1T T 1T 19111

04 05 06 07 08 09 10 11 15 16 17 18 19 20 21 22 23 24
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=181X]

File Reports Tree Help

4% @ @ _ Implementation

T3 nple D 4 Key Dates Pef | Od
4 [0 Alternative: Existing Systern T
= [ Atternative: DX Split Systerm S
= A Energy Costs Base Date: June - || ZDD4|
& WD Icogt Ellectricitv Service Date (from Base Date): 1 year 0 moriths|
ater Casts .
Length of Study Period:
o= (& Capital Gomponent AC Systerm and Al Distry| | -onat of Study Pario 21 years 0 monhs]
[ Investment Cast

= [ Replacement Costs
D Cost CompressonCondens
= [ OMER Costs - Annually Recurring
[} cost Routine OM&R
= [ OMER Costs - Non-Annually Recurring
[ Cost Scheduled Repair 1
[ Cost Seheduled Repair 2
[ cost stheduled Repair 3
4 [ Alternative: Central Plant Connection

ips:

- Base Date is beginning of Study Period.

- Operational costs and replacerment costs are timed from Service Date

- Length of Study Period includes PlanningiConstruction/installation Petiod and
Service Petiod. Sewice Period cannot exceed 25 vears in FEMP analyses

- Add ¥'to number of years and 'm'to number of months, e.q., 2y 4m or enter 'r'for
Remaining fears in study period).
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% FEMP Analysis, Energy Project - C:\Program Files',BLCCS',p —151 %]
File Reports Tree Help
g He (8] [« (@
=8 Project Exarmple D 2 Energy Cost
e [ Alternative: Existing System e
= ) Alternative: DX Split Systerm 2 o
= [ Energy Costs i Rate Schedule: Industrial -
: State: Wil -
C3 water Costs i i
= [ Capital Component: AC Systern and Alr Distrib| Priceflivh F0.08711
|j Investment Cost : Annual Demand Charge: $0.00
= 9 Replacement Costs : Annual Utility Rebate: $0.00
[3 Cost CompressorCondens 4
= % OMA&R Costs - Annually Recurring rDOE Price Escalation Rates (Electricity)
[ cost Routine OM&R
= % OM&R Costs - MNon-Annually Recurring Clear Rates | Restore DOE Rates
[ cost: Scheduled Repair 1 From Date Duration Escalation | ‘
[} Cost: Scheduled Repair 2 April 1, 2004 1 year 0 months -1.26%
[3 cost Scheduled Repair 3 Aptil 1, 2005 1year 0 months 1.04%
4k [ Alternative: Central Plant Connection April 1, 2008 1 year 0 months! -0.64%
April 1, 2007 1 year 0 months 0.65%
April 1, 2008 1 year 0 months 0.64%
April 1, 2008 1 year 0 months -0.48% ||
oril 12010 1 vear 0 month -nnA%l=
Tips
- Enter all dollar amounts in base-year dollars
- Energy Usage Indices also apply to demand charges and utility rebates
- Ifapplicable, edit DOE price escalation rates
- Usereal rates of price escalation in constant-dollar analysis, nominal rates in
current-dollar analysis
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| nvestment Costs

No residual valug

[ Cost Scheduled Repair 1
[ cost Scheduled Repair 2
[ Cost Scheduled Repair 3
H £ Alternative: Central Plant Connection

&4 FEMP Analysis, Energy Project =181 x|
File Reports Tree Help
ERL IR
2 Eluject. Example D rlmteﬂment Cost ‘
Alternative: Existing Systerm "
=9 Alternative: DX Split System e
= ) Energy Costs Initial Cost {Base Year Dollars): $210,000.00
[ Cost Electricity Annual Rate of Increase: 0.00%;
[ wiater Costs P 2
Expected Life (from Service Date):
= Capital Compaonent: AC Systern and Air Distrib n_ i . : 20years 0 monins
: Residual Value Factor (% of Initial Cost): 0.00%
-a E?"‘acemem Costs Cost-Phasing of Initial Cost
Cost CampressarCondens _ .
= ) omer Costs - Annually Recurring (50 B T UUD%'
D Cost Routine OM&R ‘fearsionths (from Date) \ Date \ Partion
= [ OMER Costs - Non-Annually Recurring 0years 0 months June 1, 2004 100 Uil

s
- Initial Costis incurred atthe Base Date or phased in during the P/C Period =
- Enter expectad rate of equipment price increase during Study Period.

- Enter Cost Adjustment Factor for phased-in initial investment cost.

- Use real rates in constant-dollar analysis, nominal rates in current-dollar
analysis. -

Investment cost
incurred at
Base Date
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& FEMP Analys
File Reports Tree Help

B H= [t |« @

nergy Project

OM&R Costs

=181

NAR
repairsin

= Project: Example D
4 [3 Altemative: Existing System
= ) Altarnative: DX Split Systerm
= [ Energy Costs
[ Cost Electricity
[ wvater Costs

[ Investrnent Cost
= [ Replacement Costs
[3 Cost CompressorCondens
= [ OM&R Costs - Annually Recurting
[ cost Routine OM&R
= [ OM&R Costs - No
0

[ Cost Scheduled Repair 2
[ cost Scheduled Repair 3
4 [ Altemnative: Central Flant Connection

<
#fstart H i Tl |

= [ Capital Component: AC System and Air Distrib

nually Recurring

|| @peudera-n]

Non-Annually Recurring OMa&R Cost ﬁ

Hon-Annually Recurring Operating, Maintenance and Repair Cost

Name: Scheduled Repair 1

Yearsmonths (from Service Date): 5 years 0 months
Amount: $6,300.00
Annual Rate of Increase: 0.00%)

Tips:

- Enteryears and months from Service Date

- Enterthe amount in base-year dollars.

- Use real rates ofincrease in constant-dollar analysis, nominal rates in
current-tollar analysis

>

yrs. 510,15

—

| reme anslysis, Energy Fr... | B S U
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File

NIST BLCC 5.2-04: Lowest LCC
Congistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A
General Information

File Mame: C:\Program Files\BLCCShprojects)yZ004 Workshop\Examplesi\Exauple D-04.xml
Drate of Study: Thu Jun 17 11:42:356 EDT 2004
Analysis Type: FEMP &nalysis, Energy Project
Project Mame: Exauple D
Project Location: Wirginia
Analyst: SEF
Comment Prowvide economical and effective air conditioning for the family housing office at the

Dahlogren, Wi Nawal 3tation.
Base Date: June 1, 2004
Service Date June 1, 2008
Study Period 21 years 0 months (June 1, 2004 through May 31, 2025)
Discount Rate: 3%
Digcounting

Mid-Year

Convention: L Owa L CC:
Lowest LCC Existing System

Comparative Present-Value Costs of Alternatives
(Shown in Ascending Order of Initial Cost, * = Lowest LCC)

Alternative Initial Cost PV Life Cycle Cost (PV) /
Existing System 50 394,741 *

D Split Systam §z10.000 §396,539
Central Plant Connection §275,000 424,594

Existing System and DX SS

LT
File
Comparison of Present-Value Costs -]
PV Life-Cycle Cost EXS DX SS

Base Case Alternative Savings from Alternative

Initial Investment Costs:

Capital Requirements as of Base Date §0 §210,000 -§210,000

Future Costs:

Energy Consumption Costs §364,932 §156,5830 §208,103

Energy Demand Charges §0 50 50

Energy Utility Rebates 0 0 0

Water Costs &0 50 50

Recurting and Mon-Recurring OM&R Costs §29,808 $21,523 $46,285

Capital Replacements 0 §19,3929 —-519,3599

Residual Value at End of Study Period 0 -511,213 §11,215

Subtatal (for Future Cost tems) §394,741 §186,539 £208,202
Total PY Life-Cycle Cost §394,741 §396,539 -51,798
Net Savings from Alternative Compared with Base Case
P of Mon-Investrment Savings 5216,388 .
- Increased Total Investment §218,186 / I nveStment > Sa.VlngS
Het Savings -51,798
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Existing System and CP Conn.

& Comparative Analysis Rep

File

Comparison of Present-Value Costs
PV Life-Cycle Cost

Base Case Alternative Savings from Alternative
Initial Inmvestment Costs:
Capital Requirements as of Base Date &0 §275,000 -§275,000
Future Costs:
Energy Consumption Costs £364,932 §145,373 §21a,959
Energy Demand Charges 50 50 0
Energy Mility Rebates 50 40 %0
Water Costs §0 50 &0
Recurring and Non-Recurring OME&R Costs §29,809 §3,921 §25,888
Capital Replacements 50 50 50
Residual Walue at End of Study Period 50 40 %0
Subtotal {for Future Cost lterms) §394,741 §149,894 §244,847
Total PY¥ Life-Cycle Cost 304,741 £424,394 -§30,153
Net Savings from Alternative Compared with Base Case
P of Mon-Investment Savings §244,547
- Increased Total Investment $275,000 | St t Sa )
ffffffffffff nvestment > savings
Het Savings -530,153 / g

Savings-to-Investment Ratio (SIR)
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L CCs- Optional Replacement

For optional replacement of a functional system,
entireinvestment cost must be supported by savings.

Base Case Costs  Savings from Upgrades

EX. System DX SS CPC
I nvestment 0 -$210,000 - $275,000
Replacement costs - -19,399 -
Residual Value - 11,213 -
Total Inv. Costs 0 -$218,186  -$275,000
PV energy costs $364,932 208,103 218,959
PV OM&R costs 29,809 8,285 25,888
Total Oper. Costs  $394,741 $216,388  $244,847

Net Savings -$1,798 -$30,153
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DX Split System and Central Plant Conn.

k2» Comparative Analysis Rep =] x|
File

Comparison of Present-Value Costs |
PY¥ Life-Cycle Cost DX SS CPC

Base Case Alternative Savings from Alternative
Initial Investment Costs:

Capital Requirements as of Base Dale §210,000 §275,000 -§65,000 \

Future Costs:

Energy Consurmption Costs 156,630 §145,973 §10,857 I ncrernental
Energy Demand Charges 50 50 50

Energy LHility Rebates &0 50 50 I nveStment
Water Costs 50 50 0 COSsts

Recurting and Non-Recurring OM&R Costs 521,523 53,921 §17,802 /

Capital Replacements 19,399 50 §19,399

Residual Walue at End of Study Period -§11,213 50 511,213

Subtotal fior Future Cost ltems) §186,539 §148,594 §36,645

Total PV Life-Cycle Cost $396,539 §424,594 -$25,355
Met Savings from Alternative Compared with Base Case

P of Mon-Investment Savings 28,459

- Increased Total Investment §56,514 <+

Het Savings -§Z8,355

L CCs- Mandatory Replacement

For new system or mandatory replacement of an existing system, incremental
investment cost must be supported by savings.

Costs Savings
DX SS CPC from alternative

I nvestment $210,000 $275,000 -$65,000

Replacement costs 19,399 - 19,399

Residual Value -11,213 - -11,213

Total Inv. Costs $218,186 $275,000 - $56,814

PV energy costs 156,830 145,973 10,857

PV OM&R costs 21,523 3,921 17,602
Total Operat’l

Costs $178,353  $149,894 $28,459

Net Savings -$ 28,355
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L CCsof AC Systems (cont.)

Analysisresults:

If replacement is optional, Existing System haslowest LCC.

If replacement is mandatory, DX Split System haslowest LCC.
Central Plant Connection isnot cost effectivein either case.

Other considerations:
Outcome may be changed by
— Changein energy prices, investment or OM&R costs.

— Changein heating and cooling requirements, timing, and other
factors, such as productivity gain or emissionsreductions.

Evaluate other options:
Postpone Central Plant Connection.
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Sensitivity Analysis

Repeat economic evaluation with one or
mor e input values changed.

- Determine
—which input values are uncertain.
—which input values arecritical.

- Evaluate

—effect of changeson LCC, NS, or other
measur es of economic evaluation.
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Sensitivity Analysis (cont.)

Identify critical inputsfor DX Split System

Changein LCC

Uncertain Input 10% Increase in$ in %
Energy pricelkWh  $0.0958 $15,682 4.0% *
I nvestment cost 231,000 21,000 53% *
AR OM&R cost 583 777 0.2%
NAR OM&R cost 6,930 1,375 0.4%

*Input values with highest impact on LCC.
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Sensitivity Analysis (cont.)

300,000

Sensitivity of Net Savings to Investment Costs

200,000 -

100,000 -

0

Net Savings ($)

-100,000 -

-200,000 -

-300,000

Percent Change

-50 -25 -10 0 +10

+25 +50

== Central Plant Connection
== DX Split System
—&— Existing System
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Sensitivity Analysis (cont.)

Sensitivity of Net Savings to Electricity Price

150,000

100,000

50,000

0 v v v

-50,000 1

-100,000 A =& Central Plant Conn.
—&— DX Split System
-150,000 A

== Existing System

PV Net Savings ($)

-200,000
-50 -25 -10 0 +10 +25 +50

Percent Change
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Exercise D

Economic Evaluation of Air Conditioning System

Refer to the problem statement at the beginning of Module D. Add Alternative 4 to BLCC5
project file Example D.xml.

Alternative 4: Postponed Central Plant Connection

Determine whether it would be cost effective to postpone the Central Plant Connection by three
years rather than to install the DX Split System now.

*Use the same inputs as above for Central Plant Connection, except for investment costs, which
would be lower by 25%.

«Postpone Service Date by three years.

*Use cost phasing feature in BLCCS to enter initial investment cost with a 0% rate of increase.
*Enter residual value factor for a period of three years (3/20 years = 15%).

*Useindexing feature to postpone occurrence of energy and OM&R costs.

eInclude in analysis the energy costs and OM& R costs of the existing system for the three-year
delay.
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Exercise D: Postponed Central
Plant Connection

Postpone CP Connection by threeyears

* Reduceinitial investment cost by 20%

» Usecost phasing of initial investment cost

* Useresidual valuefactor of 15%

* Useindexingto postpone energy and OM&R
costs

* Include energy costsand OM &R costs of the
existing system for the three-year delay
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PP CP Connection
Cash Flow Diagram

I I Energy, OM&R ,
<+— EXxisting system ° PP ePe Z
BD SDZ | Repair 1 || Repair 2 | | Repair 3 |

| | 1 7/ 1 | I |
T T T/ T T T

04 05 06 O7 08 09 10 11 12 13 18 19 20 21 22 23 24 25
I

Residual
Value

D-28




Cost Phasing of Initial Investment

-0 x|
File Reports Tree Help
g e 3t « O
? Ftrf]ect: Exarnple D rlmslme"‘ Cost ‘ Post pone
Alternative: Existing System ™ H
=k £ Alternative: D Split System R I nltla]
<k [ Alternative Central Plant Co Initial Cost {Base Year Dollars): $208,250.00, | nvament
= 9 Alternative: Postpaned Centr Annual Rate of Increase: 0.00%
= B8 Energy Costs Expected Life (from Service Date): 20vears 0 manths Cost by 3
[3 Cost: Electricity befor ) .
m Cost: Electicity afer Residual Value Factor (% of Initial Cost): 15.00% year S
SWE‘E’C“E‘S Cast-Phasing of Initial Cost
Capital Companent: AC Cost Adjustment Factor: ’70.DD%| Ll /
& Replacament Costs “Yearsidonths ffrom Date) | Date I __Eodier—
= 3 OM&R Costs - Annua 3 years 0 months June 1, 2007 = 100.0%)

[ cost Routine OM)
[3 cost Routine oM
= & OM&R Costs - Mon-Al
[ cost Scheduled
[3 cost Scheduled
[3 cost Scheduled

Tips

- Initial Costis incurred at the Base Date or phased in during the PYC Period

- Enter expected rate of equipment price increase during Study Period.

- Enter Cost Adjustment Factor for phased-in initial investment cost.

- Usereal rates in constant-dollar analysis, nominal rates in current-dallar analysis.
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e Reports Tree Help

& G (82 « @)
B vy Usone GRS D ~
4+ Elmflférizz\?;?l:xgtm.g System i:‘:;l-:_ls;z; Ad] ust
: g i:::::::;:z gzri:jal:tf\\;?tgénn Name: ‘E\ecmcny after connection ‘ ener gy
= I Alternative: Fostponed Centrs

Annual Consumption: | 112000.00fkm | usage
= & Energy Costs

ost Electricity hefors Energy Usage Indices

From Date | Duration \ Usage Index
G wiater Costs June 1, 2005 3years 0 months 0.0%
= [ Capital Compaonent AC June 1, 2008 Remaining 100.0%!
[ Investrent Cost

& Replacement Costs
= [ omM&R Costs - Annua
[ Cost Routine OM
[ cost Routine OM
= [ OM&R Costs - Non-A
[ cost Scheduled E—

Cost Scheduled

[3 Cost Scheduled Location: Average

Tips

- Enter the hase-year annual energy consumption of the specified energy type
- Use Usage Indices to specify variable energy usage pattern
- Enter region, state or end-use for emissions calculation.
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NAR OM&R Costs

file Reports Tree Help i Time
3% [« @ Repair

54 Project Example D

fNun-nnnualIy Recurring OM&R Cost 'ﬁ

I g 2:;2;::&2 E);‘Ssngl?t izi:: 3 HNon-Annualty Recurring Operating, Maintenance and Repair Cost COQ S
¢ [ Alternative: Central Plant Connection Name: Scheduled Repair 1
= ) Alternative Postponed Central Plant Cann ‘YearsMonths (from Service Date): 8 years 0 manths
=k 3 Energy Costs Amounit: 3950.00
3 Water Costs
= [ Capital Component: AC System LA R LTRSS 0.00%

Inwestment Cost

4 Replacement Costs
4k [J OMER Costs - Annually Recurring | 5
= [ OMER Costs - Man-Annually Recur ;

[} Cost Scheduled Repair 2
[ Cost Scheduled Repair 2

Tips:

- Enter years and maonths from Service Date

- Enter the amaount in base-year dollars

- Use real rates ofincrease in constant-dollar analysis, nominal rates in current-dollar
analysis
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Lowest LCC Report

=18
File
General Information
File Marme: C:yProgram Files\BELCCSYprojectshZ004 Workshop Exercises\Exercise D-04.xml
Date of Study: Tue Jun Z2 15:50:24 EDT 2004 [
Analysis Type FEMFP Analysis, Energy Project :
Project Name: Example Ir :
Fraject Location: Virginia
Analyst: SEF g
Comment Prowvide economical and effective air conditioning for the family housing office at the

Dahlgren, Vi Nawal Station.
Base Date: June 1, 2004 |8
Service Date June 1, Z005
Study Period 21 years 0 months {June 1, 2004 through May 31, 2025}
Discount Rate: 3%

Discounting Mid-Year :
Comvention g

I(?:l:::rsa:ivl;??::esem-\{alue Costs of Aternatives L OW& L C C :

Shown in Ascending Order of Initial Cost, * = Lowest LCC)

Altarmative Initial Cost (Pv Life Cycle Cost (FY) POS pon w C PC

Existing System 0 $394,741
Postponed Central Plant Connection $188,759 $364,475 * «—
DX Split System $210,000 §396,539

Central Plant Connection §275,000 424,894




DX SS and Postponed CPC

131 x]
File
Comparison of Present-Value Costs
PV Life-Cycle Cost DXsSs PPCPC
Base Case Alternative  Savings from Alternative
Initial Investment Costs:
Capital Requirerments as of Bage Date $210,000 $188,759 $z1,241
Future Costs:
Energy Consumption Costs 156,530 §1585,878 -§29,050
Energy Demand Charges 0 50 50
Energy Utility Rebates g0 50 50
Wiater Costs §0 §0 £0
Recurring and Mon-Recuring OM&R Costs §21,523 56,468 $15,055
Capital Replacements 19,399 50 $19,399
Residual value at End of Study Period -§11,213 -§16,632 55,419
Subtotal {for Future Cost ltems) §186,539 §175,7L5 510,824
Total PV Life-Cycle Cost §396,539 §364,475 §3z2,065
Met Savings from Alternative Compared with Base Case \

PY of Nan-Investment Savings -413,994

- Increased Total Investment -§46,059 POS t I Ve Net Sa-VI ngS
Het. Savings ca2, 085 /

NOTE: Meaningful SIR, AIRR and Payhack can hot be computed unless incr ings and total savings are both positive.

Energy Savings and Emissions
for Postponed CPC

$: Comparative Anal,
File

NOTE: Meaningful SIR, AIRR and Payback can not be computed unless incr. ings and total savings are both
Energy Savings Summary

gs Summary (in stated units)

Energy - Average Annual Consurmption----- Life-Cvycle

Type Base Case Alternative Savings Sawvings

Electricity 120,330.0 kWh 137,209.2 kWh -16,879.2 kWh -337,537.5 kUh

Energy Savings Summary {in MBtu)

Energy - Avarage Annual Consumption-—-- Life-Cycle
Type Base Case  Allernative Savings Savings
Electricity 410.6 MEtu 465.2 MBtu -57.6 MEru -1,151.7 MEtu
Emissions Reduction Summary PP CPC has h|gher
Energy - Average Annual Emissions---—— Life-Cycle
Type Base Case Alternative Reduction Reduction ern|$ OnS than DX SS
Electricity
o2 110,378.85 kg 121,445.34 kg -11,069.49 kg -221,359.45 kg
502 314.17 kg 347.07 kg -32.90 kg -657.91 kg
MO 221.82 kg 254.90 kg -33.07 kg -661.41 kg
Total:
cO2  110,378.85 kg 121,448.34 kg -11,069.49 kg -221,359.45 kg
S0z 314.17 kg 347.07 kg -32.90 kg -657.91 kg
M 221.82 kg 254.90 ky -33.07 kg —661.41 kg
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Exercise D:
Summary of PV LCC Results

EXS DX SS CcP PP CP
I nvestment cost $ 0  $210,000 $275,000 $188,759
Replacement costs 0 19,399 0 0
Residual value 0 -11,213 0 - 16,632
Energy costs 364,932 156,830 145,973 185,879
AR OM&R costs 18,893 7,770 1,847 4,570
NAR OM&R costs 10,916 13,754 2,074 1,898

Total PV LCC $394,741 $396,539  $424,894 $364,475
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Comparison of LCC Costs

Life-Cycle Costs of AC System Alternatives

450,000

$424.894
w0000 | S39ATAL  $396530

$364,475
350,000 A
300,000 A

250,000 -

200,000 - B Oper.Costs
O Inv. Costs

150,000 +

PV Life-Cycle Costs ($)

100,000 +

50,000 +

0

EX S DX CP PP CP
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Summary of Analysis Results

» Cost-effectiveness selection depends on circumstances
and timing.

* Other considerations:

— Postponed CP Connection has lower LCC but
higher life-cycle energy consumption and emissions
than immediate installation of DX Split System.

