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ABSTRACT

This is the 2011 edition of energy price indices and discount factors for performing life-cycle cost
analyses of energy and water conservation and renewable energy projects in federal facilities. It will
be effective from April 1, 2011 to March 31, 2012. This publication supports the federal life-cycle
costing methodology described in 10 CFR 436A and OMB Circular A-94 by updating the energy
price projections and discount factors that are described, explained, and illustrated in NIST
Handbook 135 (HB 135, Life-Cycle Costing Manual for the Federal Energy Management Program.)
It supports private-sector life-cycle cost analysis by updating the energy price indices that are
described, explained, and illustrated in NBS Special Publication 709 (SP 709).

Disclaimer:

Certain trade names or company products are mentioned in the text to specify adequately the
software and operating systems used for performing the life-cycle cost analyses. In no case does
such identification imply recommendation or endorsement by the National Institute of Standards
and Technology, nor does it imply that the software and operating systems are the best available
for the purpose.



PREFACE

This is the 2011 Annual Supplement to NIST Handbook 135, Life-Cycle Costing Manual for the
Federal Energy Management Program (FEMP). The annual supplement provides energy price indices
and discount factors for use with the Federal Energy Management Program's procedures for life-
cycle cost analysis, as established by the U.S. Department of Energy (DOE) in Subpart A of Part 436
of Title 10 of the Code of Federal Regulations (10 CFR 436A), and amplified in NIST Handbook
135. These indices and factors are provided as an aid to implementing life-cycle cost evaluations of
potential energy and water conservation and renewable energy investments in existing and new
federally owned and leased buildings.

The price indices and discount factors are calculated with the most recent energy price projections
from DOE’s Energy Information Administration (EIA) and the most recent discount rates from
FEMP and the Office of Management and Budget (OMB) Circular A-94. This issue of the Annual
Supplement is intended for use from April 1, 2011 to March 31, 2012. The updated edition of the
NIST Building Life-Cycle Cost (BLCC) and Energy Escalation Rate Calculator (EERC) programs
are released at the same time as this Annual Supplement, for use over the same time period. The
software products are discussed below.

At the request of a number of users, a text file of the EIA energy price projections underlying this
Annual Supplement has been made available by NIST. To obtain this file (ENCOST11.txt), email
amy.rushing@nist.gov.

The life-cycle costing methods and procedures, as set forth in 10 CFR 436A, are to be followed by
all federal agencies, unless specifically exempted, for evaluating the cost effectiveness of potential
energy and water conservation and renewable energy investments in federally owned and leased
buildings. For most other federal LCC analyses OMB Circular A-94 provides the relevant guidelines.

As called for by legislation (Energy Policy and Conservation Act, P.L.94-163, 1975, 92 Stat 3206, 42
USC 8252 et seq), the National Institute of Standards and Technology has provided technical
assistance to the U.S. Department of Energy in the development and implementation of life-cycle
costing methods and procedures. The following publications and software products provide the
methods, data, and computational tools for federal life-cycle cost analysis:

1) Life-Cycle Costing Manual for the Federal Energy Management Program, National Institute
of Standards and Technology, Handbook 135 (1995).

This manual is a guide to understanding life-cycle costing and related methods of economic analysis
as they are applied to federal decisions, especially those subject to 10 CFR 436A rules. It describes
the required procedures and assumptions, defines and explains how to apply and interpret economic
performance measures, gives examples of federal decision problems and their solutions, explains
how to use energy price indices and discount factors, and provides worksheets and other
computational aids and instructions for calculating the required measures.



2 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 the current DOE and OMB discount rates, projected
energy price indices, and corresponding discount factors needed to estimate the present values of
future energy and non-energy-related project costs.

(3) BLCC 5.3-11, NIST Building Life-Cycle Cost. This program uses as default values the same
discount factors and energy price projections that underlie the discount factor tables in the
Annual Supplement. It is available for Windows, Mac OS X, and Linux.

BLCC 5.3 provides 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. It computes the LCC for project alternatives, compares project alternatives in order
to determine which has the lowest LCC, performs annual cash flow analysis, and computes net
savings (NS), savings-to-investment ratio (SIR), and adjusted internal rate of return (AIRR) for
project alternatives over their designated study period. The BLCC program can be used to perform
economic analysis of capital investment projects undertaken by federal, state, and local government
agencies. In the application to federal energy conservation and renewable energy projects, BLCC5 is
consistent with NIST Handbook 135, and the federal life-cycle cost methodology and procedures
described in 10 CFR 436A and OMB Circular A-94.

The BLCC5 User’s Guide is part of its Help system. BLCC 5.3 has six 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:

. FEMP Analysis, Energy Project
for energy and water conservation and renewable energy projects under the FEMP rules,
agency-funded;

. 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);

. OMB Analysis, Federal Analysis, Projects subject to OMB Circular A-94
for projects subject to OMB Circular A-94 (most other, non-energy, federal government
construction projects, but not water resource projects);

. MILCON Analysis, Energy Project
for energy and water conservation and renewable energy projects in military construction,
agency-funded;

o MILCON Analysis, ECIP Project
for energy and water conservation projects under the Energy Conservation Investment
Program (ECIP).

. MILCON Analysis, Non-Energy Project
for military construction designs that are not primarily for energy or water conservation.

\



4) EERC 2.0-11, Energy Escalation Rate Calculator, a program that computes an average rate
of escalation for a specified time period, which can be used as an escalation rate for contract
payments in Energy Savings Performance Contracts (ESPC) and Utility Energy Services
Contracts (UESC). Escalation rates can be computed based on the EIA energy price
projections used for calculating the FEMP discount factors and on EIA projections adjusted
by NIST for potential carbon pricing.

The latest versions of the programs and publications described above can be downloaded from the
DOE/FEMP web site at http://www1.eere.energy.gov/femp/program/lifecycle.html.

The U.S. Department of Energy was directed by legislation and executive order to make available to
the private sector the methods, procedures, and related aids developed for federal use. In response to
this directive, the National Institute of Standards and Technology, under sponsorship of the U.S.
Department of Energy, published a life-cycle costing book for use by the private sector entitled
Comprehensive Guide for Least-Cost Energy Decisions, NBS SP 709 (