— LCC for postponed CP Connection does not include
productivity losses for period of delay.
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NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5\projects\2004 Workshop\Exercises\Exercise D-04.xml
Date of Study: Tue Jun 22 16:59:34 EDT 2004
Analysis Type: FEMP Analysis, Energy Project
Project Name: Example D
Project Location: Virginia
Analyst: SKF
Comment: Provide economical and effective air conditioning for the family housing office at the Dahlgren, VA Naval

Station.
Base Date: June 1, 2004
Service Date: June 1, 2005
Study Period: 21 years 0 months (June 1, 2004 through May 31, 2025)
Discount Rate: 3%
Qicountng

Discount and Escalation Rates are REAL (exclusive of general inflation)
Alternative: Existing System

Comment: Functional for 21 years with current maintenance and repair schedule

Energy: Electricity

Annual Consumption: 280,000.0 kWh

Price per Unit: $0.08711
Demand Charge: $0
Utility Rebate: $0
Location: Virginia
Rate Schedule: Industrial
State: Virginia

Usage Indices

From Date  Duration Usage Index
June 1, 2005 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months -1.26%
April 1, 2005 1 year 0 months -1.04%
April 1, 2006 1 year 0 months -0.64%
April 1, 2007 1 year 0 months 0.65%
April 1, 2008 1 year 0 months 0.64%

April 1, 2009 1 year 0 months -0.48%



April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

Component: Window AC Units

Initial Investment

Initial Cost (base-year $):
Annual Rate of Increase:
Expected Asset Life:

Residual Value Factor:

Cost-Phasing

-0.08%
1.85%
1.26%
1.01%
1.54%
1.22%

-0.08%

0.6%
0.07%
0.45%
0.82%

-0.07%

-0.66%
0.89%
0.66%
0.37%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%

$0

0%

20 years 0 months

Cost Adjustment Factor: 0%

Years/Months (from Date)

0 years 0 months

Date
June 1, 2004

Recurring OM&R: Routine OM&R

Amount:

Annual Rate of Increase:

Usage Indices

$1,050
2%

0%

Portion
100%



From Date  Duration Factor
June 1, 2005 Remaining 100%

Non-Recurring OM&R: Major Repair - year 5

Years/Months: 5 years 0 months
Amount: $5,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Major Repair - year 10

Years/Months: 10 years 0 months
Amount: $5,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Major Repair - year 15

Years/Months: 15 years 0 months
Amount: $5,000
Annual Rate of Increase: 0%

Alternative: DX Split System

Comment: Install split-system central AC unit, with new air distribution system

Energy: Electricity

Annual Consumption: 120,330.0 kWh

Price per Unit: $0.08711
Demand Charge: $0
Utility Rebate: $0
Location: Virginia
Rate Schedule: Industrial
State: Virginia

Usage Indices

From Date  Duration Usage Index
June 1, 2005 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months -1.26%
April 1, 2005 1 year 0 months -1.04%
April 1, 2006 1 year 0 months -0.64%
April 1, 2007 1 year 0 months 0.65%
April 1, 2008 1 year 0 months 0.64%

April 1, 2009 1 year 0 months -0.48%



April 1, 2010 1 year 0 months -0.08%

April 1, 2011 1year 0 months 1.85%
April 1, 2012 1year 0 months 1.26%
April 1, 2013 1 year 0 months 1.01%
April 1, 2014 1 year 0 months 1.54%
April 1, 2015 1 year 0 months 1.22%
April 1, 2016 1 year 0 months -0.08%
April 1, 2017 1 year 0 months 0.6%
April 1, 2018 1 year 0 months 0.07%
April 1, 2019 1 year 0 months 0.45%
April 1, 2020 1 year 0 months 0.82%
April 1, 2021 1 year 0 months -0.07%
April 1, 2022 1 year 0 months -0.66%
April 1, 2023 1 year 0 months 0.89%
April 1, 2024 1 year 0 months 0.66%
April 1, 2025 1 year 0 months 0.37%
April 1, 2026 1 year 0 months 0.36%
April 1, 2027 1 year 0 months 0.36%
April 1, 2028 1 year 0 months 0.36%
April 1, 2029 1 year 0 months 0.36%
April 1, 2030 1 year 0 months 0.36%
April 1, 2031 1 year 0 months 0.36%
April 1, 2032 1 year 0 months 0.36%
April 1, 2033 1 year 0 months 0.36%
April 1, 2034 Remaining 0.36%

Component: AC System and Air Distribution

Initial Investment

Initial Cost (base-year $): $210,000
Annual Rate of Increase: 0%
Expected Asset Life: 20 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1,2004 100%

Replacement: Compressor/Condens

Years/Months: 15 years 0 months
Amount: $31,130
Annual Rate Of Increase: 0%

Expected Asset Life: 15 years 0 months



Residual Value Factor: 67%

Recurring OM&R: Routine OM&R

Amount: $530
Annual Rate of Increase: 0%

Usage Indices

From Date Duration Factor
June 1, 2005 Remaining 100%

Non-Recurring OM&R: Scheduled Repair 1

Years/Months: 5 years 0 months
Amount: $6,300
Annual Rate of Increase: 0%

Non-Recurring OM&R: Scheduled Repair 2

Years/Months: 10 years 0 months
Amount: $6,300
Annual Rate of Increase: 0%

Non-Recurring OM&R: Scheduled Repair 3

Years/Months: 15 years 0 months
Amount: $6,300
Annual Rate of Increase: 0%

Alternative: Central Plant Connection

Comment: Install piping network to connect office building to central chilled water plant

Energy: Electricity

Annual Consumption: 112,000.0 kWh

Price per Unit: $0.08711
Demand Charge: $0
Utility Rebate: $0
Location: Virginia
Rate Schedule: Industrial
State: Virginia

Usage Indices

From Date  Duration Usage Index
June 1, 2005 Remaining 100%

Escalation Rates



From Date Duration Escalation

April 1, 2004 1 year 0 months -1.26%
April 1, 2005 1 year 0 months -1.04%
April 1, 2006 1 year 0 months -0.64%
April 1, 2007 1 year 0 months 0.65%
April 1, 2008 1 year 0 months 0.64%
April 1, 2009 1 year 0 months -0.48%
April 1, 2010 1 year 0 months -0.08%
April 1, 2011 1 year 0 months 1.85%
April 1, 2012 1year 0 months 1.26%
April 1, 2013 1 year 0 months 1.01%
April 1, 2014 1 year 0 months 1.54%
April 1, 2015 1 year 0 months 1.22%
April 1, 2016 1 year 0 months -0.08%
April 1, 2017 1 year 0 months 0.6%
April 1, 2018 1 year 0 months 0.07%
April 1, 2019 1 year 0 months 0.45%
April 1, 2020 1 year 0 months 0.82%
April 1, 2021 1 year 0 months -0.07%
April 1, 2022 1 year 0 months -0.66%
April 1, 2023 1 year 0 months 0.89%
April 1, 2024 1 year 0 months 0.66%
April 1, 2025 1 year 0 months 0.37%
April 1, 2026 1 year 0 months 0.36%
April 1, 2027 1 year 0 months 0.36%
April 1, 2028 1 year 0 months 0.36%
April 1, 2029 1 year 0 months 0.36%
April 1, 2030 1 year 0 months 0.36%
April 1, 2031 1 year 0 months 0.36%
April 1, 2032 1 year 0 months 0.36%
April 1, 2033 1 year 0 months 0.36%
April 1, 2034 Remaining 0.36%

Component: Piping Network and Air Distribution

Initial Investment

Initial Cost (base-year $): $275,000
Annual Rate of Increase: 0%
Expected Asset Life: 20 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1, 2004 100%



Recurring OM&R: Routine OM&R

Amount: $126

Annual Rate of Increase: 0%

Usage Indices

From Date Duration Factor
June 1, 2005 Remaining 100%

Non-Recurring OM&R: Scheduled Repair 1

Years/Months: 5 years 0 months
Amount: $950
Annual Rate of Increase: 0%

Non-Recurring OM&R: Scheduled Repair 2

Years/Months: 10 years 0 months
Amount: $950
Annual Rate of Increase: 0%

Non-Recurring OM&R: Scheduled Repair 3

Years/Months: 15 years 0 months
Amount: $950
Annual Rate of Increase: 0%

Alternative: Postponed Central Plant Connection

Postpone installation of piping network to 2007 to coincide with general overhaul of Central Plant. The AC system

Comment: becomes operational in 2008.

Energy: Electricity before connection

Annual Consumption: 280,000.0 kWh

Price per Unit: $0.08711
Demand Charge: $0
Utility Rebate: $0
Location: U.S. Average
Rate Schedule: Industrial
State: Virginia

Usage Indices

From Date Duration Usage Index
June 1, 2005 3years 0 months 100%
June 1, 2008 Remaining 0%



Escalation Rates

From Date
April 1, 2004
April 1, 2005
April 1, 2006
April 1, 2007
April 1, 2008
April 1, 2009
April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

Duration

1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

Escalation
-1.26%
-1.04%
-0.64%

0.65%
0.64%
-0.48%
-0.08%
1.85%
1.26%
1.01%
1.54%
1.22%
-0.08%
0.6%
0.07%
0.45%
0.82%
-0.07%
-0.66%
0.89%
0.66%
0.37%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%

Energy: Electricity after connection

Annual Consumption: 112,000.0 kWh

Price per Unit:

Demand Charge:
Utility Rebate:

Location:

$0.08711

$0
$0

U.S. Average

Rate Schedule:

State:

Usage Indices

From Date

June 1, 2005 3years 0 months

Duration

Industrial

Virginia

Usage Index
0%



June 1, 2008

Remaining 100%

Escalation Rates

From Date
April 1, 2004
April 1, 2005
April 1, 2006
April 1, 2007
April 1, 2008
April 1, 2009
April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

Duration Escalation

1 year 0 months -1.26%
1 year 0 months -1.04%
1 year 0 months -0.64%
1 year 0 months 0.65%
1 year 0 months 0.64%
1year 0 months -0.48%
1year 0 months -0.08%
1 year 0 months 1.85%
1 year 0 months 1.26%
1 year 0 months 1.01%
1 year 0 months 1.54%
1 year 0 months 1.22%
1 year 0 months -0.08%
1year 0 months 0.6%
1year 0 months 0.07%
1 year 0 months 0.45%
1 year 0 months 0.82%
1 year 0 months -0.07%
1 year 0 months -0.66%
1 year 0 months 0.89%
1 year 0 months 0.66%
1year 0 months 0.37%
1year 0 months 0.36%
1 year 0 months 0.36%
1 year 0 months 0.36%
1 year 0 months 0.36%
1 year 0 months 0.36%
1year 0 months 0.36%
1 year 0 months 0.36%
1year 0 months 0.36%
Remaining 0.36%

Component: AC System

Comment: Piping network and AC equipment

Initial Investment

Initial Cost (base-year $): $206,250
Annual Rate of Increase: 0%
Expected Asset Life: 20 years 0 months
Residual Value Factor: 15%

Cost-Phasing



Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
3 years 0 months June 1, 2007 100%

Recurring OM&R: Routine OM&R before connection

Amount: $1,050

Annual Rate of Increase: 2%

Usage Indices

From Date Duration Factor
June 1, 2005 3years 0 months 100%
June 1, 2008 Remaining 0%

Recurring OM&R: Routine OM&R after connection

Amount: $126

Annual Rate of Increase: 0%

Usage Indices

From Date Duration Factor
June 1, 2005 3years 0 months 0%
June 1, 2008 Remaining 100%

Non-Recurring OM&R: Scheduled Repair 1

Years/Months: 8 years 0 months
Amount: $950
Annual Rate of Increase: 0%

Non-Recurring OM&R: Scheduled Repair 2

Years/Months: 13 years 0 months
Amount: $950
Annual Rate of Increase: 0%

Non-Recurring OM&R: Scheduled Repair 3

Years/Months: 18 years 0 months
Amount: $950

Annual Rate of Increase: 0%



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

Base Case: DX Split System
Alternative: Postponed Central Plant Connection

General Information

File Name: C:\Program Files\BLCC5\projects\2004 Workshop\Exercises\Exercise D-04.xml
Date of Study: Tue Jun 22 17:07:01 EDT 2004
Project Name: Example D
Project Location: Virginia
Analysis Type: FEMP Analysis, Energy Project
Analyst: SKF
Comment Provide economical and effective air conditioning for the family housing office at the Dahlgren, VA Na_lval

Station.
Base Date: June 1, 2004
Service Date: June 1, 2005
Study Period: 21 years 0 months(June 1, 2004 through May 31, 2025)
Discount Rate: 3%
Convention Mig-Year

Comparison of Present-Value Costs
PV Life-Cycle Cost

Base Case Alternative Savings from Alternative

Initial Investment Costs:

Capital Requirements as of Base Date $210,000 $188,759 $21,241
Future Costs:
Energy Consumption Costs $156,830  $185,879 -$29,050
Energy Demand Charges $0 $0 $0
Energy Utility Rebates $0 $0 $0
Water Costs $0 $0 $0
Recurring and Non-Recurring OM&R Costs $21,523 $6,468 $15,055
Capital Replacements $19,399 $0 $19,399
Residual Value at End of Study Period -$11,213 -$16,632 $5,419
Subtotal (for Future Cost Items) $186,539  $175,715 $10,824
Total PV Life-Cycle Cost $396,539  $364,475 $32,065

Net Savings from Alternative Compared with Base Case

PV of Non-Investment Savings -$13,994

- Increased Total Investment -$46,059



Net Savings $32,065

NOTE: Meaningful SIR, AIRR and Payback can not be computed unless incremental savings and total savings are both
positive.

Energy Savings Summary
Energy Savings Summary (in stated units)

Energy - Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 120,330.0 kWh 137,209.2 kWh -16,879.2 kWh -337,537.8 kWh

Energy Savings Summary (in MBtu)

Energy  ---- Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 410.6 MBtu 468.2 MBtu -57.6 MBtu -1,151.7 MBtu

Emissions Reduction Summary

Energy - Average Annual Emissions----- Life-Cycle
Type Base Case Alternative Reduction Reduction
Electricity
Cco2 110,378.85 kg 121,448.34kg -11,069.49 kg -221,359.48 kg
S0O2 314.17 kg 347.07 kg -32.90 kg -657.91 kg
NOXx 221.82 kg 254.90 kg -33.07 kg -661.41 kg
Total:
CcOo2 110,378.85 kg 121,448.34 kg -11,069.49 kg -221,359.48 kg
S0O2 314.17 kg 347.07 kg -32.90 kg -657.91 kg

NOx 221.82 kg 254.90 kg -33.07 kg -661.41 kg



Additional Notes



MODULE E

Replace Chiller or
Purchase Chilled Water






Module E
Replace Chiller or Purchase Chilled Water

Objectives. Upon completion of this module, you will know

« how to compare LCCs of capital investments and
outsourcing,

- when toincludeinflation estimatesin federal
LCCAs, and

- how touse BLCC to evaluate contracted costs
that includeinflation adjustments.

E-1

Pros and Cons of Chiller Replacement
versus Chilled Water Contract

+ Chiller replacement:
High initial investment cost
Significant maintenance (building engineer needed on site)
Fixed output capacity
Scheduled shutdowns may be inconvenient or impractical
Per for mance degradation over time
Not subject to contract renewal negotiations -- less uncertainty

+ Chilled water contract:
Flexible contract length
Low initial cost
Negligible maintenance
Flexible capacity
Higher reliability; no down time for maintenance
Metered output
Contract subject to renegotiation at expiration (uncertainty)
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Requires Careful Analysis

Analysis of options may include
Expenses for
— Capacity and energy
— Either make-up water or unreturned chilled water
— Low delta-T on chilled water
— Labor, OM&R, other

Price adjustments (escalation clauses) may be required
for capacity and energy charges based on

— Inflation (CPI)
— Fuel combination used to drivethe chillers

E-3

Example E

Purchase Chiller
Versus
Purchase Chilled Water

Austin, Texas
Industrial rates
Base date of analysisis June, 2004
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Example E
Chiller Replacement:

| nvestment costs:

Initial cost = $350,000
Residual value =0
OM&R costs:

Annual kWh cost (450,000 kWh @ $0.05/kWh) = $22,500

Annual kW demand charge = $5,000

Annual make-up water cost =$2,100

Annual in-house labor = $10,000

Annual service contract/supplies = $5,000

Expected life = 20 year swith refurbishment at end of year 10
(@ 40% of initial cost)

Energy and demand price change at DOE escalation rates.
All other costs escalate at rate of inflation (2.1%).

E-5

Example E
Purchase Chilled Water

I nvestment costs:
Initial system modification = $10,000
Residual value =0
OM&R costs:
Annual energy charge (390,000 @ $0.09/ton hr.) = $35,100

Annual kW demand charge (230 @ $13.00/ton x 12) = $35,880
230ton load
390,000 ton hours estimated use

Energy cost to escalate 50% on rate of natural gas price escalation and 50% on rate of
electricity escalation.

Demand chargeisfixed (no change).
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Current-Dollar or Constant-
Dollar Analysis?

Use current dollar swhen contract has different
escalation rates for different costs.

Use constant dollarswhen contract includes general
inflation adjustment for all costs.

E-7
Chiller Replacement —
20-Year Analysis
Current-dollar analysisusing DOE nominal discount rate = 4.8% and

inflation rate =1.75%.

Cost at Discount Present

Base Date Factora Value

Initial cost $350,000 1.000 $350,000
Annual electric cost 22,500 15.11b 339,975
Annual kW demand charge 5,000 15.11b 75,550
Annual make-up water 2,100 14.88 31,248
Annual in-house labor 10,000 14.88 148,800
Annual service contract 5,000 14.88 74,400
Scheduled refurbishment (year 10) 140,000 0.74 103,600
Residual value (year 20) 0 0.55 0
Total PV Cost $1,123,573

a Discount factors calculated using DISCOUNT software.

b Based on DOE industrial electricity price escalation ratesfor Region 3with 1.75% inflation.
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Pur chase Chilled Water —
20-Year Analysis

Cost at Discount Present
Base Date Factor Value
Initial system modification $10,000 1.000 $10,000
Annual costs (20 years):
Energy charge:
(390,000 ton-hr @$0.09) $35,100
Amount subject togaspriceadj. 50%= 17,550 14.072 246,929
Amount subject to elec. priceadj. 50%= 17,550 15.11° 265,181
Basic capacity charge (230 tons) 35,880 12.68 454,958
$977,068

Total 20-year cost

aBased on DOE industrial gas price escalation rates for Region 3with 1.75% inflation.
b Based on DOE industrial electricity price escalation rates for Region 3 with 1.75% inflation.
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Chiller versus Chilled Water

1200+
1000+
Life- 800
Cycle 600-
Costs 400
2001

0,

C/)/'//er C/7/'//8(7

&, &

M Operating Cost
B First Cost
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LCC Summary

20-Year Analysis

PV 20-year chiller replacement cost $1,123,573
PV 20-year chilled water contract cost ** 977,068

Net Savings $146,505

** | owest life-cycle cost option

E-11

Starting BLCC 5 Analysis
Select Analysis Type

i:8 Reports Tree Help

i\ FEMP Analysis, Energy Project

&3 open a Federal Analysis, Financed Proj W

AlEE 1) MILCON Analysis, Energy Project Hutaute: - dlabama b
[El save 1) MILCON Anatysis, ECIP Project 2:::1'“

Save As : .

& Exit

:| rhlscounting Convention
: (@) End-of-Year Discounting
) Mid-Year Discounting

:| rAnglysis Information

@) Constant Dollar Analysis

Select anew analysis using
FEMP Analysis, Energy Project
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Set Project Information

[ Generatinormation |{fEDEESY AAANEawEI Enter project data including

General Project Information

jone  [emeeod _ name, location, analyst, and

anayet: o comments; discounting

commes convention; and choose
Discounting Convention constant or current dollars.

(@) End-of-Year Discounting
(Z) Mid-Year Discounting
Analysis Information
_: Constant Dollar Analysis
@ Current Dollar Analysis

Nominal Discount Rate: | FIETEA

. . | (GERERaiormaiony ey Dates {iiATemame]
Entef kw dat% |nC| ud| ng ba% General Information

‘| Base Date: June - || 2004‘

date) wv' Ce dae and SIUdy Senvice Date (from Base Date): Oyears 0 momhsl
pen od. || Length of Study Perion: 20 years 0 months|
E-13

Add First Alternative

& FEMP Analysis. Energy Project - O] x|
File Reports Tree Help

& He 3] « @

i| -Create New Attemative

Add alternative name and select Create Afternative

Create Alternative button.

| - Copy Existing Alternative

Alternativeto CO|W: |Mone
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Energy Usage Screen

Energy Type,

Select energy type

Consumption, and Use Indices

File Reports Tree Help

&5 B [8]8] [« O

(Electricity) and
press Create Cost
button.

T4 Project: Example E-04 rAdd Energy Cost |

= [ Alternative: Purchase Chiller | Create New Cost
[ )Erergy Costs :

4 water Costs
= [ Capital Campanent:
[ Investment Cost
& Replacement Costs |

Cost Name: |E|e|:lri|:ilv

Create Cost

4 OMER Costs - Annua|

; s, Encrgy Profec aloix
Fila Reporis Trea  Help
El- SR .
i e o | e consumption,
= @ Entray Costs .
0 . /| Hame: Emectrici
- o — — oot [ e = units, and
# [ Capital Component 250
e 3 Allernateae. Purchase Chilled Fnargy Lisage Indices
o i Fromm Date | Douration [ Uage Index. erlergy U%
Jung 1, 2004 Remaining 100.0%| . .
indices. Enter
location for
| emissions.
Lanisshons:
Location: | Tuas -
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Energy Costs Screen

Energy and Demand Char ges, Escalation Rates

File Reports Tree Help

& E= (38

« 0

Project: Example E-04

= [ Energy Costs
[BJCost: Electricity]
) Water Costs
4 [ Capital Compaonent:

Enter rate type,
location, price per
unit, demand, and
annual rebates. Verify
or enter escalation
rates.

= a Alternative: Purchase Chiller

Energy Cost
i -Energy Costs
1 Rate Schedule: \ndustrial =
State: Texas -
Pricekh $0.05000
Annual Demand Charge: $5,000.00
Annual Utility Rebate: $0.00
DOE Price Escalation Rates (Electricity)
From Date \ Dwration | Escalation |
April 1, 2004 1 year 0 months 0.47%|=|
April1, 2005 1 year 0 months 0.70%) |
Anril 1. 2006 1 vear O manth: 1.09% 1>
Tips
Enter all dollar amounts in base-year dollars o
Energy Usage Indices also apply o demand charges and utility rebates
i||[- If applicable, edit DOE price escalation rates -
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Add Water Cost Screen

File Reports Tree Help

Bl CIUIcY
V=4 Project Example E-04 (A weater Cost|

= [ Alternative; Purchase Chiller reate New Cost
Cost Hame: |Make—up Yater

= [ Energy Costs

[ cost Electricity

= [ Capital Companent:

Enter name for
water costs and
press Create Cost

button.
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Water Costs Screens

Enter units, consumption, and price per unit.

= () Alternative: Purchase Chillar
= [ Energy Costs rGeneral Information
[ cost: Electricity
= [ Water Costs
dak
4 [ Capital Component:

Name: [wake-up Water |
Units: (4,000 Gallons ~|

|—Annual Water Usage

|| Season \ Unitsiraar Price/Unit
Surmmer 2100.000 §1.00000
0.000 $0.00000
rAnnual Water Di: I
Season Units/rear Price/Unit
Summer 0.000 $0.00000
Winter 0.000 §0.00000

Price escalation will be at therate of general inflation.

=] Froject Example E-04
= [ Alternative: Purchasge Chiller|

Price Escalation Rates

= £ Energy Cosls :| rPrice Escalation Rates - Water Usage
[ Cost: Electricity : Frofr Date I Duratinn | Usage Cost Escalatinn
= [ Water Costs June 1, 2004] Rermaining| 1.75%
4 [ Capital Component il Price Escalation Rates - Water Di |
B From Date | Duration \ Disposal Cost Escalation
Jure 1, 2004] Rernaining| 1.75%
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| nvestment Costs Screens

& FEMP Analysis, Energy Project
File Reports Tree Help

13 PmJECt Example E 04 /[ General Information i

= [ Alternative: Purchase Chiller BTl T (O
= Energy Costs

|3 Cost: Electricity Name: 250 Tan Chiller Purchase
= [ vater Costs Comment:
|3 Cost: Make-up Water | :

|3 InvestmentCost
i} Replacement Costs | =
£ OM&R Costs - Annual

B8 OM&R Costs - Non-A(

E-19
'&3 Project: Example E-04 : rlnvestmem Cost |
= [ Alternative: Purchase Chiller \nitial Cost
= [ Energy Costs -
[ Cost Electricity Initial Cost (Base Year Dollars): $350,000.00
= ) ywater Costs Annual Rate of Increase: 1.75%
le 9 Ctolséhdake up \:\"gt:nr Expected Life (from Service Date): 20vyears 0 months
S Mt | | Residual Value Factor (% of Initial Cost): 0.00%
g g:‘g;c;mim ‘i\ﬂ 15 | | Cost.Phasing of Iniial Cost
asis nnua) s i :
B OM2R Costs - Non-4 Cost Adjustment Factor: 1_?5%|
| |[rearsmonths (rom Date) | Date [ Portion [
3| 0 wears 0 month June 1. 2004 100.0%12]
Enter investment cogt, life, rate of increase, residual value, cost
adjustment, and cost phasing. Note the rate of increase and cost
adjustment default to the inflation rate.
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Annually Recurring OM &R Costs

74 Project Exarmple E-04 i -
! ] Annually Recurring OM&R Cost | (ISaUGIRGICES DEiSe]
= ? geg‘:;':;y gg;ct:aae Sl Annually Recurring Operating, Maintenance and Repair Cost In-house
= ) wiater Costs Hame: In-house Lahor | abor
[ Gost: Make-up Water Amount: §10,000.00
= ) Capital GCamponent: 260 Tan Ghiller Pur Annual Rate of Increase: 1 7a%
[ Investment Cost
4 Replacement Gosts
= ¥ OM&R Costs - Annually Recurring
£ omaR Costs - Non-Annually Recurrin
=l ~Tins:

Service
contract and

ios [Broseemecns | Recaning oman cost | SERIEES DR
Suppl I = B8 Mllemalive: Purchase Chiller rAnnua::f Re[:uninij Operating, Maintenance and Repair Cost:
=k [ Energy Costs :
= ) Water Costs Name: Service Contractd Supplies
13 Cost Make-up Watar Amount: $5,000.00
= 4 Capital Carmponent: 250 Ton Chiller Put Annual Rate of Increase: 1 75%
[ Investment Cost
=] Replacement Costs
= [ OM&R Costs - Annually Recurring
9 Cost: In-house Labar
[y Tins:
Note: You can add severa energy, water, capital
E-21
component, and annual or non-annual costs.
8 Ee |88 « &
Project: Example E-04 i fNun-Annually Recurring OM&R Cost Iﬁ
= B Atterative: Purchase Chiller Hon-Annually Recurring Operating, Maintenance and Repair Cost
4k [3 Energy Costs *
4k [ \Water Costs Name: Chiller Refurhishment
= 8 Capital Component 250 Taon Chiller Purch YearsMonths (from Service Date): 10 years 0 months|
[ imvestment Cast TR $140,000.00
B8 Replacement Costs Annual Rate of Increase:
= 4 omMeR Costs - Annually Recurring . 1.75%

[ cost In-house Labar
B Cost Service Gontracts Supplies
= 8 OM&R Costs - Mon-annually Recurring Tips
- Enteryears and rmonths from Serdce Date
- Enter the amount in hase-year dollars
Use real rates of increase in constant-dollar analysis, nominal rates in current-dollar

Cost of refurbishment
increases at the rate of
generd inflation.
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Summary LCC for
Replace Chiller Alternative

Alternative: Purchase Chiller
LCC Summary
FresentWalue  Annual Value
Initial Cost §350,000 §27,61%9
Erergy Consumption Costs £340,987 $26,908
Energy Demand Costs §75,775 §5,979
Energy Utility Rebates %0 %0
Wiater Usage Costs §31,246 §2,466
Water Disposal Costs %0 %0
Annually Recurring OME&R Costs 223,185 17,612
Mon-Annually Recurring OMER Costs 104,177 $8,221
Replacement Costs 50 50
Less Remaining Yalue %0 %0
Total Life-Cycle Cost $1,125,373 $65,504
E-23

Add Purchase Chilled Water
Alternative

& Femp Analysis, Energy Project - C:\Documents and Settings\Gene Meyer\My Documents\BLCC\BLCC Boston\Examples... Qﬁlgl
File Reports Tree Help

;@H@@@

Adel Alternative |

4 [3 Alternative: Purchase Chiller P e

Atternative Name: [Purchase Chilled water

Teate Alternative|

| Cony Existing Alternative

Alternative to COpy: |purchase Chiller
Copy Alternative

| Tips:

- A project consists of two or more alternatives, one of which is the base case
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Adding Energy Costs—

Amount Subject to Gas Price Adjustment

& remp Analysis, Energy Project - C:\Documents and Settings\Gene Meyer\My Documents\BLCC\BLCC Boston\Examp!

File Reports Tree Help

= 8 8t [« @
=5 Froject Bample E-04 |/ Add Energy Cost |

4 [ Alternative: Furchase Chiller

= % Alternative: Purchase Chilled Water RIS EE]
5 [ Cost Name: | Natural Gas -
) vater Costs B Electricity
= [ Capital Cornponent: : Distillate Fuel Oil {#1, #2)
g Investment Cost ; Residual Fuel Oil (#4, #5, #6)
Replacement Casts

£ OMER Costs - Annually Recurring 5 Liguified Petroleum Gas
& OMER Costs - Mon-Annually Recurring §§ Coal

Selecting natural gaswill cause |
the default escalation ratesto be ||| Copy Existing Cost

for natural gas. (You can Costto Comy: |Electricity  ~

renamethe energy cost.)

E-25
) Project Example E-04 | (Energy Usage
= [ Alternative: Purchase Chiller - P————
4k £ Energy Costs i
= [0 water Costs 4 Hame: |Na1ura\ Gas Adjusted
=k [ Capital Companent 250 Tan Chiller Purchase H Annual Consumption: | 17 ,550.00 ‘Therm -
= [ Alternative: Purchase Chillad Water ——
= [ Energy Costs ;| rEnergy Usage Indices
EL 5: Frormn Date I Duration I Usage Index
E1'water Costs : June 1, 2004 Remaining 100.0%
4k £ Capital Component G
Emissions
End-Use: |Im:lus(ria| Boiler, uncontrolled - |
Tips
- Enter the hase-year annual energy consumption of the specified energy type. e
#|||- Use Usage Indices to specify variable energy usage pattern. =

Enter energy costs subject to gas price adjustment. End-use
selection affects emissionsonly.
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Energy Cost Screen —

Amount Subject to Gas Price Adjustment

4k [ Alternative: Purchase Chiller

54 Project: Example E-04 Energy Cost

| -Energy Cost
= [ Altarnative: Purchase Chilled Water LD/
= ) Energy Costs : Rate Schedule: Industrial -
: == State: Texas -
= ) Capital Component : PriceTherm §1.00000
[ Investment Cost : Annual Demand Charge: m
B Replacement Costs : Annual Utiity Rebates | $0.00]
B oMER Costs - Annually Recurring ;
B9 OMER Costs - Maon-Annually Recurring | DOE Price Escalation Rates (Natural Gas)
Clear Rates

Select therate schedule He D:::ernmzum‘ Du;a;!aoanrnmomhsl Eacalatm—m.u%lA‘
. April 1, 2005 1 year 0 months -1.87%
and state. Enter theprice Apil 1,2006 1 year D monthe 156%
per unit. Verify DOE
price escalation ratesare
for natural gas.
E-27

Adding Energy Costs—

Amount Subject to Electric Price Adjustment

Selecting electricity will cause the default escalation ratesto befor
eectricity. You can renamethe energy cost.

Iz Froject Example E-04
4k [3 Alternative: Purchase Chiller
= ) Alternative: Purchase Chilled Water

| ndd Energy Cost \

:| -Create New Cost

atural Gas Adjusted
& veater Costs
= ) Capital Cormponent:
[3 Investment Cost
&) Replacerment Costs
8 OMAR Costs - Annually Recurring
& OmeR Costs - Man-Annually Recuring

‘| -Copy Existing Cost

Cost Name: |E|ec1ricily e

Distillate Fuel Oil (21, #2)
Resitual Fuel Oil (#4, #5, #6)
Matural Gas

Liguified Petroleum Gas
Coal

Costto Copy: |Electricity =
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Energy Usage Screen —
Amount Subject to Electricity Price Adjustment

74 Project: Example E-04
= [ Alternative: Purchase Chiller

4 [ Energy Costs

4 [ Water Costs

== [ Capital Component: 250 Tan Chiller Purchase
= [ Alternative: Purchase Chilled Water

= [ Energy Costs

4 [ capital GComponent

Enter energy costs
subject to electricity
price adjustment.

L ocation selection
affectsemissionsonly.

Energy Usage

Energy Usage

Mame: |E|ectr\cm-'Ad]usted
Annual Consumption: | 1;',550_00‘% -

Energy Usage Indices

From Date \ Duration | Usage Index
June 1, 2004 Remaining 100.0%
Emissions
Location: |5, Average -
E-29

Energy Cost Screen —
Amount Subject to Electricity Price Adjustment

P4 Project Example E-D4
= [ Atternative: Purchase Chiller

= [ Energy Costs

4 CJ'water Costs

= [ Capital Companent 250 Ton Chiller Purchase
= [ Alternative: Purchase Chilled Water

= ) Energy Costs

[ Cost Matural Gas Adjusted

sted

-0
L Water Casts
== [ Capital Component

Select therate
schedule and state.
Enter theprice per
unit. Verify DOE
price escalation rates
arefor electricity.

Energy Cost

i -Energy Costs
:: Rate Schedule: Industrial -
State: Texas -
Price/kWh $1.00000
Annual Demand Charge: $0.00
Annual Utility Rebate: $0.00
il “DIOE Price Escalation Rates {Electricity)
'
From Date \ Duration | Escalation | |
April 1, 2004 1 wear 0 manths 0.47%|~
Aptil 1, 2005 1 yeat 0 ronths 0.70%
April 1, 2006 1 year 0 months! 1.09%
April 1, 2007 1 year 0 manths 241% |-
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Fixed Demand Charges

Add athird energy screen for the annual demand charge.

%8 Project: Example E-04 H Energy Usage
= () Alternative: Purchase Chiller AEETs
= [J Energy Costs
=k [0 Water Costs Hame: [Fixed Demand |
gk [ Capital Camponant: 250 Ton Chiller Purchase Annual Consumption: ‘ 0.00 |kW|| -
= () Alternative: Purchase Chilled Water
= ) Energy Costs Energy Usage Indices
[ cost Natural Gas Adjusted From Date I Duration [ Usage Index
[ cost: Electricity Adjusted June 1, 2004 Remaining 0.0%
[ Water Costs
f= B Alternative: Furchase Chiller I EED
4k [ Energy Costs L4
4 [ water Costs Rate Schedule: Industrial -
4k [ Capital Component: 250 Ton Chiller Purchase State: Teras -
= B Atternative: Purchase Chilled Water _
= & Energy Costs Price /Ky $0.00000
Cost Matural Gas Adjusted Annual Demand Charge: $35,850.00)
[ cost Electricity Adjusted Annual Utility Rebate: $0.00]
F D nd
[ Water Costs User Rates (Electricityy
-
Cl DOE rat and I | Clear Rates H Restore DOE Rates ‘
From Date Duration \ Escalation |
e&al atl On to Zer o June 1, 2004 Remaining U.UD%|
E-31
Initial System M odificati
t? F'iject Example E-03 . (investment Cost |
Alternative: Purchase Chiller H
4| rinitial Cost
= (3 Alternative: Purchase Chilled Wats :
= [ Energy Costs : Initial Cost (Base Year Dollars): $10,000.00
[ Cost Matural Gas Adjuste Annual Rate of Increase: 210%
% Cogt: Electricity Adjusted Expected Life (from Service Date): 20vears 0 months
Cost Fixed Demand
B viater Costs Residual Value Factor (% of Initial Cost): 0.00%
= {4 Capital Component Cost.Phasing of Initial Cost
A Replacement Costs 5 Cost Adjustment Factor: 21 g%|
B8 OM&R Costs - Annually Re rearsiMonths (from Date) | Date Portion
; 0vyears 0 months June 1, 2003 100.0%:!

& OMER Costs - Nor-Annua :

Tips

- Initial Costis incurred at the Base Date or phased in during the PIC Period.
- Enter expected rate of equipment price increase during Study Period
- Enter Cost Adjustment Factaor for phased-in initial investment cost
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Summary L CC for

Purchase Chilled Water Alternative

Alternative: Purchase Chilled Water
LCC Summary
PresentValue  Annual Value
Initial Cost 510,000 5789
Energy Consumption Costs $515,657 540,928
Energy Demand Costs §454,510 §35,889
Energy Mility Rebates g0 50
YWater Usage Costs g0 50
‘Water Disposal Costs 50 50
Annually Recurring OM&R Costs 50 %0
Maon-Annually Recurring OMER Costs 0 s0
Replacerment Costs s0 =0
Less Remaining Yalue s0 =0
Total Life-Cycle Cost 983,467 £77,606
E-33
Comparative Analysis
Comparison of Present-Value Costs
PV Life-Cycle Cost
Base Case Alternative Savings from Alternative
Initial Investment Costs:
Capital Reguirements as of Base Date §350,000 10,000 $340,000
Future Costs:
Energy Consumption Costs §340,937 515,657 -£177,670
Energy Demand Charges 575,775 $454,810 -5379,035
Energy Utility Rebates 50 50 50
Water Costs §31,246 50 §31,246
Recurring and Mon-Recurring OM&R Costs 327,365 50 §327,365
Capital Replacements 50 50 50
Residual Yalue at End of Study Period 50 50 50
Subtotal {for Future Cost ltems) 775,373 973,467 -5198,094
Total PV Life-Cycle Cost $1,125,373 $953,467 $141,906
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PROBLEM STATEMENT Exer Ci % E

The manager of the buildingsis uncertain about leaving the supply of chilled water up to athird party. He has asked
you to compare the life-cycle cost of purchasing chilled water for a 20-year period versus purchasing chilled water for
10 years and then buying a chiller. The base dateis June 2003. The project isin Texas and has industria utility rates.
Alternative A:
Purchase chilled water for 20 years with costs the same as previous example.
Alternative B:
To purchase chilled water for 10 years and then purchase a chiller that has the following costs:
First 10 years
Purchase chilled water contract cost = $10,000
Annual capacity charge of $35,880, which is fixed.
Energy charge of $35,100 of which 50% is adjusted for changing natural gas prices and 50% is adjusted for
changing electricity charges.
Years 11-20
Purchase chiller in year 10 = $350,000
Energy costs for 450,000 kWh at $0.05 per kWh plus $5,000 demand charges, both adjusted for changing
electricity prices.
Make-up water costs of $2,100 annually, adjusted for inflation.
In-house labor of $10,000 annually.
Service contract of $5,000 annually.
The chiller residual value after 10 years of use and needing a refurbishment will be $350,000/2 —$140,000 =
$35,000 or ten percent.
Hint: Useenergy and cost indicesto control when chargesstart and stop.
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NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

C:\Documents and Settings\Gene Meyer\My Documents\BLCC\BLCC Boston\Exercises\Exercise E-

File Name: 04.xml
Date of Study: Mon Jun 21 15:20:40 CDT 2004
Analysis Type: FEMP Analysis, Energy Project
Project Name: Exercise E
Project Location: Texas
Analyst: GMM
Comment: Purchase Chilled Water vs Purchase chilled water for 10 years and then purchase chiller
Base Date: June 1, 2004
Service Date: June 1, 2004
Study Period: 20 years 0 months (June 1, 2004 through May 31, 2024)
Discount Rate: 4.8%
Qicountig

Discount and Escalation Rates are NOMINAL (inclusive of general inflation)

Alternative: Purchase Chilled Water

Energy: Natural Gas Adjusted

Annual Consumption: 17,550.0 Therm
Price per Unit: $1.00000
Demand Charge: $0
Utility Rebate: $0
End-Use: Industrial Boiler, uncontrolled
Rate Schedule: Industrial
State: Texas

Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1year 0 months -10.34%
April 1, 2005 1 year 0 months -1.87%
April 1, 2006 1year 0 months 2.56%
April 1, 2007 1 year 0 months 4.41%
April 1, 2008 1 year 0 months -0.33%

April 1, 2009 1 year 0 months -1.16%



April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

3.93%
7.09%
6.57%
4.66%
5.75%
3.11%
1.53%

1.3%
1.52%
4.23%
5.27%
1.11%
1.11%
1.32%
1.97%

2.4%
2.39%
2.18%
2.39%
2.17%
2.38%
2.38%
2.17%
2.37T%
2.29%

Energy: Electricity Adjusted

Annual Consumption: 17,550.0 kWh

Price per Unit:

Demand Charge:

Utility Rebate:
Location:

Rate Schedule:
State:

$1.00000
$0

$0

Texas
Industrial

Texas

Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%
Escalation Rates

From Date Duration Escalation
April 1, 2004 1year 0 months 0.47%
April 1, 2005 1 year 0 months 0.7%
April 1, 2006 1year 0 months 1.09%
April 1, 2007 1year 0 months 2.41%



April 1, 2008 1 year 0 months 2.41%
April 1, 2009 1 year 0 months 1.26%
April 1, 2010 1 year 0 months 1.67%
April 1, 2011 1 year 0 months 3.63%
April 1,2012 1 year 0 months 3.04%
April 1, 2013 1 year 0 months 2.78%
April 1, 2014 1 year 0 months 3.32%
April 1, 2015 1year 0 months 2.99%
April 1,2016 1 year 0 months 1.67%
April 1, 2017 1year 0 months 2.36%
April 1, 2018 1 year 0 months 1.83%
April 1, 2019 1 year 0 months 2.21%
April 1, 2020 1year 0 months 2.58%
April 1, 2021 1 year 0 months 1.67%
April 1, 2022 1 year 0 months 1.07%
April 1, 2023 1 year 0 months 2.66%
April 1, 2024 1 year 0 months 2.42%
April 1, 2025 1 year 0 months 2.12%
April 1, 2026 1 year 0 months 2.12%
April 1, 2027 1 year 0 months 2.12%
April 1, 2028 1 year 0 months 2.12%
April 1,2029 1 year 0 months 2.12%
April 1, 2030 1 year 0 months 2.12%
April 1,2031 1 year 0 months 2.11%
April 1, 2032 1 year 0 months 2.11%
April 1, 2033 1 year 0 months 2.11%
April 1, 2034 Remaining 2.11%
Energy: Fixed Demand
Annual Consumption: 0.0 kWh
Price per Unit: $0.00000
Demand Charge: $35,880
Utility Rebate: $0
Location: Texas
Rate Schedule: Industrial
State: Texas
Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%
Escalation Rates

From Date  Duration Escalation
June 1, 2004 Remaining 0%



Component: Initial System Modification

Initial Investment

Initial Cost (base-year $):

Annual Rate of Increase:

Expected Asset Life:

$10,000
1.8%

20 years 0 months

Residual Value Factor: 0%
Cost-Phasing
Cost Adjustment Factor: 1.8%
Years/Months (from Date) Date Portion
0 years 0 months June 1, 2004 100%

Alternative: Purchase Chilled Water then Chiller

Energy: Natural Gas Adjusted

Annual Consumption:

Price per Unit:

Demand Charge:

Utility Rebate:

End-Use: Industrial Boiler, uncontrolled
Rate Schedule: Industrial
State: Texas
Usage Indices

From Date Duration Usage Index
June 1, 2004 10 years 0 months 100%
June 1, 2014 Remaining 0%
Escalation Rates

From Date Duration Escalation

April 1, 2004 1 year 0 months -10.34%

April 1, 2005 1 year 0 months -1.87%

April 1, 2006 1 year 0 months 2.56%

April 1, 2007 1 year 0 months 4.41%

April 1, 2008 1 year 0 months -0.33%

April 1,2009 1 year 0 months -1.16%

April 1, 2010 1 year 0 months 3.93%

April 1, 2011 1 year 0 months 7.09%

April 1,2012 1 year 0 months 6.57%

April 1, 2013 1 year 0 months 4.66%

April 1, 2014 1 year 0 months 5.75%

17,550.0 Therm
$1.00000



April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

3.11%
1.53%

1.3%
1.52%
4.23%
5.27%
1.11%
1.11%
1.32%
1.97%

2.4%
2.39%
2.18%
2.39%
2.17%
2.38%
2.38%
2.17%
2.37%
2.29%

Energy: Electricity Adjusted

Annual Consumption: 17,550.0 kWh

Price per Unit: $1.00000
Demand Charge: $0
Utility Rebate: $0
Location: Texas
Rate Schedule: Industrial
State: Texas
Usage Indices

From Date Duration Usage Index
June 1, 2004 10 years 0 months 100%
June 1, 2014 Remaining 0%
Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months 0.47%
April 1, 2005 1 year 0 months 0.7%
April 1, 2006 1 year 0 months 1.09%
April 1, 2007 1 year 0 months 2.41%
April 1, 2008 1 year 0 months 2.41%
April 1, 2009 1 year 0 months 1.26%
April 1, 2010 1 year 0 months 1.67%
April 1,2011 1 year 0 months 3.63%



April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

Energy: Fixed Demand

3.04%
2.78%
3.32%
2.99%
1.67%
2.36%
1.83%
2.21%
2.58%
1.67%
1.07%
2.66%
2.42%
2.12%
2.12%
2.12%
2.12%
2.12%
2.12%
2.11%
2.11%
2.11%
2.11%

Annual Consumption: 0.0 kWh
Price per Unit: $0.00000
Demand Charge: $35,880
Utility Rebate: $0
Location: Texas
Rate Schedule: Industrial
State: Texas
Usage Indices
From Date Duration Usage Index
June 1, 2004 10 years 0 months 100%
June 1, 2014 Remaining 0%
Escalation Rates
From Date  Duration Escalation

June 1, 2004 Remaining

0%

Energy: Electricity Starting in Year 10

Annual Consumption: 450,000.0 kWh



Price per Unit:

Demand Charge:

Utility Rebate:
Location:

Rate Schedule:
State:

Usage Indices

$0.05000
$5,000
$0

Texas
Industrial

Texas

From Date

June 1, 2004 10 years 0 months

June 1, 2014

Duration

Remaining

Escalation Rates

From Date
April 1, 2004
April 1, 2005
April 1, 2006
April 1, 2007
April 1, 2008
April 1, 2009
April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

Duration
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

Usage Index
0%
100%

Escalation
0.47%
0.7%
1.09%
2.41%
2.41%
1.26%
1.67%
3.63%
3.04%
2.78%
3.32%
2.99%
1.67%
2.36%
1.83%
2.21%
2.58%
1.67%
1.07%
2.66%
2.42%
2.12%
2.12%
2.12%
2.12%
2.12%
2.12%
2.11%
2.11%
2.11%
2.11%



Water: Make-up Water

Annual Usage Annual Disposal
Units/Year Price/Unit  Units/Year Price/Unit
@Summer Rates 2,100.0 ThousGal $1.00000 0.0 ThousGal $0.00000
@Winter Rates 0.0 ThousGal $0.00000 0.0 ThousGal $0.00000

Escalation Rates - Usage

From Date  Duration Usage Cost Escalation
June 1, 2004 Remaining 1.75%

Escalation Rates - Disposal

From Date  Duration Disposal Cost Escalation
June 1, 2004 Remaining 1.75%

Usage Indices - Usage

From Date Duration Index
June 1, 2004 10 years 0 months 0%
June 1, 2014 Remaining 100%

Usage Indices - Disposal

From Date Duration Index
June 1, 2004 Remaining 100%

Component: Initial System Modification

Initial Investment

Initial Cost (base-year $): $10,000
Annual Rate of Increase: 1.8%
Expected Asset Life: 20 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date) Date Portion
0 years 0 months June 1, 2004 100%

Component: Purchase Chiller in Year 10

Initial Investment

Initial Cost (base-year $): $350,000



Annual Rate of Increase: 1.8%
Expected Asset Life: 20 years 0 months

Residual Value Factor: 10%

Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date) Date Portion
10 years 0 months June 1, 2014 100%

Recurring OM&R: In-house labor

Amount: $10,000

Annual Rate of Increase: 1.8%

Usage Indices

From Date Duration Factor
June 1, 2004 10 years 0 months 0%
June 1, 2014 Remaining 100%

Recurring OM&R: Service Contract

Amount: $5,000

Annual Rate of Increase: 1.8%

Usage Indices

From Date Duration Factor
June 1, 2004 10 years 0 months 0%
June 1, 2014 Remaining 100%



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A
Base Case: Purchase Chilled Water
Alternative: Purchase Chilled Water then Chiller

General Information

C:\Documents and Settings\Gene Meyer\My Documents\BLCC\BLCC

File Name: Boston\Exercises\Exercise E-04.xml
Date of Study: Mon Jun 21 15:21:32 CDT 2004
Project Name: ExerciseE
Project L ocation: Texas
Analysis Type: FEMP Analysis, Energy Project
Analyst: GMM
Comment Purchase Chilled Water vs Purchase chilled water for 10 years and then purchase

chiller
Base Date: June 1, 2004
Service Date: June 1, 2004
Study Period: 20 years 0 months(June 1, 2004 through May 31, 2024)
Discount Rate: 4.8%
Convention Enckof-Yer

Comparison of Present-Value Costs

PV Life-Cycle Cost

Base Case Alternative Savingsfrom Alternative
Initial Investment Costs:

Capital Requirements as of Base Date $10,000  $270,443 -$260,443
Future Costs:
Energy Consumption Costs $518,657  $434,136 $84,521
Energy Demand Char ges $454,810  $313,347 $141,463
Energy Utility Rebates $0 $0 $0
Water Costs $0 $13,331 -$13,331
Recurring and Non-Recurring OM& R Costs $0 $95,220 -$95,220
Capital Replacements $0 $0 $0
Residual Value at End of Study Period $0  -$19,380 $19,380

Subtotal (for Future Cost Items) $973,467  $836,654 $136,813




Total PV Life-Cycle Cost $983,467 $1,107,098
Net Savings from Alternative Compared with Base Case

PV of Non-Investment Savings $117,432
- Increased Total Investment  $241,063

Net Savings -$123,631
Savings-to-Investment Ratio (SIR)

SIR = 0.49
SIR is lower than 1.0; project alternative is not cost effective.

Adjusted Internal Rate of Return

AIRR = 1.10%
AIRR is lower than your discount rate; project alternative is not cost effective.

Payback Period

Estimated Years to Payback (from beginning of Service Period)

Simple Payback occursin year 1
Simple Payback isnegated in year 11
Discounted Payback occursin year 1
Discounted Payback is negated in year 10

Energy Savings Summary

Energy Savings Summary (in stated units)

Energy - Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 17,550.0 kWh 233,775.0 kWh  -216,225.0 kWh -4,323,908.0 kWh
Natural Gas 17,550.0 Therm 8,775.0 Therm 8,775.0 Therm 175,476.0 Therm

Energy Savings Summary (in MBtu)

Energy - Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 59.9 MBtu 797.7 MBtu -737.8 MBtu -14,753.8 MBtu

-$123,631



Natural Gas 1,755.0 MBtu 877.5 MBtu 877.5MBtu 17,547.7 MBtu

Emissions Reduction Summary

Energy - Average Annual Emissions----- Life-Cycle
Type BaseCase  Alternative  Reduction Reduction
Electricity
CO2 13,088.77 kg 174,349.14 kg -161,260.37 kg -3,224,765.81 kg
SO2 12.77 kg 152.70 kg -139.93 kg -2,798.23 kg
NOXx 20.41 kg 271.87 kg -251.46 kg -5,028.53 kg
Natural Gas
CO2 92,705.31 kg 46,352.65kg 46,352.65kg 926,926.19 kg
S0O2 748.16 kg 374.08 kg 374.08 kg 7,480.59 kg
NOXx 109.26 kg 54.63 kg 54.63 kg 1,092.46 kg
Total:
CO2 105,794.08 kg 220,701.79 kg -114,907.71 kg -2,297,839.62 kg
SO2 760.93 kg 526.78 kg 234.15kg 4,682.36 kg

NOx 129.67 kg 326.50 kg -196.83 kg -3,936.07 kg



Additional Notes






MODULE F

Evaluation of
Alternative Financing
Contracts






Module F
Evaluation of Alter native Financing Contracts

Objectives: Upon completion of this module, you will
know how to

. structure alternative financing (AF) projects
for LCCA.

— Energy Savings Performance Contracts
(ESPC)

— Utility Energy Services Contracts (UESC)
« use BLCC5to perform the analysis.

F-1

Typical ESPC Process

Year 1:

Kick-off meeting

ESCO survey and calculations
Submittal of initial proposal
Agency Notice of Intent to Award

ESCO detailed survey and calculations
Submittal of final proposal
Negotiations

Agency award of Delivery Order

F-2




Typical ESPC Process (cont’d.)

Year 2.
ESCO design
Review, comments, negotiations

Construction
Site acceptance of project

Contract term/Performance Period:

Annual M&V

Adjustment of ESCO payments, if appropriate
End of contract term

F-3

Typical Contract Payments

Pre-performance payments:

« Debt service (loan principal and interest)
- Project facilitation fee

« Down payment

- Payment for energy savingsduring
construction period

F-4




Typical Contract Payments (cont.)

Performance Period - Contract Term:

Payments to contractor:

« Debt service (principal and interest payments)

- Management and Administration

- Measurement and Verification

- OM&R

Payments by agency:

« Energy costsand OM&R, depending on terms
negotiated

F-5

Typical Payments (cont.)

Post-Performance Period:
Payments by agency:

« OM&R costs

- Energy costs

- all other applicable costs
All savings revert to agency

F-6




Stepsin LCCA of AF Contracts

Select the systems and equipment to impact
and at what level.

Perform LCCAsfor individual ECMs.
Determine which ECMsto bundle.

Evaluate project for cost effectiveness
compared with status quo or other strategies.

F-7

Bundling of ECMs

Bundling of independent projects
— Each project must belife-cycle cost-effective.

— EO 13123 allows bundling of less cost-effective
ECMswith those that maximize Net Savings.

— Bundling does not guar antee maximization of NS
for government investments overall.

Bundling of interdependent projects

— Analysts must account for interaction among
systems.

— Energy consumption of different combinations
needsto berecalculated.

F-8




Example F
Evaluation of ESPC Contract

PROBLEM STATEMENT

Thebuilding manager of the Jefferson Training Facility in Tennessee has been in-
vestigating the possibility of financing, through an ESPC, an upgrade of the facility’s
hot water system and theimplementation of other ECMs. In collaboration with an
ESCO she hasidentified fiveretrofit measures, which would result in oper ating cost
savings of approximately $160K annually. With the current maintenance and repair
schedule, the existing system could be kept functional for another 25 years.

Options

l. Maintain status quo with current maintenance and repair schedule.

Install the following Energy Conservation Measures (ECM):

1 Install new natural gas hot water boilers $262,500
2. Convert existing, electric DHW system to natural gas DHW system  $50,000
3. Install campus-wide direct digital control (DDC) system $412,500
4. Improve lighting system $250,000
5. Convert constant HW and CW loopsto variable flow $187,500
$1,162,500
F-9
Example F (cont.)
ANALYSIS

Perform an L CC analysisto deter mine whether the project would be life-cycle
cost effectiveif it were financed. Are the expected non-discounted annual
savings sufficient in each year to cover the proposed contract payments?
Does your analysis confirm the ESCO’s estimate of annual operational
savings of $160K ?

Scenario

The building manager has already performed LCCAson theindividual ECMs
and found them to be cost effective. She has decided to bundlethe ECMsinto
one project, which shewill comparewith the base case of doing nothing.

F-10




General project information

« ECMsin Training Facility, Jefferson, TN
« Current-dollar analysis

« Discount rate: 4.8 % nominal

. Inflation rate: 1.75 %

- End-of-year discounting

- DOE energy price escalation rates

- All costs, except debt service payments,
increase at rate of inflation

F-11

Key Dates
Base date: June 2004
| mplementation period: 1 year
Service date: June 2005
Contract period: 20 years

Study period: 25 years

F-12




Base Case:
Maintain Existing System

Initial cost: $0

Electricity usage: 4,584,396 kWh/yr
Electricity price: $0.04324/kWh, commercial
AR OM&R costs: $18,300

Expected system life:  25years

F-13

Alternative: ESPC

Initial cost paid by agency: $29,283
Total capital costs financed: $1,133,217
Annual contract costs:
Debt service: $109,856, fixed
Performance period expenses: $7,047, increasing at 1.16%*
Annual energy costs:
pre-impl. period: Electricity: 4,584,396 kWh/yr
at $0.04324/kWh, commercial
post-impl. period: Natural Gas: 109,780 therms

at $0.46/therm, commercial

*calculated using EERC
F-14




Contract Cost Escalation Rate

B [=] 55
. . File Help
Energy Savings Summary (in MBtu) Percent of Energy Cost Sangs —— e Ot S
Fuel Type Weight (%)
Energy - Avarage Annual Consl Coal o
Distillate Oil a
Tipe Base Case Alternative 5 E:ecltnc;y : =
Electricy ~ 15,642.6 MBtu _ 625.4 MBtu L5,( Natural Gas 94
Residual a
Matural Gas 0.0 Mo 10,539.2 MEtu -10,5 il i
Fuel Rate Information
Location: | TN -
Sector:  ® Commercial
o 0 1 Industrial
6 /0 94 /0 A Performance Period
of total energy consumption StartDate: | 2005 ~
Duration: 20 -
Annual Energy Escalation Rate an rate
Inflation Rate (3): 175
Real: -0.57
Nominal: 1.160
F-15

Alternative: ESPC (cont.)

AR OM&R costs
pre-impl. period:
contract period:
post-contract period:

Expected system life:
residual value:

$18,300

included in contract payments
$4,871

25 years
4% of initial investment cost

F-16




ESPC Project Timing

I Energy Savings 1
— 1
I Contract Payments —
L 1 1 L 24 1 M N
I I 1 1 1 1 1 1 1 1 // 1 1 1 I 1 1 1 I
2004 05 06 oO7 08 09 10 11 12 13 21 22 23 24 25 26 27 28
Implementation
<—>| < Occupancy or Full System Operation > |
+— Study Period —> |
Base Date End of SP
F-17
.
ESPC: Debt Service
.
£ Federal Analysis, Financed Project - P [ P |
File Reports Tree Help
& EE (8¢ [«
? Efﬁt Ex?mp:‘: F i Exist [ Annualty Recurring Contract-Related Cost (ISageinicesy Deletel Fixed
ernative: Maintain Existing )
= [ Atternalive: ESPC Annually Recurring Contract-Related Cost |0an
= [ Contract Costs - Annualt Name:  [Deit Senice |
Amount: | $109,056.00] payment
[3 Cost Perfarmance P =
& Contract Casts - Mon-anr{ | [ ESCalation Rates
4k CJEnergy Costs From Date I Duration Escalation
[ wvater Costs June 1, 2004 Rermaining 0.00%
=k [J Capital Component
Tips
- Enter amount in base-year dollars N
- UUse real rates of escalation in constant-dollar analysis, nominal rates in current-dollar analysis.
- Use Usage Indices to specify variable pattern of occurrence.
- Use the Energy Escalation Rate Calculator (EERC) atthe DOE web site waww eren doe govifernp
(click on Technical Assistance and go to Life-Cyele Cost Analysis) if you need to compute an average|
annnal eantract esralation rate hased nn NOF eneray nrice farenasts
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ESPC: Performance Period Expenses

inanced Projec

=101

File Reports Tree Help Payment
e g 3 « @ increasing
? EJE“ Example F rnnnuallyRacurring Contract-Related Cost ﬁ at
Alternative: Maintain Existing | 2" - o .
= [ Altormative: ESPC 2| rhnnually Recurring Cnntram-ReIa(rd Cost wel ghtaj
= () Contract Costs - Annuall Name: Performance Period Expense ‘
[ Cost Debt Senice Amount: | $7,047.00) energy cost
— rate
A contract Costs - Non-anr | [E Rates
4+ 1 Energy Costs From Date [ Duration Escalation
[ Water Costs June 1, 2004 Remaining| 1.16%:
4k [ Capital Component:
Tips:
- Enter amount in base-year dollars. =
- Use real rates of escalation in constant-dollar analysis, nominal rates in current-dallar analysis
- Use Usage Indices to specify variahle pattern of occurrence.
- Use the Energy Estalation Rate Calculator (EERC) atthe DOE wehb site www.aren.doe.govifernp
+ |l(click on Technical Assistance and go to Life-Cycle Cost Analysis) ifyou need to compute an average
Allannnal enntrart psralatinn rate hased nn DOF enerm bres farecasts F-19
. .
PC: Electricity Usage
{3 Federal Analysis, Financed Project - £:\Program Files)BLEC _121x]
ile Reports Tree Help
S EHe 8% «
54 Project: Exam{@leF. - B aan
=k [ Alternative: Maintain Existing System . Pr e-
= [ atternative: ESPC .
4k [ Contract Costs - Annually Recuring Name: \E\ectriciw- pre-implementation | | mpl .
8 Contract Gosts - Non-Annually Recurring Annual Consumption: \ 4,584,396.00, |kwh - per iod

= 8 Energy Costs
[

D Cost MNatural Gas - postimplementati
[0 water Costs
4k [ Capital Component

rEnergy Usage Indices-

From Date Duration Usage Index
June 1, 2004 1wear 0 months 100.0%
June 1, 2005 Remaining 0.0%

Locatior: [ Tenessee  ~ |

rTips:

- Enterthe base-year annual energy consumption ofthe specified energy type
- Use Usage Indices to specify variable energy usage pattern
- Enter region, state or end-use for emissions calculation
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ESPC: Natural Gas Usage

Financed Praji
le Reports Tree Help

T4 Project: Exarnple F
= ) Alternative: ESPC

[ cost Debt Senice
[ Cost Performance P
& Contract Costs - Mon-Ani
= [ Energy Costs
[ Cost Electricity - pre-|
5|

£ water Costs
4k [ Capital Component

4k [ Alternative: Maintain Existing

= [ Conlract Costs - Annualk H

ject

S B 88|« @

=10l x|
Post-
impl.
Energy Usage peﬂod
Energy Usage
Hame: | Matural Gas - postimplementation \
Annual c ion: | 100,780.00] Therm ~|
Energy Usage Indices:
From Date Duration | Usage Index
June 1, 2004 1 year 0 months 0.0%
June 1, 2005 Remaining 100.0%!
Emissions
End-Use: ||ndustrial Boiler, uncontrolled -
Tips
- Enter the base-yvear annual eneragy consumption ofthe specified energy type
-Use Usage Indices to specify variable energy usage pattern.
- Enter region, state or end-use for emissions calculation
F-21

ESPC: Initial I nvestment Costs

le Reports Tree Help

& Bl [8]2] [«

@]

g = 3]

= Project: Example F
4k [ Alternative: Maintain Existing
= [ Attemative: ESPC i
4= [ contract Costs - Annually :
& Contract Costs - Non-anr -
4k [ Energy Costs ;

[ Water Costs
= ) Capital Companent:

4 Replacement Costs
= [ OMER Costs - Annual ;
[ cost: Pra-implem ;

Cost Poskcontra ©

4 OMER Costs - Non-A

;|| Investment Cost |

Initial Cost

Initial Cost Paid By Agency (Base Year $):
Initial Cost Financed (Base Year $):

Annual Rate of Increase:

Expected Life {from Base Date):

Residual Value Factor (% of Total Investment):

$29,283.00
$1,123,217.00
1.75%

26 years 0 months
4.00%

Cost-Phasing of Initial Cost

Cost Adjustment Factor: 0.00%]

A\

YearsiMonths (from Date) | Date \ Fortion

0vears 0 months June 1, 2004

100.0%

Tips

- Initial {investmenty Costs Paid by Agency in base-vear dollars are costs notincluded in annual
Contract Payment (2.g., down-payment)

- Sum of Initial (investment) Cost Paid by Agency and Initial (investmenty Cost Financed is used to

calculate Residual Value.

Initial
Costs

/

Resid.
~ Value
Factor
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SPC: OM&R Costs

=181

File Reports Tree Help

& el (3]t [« Post-

T Project Example F .. ey | contract

4k [ Alternative: Maintain Existing System

= (3 Altemnative: ESPC LGRS period
4 [ Contract Costs - Annually Recurring Frorm Date I Dutation [ Usage Factr
& Contract Costs - Non-Annually Recurring June 1, 2004 21 years 0 months 0.00%
¢ [ Energy Costs June 1, 2025 Remaining 100.00%
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Tips

- Enter duration and percentage of the amount for the corresponding period.
- Base indexis 100%
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C tive AnalysisR t
lsix)
File
Comparison of Present-Value Costs
PV Life-Cycle Cost EX.SYST. ESPC
Base Case Alternative  Savings fram Alternative

Initial Investment Costs Paid By Agency:

Capital Requirements as of Bage Date &0 529,263 429,283
Future Costs:

Recurring and Non-Recurring Contract Costs 0 §1,424,516 -£1,424,516

Energy Consumption Costs §3,465,690 $972,695 §2,492,996

Energy Demand Charges 0 40 0

Energy Utility Rebates §0 50 40

Water Costs §0 §0 0

Recurring and Mon-Recurring OM&R Costs §316,697 527,503 5291,194

Capital Replacements 50 50 50

Residual Value at End of Study Period 0 -522,211 $22,211

Subtotal {for Future Cost ltems) $3,784,387  $2,402,502 §1,381,884
Total PV Life-Cycle Cost §3,784,387  §2,431,785 §1,352,601
Net Savings from Alternative Compared with Base Case
P of Operational Savings  §2,784,189
-PVof Difierential Costs  $1,431,568 Lowest LCC

777777777777 F-24

Het Savings $1,352,601 B




Comparative Analysis Report

Comparison of Contract Payinents and Savings fiomn Alternative

Cundiscounted)
Sawings in Savings in Sawings in Sanvdings in
YVear Beginning Coniract Costs Energy Costs Toral Operational Costs Total Costs
Jun 2004 0 0 %0 -$29,2873 .
[ Jun zoos ~E117.067 F150.256 $169.201 $52,?34Annua] Operatlonal
Jun 2006 ~-$117,151 F151,384 $170,660 %52.500 SaVi ngs> $160K
Jun 2007 —$117,235 $154,347 $173,961 $56,725 (undiscounted)
Jun 2008 -$117.321 $159,233 $179,190 $61,869
Jun 2009 ~E117.408 BLE2E41 $122.047 FES5,540
Jun 2010 ~F117.495 F165.706 $186.367 HEE,8T2
Jun 2011 —$117,584 H170,687 $191,710 =
Jun 2012 —F117.675 H174, 746 $196,157 $78,463
Jun 2017 ~E117.764 H172.980 $200.745 $82.981
Jun 2014 ~F117.856 FLEZ. 733 $205.879 BEE,023
Jun 2015 —$117,949 $188,569 $211,103 H9E,154 Annual Total
8 Jun 2016 —£118,045 $191,828 $214. 757 S0, 714 Savings
2 Jun 2017 -F118.137 H196.919 $220.249 H102.111
™ Jun 2018 _$112.233 F200.837 $224.574 F108,341 (undiscounted)
E Jun 2019 ~$118,331 $204,657 $228,210 $110,420
@ Jun 2020 —H118,429 $208,926 $233,502 $115,073
3 Jun 2021 -5118,528 H212,669 $237,675 H119, 146
Jun 2022 ~E112.620 $215.279 $241.323 F122.504
Jun 2023 ~$118,731 $222,026 $247,916 $129,125
. Jun zoza -$118,834 $22T 404 $253,836 $155,002
Jun 2025 0 $232,265 $251,933 $251,933
Jun 2026 %0 $237.200 $257.312 F257.312
Jun 2027 0 F242.241 $262.605 F262.605
Jun 2028 F0 F2a7. 297 $262.016 F$339, 760
F-25
Emissions Reducti
INEIES
File
Matural Gas 0.0 Therm 105,3%91.2 Therm -105,391.2 Therm -2,634,419.4 Therm -

Energy Savings Summary (in MBtu)

Energy - Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity  15,542.6 MBtu 625.4 MBtu 15,017.2 MBtu 375,379.7 MBtu
Matural Gas 0.0 MBtu 10,539.2 MBtu -10,539.2 MBtu -263,442.9 MBtu

Emissions Reduction Summary

Energy - Puerage Annual Emissiong--— Life-Cycle

Type Base Case Alternative Reduction Reduction

Electricity
coz 4,311,967.16 kg 172,475.69 kg 4,139,488.47 kg 103,473,045.13 kg
502 15,840.99 kg 1,022.35 kg 14,815.64 kg 370,415.16 kg
MO 10,3958.83 kg 415.95 kg 9,962.88 kg 249,537.84 kg

Matural Gas . . .
coz 0.00 ky 556,700,993 kg -556,700.93 kg -13,915,6158.04 kg Emissions redUCtlons
z02 0.00 kg 4,492.75 kg -4,492.75 kg -112,303.43 k¢ TFOM ESPC prOj ect
MO 0.00 kg B56.12 kg -656.12 kg -16,400.75 kg

Total:

co2 4,311,867.16 kg 729,179.62 kg 3,582,767.54 kg 89,557,427.09 kg

502 15,840.93 kg 5,515.11 kg 10,325.88 kg 258,111.73 kg
QLo 10,396.583 kg 1,072.07 kg 9,326.76 kg 233,137.09 kg




UCR = JUPV

Annualized PV Savings

Use Uniform Capital Recovery Factor (UCR) to
annualize Net Savings.

Annual NS = Total Net Savingsx UCR

= $1,352,601 x 0.0695
= $94,006

*calculated using BLCC4 DISCOUNT Program;
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& Summary Reporkt

File

Summary L CC Report

=1 x|

Mon-Annually Recurring OMER Costs
Replacement Costs
Less Remaining Value

Total Life-Cycle Cost

|Alternative: ESPC
LCC Summary

Initial Cost Paid By Agency

Annually Recurring Contract Costs
Mon-Annually Recurring Contract Costs
Energy Consumption Costs

Energy Demand Costs

Energy Utility Rebates

Wiater Usage Costs

Water Disposal Costs

Annually Recurting OMER Costs
MNon-Annually Recurting OM&R Costs
Replacement Costs

Less Remaining Yalue

Total Life-Cycle Cost

0 50
&0 g0
&0 g0
§3,784,387 §263,240

Present Value
$28,283
51,424,516
50
$972,695
50

50

50

50

$27,503

50

50
-522,211

Annual Value

$2,037
599,088
50
$87,660
50

50

50

50
§1,913
50

50
-5L,545

$2,431,785

516,154

BC: Maintain Ex. Syst.
Annualized PV LCC

PE——

Annualized PV Net Savings:
$263,240 - $169,164 = $94,086

Alt: ESPC
Annualized PV LCC

/




Summary of Analysis Results

« ESPC project iscost effective.
— LCC lower than for status quo (Lowest L CC Report)
— positive NSfor alternative (Compar ative Analysis
Report)
— annual non-discounted oper ational savings > than
contract payments (Compar ative Analysis Report)

— operational savings proposed by ESCO confirmed
(Comparative Analysis Report)

. Other considerations:

— emissionsreduction achieved with ESPC project
(Compar ative Analysis Report)
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Exercise F

Financing Solar Water Heating System
for aU.S. Coast Guard Base

PROBLEM STATEMENT

TheU.S. Coast Guard (CG) in Honolulu is seeking to evaluate the feasibility of utility financing to replace an existing
electric resistance water heating system with a solar water heating system for 280 residences. To maintain the existing
system, CG isplanning to replace heater tanksat therate of 28 tanks per year (assuming a 10-year useful life), with the
first set of tank replacementsbeing completed oneyear from the base date. Asan alternative, they could replacethe
existing systems with an ener gy-efficient solar system that would be installed and financed through a contract with the
local utility company and would be ready for operation in one year. CG would make a down payment of 15 percent of the
total initial capital investment of $1,000,000 at the base date and finance the remaining 85 percent over a contract term of
10 years, beginning one year from the base date. CG performsa life-cycle cost analysisto deter mine if the utility proposal
is cost effectiverelative to the base case of keeping the existing system.

General Information

Location: Honolulu, HI

Base date: June 2003

Service date: June 2004 for both the base case and the alternative
Study period: 21 years from base date

Government discount rate: 5.2 percent (including inflation)

Discounting convention: Amounts discounted from end of each year to base date
Rate of general inflation: 2.1 percent (use current-dollar analysis)

Electricity price: $0.05/kWh, industrial rate
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Exercise F (cont.)

Base Case: Maintain and Repair Existing System
Annual electricity cost: $148,750 (= 2,975,000 kWh at $0.05)
Initial capital investment: None
Capital replacement costs:
Years6, 11, and 16: $23,760 for anode replacements

Annually recurring OM&R costs:  $32,220 for tank replacements, at the rate of 28 tanks per year, assuming a 10-
year tank life

Alternative 1: Solar Water Heating System Financed through Utility Contract
Contract-related data:

Contract term: 10 years, beginning one year from base date

Loan payments: $123,833 per year during contract term, fixed

Administrative costs: $1,000 per year during contract term, increasing at the rate of inflation
Oversight costs: $1,800 at contract date

Annual electricity cost: $27,100 (= 542,000 kWh at $0.05)

F-31

Exercise F (cont.)

Initial capital investment: $1,000,000
15% (=$150,000) down payment at base date
85% (= $850,000) financed through UC

Capital Replacement costs:

Year 11: $30,000 for replacing anodes and controls

Year 11: $230,400 for replacing tanks

Year 16: $18,580 for replacing valves, residua value 73%
Annually recurring OM&R costs: $7,600 for routine maintenance, included in loan

payment during contract term
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NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5\projects\2004 Workshop\Exercises\Exercise F-04.xml
Date of Study: Mon Jun 28 11:19:23 EDT 2004
Analysis Type: Federal Analysis, Financed Project
Project Name: Exercise F
Project Location: Hawaii
Analyst: CDE
Comment: Evaluate feasibility of replacing electric resistance water heating system with solar system financed

through a 10-year Utility Energy Services Contract
Base Date: June 1, 2004
Study Period: 21 years 0 months (June 1, 2004 through May 31, 2025)
Discount Rate: 4.8%
Convention. End-of-Year

Discount and Escalation Rates are NOMINAL (inclusive of general inflation)
Alternative: Existing System
Comment: Maintaining the system requires tank replacements at a rate of 28 tanks per year

Energy: Electricity

Annual Consumption: 2,975,000.0 kWh

Price per Unit: $0.05000
Demand Charge: $0
Utility Rebate: $0
Location: Hawaii
Rate Schedule: Industrial
State: Hawaii

Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1year 0 months 2.46%
April 1, 2005 1 year 0 months 1.81%
April 1, 2006 1year 0 months 2%
April 1, 2007 1 year 0 months 2.45%
April 1, 2008 1 year 0 months 3.2%

April 1, 2009 1 year 0 months 0.82%



April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months

Remaining

Component:

Initial Investment

0.68%
-0.47%
-3.37%
0.32%
1.4%
1.61%
0.78%
1.96%
0.77%
1.18%
1.68%
1.68%
0.89%
1.97%
1.53%
1.89%
2.11%
2.11%
2.11%
2.11%
2.1%
2.17%
2.1%
2.1%

2.12%

Initial Cost Paid By Agency (base-year 3):

Initial Cost Financed (base-year $):

Annual Rate of Increase:

Expected Asset Life:

Residual Value Factor:

Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date)

O years 0 months

June 1, 2004

$0
$0

1.8%

20 years 0 months

Portion
100%

Date

Replacement: Year 6 Anode Replacement

Years/Months:

Amount:

Annual Rate Of Increase:

6 years 0 months

$23,760
1.8%

0%



Expected Asset Life: 5 years 0 months

Residual Value Factor: 0%

Replacement: Year 11 Anode Replacement

Years/Months: 11 years 0 months
Amount: $23,760
Annual Rate Of Increase: 1.8%
Expected Asset Life: 5 years 0 months
Residual Value Factor: 0%

Replacement: Year 16 Anode Replacement

Years/Months: 16 years 0 months
Amount: $23,760
Annual Rate Of Increase: 1.8%
Expected Asset Life: 5 years 0 months
Residual Value Factor: 20%

Recurring OM&R: Tank replacements

Amount: $32,220

Annual Rate of Increase: 1.8%

Usage Indices

From Date Duration Factor
June 1, 2004 1 year 0 months 0%
June 1, 2005 Remaining 100%

Alternative: Solar Water Heating System

Comment: 85% of the cost of the solar water heating system will be financed through a utility contract

Recurring Contract: Annual Loan Payment

Amount: $123,833

Escalation Rates

From Date Duration Escalation
June 1, 2004 Remaining 0%

Usage Indices

From Date Duration Factor
June 1, 2004 1year 0 months 0%
June 1, 2005 10years 0 months 100%
June 1, 2015 Remaining 0%



Recurring Contract: Administrative Costs

Amount: $1,000

Escalation Rates

From Date  Duration Escalation
June 1, 2004 Remaining 1.75%

Usage Indices

From Date Duration Factor
June 1,2004 1year 0 months 0%
June 1, 2005 10 years 0 months 100%
June 1, 2015 Remaining 0%

Non-Recurring Contract: Oversight Cost

Years/Months: 1 year 0 months
Amount: $1,800
Annual Rate of Increase: 1.8%

Energy: Electricity before impl.

Annual Consumption: 2,975,000.0 kWh

Price per Unit: $0.05000
Demand Charge: $0
Utility Rebate: $0
Location: Hawaii
Rate Schedule: Industrial
State: Hawaii

Usage Indices

From Date Duration Usage Index
June 1, 2004 1 year 0 months 100%
June 1, 2005 Remaining 0%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1year 0 months 2.46%
April 1, 2005 1 year 0 months 1.81%
April 1, 2006 1year 0 months 2%
April 1, 2007 1 year 0 months 2.45%
April 1, 2008 1 year 0 months 3.2%
April 1, 2009 1 year 0 months 0.82%

April 1, 2010 1 year 0 months 0.68%



April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

-0.47%
-3.37%
0.32%
1.4%
1.61%
0.78%
1.96%
0.77%
1.18%
1.68%
1.68%
0.89%
1.97%
1.53%
1.89%
2.11%
2.11%
2.11%
2.11%
2.1%
2.17%
2.1%
2.1%
2.12%

Energy: Copy of: Electricity after impl.

Annual Consumption: 542,000.0 kWh

Price per Unit:

Demand Charge:

Utility Rebate:

Location:

Rate Schedule:

State:

Usage Indices

From Date
June 1, 2004
June 1, 2005

Duration
1 year 0 months

Remaining

Escalation Rates

From Date
April 1, 2004
April 1, 2005
April 1, 2006
April 1, 2007

Duration
1 year 0 months
1 year 0 months
1 year 0 months

1 year 0 months

$0.05000

$0
$0

Hawaii

Industrial

Hawaii

Usage Index
0%
100%

Escalation
2.46%
1.81%

2%
2.45%



April 1, 2008
April 1, 2009
April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

Component:

Initial Investment

3.2%
0.82%
0.68%

-0.47%
-3.37%
0.32%

1.4%
1.61%
0.78%
1.96%
0.77%
1.18%
1.68%
1.68%
0.89%
1.97%
1.53%
1.89%
2.11%
2.11%
2.11%
2.11%

2.1%
2.17%

2.1%

2.1%
2.12%

Initial Cost Paid By Agency (base-year $):

Initial Cost Financed (base-year $):

Annual Rate of Increase:

Expected Asset Life:

Residual Value Factor:

Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date)

O years 0 months

Date

June 1, 2004

Replacement: Anodes/Controls

Years/Months:

$150,000
$850,000
1.8%

20 years 0 months

Portion

100%

11 years 0 months

0%



Amount:

Annual Rate Of Increase:

Expected Asset Life:

Residual Value Factor:

Replacement: Tanks

Years/Months:

Amount:

Annual Rate Of Increase:

Expected Asset Life:

Residual Value Factor:

Replacement: Valves

Years/Months:

Amount:

Annual Rate Of Increase:

Expected Asset Life:

$30,000

1.8%

10 years 0 months
0%

11 years 0 months
$230,400

1.8%

10 years 0 months
0%

16 years 0 months
$18,580
1.8%

15 years 0 months

Residual Value Factor: 67%
Recurring OM&R: Routine OM&R
Amount: $7,600
Annual Rate of Increase: 1.8%
Usage Indices

From Date Duration Factor
June 1, 2004 11 years 0 months 0%
June 1, 2015 Remaining 100%



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

Base Case: Existing System
Alternative: Solar Water Heating System

General Information

File Name: C:\Program Files\BLCC5\projects\2004 Workshop\Exercises\Exercise F-04.xml
Date of Study: Mon Jun 28 11:24:20 EDT 2004
Project Name: Exercise F
Project Location: Hawaii
Analysis Type: Federal Analysis, Financed Project
Analyst: CDE

Evaluate feasibility of replacing electric resistance water heating system with solar system financed through

Comment a 10-year Utility Energy Services Contract
Base Date: June 1, 2004
Study Period: 21 years 0 months(June 1, 2004 through May 31, 2025)
Discount Rate: 4.8%
Qicountig

Comparison of Present-Value Costs
PV Life-Cycle Cost

Base Case Alternative Savings from Alternative

Initial Investment Costs Paid By Agency:

Capital Requirements as of Base Date $0  $150,000 -$150,000
Future Costs:
Recurring and Non-Recurring Contract Costs $0  $931,401 -$931,401
Energy Consumption Costs $2,190,191  $517,832 $1,672,359
Energy Demand Charges $0 $0 $0
Energy Utility Rebates $0 $0 $0
Water Costs $0 $0 $0
Recurring and Non-Recurring OM&R Costs $465,444 $46,840 $418,604
Capital Replacements $51,872  $199,708 -$147,837
Residual Value at End of Study Period -$2,555 -$6,692 $4,138
Subtotal (for Future Cost Items) $2,704,952 $1,689,089 $1,015,863
Total PV Life-Cycle Cost $2,704,952 $1,839,089 $865,863

Net Savings from Alternative Compared with Base Case

PV of Operational Savings $2,090,963
- PV of Differential Costs  $1,225,100



Net Savings $865,863
NOTE: Meaningful SIR, AIRR and Payback can not be computed for Financed Projects.

Comparison of Contract Payments and Savings from Alternative
(undiscounted)

Savings in Savings in Savings in Savings in

Year Beginning Contract Costs Energy Costs Total Operational Costs Total Costs

Jun 2004 $0 $0 $0  -$150,000
Jun 2005 -$126,700 $126,794 $160,149 $33,449
Jun 2006 -$124,886 $129,426 $163,365 $38,478
Jun 2007 -$124,905 $132,761 $167,295 $42,390
Jun 2008 -$124,924 $136,483 $171,621 $46,697
Jun 2009 -$124,943 $137,568 $173,320 $48,377
Jun 2010 -$124,962 $138,245 $174,622 $76,026
Jun 2011 -$124,982 $136,927 $173,942 $48,960
Jun 2012 -$125,002 $133,127 $170,790 $45,788
Jun 2013 -$125,022 $133,784 $172,105 $47,083
Jun 2014 -$125,043 $135,706 $174,698 $49,654
Jun 2015 $0 $137,710 $168,027  -$118,359
Jun 2016 $0 $139,044 $169,891 $169,891
Jun 2017 $0 $141,495 $172,881 $172,881
Jun 2018 $0 $142,678 $174,613 $174,613
Jun 2019 $0 $144,486 $176,981 $176,981
Jun 2020 $0 $146,910 $179,973 $186,810
Jun 2021 $0 $149,184 $182,826 $182,826
Jun 2022 $0 $150,779 $185,009 $185,009
Jun 2023 $0 $153,642 $188,472 $188,472
Jun 2024 $0 $156,081 $191,519 $202,597

Energy Savings Summary
Energy Savings Summary (in stated units)

Energy - Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 2,975,000.0 kWh 657,796.7 kWh 2,317,203.3 kWh 48,653,338.8 kWh

Energy Savings Summary (in MBtu)

Energy - Average Annual Consumption----- Life-Cycle
Type Base Case  Alternative Savings Savings
Electricity 10,151.1 MBtu 2,244.5 MBtu 7,906.6 MBtu 166,012.0 MBtu

Emissions Reduction Summary



Energy
Type
Electricity
Cco2
S0O2
NOx
Total:
Cco2
S0O2
NOx

----- Average Annual Emissions----- Life-Cycle

Base Case Alternative Reduction Reduction

2,535,300.52 kg 560,629.07 kg 1,974,680.45 kg 41,461,531.56 kg
6,800.53kg  1,496.24 kg 5304.29 kg  111,371.91 kg
7,626.76 kg 1,686.49 kg 5,040.27 kg 124,725.31 kg

2,535,309.52 kg 560,629.07 kg 1,974,680.45 kg 41,461,531.56 kg
6,800.53 kg  1,496.24 kg 5304.29kg  111,371.91 kg
7,626.76 kg  1,686.49 kg 5940.27 kg 124,725.31 kg



Additional Notes
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Exercises






Module G
Exercises

G-1

Exercise G1

Water Conservation

A military barracks at Fort Meade, MD, housing 200 enlisted men, uses 800,000 gallons of
water per year at a cost of $4.00/1000 gallons of use plus, $5.00/1000 gallons sewer charge.
This barracks is scheduled to be replaced with a new barracks in seven years. A water
conservation project is proposed that will reduce usage and disposal by 25% at an initial
cost of $5,000, and has no maintenance costs over the seven years of remaining building
life. All of the project components have a life expectancy of seven years or more. Water
usage and disposal prices are expected to increase by an average of 5%/year over general
inflation for the remaining life of the building. During the last two years of the barracks’
life, the occupancy level (and thus water consumption) is expected to be half of the current
level.

The base date and beneficial occupancy date are specified as June 2004. Use the mid-year
discounting convention.

Using the MILCON module in BLCC5, compute the life-cycle water-related costs before
and after the retrofit project. Compute the net savings and savings-to-investment ratio.
Would you recommend this project be undertaken?

G-2




Exercise G2

Energy and Water Conservation Project under the DoD Energy Conservation Investment Program
The energy managers at a DoD ammunitions storage plant in Missouri plan to retrofit an existing hot water
system in one of their warehouses. They intend to apply for ECIP funding and are using BLCCS5 to perform and
format the economic analysis of the project in accordance with the ECIP application requirements.

The estimated costs and savings for the project are as follows:

Total estimated project cost: $22,100, of which 6% is attributed to SIOH (supervision, inspection and overhead)
and 10% to Design Cost. The existing system has a salvage value of $200, and a public utility rebate of $1,900 is
available. The new system will use more coal than the existing system.

Expected annual savings/costs are as follows:

Savings in electricity: 34 MBtu at $556.00/MBtu, industrial rate
Increased coal usage: 100 MBtu at $1.00/MBtu, industrial rate
Water/sewer savings: 4.0 million gallons at $1,000.00/Mgal
OM&R cost savings: $400/year

Non-annually recurring OM&R savings: $2,400 in years 10 and 15.

Determine present value life-cycle cost savings, savings-to-investment ratio, and payback period for the project.

G-3

Exercise G3

Chiller Replacement
As energy manager of a federal research facility, you are tasked with replacing the existing
1000-ton chiller, which has an expected remaining life of 10 years but must be replaced to
eliminate CFC usage. You have submitted technical specifications and operating conditions
to all large chiller manufacturers and asked for bid responses which are to include the
following cost and energy-related data: first cost, annual energy costs based on current
electricity costs, and the operating schedule that you submit. The manufacturers must
calculate annual energy usage and peak energy usage for their system using a standardized
energy-estimating method. You inform the manufacturers that you will select the bid with
the lowest 25-year life-cycle cost, using current FEMP LCC criteria (3.0 % discount rate and
DOE escalation rates (South (Texas), industrial rates) and the BLCC computer program to
perform the LCC calculations. Since you expect that maintenance costs after the end of the
10-year service contract will be similar for all systems, O&M costs can be ignored after year
10. Current electricity costs are $.048/kWh for electricity usage (same during winter and
summer) and $104/kW per year demand charge for peak kW demand. (Multiply the
maximum annual kW demand by $104 to get the annual demand charge.) Water costs and
other operating costs are assumed to be similar for all systems for the purpose of this
competition. The base date and service date for all LCC analyses are specified as June 2004.
Use the end-of-year discounting convention.




Exercise G3 (cont.)

Three manufacturers responded to this submission, with the following proposals:

Best Freeze | Icy Nights | Snow Drift
First Cost $360,000 $256,000 $310,000
Annual kWh 3,125,407 2,984,564 2,728,486
Maximum kW 600 560 530
Service Contract Year:
1 $4,000 $10,000 $0
2 $4,000 $10,000 $0
3 $6,000 $10,000 $0
4 $6,000 $10,000 $0
5 $8,000 $10,000 $15,000
6 $8,000 $10,000 $15,000
7 $10,000 $10,000 $15,000
8 $10,000 $10,000 $15,000
9 $20,000 $10,000 $15,000
10 $20,000 $10,000 $15,000
LCC $4,242,646 | $3,950,056 | $3,714,933

Your job is to check the LCC computations submitted by each of the manufacturers before announcing
who has won the bid competitions.

G-5

Exercise G4

Alternative Financing of Energy Conservation Project

A federal agency in Arizona is considering replacing an existing lighting system in an office
building with a new lighting/daylighting system financed through a utility contract. The
existing lighting system is expected to be operational for another 15 years. Use BLCC5 to
perform an LCC analysis.

Project Information

Location: Arizona
Base Date: June 2004
Study Period: 15 years
Contract Term: 10 years
Discount Rate: 4.8%
Annual Rate of Inflation: 1.75%
Discounting Convention: end-of-year




Base Case

Initial Investment Cost:
Energy Type:

Annual Usage:

Price:

Annual Demand Charge:
Annual OM&R costs:

Alternative
Amount Borrowed:
Expected Life:

Residual Value Factor:

Annual Contract Payment:

Energy Type:

Annual Usage:

Price:

Annual Demand Charge:
Annual OM&R:

Exercise G4 (cont.)

0

Electricity

1,082,633 kWh
$0.04600/kWh, commercial
$30,105

$5,600

$390,480

20 years

25%

$62,000, fixed

Electricity

206,911 kWh
$0.04600/kWh, commercial
$3,311

$0 during contract term

$3,000 in years 11 through 15 G-7

Exercise G5

Lease Versus Buy Decision

A federal government agency is considering building a new office building with 60,000
square feet of office space on land that it already owns at an initial cost of $5,000,000. A
private investment firm offers to build the same building on private land across the street
from the proposed site and lease this facility to the government for 20 years at an annual
lease rate of $500,000, with an annual escalation clause that is tied directly to the rate of
general inflation. Major building maintenance, which will cost the government $200,000
per year at current prices, is included in the lease amount. All utility costs and other
building operating-related costs will be the same for both buildings. The building has an
expected life of 50 years and a residual value at the end of the study period equal to 50% of
its initial cost, in constant dollar terms. Which alternative is more advantageous to the
government?

Use the OMB Analysis, Non-Energy Project Module in BLCC5. June 2004 should be used
for the base date and service date. Use the end-of-year discounting convention. The
projected annual rate of general inflation is 1.75%. Can this analysis be performed in
constant dollars?

G-8




Exercise G6

Representative ESPC Project Analysis

This exercise is based on average data from the 71 Super ESPC projects awarded
through 2001 and from a group of projects funded from appropriations within a two-
year period. One scenario compares the ESPC data to data that take into account the
average delay agencies experience in obtaining funding. The other scenario assumes
that the development schedule for an appropriations-funded project is the same as for
the average Super ESPC project.

Perform an LCC analysis to determine whether, on average, ESPCs are cost-effective
when compared with projects funded by agencies from appropriations. Evaluate the
ESPC project against

(1) an experience-based agency-funded project and

(2) an agency-funded project where a more efficient, “best-case” project
development schedule is assumed.

Note: Only data on energy costs saved by the energy conservation measures are
available. There is no description of the ““status quo.” Therefore, for all three
alternatives enter only the “‘excess™ energy costs during the implementation periods
and zero energy costs thereafter. Excess energy costs in this case include energy-
related operation, maintenance, repair and replacement (OMR&R) costs.

G-9

Exercise G6 (cont.)

Use the following average input values to perform the analysis in BLCC5. All amounts are
stated in base-year dollars:

General Information

Location: U.S. Average

Discount rate: 4.8% nominal

Inflation rate: 1.75%

Analysis: in current dollars

Discounting convention: end-of-year

Key Dates

Base date: June 2004

Study period: 20 years

Expected asset life: 20 years

Implementation period: 2 years 3 months for ESPC-financed project,

5 years 3 months for experience-based agency-funded project,
2 years 3 months for best-case agency-funded project
Performance (contract) period
for ESPC project: 16 years 8 months




Exercise G6 (cont.)

Alternative I: ESPC Project

Guaranteed energy savings:

Annual contractor payment:
base

Project facilitation fee to DOE:
Financing procurement costs:
“Excess” energy costs during
implementation period:

Total investment cost:

Initial cost paid by agency:
Initial cost financed:
Residual value factor:
Post-contract OMR&R costs:

$354,000 per year, beginning with performance period date
(2 years 4 months from base date),

increasing at an average rate of 1.87%

98% of guaranteed savings, beginning 2 years 4 months after
date, increasing at a rate of 1.87%

$30,000, 3 months from base date, increasing at 1.75%
$236,000, 2 years 4 months from base date, increasing at 1.75%

$354,000 per year during implementation period
of 2 years 3 months, increasing at an average rate of 1.87%

$3,263,000, increasing at 1.75%
$273,000, 2 years 4 months from base date
$2,990,000

11.25%

$36,400 annually, increasing at 3.95%

G-11

Exercise G6 (cont.)

Alternative I1: Experience-Based Agency-Funded Project

“EXcess” energy costs:

Initial cost paid by agency:
1.75%

Residual value factor:
OMR&R costs:

In-house pre-feasibility study:
Funding-request —
feasibility study:
Cost of feasibility study:
Funding request —
design/construction:

$354,000 per year during implementation period of 5 years 3
months, increasing at 1.87%
$3,263,000, 2 years 10 months from base date, increasing at

26.25%

$36,400 annually, beginning after implementation period,
increasing at 3.95%

$2,000, 1 month from base date, increasing at 1.75%

$600, 7 months from base date, increasing at 1.75%
$815,750, 10 months from base date, increasing at 1.75%

$600, 2 years 7 month after base date, increasing at 1.75%




Exercise G6 (cont.)

Alternative I11: Best-Case Agency-Funded Project

“Excess” energy costs: $354,000 per year during implementation period of
2 years 3 months, increasing at 1.87%

Initial cost paid by agency:  $3,263,000, 9 months from base date, increasing at 1.75%

Residual value factor: 11.25%

OMR&R costs: $36,400 annually, beginning after implementation period

of 2 years 3 months, increasing at 3.95%
Cost of feasibility study: $127,257, 1 month from base date, increasing at 1.75%




NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise G1-04.xml
Date of Study: Thu Jun 24 09:47:16 EDT 2004
Analysis Type: MILCON Analysis, Energy Project
Project Name: Exercise G1
Project Location: Maryland
Analyst: ASR
Comment: Water conservation in Military Barracks at Fort Meade, MD
Base Date: June 1, 2004
Beneficial Occupancy Date: June 1, 2004
Study Period: 7 years 0 months (June 1, 2004 through May 31, 2011)
Discount Rate: 3%
Discounting Convention: Mid-Year

Discount and Escalation Rates are REAL (exclusive of general inflation)

Alternative: Existing

Water: Water

Annual Usage Annual Disposal
Units/Year Price/Unit Units/Year Price/Unit
@Summer Rates 800.0 ThousGal $4.00000 800.0 ThousGal $5.00000
@Winter Rates 0.0 ThousGal $0.00000 0.0 ThousGal $0.00000

Escalation Rates - Usage

From Date  Duration Usage Cost Escalation
June 1, 2004 Remaining 5%

Escalation Rates - Disposal

From Date  Duration Disposal Cost Escalation
June 1, 2004 Remaining 5%

Usage Indices - Usage

From Date Duration Index
June 1, 2004 5years 0 months 100%
June 1, 2009 Remaining 50%

Usage Indices - Disposal

From Date Duration Index



June 1, 2004 5years 0 months 100%
June 1, 2009 Remaining 50%

Component:

Initial Investment

Initial Cost (base-year $): $0
Annual Rate of Increase: 0%
Expected Asset Life: 0 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1, 2004 100%

Alternative: Water Project

Comment: The water conservation project will reduce usage and disposal by 25%

Water: Water

Annual Usage Annual Disposal
Units/Year Price/Unit Units/Year Price/Unit
@Summer Rates 600.0 ThousGal $4.00000 600.0 ThousGal $5.00000
@Winter Rates 0.0 ThousGal $0.00000 0.0 ThousGal $0.00000

Escalation Rates - Usage

From Date  Duration Usage Cost Escalation
June 1, 2004 Remaining 5%

Escalation Rates - Disposal

From Date  Duration Disposal Cost Escalation
June 1, 2004 Remaining 5%

Usage Indices - Usage

From Date Duration Index
June 1, 2004 5years 0 months 100%
June 1, 2009 Remaining 50%

Usage Indices - Disposal

From Date Duration Index



June 1, 2004 5years 0 months 100%
June 1, 2009 Remaining 50%

Component: Copy of:

Initial Investment

Initial Cost (base-year $): $5,000
Annual Rate of Increase: 0%
Expected Asset Life: 0 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1, 2004 100%



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

Base Case: Existing
Alternative: Water Project

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise G1-04.xml
Date of Study: Thu Jun 24 09:47:35 EDT 2004
Project Name: Exercise G1
Project Location: Maryland
Analysis Type: MILCON Analysis, Energy Project
Analyst: ASR
Comment Water conservation in Military Barracks at Fort Meade, MD
Base Date: June 1, 2004
Beneficial Occupancy Date: June 1, 2004
Study Period: 7 years 0 months(June 1, 2004 through May 31, 2011)
Discount Rate: 3%
Discounting Convention: Mid-Year

Comparison of Present-Value Costs

PV Life-Cycle Cost

Base Case Alternative Savings from Alternative

Initial Investment Costs:

Capital Requirements as of Base Date $0 $5,000
Future Costs:
Energy Consumption Costs $0 $0
Energy Demand Charges $0 $0
Energy Utility Rebates $0 $0
Water Costs $45,867 $34,400
Routine Recurring and Non-Recurring OM&R Costs $0 $0
Major Repair and Replacements $0 $0
Residual Value at End of Study Period $0 $0
Subtotal (for Future Cost Items) $45,867 $34,400
Total PV Life-Cycle Cost $45,867 $39,400

Net Savings from Alternative Compared with Base Case

PV of Non-Investment Savings $11,467

- Increased Total Investment $5,000

Net Savings $6,467

-$5,000

$0
$0
$0
$11,467
$0
$0

$6,467



Savings-to-Investment Ratio (SIR)

SIR= 2.29

Adjusted Internal Rate of Return

AIRR = 15.98%

Payback Period

Estimated Years to Payback (from beginning of Beneficial Occupancy Period)

Simple Payback occurs in year 3

Discounted Payback occurs in year 3



NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise G2-04.xml
Date of Study: Thu Jun 24 09:48:21 EDT 2004
Analysis Type: MILCON Analysis, ECIP Project
Project Name: Exercise G2
Project Location: Missouri
Analyst: SKF
Comment: Energy/Water Conservation Project PN 175 (FY02) - ECIP ABCDE Ammo. Plant, Missouri
Base Date: June 1, 2004
Beneficial Occupancy Date: June 1, 2007
Study Period: 25 years 0 months (June 1, 2004 through May 31, 2029)
Discount Rate: 3%
Discounting Convention: Mid-Year

Discount and Escalation Rates are REAL (exclusive of general inflation)

Savings from Alternative:

Energy Savings/Cost: Electricity

Annual Savings:  34.0 MBtu
Price per Unit: $556.00000

Demand Charge: $0
Utility Rebate: $0
Location: Missouri
Rate Schedule: Industrial
State: Missouri

Usage Indices

From Date  Duration Usage Index
June 1, 2007 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months -1.43%
April 1, 2005 1 year 0 months -1.37%
April 1, 2006 1 year 0 months -1.47%
April 1, 2007 1year 0 months -0.08%
April 1, 2008 1 year 0 months 0.83%
April 1, 2009 1 year 0 months 0.08%
April 1, 2010 1 year 0 months -0.66%

April 1, 2011 1 year 0 months 1.41%



April 1, 2012 1 year 0 months 1.88%

April 1, 2013 1 year 0 months 1.68%

April 1, 2014 1 year 0 months 1.81%

April 1, 2015 1 year 0 months 1.7%

April 1, 2016 1 year 0 months 0.91%

April 1,2017 1 year 0 months 0.3%

April 1, 2018 1 year 0 months -0.3%

April 1, 2019 1year 0 months 0.38%

April 1, 2020 1 year 0 months 0.45%

April 1, 2021 1 year 0 months -0.15%

April 1, 2022 1 year 0 months -0.45%

April 1, 2023 1year 0 months 0.75%

April 1, 2024 1 year 0 months 0.37%

April 1, 2025 1 year 0 months 0.22%

April 1, 2026 1 year 0 months 0.37%

April 1, 2027 1 year 0 months 0.3%

April 1, 2028 1 year 0 months 0.37%

April 1, 2029 1 year 0 months 0.37%

April 1, 2030 1year 0 months 0.29%

April 1,2031 1 year 0 months 0.36%

April 1, 2032 1 year 0 months 0.36%

April 1, 2033 1 year 0 months 0.29%

April 1, 2034 Remaining 0.34%
Energy Savings/Cost: Coal

Annual Savings: -100.0 MBtu
Price per Unit: $1.00000
Demand Charge: $0
Utility Rebate: $0

End-Use: Pulverized coal fired, Dry bottom

Rate Schedule: Industrial
State: Missouri
Usage Indices
From Date  Duration Usage Index
June 1, 2007 Remaining 100%
Escalation Rates
From Date Duration Escalation
April 1, 2004 1 year 0 months -1.39%
April 1, 2005 1 year 0 months 0%
April 1, 2006 1 year 0 months 0%
April 1, 2007 1 year 0 months 0.7%
April 1, 2008 1 year 0 months -0.7%
April 1, 2009 1 year 0 months 0%



April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months
1year 0 months
1 year 0 months

Remaining

Water Savings/Cost: Water

@Summer Rates 4,000.0 ThousGal
@Winter Rates

Units/Year

Escalation Rates - Usage

From Date
June 1, 2004

Duration

Remaining

Escalation Rates - Disposal

From Date
June 1, 2004

Duration

Remaining

Usage Indices - Usage

From Date
June 1, 2007

Duration Index

Remaining 100%

Usage Indices - Disposal

0.0 ThousGal

0%
-1.41%
0%
-0.71%
0%
-0.72%
0%

0%
-0.72%
0%

0%
0.73%
0%

0%
-0.72%
0.73%
0%
0.72%
0%
0.72%
0%

0%
0.71%
0%
0.29%

Annual Usage
Price/Unit

$0.00000

Usage Cost Escalation
0%

Units/Year

$1.00000 4,000.0 ThousGal

0.0 ThousGal

Disposal Cost Escalation

0%

Annual Disposal
Price/Unit
$1.00000
$0.00000



From Date  Duration Index
June 1, 2007 Remaining 100%

Capital Component Savings/Costs:

Additional Investment Cost

Construction Cost: $18,564
SIOH: $1,326
Design Cost: $2,210
Total Cost: $22,100
Salvage Value of Existing Equipment: $200
Public Utility Company Rebate: $1,900
Total Investment: $20,000

Annually Recurring Savings/Cost: Annually Recurring Costs

Amount Saved: $400

Annual Rate of Increase: 0%

Usage Indices

From Date  Duration Factor
June 1, 2007 Remaining 100%

Non-Annually Recurring Savings/Costs: NARC 1

Years/Months: 10 years 0 months
Amount Saved: $2,400
Annual Rate of Increase: 0%

Non-Annually Recurring Savings/Costs: NARC 2

Years/Months: 15 years 0 months
Amount Saved: $2,400

Annual Rate of Increase: 0%



NIST BLCC 5.2-04: ECIP Report

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

The LCC calculations are based on the FEMP discount rates and energy price escalation rates updated on April 1, 2004.

Location:
Project Title:
Base Date:
BOD:

File Name:

1. Investment

Construction Cost
SIOH

Design Cost

Total Cost

Salvage Value of Existing Equipment

Public Utility Company

Total Investment

Missouri

Exercise G2 Analyst:
June 1, 2004 Preparation Date: Thu Jun 24 09:48:36 EDT 2004

June 1, 2007 Economic Life:
C:\Program Files\BLCC5.2-04\projects\Exercise G2-04.xml

$18,564
$1,326
$2,210
$22,100
$200
$1,900
$20,000

2. Energy and Water Savings (+) or Cost (-)

Base Date Savings, unit costs, & discounted savings

Iltem Unit Cost  Usage Savings
Electricity $556.00000 34.0 MBtu
Coal $1.00000 -100.0 MBtu
Energy Subtotal -66.0 MBtu
Water Usage $1000.00000 4.0 Mgal
Water Disposal $1000.00000 4.0 Mgal
Water Subtotal 8.0 Mgal

Total

3. Non-Energy Savings (+) or Cost (-)

Item

Annually Recurring

Non-Annually Recurring

NARC 1 $2,400 10 years 0 months
NARC 2 $2,400 15 years 0 months
Non-Annually Recurring Subtotal $4,800

Total $5,200

4. First year savings $27,396

5. Simple Payback Period (in years) 0.73

6. Total Discounted Operational Savings $412,972

7. Savings to Investment Ratio (SIR) 20.65

8. Adjusted Internal Rate of Return (AIRR)

Savings/Cost
$400

16.26%

Discount Rate:

3%
SKF

25 years 0 months

Annual Savings Discount Factor Discounted Savings

$18,904
-$100
$18,804
$4,000
$4,000
$8,000
$26,804

Occurrence

Annual

15.183
14.349

14.802
14.802

Discount Factor
14.802

0.744
0.642

$287,024
-$1,435
$285,589
$59,209
$59,209
$118,417

$404,007

Discounted Savings/Cost

(total investment/first-year savings)

(total discounted operational savings/total investment)

$5,921

$1,786
$1,540
$3,044
$8,965

(1+d)*SIR"(1/n)-1; d=discount rate, n=years in study period



NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise G3-04.xml
Date of Study: Thu Jun 24 09:49:31 EDT 2004
Analysis Type: FEMP Analysis, Energy Project
Project Name: Exercise G3
Project Location: Texas
Analyst: ASR
Base Date: June 1, 2004
Service Date: June 1, 2004
Study Period: 25 years 0 months (June 1, 2004 through May 31, 2029)
Discount Rate: 3%
Discounting Convention: End-of-Year

Discount and Escalation Rates are REAL (exclusive of general inflation)

Alternative: Best Freeze

Energy: Electricity

Annual Consumption: 3,125,407.0 kWh

Price per Unit: $0.04800
Demand Charge: $62,400
Utility Rebate: $0
Location: Texas
Rate Schedule: Industrial
State: Texas

Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months -1.26%
April 1, 2005 1 year 0 months -1.04%
April 1, 2006 1 year 0 months -0.64%
April 1, 2007 1 year 0 months 0.65%
April 1, 2008 1 year 0 months 0.64%
April 1, 2009 1 year 0 months -0.48%
April 1, 2010 1 year 0 months -0.08%
April 1, 2011 1 year 0 months 1.85%
April 1, 2012 1 year 0 months 1.26%

April 1, 2013 1 year 0 months 1.01%



April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

Component:

Initial Investment

Initial Cost (base-year $):

Annual Rate of Increase:

Expected Asset Life:

Residual Value Factor:

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date)

1.54%
1.22%
-0.08%
0.6%
0.07%
0.45%
0.82%
-0.07%
-0.66%
0.89%
0.66%
0.37%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%

$360,000
0%

25 years 0 months

0 years 0 months

0%
Date Portion
June 1, 2004 100%

Non-Recurring OM&R: Year 1

Years/Months:

Amount:

Annual Rate of Increase:

1 year 0 months
$4,000
0%

Non-Recurring OM&R: Year 2

Years/Months:

Amount:

Annual Rate of Increase:

2 years 0 months
$4,000
0%



Non-Recurring OM&R: Year 3

Years/Months: 3 years 0 months
Amount: $6,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 4

Years/Months: 4 years 0 months
Amount: $6,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 5

Years/Months: 5 years 0 months
Amount: $8,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 6

Years/Months: 6 years 0 months
Amount: $8,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 7

Years/Months: 7 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 8

Years/Months: 8 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 9

Years/Months: 9 years 0 months
Amount: $20,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 10

Years/Months: 10 years 0 months
Amount: $20,000
Annual Rate of Increase: 0%

Alternative: Icy Nights



Energy: Electricity

Annual Consumption:

2,984,564.0 kWh

Price per Unit: $0.04800
Demand Charge: $58,240
Utility Rebate: $0
Location: Texas
Rate Schedule: Industrial
State: Texas
Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%
Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months -1.26%
April 1, 2005 1 year 0 months -1.04%
April 1, 2006 1 year 0 months -0.64%
April 1, 2007 1 year 0 months 0.65%
April 1, 2008 1 year 0 months 0.64%
April 1, 2009 1 year 0 months -0.48%
April 1, 2010 1 year 0 months -0.08%
April 1, 2011 1 year O months 1.85%
April 1, 2012 1 year 0 months 1.26%
April 1, 2013 1 year 0 months 1.01%
April 1, 2014 1 year 0 months 1.54%
April 1, 2015 1 year 0 months 1.22%
April 1, 2016 1 year 0 months -0.08%
April 1, 2017 1year 0 months 0.6%
April 1, 2018 1 year 0 months 0.07%
April 1, 2019 1 year 0 months 0.45%
April 1, 2020 1 year 0 months 0.82%
April 1, 2021 1 year 0 months -0.07%
April 1, 2022 1 year 0 months -0.66%
April 1, 2023 1 year 0 months 0.89%
April 1, 2024 1 year 0 months 0.66%
April 1, 2025 1 year 0 months 0.37%
April 1, 2026 1 year 0 months 0.36%
April 1, 2027 1 year 0 months 0.36%
April 1, 2028 1 year 0 months 0.36%
April 1, 2029 1 year 0 months 0.36%
April 1, 2030 1 year 0 months 0.36%
April 1, 2031 1 year O months 0.36%
April 1, 2032 1 year 0 months 0.36%
April 1, 2033 1 year 0 months 0.36%
April 1, 2034 Remaining 0.36%



Component:

Initial Investment

Initial Cost (base-year $): $256,000
Annual Rate of Increase: 0%
Expected Asset Life: 25 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1, 2004 100%

Non-Recurring OM&R: Year 1

Years/Months: 1 year 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 2

Years/Months: 2 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 3

Years/Months: 3 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 4

Years/Months: 4 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 5

Years/Months: 5 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 6

Years/Months: 6 years 0 months
Amount: $10,000

Annual Rate of Increase: 0%



Non-Recurring OM&R: Year 7

Years/Months: 7 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 8

Years/Months: 8 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 9

Years/Months: 9 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 10

Years/Months: 10 years 0 months
Amount: $10,000
Annual Rate of Increase: 0%

Alternative: Snow Drift

Energy: Electricity

Annual Consumption: 2,728,486.0 kWh

Price per Unit: $0.04800
Demand Charge: $55,120
Utility Rebate: $0
Location: Texas
Rate Schedule: Industrial
State: Texas

Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0O months -1.26%
April 1, 2005 1 year 0 months -1.04%
April 1, 2006 1 year 0 months -0.64%
April 1, 2007 1 year 0 months 0.65%

April 1, 2008 1 year 0 months 0.64%



April 1, 2009
April 1, 2010
April 1, 2011
April 1, 2012
April 1, 2013
April 1, 2014
April 1, 2015
April 1, 2016
April 1, 2017
April 1, 2018
April 1, 2019
April 1, 2020
April 1, 2021
April 1, 2022
April 1, 2023
April 1, 2024
April 1, 2025
April 1, 2026
April 1, 2027
April 1, 2028
April 1, 2029
April 1, 2030
April 1, 2031
April 1, 2032
April 1, 2033
April 1, 2034

1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months
1 year 0 months

Remaining

Component:

Initial Investment

Initial Cost (base-year $):

Annual Rate of Increase:

Expected Asset Life:

Residual Value Factor:

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date)

0 years 0 months

-0.48%
-0.08%
1.85%
1.26%
1.01%
1.54%
1.22%
-0.08%
0.6%
0.07%
0.45%
0.82%
-0.07%
-0.66%
0.89%
0.66%
0.37%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%
0.36%

$310,000
0%

Non-Recurring OM&R: Year 1

Years/Months:

Amount:

Annual Rate of Increase:

1 year 0 months

$0
0%

Non-Recurring OM&R: Year 2

25 years 0 months

0%
Date Portion
June 1, 2004 100%



Years/Months: 2 years 0 months
Amount: $0

Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 3

Years/Months: 3 years 0 months
Amount: $0
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 4

Years/Months: 4 years 0 months
Amount: $0
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 5

Years/Months: 5 years 0 months
Amount: $15,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 6

Years/Months: 6 years 0 months
Amount: $15,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 7

Years/Months: 7 years 0 months
Amount: $15,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 8

Years/Months: 8 years 0 months
Amount: $15,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 9

Years/Months: 9 years 0 months
Amount: $15,000
Annual Rate of Increase: 0%

Non-Recurring OM&R: Year 10

Years/Months: 10 years 0 months
Amount: $15,000

Annual Rate of Increase: 0%



NIST BLCC 5.2-04: Summary LCC

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise G3-04.xml
Date of Study: Thu Jun 24 09:49:50 EDT 2004
Analysis Type: FEMP Analysis, Energy Project
Project Name: Exercise G3
Project Location: Texas
Analyst: ASR
Base Date: June 1, 2004
Service Date: June 1, 2004
Study Period: 25 years 0 months (June 1, 2004 through May 31, 2029)
Discount Rate: 3%
Discounting Convention: End-of-Year

Discount and Escalation Rates are REAL (exclusive of general inflation)

Alternative: Best Freeze
LCC Summary

Present Value Annual Value

Initial Cost $360,000 $20,676
Energy Consumption Costs $2,686,778 $154,310
Energy Demand Costs $1,117,554 $64,185
Energy Utility Rebates $0 $0
Water Usage Costs $0 $0
Water Disposal Costs $0 $0
Annually Recurring OM&R Costs $0 $0
Non-Annually Recurring OM&R Costs $78,314 $4,498
Replacement Costs $0 $0
Less Remaining Value $0 $0
Total Life-Cycle Cost $4,242,646 $243,668

Alternative: Icy Nights
LCC Summary

Present Value Annual Value

Initial Cost $256,000 $14,703
Energy Consumption Costs $2,565,701 $147,356
Energy Demand Costs $1,043,050 $59,906
Energy Utility Rebates $0 $0
Water Usage Costs $0 $0

Water Disposal Costs $0 $0



Annually Recurring OM&R Costs $0
Non-Annually Recurring OM&R Costs $85,305
Replacement Costs $0
Less Remaining Value $0
Total Life-Cycle Cost $3,950,056

Alternative: Snow Drift
LCC Summary

Present Value

Initial Cost $310,000
Energy Consumption Costs $2,345,562
Energy Demand Costs $987,173
Energy Utility Rebates $0
Water Usage Costs $0
Water Disposal Costs $0
Annually Recurring OM&R Costs $0
Non-Annually Recurring OM&R Costs $72,199
Replacement Costs $0
Less Remaining Value $0

Total Life-Cycle Cost $3,714,933

$0
$4,899
$0
$0

$226,864

Annual Value
$17,804
$134,713
$56,696
$0

$0

$0

$0
$4,147
$0

$0

$213,360



NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise G4-04.xml
Date of Study: Thu Jun 24 09:55:11 EDT 2004
Analysis Type: Federal Analysis, Financed Project
Project Name: Exercise G4
Project Location: Arizona
Analyst: ASR
Comment: Replace existing lighting system with new system financed through a utility contract.
Base Date: June 1, 2004
Study Period: 15 years 0 months (June 1, 2004 through May 31, 2019)
Discount Rate: 4.8%
Discounting Convention: End-of-Year

Discount and Escalation Rates are NOMINAL (inclusive of general inflation)

Alternative: Existing

Comment: Base Case: Keep existing system for remaining 15 years of its useful life.

Energy: Electricity

Annual Consumption: 1,082,633.0 kWh

Price per Unit: $0.04600
Demand Charge: $30,105
Utility Rebate: $0
Location: Arizona
Rate Schedule: Commercial
State: Arizona

Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year O months 0.36%
April 1, 2005 1 year 0 months 1.03%
April 1, 2006 1 year 0 months 0.94%
April 1, 2007 1 year 0 months 1.48%
April 1, 2008 1 year 0 months 1.75%
April 1, 2009 1 year 0 months 0.66%
April 1, 2010 1 year 0 months -0.13%
April 1, 2011 1 year 0 months -0.97%

April 1, 2012 1 year 0 months -3.58%



April 1, 2013 1 year 0 months 0.36%

April 1, 2014 1 year 0 months 1.75%
April 1, 2015 1 year 0 months 1.97%
April 1, 2016 1 year 0 months 1.57%
April 1, 2017 1 year 0 months 1.75%
April 1, 2018 1 year 0 months 0.78%
April 1, 2019 1 year 0 months 1.26%
April 1, 2020 1 year 0 months 2.02%
April 1, 2021 1 year 0 months 2.02%
April 1, 2022 1 year 0 months 1.44%
April 1, 2023 1 year 0 months 2.02%
April 1, 2024 1 year 0 months 1.71%
April 1, 2025 1 year 0 months 1.62%
April 1, 2026 1 year 0 months 1.62%
April 1, 2027 1 year 0 months 1.66%
April 1, 2028 1 year 0 months 1.66%
April 1, 2029 1 year 0 months 1.62%
April 1, 2030 1 year 0 months 1.66%
April 1, 2031 1 year 0 months 1.66%
April 1, 2032 1 year 0 months 1.62%
April 1, 2033 1 year 0 months 1.66%
April 1, 2034 Remaining 1.64%

Component: Existing System

Comment: Keep existing system for the remaining 15 years of its useful life.

Initial Investment

Initial Cost Paid By Agency (base-year $): $0
Initial Cost Financed (base-year $): $0
Annual Rate of Increase: 1.8%
Expected Asset Life: 15 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date) Date Portion
0 years 0 months June 1,2004 100%

Recurring OM&R: OM&R Cost

Amount: $5,600

Annual Rate of Increase: 1.8%

Usage Indices

From Date Duration Factor



June 1, 2004 Remaining 100%

Alternative: Lighting Retrofit

Recurring Contract: Annual Contract Payment
Amount: $62,000
Escalation Rates

From Date  Duration Escalation
June 1, 2004 Remaining 0%

Usage Indices

From Date Duration Factor
June 1, 2004 10 years 0 months 100%
June 1, 2014 Remaining 0%

Energy: Electricity

Annual Consumption: 206,911.0 kWh

Price per Unit: $0.04600
Demand Charge: $3,311
Utility Rebate: $0
Location: Arizona
Rate Schedule: Commercial
State: Arizona

Usage Indices

From Date  Duration Usage Index
June 1, 2004 Remaining 100%

Escalation Rates

From Date Duration Escalation
April 1, 2004 1 year 0 months 0.36%
April 1, 2005 1 year 0 months 1.03%
April 1, 2006 1 year 0 months 0.94%
April 1, 2007 1 year 0 months 1.48%
April 1, 2008 1 year 0 months 1.75%
April 1, 2009 1 year 0 months 0.66%
April 1, 2010 1 year 0 months -0.13%
April 1, 2011 1 year 0 months -0.97%
April 1, 2012 1 year 0 months -3.58%
April 1, 2013 1 year O months 0.36%
April 1, 2014 1 year 0 months 1.75%

April 1, 2015 1 year 0 months 1.97%



April 1, 2016 1year 0 months 1.57%

April 1, 2017 1 year 0 months 1.75%
April 1, 2018 1 year 0 months 0.78%
April 1, 2019 1 year 0 months 1.26%
April 1, 2020 1 year 0 months 2.02%
April 1, 2021 1 year 0 months 2.02%
April 1, 2022 1 year 0 months 1.44%
April 1, 2023 1 year 0 months 2.02%
April 1, 2024 1 year 0 months 1.71%
April 1, 2025 1 year 0 months 1.62%
April 1, 2026 1 year 0 months 1.62%
April 1, 2027 1 year 0 months 1.66%
April 1, 2028 1 year 0 months 1.66%
April 1, 2029 1 year 0 months 1.62%
April 1, 2030 1 year O months 1.66%
April 1, 2031 1 year O months 1.66%
April 1, 2032 1 year 0 months 1.62%
April 1, 2033 1 year 0 months 1.66%
April 1, 2034 Remaining 1.64%

Component: New System

Comment: Install new lighting/daylighting system financed through UC contract

Initial Investment

Initial Cost Paid By Agency (base-year $): $0
Initial Cost Financed (base-year $): $390,480
Annual Rate of Increase: 1.8%
Expected Asset Life: 20 years 0 months
Residual Value Factor: 25%

Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date) Date Portion
0 years 0 months June 1,2004 100%

Recurring OM&R: Post-Contract OM Costs

Amount: $3,000

Annual Rate of Increase: 1.8%

Usage Indices

From Date Duration Factor
June 1, 2004 10 years 0 months 0%
June 1, 2014 Remaining 100%



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

Base Case: Existing
Alternative: Lighting Retrofit

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise G4-04.xml
Date of Study: Thu Jun 24 09:55:27 EDT 2004
Project Name: Exercise G4
Project Location: Arizona
Analysis Type: Federal Analysis, Financed Project
Analyst: ASR
Comment Replace existing lighting system with new system financed through a utility contract.
Base Date: June 1, 2004
Study Period: 15 years 0 months(June 1, 2004 through May 31, 2019)
Discount Rate: 4.8%
Discounting Convention: End-of-Year

Comparison of Present-Value Costs
PV Life-Cycle Cost

Base Case Alternative Savings from Alternative

Initial Investment Costs Paid By Agency:

Capital Requirements as of Base Date $0 $0 $0
Future Costs:
Recurring and Non-Recurring Contract Costs $0  $483,458 -$483,458
Energy Consumption Costs $546,855  $104,514 $442,341
Energy Demand Charges $330,576 $36,357 $294,219
Energy Utility Rebates $0 $0 $0
Water Costs $0 $0 $0
Recurring and Non-Recurring OM&R Costs $66,860 $10,225 $56,636
Capital Replacements $0 $0 $0
Residual Value at End of Study Period $0  -$62,667 $62,667
Subtotal (for Future Cost Items) $944,292  $571,887 $372,405
Total PV Life-Cycle Cost $944,292 $571,887 $372,405

Net Savings from Alternative Compared with Base Case

PV of Operational Savings $793,196
- PV of Differential Costs  $420,791

Net Savings $372,405

NOTE: Meaningful SIR, AIRR and Payback can not be computed for Financed Projects.



Comparison of Contract Payments and Savings from Alternative

(undiscounted)

Savings in Savings in Savings in Savings in

Year Beginning Contract Costs Energy Costs Total Operational Costs Total Costs

Jun 2004 -$62,000 $67,391 $73,089 $11,089
Jun 2005 -$62,000 $68,073 $73,870 $11,870
Jun 2006 -$62,000 $68,775 $74,674 $12,674
Jun 2007 -$62,000 $69,825 $75,827 $13,827
Jun 2008 -$62,000 $70,921 $77,028 $15,028
Jun 2009 -$62,000 $71,299 $77,513 $15,513
Jun 2010 -$62,000 $71,107 $77,430 $15,430
Jun 2011 -$62,000 $70,110 $76,544 $14,544
Jun 2012 -$62,000 $68,046 $74,592 $12,592
Jun 2013 -$62,000 $68,448 $75,108 $13,108
Jun 2014 $0 $69,670 $72,816 $72,816
Jun 2015 $0 $70,999 $74,201 $74,201
Jun 2016 $0 $72,137 $75,395 $75,395
Jun 2017 $0 $73,284 $76,599 $76,599
Jun 2018 $0 $73,913 $77,286 $203,911

Energy Savings Summary
Energy Savings Summary (in stated units)

Energy - Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 1,082,633.0 kWh 206,911.0 kWh 875,722.0 kWh 13,131,634.2 kWh

Energy Savings Summary (in MBtu)

Energy = ----- Average  Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 3,694.1 MBtu 706.0 MBtu 2,988.1 MBtu 44,807.0 MBtu

Emissions Reduction Summary

Energy = ----- Average Annual Emissions----- Life-Cycle
Type Base Case Alternative Reduction Reduction
Electricity
Cco2 1,028,385.95 kg 196,543.40 kg 831,842.56 kg 12,473,652.81 kg
S02 783.62 kg 149.76 kg 633.85 kg 9,504.77 kg
NOx 2,050.73 kg 391.93 kg 1,658.80 kg 24,874.01 kg
Total:
Cco2 1,028,385.95 kg 196,543.40 kg 831,842.56 kg 12,473,652.81 kg
S02 783.62 kg 149.76 kg 633.85 kg 9,504.77 kg

NOX 2,050.73 kg 391.93kg  1,658.80 kg 24,874.01 kg



NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology in OMB Circular A-94

General Information

File Name: C:\Program Files\BLCC5\projects\Exercise G5-04.xml
Date of Study: Fri Jun 25 14:13:16 EDT 2004
Analysis Type: OMB Analysis, Non-Energy Project
Analysis Purpose: Public Investment or Regulatory Analysis
Project Name: Exercise G5
Project Location: U.S. Average
Analyst:

Base Date: June 1, 2004
Service Date: June 1, 2004
Study Period: 20 years 0 months (June 1, 2004 through May 31, 2024)
Discount Rate: 3.2%
Discounting Convention: End-of-Year

Discount and Escalation Rates are REAL (exclusive of general inflation)

Alternative: Buy

Component:

Initial Investment

Initial Cost (base-year $): $5,000,000
Annual Rate of Increase: 0%
Expected Asset Life: 50 years 0 months
Residual Value Factor: 50%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1, 2004 100%

Recurring OM&R: Major Building Maintenance

Amount: $200,000

Annual Rate of Increase: 0%

Usage Indices

From Date Duration Factor
June 1, 2004 Remaining 100%

Alternative: Lease



Component:

Initial Investment

Initial Cost (base-year $): $0
Annual Rate of Increase: 0%
Expected Asset Life: 50 years 0 months
Residual Value Factor: 0%

Cost-Phasing

Cost Adjustment Factor: 0%

Years/Months (from Date) Date Portion
0 years 0 months June 1, 2004 100%

Recurring OM&R: Annual Lease

Amount: $500,000

Annual Rate of Increase: 0%

Usage Indices

From Date  Duration Factor
June 1, 2004 Remaining 100%



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology in OMB Circular A-94

Base Case: Lease
Alternative: Buy

General Information

File Name: C:\Program Files\BLCC5.2-04\projects\Exercise G5-04.xml
Date of Study: Thu Jun 24 10:50:16 EDT 2004
Project Name: Exercise G5
Project Location: U.S. Average
Analysis Type: OMB Analysis, Non-Energy Project
Analysis Purpose: Public Investment or Regulatory Analysis
Analyst:

Base Date: June 1, 2004
Service Date: June 1, 2004
Study Period: 20 years 0 months(June 1, 2004 through May 31, 2024)
Discount Rate: 3.2%
Discounting Convention: End-of-Year

Comparison of Present-Value Costs

PV Life-Cycle Cost

Base Case Alternative Savings from Alternative

Initial Investment Costs:

Capital Requirements as of Base Date $0 $5,000,000
Future Costs:
Energy Consumption Costs $0 $0
Energy Demand Charges $0 $0
Energy Utility Rebates $0 $0
Water Costs $0 $0
Recurring and Non-Recurring OM&R Costs $7,337,496 $2,934,998
Capital Replacements $0 $0
Residual Value at End of Study Period $0 -$1,344,597
Subtotal (for Future Cost Items) $7,337,496 $1,590,401
Total PV Life-Cycle Cost $7,337,496 $6,590,401

Net Savings from Alternative Compared with Base Case

PV of Non-Investment Savings $4,402,497
- Increased Total Investment  $3,655,403

Net Savings $747,095

-$5,000,000

$0
$0
$0
$0
$4,402,497
$0
$1,344,597

$747,095



Savings-to-Investment Ratio (SIR)

SIR= 1.20

Adjusted Internal Rate of Return

AIRR = 4.11%

Payback Period

Estimated Years to Payback (from beginning of Service Period)

Simple Payback occurs in year 17

Discounted Payback occurs in year 20



NIST BLCC 5.2-04: Input Data Listing

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

General Information

File Name: C:\Program Files\BLCC5\projects\Exercise G6-04.xml
Date of Study: Fri Jun 25 10:01:52 EDT 2004
Analysis Type: Federal Analysis, Financed Project
Project Name: ESPC Assessment
E(r)ocJ:t(i:(t)n: U.S. Average
Analyst: JS
This is a comparison of an ESPC-funded project with an "experience-based" and a "best-case" appropriations-

Comment: funded project, using average data calculated from the 71 Super ESPC projects awarded through 2001 and data
from a group of projects funded from appropriations.

Base Date: June 1, 2004
Study Period: 20 years 0 months (June 1, 2004 through May 31, 2024)
Discount Rate: 4.8%
giosr::\?;nnttiionn% End-of-Year

Discount and Escalation Rates are NOMINAL (inclusive of general inflation)

Alternative: ESPC Project

This alternative assumes that the project saves $354,000 annually in energy and energy-related costs of which 98% are paid

Comment: as contractor payments

Recurring Contract: Annual Contract Payment

Amount: $347,000

Escalation Rates

From Date Duration Escalation
June 1, 2004 Remaining 1.87%

Usage Indices

From Date Duration Factor
June 1, 2004 2 years 3 months 0%
September 1, 2006 16 years 8 months 100%
May 1, 2023 Remaining 0%

Non-Recurring Contract: Project Facilitation Fee to DOE

Years/Months: 0 years 3 months
Amount: $30,000
Annual Rate of Increase: 1.8%

Non-Recurring Contract: Financing Procurement Cost

Years/Months: 2 years 4 months



Amount: $236,000

Annual Rate of Increase: 1.8%

Energy: Excess Energy Costs

Annual Consumption: 354,000.0 kWh

Price per Unit: $1.00000
Demand Charge: $0
Utility Rebate: $0
Location: U.S. Average
Rate Schedule: Industrial
State: U.S. Average

Usage Indices

From Date Duration Usage Index
June 1, 2004 2 years 3 months 100%
September 1, 2006 Remaining 0%

Escalation Rates

From Date  Duration Escalation
June 1, 2004 Remaining 1.87%

Component:

Initial Investment

Initial Cost Paid By Agency (base-year $): $273,000
Initial Cost Financed (base-year $): $2,990,000
Annual Rate of Increase: 1.8%
Expected Asset Life: 20 years 0 months
Residual Value Factor: 11.2%

Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date) Date Portion
2 years 5 months November 1, 2006  100%

Recurring OM&R: Post-contract OMR&R Costs

Amount: $36,400

Annual Rate of Increase: 4%

Usage Indices

From Date Duration Factor
June 1, 2004 2 years 3 months 0%
September 1, 2006 16 years 8 months 0%



May 1, 2023 Remaining 100%

Alternative: Experience-based Agency-funded Project

Comment: The schedule and costs for this alternative are based on historical documentation for a group of projects that received
: funding from appropriations over a 2-year period.

Energy: Excess Energy Costs

Annual Consumption: 354,000.0 kWh

Price per Unit: $1.00000
Demand Charge: $0
Utility Rebate: $0
Location: U.S. Average
Rate Schedule: Industrial
State: U.S. Average

Usage Indices

From Date Duration Usage Index
June 1, 2004 5 years 3 months 100%
September 1, 2009 Remaining 0%

Escalation Rates

From Date  Duration Escalation
June 1, 2004 Remaining 1.87%

Component:

Initial Investment

Initial Cost Paid By Agency (base-year $): $3,263,000
Initial Cost Financed (base-year $): $0
Annual Rate of Increase: 1.8%
Expected Asset Life: 20 years 0 months
Residual Value Factor: 26.2%

Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date) Date Portion

2 years 10 months April 1,2007  100%

Recurring OM&R: OMR&R Costs

Amount: $36,400

Annual Rate of Increase: 4%

Usage Indices



From Date Duration Factor
June 1, 2004 5 years 3 months 0%
September 1, 2009 Remaining 100%

Non-Recurring OM&R: IH Pre-feasibility study

Years/Months: 0 years 1 month
Amount: $2,000
Annual Rate of Increase: 1.8%

Non-Recurring OM&R: Funding request - Feasibility study

Years/Months: 0 years 7 months
Amount: $600
Annual Rate of Increase: 1.8%

Non-Recurring OM&R: Feasibility study

Years/Months: 0 years 10 months
Amount: $815,750
Annual Rate of Increase: 1.8%

Non-Recurring OM&R: Funding request - Design/Construction

Years/Months: 2 years 7 months
Amount: $600
Annual Rate of Increase: 1.8%

Alternative: Best case Agency-funded Project

Comment: In this alternative the development schedule corresponds to the schedule of the average Super ESPC project.

Energy: Excess Energy Costs

Annual Consumption: 354,000.0 kWh

Price per Unit: $1.00000
Demand Charge: $0
Utility Rebate: $0
Location: U.S. Average
Rate Schedule: Industrial
State: U.S. Average

Usage Indices

From Date Duration Usage Index
June 1, 2004 2 years 3 months 100%
September 1, 2006 Remaining 0%

Escalation Rates

From Date Duration Escalation



June 1, 2004 Remaining 1.87%

Component:

Initial Investment

Initial Cost Paid By Agency (base-year $): $3,263,000
Initial Cost Financed (base-year $): $0
Annual Rate of Increase: 1.8%
Expected Asset Life: 20 years 0 months
Residual Value Factor: 11.2%
Cost-Phasing

Cost Adjustment Factor: 1.8%

Years/Months (from Date) Date Portion

0 years 9 months March 1, 2005  100%

Recurring OM&R: OMR&R Costs

Amount: $36,400

Annual Rate of Increase: 4%

Usage Indices

From Date Duration Factor
June 1, 2004 2 years 3 months 0%
September 1, 2006 Remaining 100%

Non-Recurring OM&R: Feasibility study

Years/Months: 0 years 1 month
Amount: $127,257

Annual Rate of Increase: 1.8%



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A
Base Case: Experience-based Agency-funded Project
Alternative: ESPC Project

General Information

File Name:
Date of Study:
Project Name:

Project
Location:

Analysis Type:
Analyst:

C:\Program Files\BLCC5\projects\Exercise G6-04.xml
Fri Jun 25 10:02:29 EDT 2004
ESPC Assessment

U.S. Average

Federal Analysis, Financed Project
JS

This is a comparison of an ESPC-funded project with an "experience-based" and a "best-case" appropriations-

Comment funded project, using average data calculated from the 7

Base Date:
Study Period:
Discount Rate:

Discounting
Convention:

Comparison of Present-Value Costs
PV Life-Cycle Cost

Base Case Alternative

Initial Investment Costs Paid By Agency:

Capital Requirements as of Base Date $3,001,057  $254,172
Future Costs:
Recurring and Non-Recurring Contract Costs $0 $4,512,023
Energy Consumption Costs $1,702,285  $760,590
Energy Demand Charges $0 $0
Energy Utility Rebates $0 $0
Water Costs $0 $0
Recurring and Non-Recurring OM&R Costs  $1,281,647 $33,563
Capital Replacements $0 $0
Residual Value at End of Study Period -$474,282  -$203,264
Subtotal (for Future Cost Items) $2,509,649 $5,102,911
Total PV Life-Cycle Cost $5,510,706 $5,357,083

1 Super ESPC projects awarded through 2001 and data
from a group of projects funded from appropriations.

June 1, 2004
20 years 0 months(June 1, 2004 through May 31, 2024)
4.8%

End-of-Year

Savings from Alternative

$2,746,885

-$4,512,023
$941,695
$0

$0

$0
$1,248,084
$0
-$271,019

$153,624

Net Savings from Alternative Compared with Base Case

PV of Operational Savings $2,189,779



- PV of Differential Costs  $2,036,156

Net Savings $153,624

NOTE: Meaningful SIR, AIRR and Payback can not be computed for Financed Projects.

Comparison of Contract Payments and Savings from Alternative
(undiscounted)

Savings in Savings in Savings in Savings in

Year Beginning Contract Costs Energy Costs Total Operational Costs Total Costs

Jun 2004 -$30,131 $0 $830,225 $800,094
Jun 2005 $0 $0 $0 $0
Jun 2006 -$520,093 $279,881 $280,509 $2,902,984
Jun 2007 -$373,674 $381,212 $381,212 $7,538
Jun 2008 -$380,657 $388,336 $388,336 $7,679
Jun 2009 -$387,770 $99,711 $134,055 -$253,715
Jun 2010 -$395,016 $0 $47,730  -$347,286
Jun 2011 -$402,418 $0 $49,619  -$352,799
Jun 2012 -$409,938 $0 $51,578  -$358,361
Jun 2013 -$417,599 $0 $53,614  -$363,985
Jun 2014 -$425,403 $0 $55,730  -$369,673
Jun 2015 -$433,374 $0 $57,936  -$375,438
Jun 2016 -$441,473 $0 $60,223  -$381,250
Jun 2017 -$449,723 $0 $62,600 -$387,122
Jun 2018 -$458,127 $0 $65,071  -$393,056
Jun 2019 -$466,711 $0 $67,647  -$399,065
Jun 2020 -$475,433 $0 $70,317  -$405,116
Jun 2021 -$484,317 $0 $73,093  -$411,225
Jun 2022 -$451,465 $0 $69,525  -$381,940
Jun 2023 $0 $0 $0 -$692,430

Energy Savings Summary
Energy Savings Summary (in stated units)

Energy  ---- Average Annual Consumption----- Life-Cycle
Type Base Case  Alternative Savings Savings
Electricity 92,958.9 kWh 39,839.5 kWh 53,119.4 kWh 1,062,242.3 kWh

Energy Savings Summary (in MBtu)

Energy  ---- Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 317.2 MBtu 135.9 MBtu 181.3 MBtu 3,624.5 MBtu

Emissions Reduction Summary



Energy = --—--- Average
Type Base Case
Electricity
Cco2 82,288.66 kg
S0O2 284.36 kg
NOXx 172.71 kg
Total:
Cco2 82,288.66 kg
S0O2 284.36 kg

NOx 172.71 kg

Annual

Alternative

35,284.96 kg
126.15 kg
74.06 kg

35,284.96 kg
126.15 kg
74.06 kg

Emissions----- Life-Cycle

Reduction Reduction

47,003.69 kg 939,945.19 kg
158.21kg  3,163.82 kg
98.65kg  1,972.77 kg

47,003.69 kg 939,945.19 kg
158.21kg  3,163.82 kg
98.65 kg 1,972.77 kg



NIST BLCC 5.2-04: Comparative Analysis

Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A

Base Case: ESPC Project
Alternative: Best case Agency-funded Project

General Information

File Name: C:\Program Files\BLCC5\projects\Exercise G6-04.xml
Date of Study: Fri Jun 25 10:02:52 EDT 2004
Project Name: ESPC Assessment
Egcéjaet(i:gn: U.S. Average
Analysis Type: Federal Analysis, Financed Project
Analyst: JS
This is a comparison of an ESPC-funded project with an "experience-based" and a "best-case" appropriations-

Comment funded project, using average data calculated from the 71 Super ESPC projects awarded through 2001 and data
from a group of projects funded from appropriations.

Base Date: June 1, 2004
Study Period: 20 years 0 months(June 1, 2004 through May 31, 2024)
Discount Rate: 4.8%
Convention End-of-Year

Comparison of Present-Value Costs
PV Life-Cycle Cost

Base Case Alternative Savings from Alternative

Initial Investment Costs Paid By Agency:

Capital Requirements as of Base Date $254,172 $3,191,690 -$2,937,518
Future Costs:
Recurring and Non-Recurring Contract Costs $4,512,023 $0 $4,512,023
Energy Consumption Costs $760,590  $760,590 $0
Energy Demand Charges $0 $0 $0
Energy Utility Rebates $0 $0 $0
Water Costs $0 $0 $0
Recurring and Non-Recurring OM&R Costs $33,563  $715,011 -$681,448
Capital Replacements $0 $0 $0
Residual Value at End of Study Period -$203,264 -$203,264 $0
Subtotal (for Future Cost Items) $5,102,911 $1,272,336 $3,830,575
Total PV Life-Cycle Cost $5,357,083 $4,464,026 $893,057

Net Savings from Alternative Compared with Base Case

PV of Operational Savings -$681,448



- PV of Differential Costs  -$1,574,505

Net Savings $893,057

NOTE: Meaningful SIR, AIRR and Payback can not be computed for Financed Projects.

Comparison of Contract Payments and Savings from Alternative
(undiscounted)

Savings in Savings in Savings in Savings in

Year Beginning Contract Costs Energy Costs Total Operational Costs Total Costs

Jun 2004 $30,131 $0 -$127,438 -$3,402,900
Jun 2005 $0 $0 $0 $0
Jun 2006 $520,093 $0 -$30,575 $774,212
Jun 2007 $373,674 $0 -$42,497 $331,177
Jun 2008 $380,657 $0 -$44,174 $336,483
Jun 2009 $387,770 $0 -$45,918 $341,852
Jun 2010 $395,016 $0 -$47,730 $347,286
Jun 2011 $402,418 $0 -$49,619 $352,799
Jun 2012 $409,938 $0 -$51,578 $358,361
Jun 2013 $417,599 $0 -$53,614 $363,985
Jun 2014 $425,403 $0 -$55,730 $369,673
Jun 2015 $433,374 $0 -$57,936 $375,438
Jun 2016 $441,473 $0 -$60,223 $381,250
Jun 2017 $449,723 $0 -$62,600 $387,122
Jun 2018 $458,127 $0 -$65,071 $393,056
Jun 2019 $466,711 $0 -$67,647 $399,065
Jun 2020 $475,433 $0 -$70,317 $405,116
Jun 2021 $484,317 $0 -$73,093 $411,225
Jun 2022 $451,465 $0 -$69,525 $381,940
Jun 2023 $0 $0 $0 $0

Energy Savings Summary

Energy Savings Summary (in stated units)

Energy  ---- Average Annual Consumption----- Life-Cycle
Type Base Case  Alternative Savings Savings
Electricity 39,839.5 kWh 39,839.5 kWh 0.0kwh 0.0 kwh

Energy Savings Summary (in MBtu)

Energy = ----- Average Annual Consumption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 135.9 MBtu 135.9 MBtu 0.0 MBtu 0.0 MBtu

Emissions Reduction Summary



Energy = ----- Average Annual Emissions----- Life-Cycle

Type Base Case Alternative Reduction  Reduction
Electricity
CcOo2 35,284.96 kg 35,284.96 kg 0.00 kg 0.00 kg
S0O2 126.15 kg 126.15 kg 0.00 kg 0.00 kg
NOx 74.06 kg 74.06 kg 0.00 kg 0.00 kg
Total:
Co2 35,284.96 kg 35,284.96 kg 0.00 kg 0.00 kg
S0O2 126.15 kg 126.15 kg 0.00 kg 0.00 kg

NOx 74.06 kg 74.06 kg 0.00 kg 0.00 kg



REFERENCE
MATERIALS






Economic M easur es of Evaluation and Their Uses

Appropriate LCC Economic Measures (Evaluation Criterion)
Type of Decision
LCC NS SIR AIRR DISCOUNTED PB
Accent/Reiect yes yes yes yes conditional*
S (minimum) (>0) (>1.0) (>discount rate) (< or = study period)
Level of Efficiency . yes y_% no no no
(minimum) (maximum)
: yes yes
System Sefection (minimum) (maximum) no no no
— yes yes
Inter%ome?:gg!tog/osftems (minimum combined | (maximum combined no no no
P LCC) NS)
Project Priority o o yes yes o
(Independent Projects) (descending order)** | (descending order)**

* Discounted Payback measure is consistent with LCC only if (1) cumulative net savings after payback is reached do not turn negative, and (2) residual values, if
any, areincluded if payback is> or = study period.

** Fund in descending order of SIR or AIRR until budget is exhausted. Group of projects that fits within budget and has greatest overall net savingsis best.
Note: Meaningful SIR, AIRR, and Payback cannot be calculated for ESPC, or UESC projects.



Acronyms

AIRR Adjusted Internal Rate of Return

BOA Basic Ordering Agreement

Btu British Thermal Units

DoD Department of Defense

DOE Department of Energy

DPB Discounted Payback

ECM Energy Conservation Measure

ESCO Energy Services Company

ESPC Energy Savings Performance Contract

FEMP Federal Energy Management Programs

HVAC Heating, Ventilation and Air Conditioning

GJ Gigajoule (10° joules)

kWh Kilowatt Hours

LCC Life-Cycle Costs or Life-Cycle Costing

M btu 10° x Btu

NS Net Savings

OM&R Operation, Maintenance, and (Routine) Repairs
OMB Office of Management and Budget

PB Payback

P/IC/I Planning/Contructions or Installation Period
SIR Savings-to-Investment Ratio

SPB Simple Payback

SPV Single Present Value (Factor)

TLCC Total Life-Cycle Costs

UC or UESC Utility Contract or Utility Energy Services Contract
upPv Uniform Present Value (Factor)

V[=\VA Modified Uniform Present Value (Factor)
UESC Utility Energy Services Contract (for demand-side management, energy management

services, or project financing)



Glossary

Adjusted Internal Rate of Return (AIRR)
Annual yield from a project over the Study Period, taking into account investment of interim
amounts.

Alternative Building System
Aninstallation or modification of an installation in a building intended primarily to reduce energy or
water consumption or allow the use of renewable energy sources, or a primarily energy- or water-
saving building system, including a renewable energy system, for consideration as part of the design
for anew federal building.

Amount Financed
Includes Implementation Costs and usually Financing Procurement Costs to comprise the amount
borrowed by the Government agency to implement energy conservation measures.

Annually Recurring Costs
Those costs that are incurred each year in an equal, constant dollar amount throughout the Study
Period, or that change from year to year at a known rate.

Annual Value (Annual Worth)
The time-equivalent value of past, present, or future cash flows expressed as an Annually Recurring
Uniform amount over the Study Period.

Annual Value (Annual Worth or Uniform Capital Recovery) Factor
A discount factor by which a present dollar amount may be multiplied to find its equivalent Annual
Value, based on a given Discount Rate and a given period of time.

Base Case
The situation against which an Alternative Building System is compared.

Base Date
The beginning of the first year of the Study Period, generally the date on which the Life-Cycle-Cost
analysisis conducted.

Base Y ear
Thefirst year of the Study Period, generally the year in which the Life-Cycle-Cost analysisis
conducted.

Base-Year Energy Costs
The quantity of energy delivered to the boundary of a Federal Building in the Base Y ear, multiplied
by the Base-Y ear Price of fuel.

Base-Year Price
The price of agood or service as of the Base Date.

Cash Flow
The stream of costs and benefits (expressed for the purpose of this requirement in Constant Dollars)
resulting from a project investment.

Compound Interest Factorsor Formulas
See Discount Factors or Formulas.

Constant Dollars
Dollars of uniform purchasing power tied to areference year (usually the Base Y ear) and exclusive
of general priceinflation or deflation.

Contract Payments
An agreed-upon payment made annually or non-annually by the agency to repay the loan provided
by an ESCO or UC for implementing energy savings measures.

Contract Period or Contract Term
The time period proposed by the contractor for repaying the loan provided to the a Government
agency to implement energy savings measures. It begins at the contract award date and includes the
Installation Period and the Energy Savings Performance Period.



Cost Adjustment Factor
The average annual rate at which the phased-in cost of acapital component is adjusted to itsvaluein
any year of the Planning/Construction/Installation Period. The Cost Adjustment Factor can, for
example, be a contractual rate (sometimes equal to zero) or arate determined by the agency.

Cost Effective
The condition whereby an Alternative Building System saves more than it costs over the Study
Period, where al Cash Flows are assessed in Constant Dollars and discounted to reflect the Time
Value of Money.

Current Dollars
Doallars of nonuniform purchasing power, including general price inflation or deflation, in which
actual prices are stated. (With zero inflation or deflation, current dollars are identical to constant
dollars.)

Debt Service
The sum of interest payments and principal payments which comprise or are part of the Contract
Payment to an ESCO or UC.

Demand Charge
That portion of the charge for electric service based on the plant and equipment costs associated with
supplying the electricity consumed.

Differential Cost
The difference in the costs of an Alternative Building System and the Base Case.

Differential Energy Price Escalation Rate
The difference between a projected general rate of Inflation and the projected rate of price increase
assumed for energy.

Discount Factors
Multiplicative numbers used to convert Cash Flows occurring at different timesto their equivalent
amount at acommon time. Discount factors are obtained by solving Discount Formulas based upon
one dollar of value and an assumed Discount Rate and time.

Discount Formula
An expression of amathematical relationship which enables the conversion of dollars at a given point
in time to their equivalent amount at some other point in time.

Discount Rate
Therate of interest, reflecting the investor's Time Value of Money (or opportunity cost), that is used
in Discount Formulas or to select Discount Factors which in turn are used to convert ("discount™)
Cash Flows to acommon time. Real Discount Rates reflect Time Value of Money apart from
changes in the purchasing power of the dollar and are used to discount Constant Dollar Cash Flows;
Nominal Discount Rates include changes in the purchasing power of the dollar and are used to
discount Current Dollar Cash Flows.

Discounted Payback Period
The time required for the cumulative savings from an investment to pay back the Investment Costs
and other accrued costs, taking into account the Time Value of Money.

Discounting
A technique for converting Cash Flows occurring over time to time-equivalent values, at acommon
point in time, adjusting for the Time Value of Money.

Disposal Cost
See Residua Value

Economic Life
That period of time over which aBuilding or Building System is considered to be the lowest-cost
alternative for satisfying a particular need.

Energy Conservation Measure (ECM)



Defined as the installation of new equipment/facilities, modification or alteration of existing
government equipment/facilities, or revised operations and maintenance procedures to reduce energy
consumption of facilities/energy systems.

Energy Cost
The annual cost of fuel or energy used to operate a building or building system, as billed by the
utility or supplier (including Demand Charges, if any). Energy Costs are incurred during the Service
Period only. Energy consumed in the construction or installation of a new building or building
system is not included in this cost.

Energy Savings Perfor mance Contracts
Contracts authorized by the Energy Policy Act of 1992 (EPACT), which offer alternative financing
of energy and water efficiency improvements in federal buildings and allow the Federal Government
to retain a portion of the energy savings and all the equipment installed.

Ener gy Savings Performance Period
The period (typically in years) from the date an ECM is operational and accepted by the Government
agency to the end of the Contract Period. The Energy Savings Performance Period may also be
referred to as the "service period.”

Federal Government
The U.S. Government

Financing Procurement Costs
May be added to Implementation Costs to comprise the total amount financed by an ESCO or UC.

Future Value
The time-equivalent value of past, present, or future Cash Flows expressed as of some future point in
time.

Implementation Costs
May include survey costs, feasibility study costs, design expenses, construction costs, which may be
paid by agency or included in Contract Payment proposed by ESCO or UC.

Initial Investment Costs
Theinitial costs of design, engineering, purchase and installation, exclusive of "Sunk Costs," al of
which are assumed to occur as alump sum at the beginning of the Base Y ear or during the
Planning/Construction/Installation Period for purposes of making the life-cycle cost analysis.

Inflation
A risein the genera price level, or, put another way, a decline in the general purchasing power of the
dollar.

Installation Period
The period from the date of contract award to the date all contracted energy conservation measures
are operational and accepted by the agency. Installation period may also be referred to as
"construction period," or “implementation period.”

Internal Rate of Return
Annual yield from a project over the Study Period, i.e., the compound rate of interest which, when
used to discount Cash Flows of an Alternative Building System, will result in zero Net Savings (Net
Benefits).

Life-Cycle Cost (LCC)
Thetotal discounted dollar costs of owning, operating, maintaining, and disposing of a building or
building system over the Study Period (see Life-Cycle Cost Analysis).

Life-Cycle Cost Analysis (LCCA)
A method of economic evaluation that sums discounted dollar costs of initial investment (less Resale,
Retention, or Salvage Value), replacements, operations (including energy and water usage), and
maintenance and repair of abuilding or building system over the Study Period (see Life-Cycle Cost).
Also, as used in this program, LCCA is agenera approach to economic evaluation encompassing
several related economic evaluation measures, including Life-Cycle Cost (LCC), Net Benefits (NB)



or Net Savings (NS), Savings-to-Investment Ratio (SIR), and Adjusted Internal Rate of Return
(AIRR), al of which take into account long-term dollar impacts of a project.

Liquid Petroleum Gas (L PG)
Propane, butane, ethane, pentane, or natural gasoline.

Market Interest Rate
The nominal loan interest rate (including inflation) applied by the ESCO or UC to the Amount
Financed to compute annual Contract Payments.

M easur es of Economic Evaluation
The various ways in which project cash flows can be combined and presented to describe a measure
of project cost effectiveness. The measures used to evaluate FEMP projects are Life-Cycle Cost
(LCC), Net Savings (NS), Savings-to-Investment Ratio (SIR), Adjusted Internal Rate of Return
(AIRR). Discounted Payback (DPB) and Simple Payback (SPB) are measures of evaluation not fully
consistent with the LCC method but are used as supplementary measures in some federal programs.

Modified Uniform Present Value (Worth) (UPV* or UPW*) Factor
A discount factor used to convert an annual amount escalating at a constant rate to a time-equivalent
Present Value. The FEMP UPV* Factor indicates a discount factor from a specia set published by
the U.S. Department of Energy, Federal Energy Management Program, for computing present value
energy costs based on variable energy price projections.

Mutually Exclusive Projects
Projects where the acceptance of one precludes acceptance of the others. Examples are whether to
use single-glazing, double glazing or triple-glazing for awindow; or R11, R19, or R30 levels of
insulation in an attic.

Net Savings (Net Benefits)
Time-adjusted savings (or benefits) less time-adjusted differential costs taken over the Study Period,
for an Alternative Building System relative to the base case.

Nominal Discount Rate
Therate of interest (market interest rate) reflecting the time value of money stemming from both
inflation and the real earning power of money over time

Nonfuel Operation, Maintenance, and Repair (OM & R) Costs
Labor and material costs required for routine upkeep, repair, and operation, exclusive of energy
Costs.

Nonmutually Exclusive Projects
Projects where the acceptance of one does not preclude the acceptance of the others. Examples are
wall insulation and ceiling insulation. (For contrast, see Mutually Exclusive.)

Nonrecurring Costs
Costs that are not uniformly incurred annually over the Study Period.

Performance Period Expenses
May include management/administration costs, operation and maintenance costs, repair and
replacement costs, measurement and verification costs, permits and licenses costs, insurance costs,
property taxes, and other costs (e.g., "margin"), which may be paid by agency or included in Contract
Payment proposed by ESCO or UC.

Planning/Construction Period
The period beginning with the Base Date and continuing up to the Service Date during which only
Initial Investment Costs are incurred.

Post-Contract Period
The period between the end of the Contract Period (Contract Term) and the end of the Study Period.

Present Value (Present Worth)
The time-equivalent value of past, present or future Cash Flows as of the beginning of the Base Y ear.

Present Value (Present Worth) Factor



A discount factor by which afuture dollar amount may be multiplied to find its equivalent Present
Value as of the Base Date. Single Present Value Factorsare used to convert single future amounts to
Present Vaues. Uniform Present Value Factors and Modified Present VValue Factors are used to
convert Annually Recurring amounts to Present Values.

Real Discount Rate
The rate of interest reflecting the portion of the time value of money attributable to the real earning
power of money over time and not to general price inflation.

Renewable Energy
Energy obtained from sources that are essentialy inexhaustible (unlike, for instance, fossil fuels of
which thereis alimited supply). Renewable sources of energy include wind energy, geothermal
energy, hydroelectric energy, photovoltaic and solar energy, biomass, and waste.

Replacement Costs
Future costs included in the capital budget to replace a building system the Study Period.

Resale Value
See Residua Vaue

Residual Value
The estimated value, net of any Disposal Costs, of any building or building system removed or
replaced during the Study Period, or remaining at the end of the Study Period, or recovered through
resale or reuse at the end of the Study Period (also called Resale Value or Salvage Value, or
Retention Value).

Retention Value
See Residua Vaue

Retrofit
Theinstallation of an Alternative Building System in an Existing Federal Building.

Risk Attitude
The willingness of decision makers to take chances or to gamble on investments of uncertain
outcome. Risk attitudes are generally classified as risk-averse, risk-neutral, or risk-taking.

Risk Exposure
The probability of investing in a project whose economic outcome is less favorable than what is
economically acceptable.

Salvage Value
See Residua Vaue

Savings-to-Investment Ratio (SIR)
A ratio computed from a numerator of discounted energy and/or water savings, plus (less) savings
(increases) in Nonfuel Operation and Maintenance Costs, and a denominator of increased Investment
Costs plus (less) increases (decreased) Replacement Costs, net of Residual Value (all in present-
value terms), for an Alternative Building System as compared with a Base Case.

Sengitivity Analysis
Testing the outcome of an evaluation to changes in the values of one or more system parameters from
theinitially assumed values.

Service Date
The point in time during the Study Period when a building or building systemis put into use, and
operating, maintenance, and repair costs (including energy and water costs) begin to be incurred.

Service Period
The period of time starting with the Service Date and continuing through the end of the Study Period.

Simple Payback Period (SPB)
A measure of the length of time required for the cumulative savings from a project to recover the
Investment Cost and other accrued costs, without taking into account the Time Value of Money.

Single Present Value (Worth) (SPV or SPW) Factor
The discount factor used to convert single future benefit and cost amounts to Present Value.



Study Period
The length of the time period covered by the economic evaluation. This includes both the
Planning/Construction Period and the Service Period.

Sunk Costs
Costs which have been incurred or committed to prior to the Life-Cycle Cost analysis and which
therefore should not be considered in making a current project decision since this cannot be changed.

Time-of-Use Rate
The charge for service during periods of the day based on the cost of supplying the service at that
particular time of the day.

Time Value of Money
The time-dependent value of money. If project Cash Flows are stated in Constant Dollars, their
adjustment to a common time basis is necessary to take into account the real earning potential of
investments over time. If project cash flows are stated in Current Dollars, their adjustment to a
common time basis is necessary to take into account not only the real earning potential over time, but
also priceinflation or deflation.

Uniform Present Value (Worth) (UPV or UPW) Factor
The discount factor used to convert uniform annual values to atime-equivalent Present Value.

Useful Life
The period of time over which aBuilding or Building System continues to generate benefits or
savings.

Utility Contractsor Utility Energy Services Contracts
Contracts (Area-Wide Contracts or Basic Ordering Agreements) between a government agency and a
utility company, which allow the Federal Government to implement energy and water conservation
measures through financing provided by the utility.



COURSE EVALUATION

PURPOSE: It is our objective to present a useful and effective training course. Y ou are the final authority on
whether that objective has been met. Y our completion of this form, therefore, will play an important part in our
future planning. Please do not feel bound to limit your remarks to questions on thisform. Y our comments on
any aspect of the course will be appreciated.

COURSE TITLE Dates Attended
From To
LOCATION
RESPONSES Strongly Agree Disagree N/A
(Check the response closest to your opinion) Agree

1. a was well organized
Cour$e b. was complete and suitable
Material
. was readable (printed well)
2. a was related to the course
AUdIO-V.Isual b. was good quality
Material
. was sufficient in number
a. was areasonable length
3. b. was worth recommending to others
Course ) ]
c. contributed to my knowledge and skills
d. accomplished announced purpose
a. Subject was thoroughly covered
4. b. Course expectations, requirements, and
Instruction objectives were made clear
c. Participation was encouraged
d. Timein class was spent effectively
a were comfortable
5.
Classrooms b. included a manageable number of students
. were appropriate for this course
a were prepared for class
6. . . -
Instructors b. stimulated my interest in subject area

¢. made course aworthwhile learning
experience

REMARKS:




COURSE EVALUATION (Continued)

7. OVERALL INSTRUCTOR EVALUATION (Check your opinion)

a. Knowledge of the subject _Excéllent _Good _Far _Poor

b. Ability to teach _Excélent _Good _Far _Poor

8. WOULD YOU ADD OR EMPHASIZE ANY SUBJECT MATTER AREASIN SUBSEQUENT
COURSE SESSIONS?

_ yes -ho If "yes," list these areas and give your reasons:

9. WOULD YOU DELETE OR DE-EMPHASIZE ANY SUBJECT-MATTER AREAS?

_yes _no If "yes," list these areas and give your reasons:

10. ASA RESULT OF YOUR PARTICIPATION IN THIS COURSE, WHAT ADDITIONAL RELATED

TRAINING SHOULD BE MADE AVAILABLE?

11. OTHER COMMENTS. PLEASE MAKE ANY COMMENTS RELATIVE TO THIS COURSE,
EITHER GENERAL OR SPECIFIC.






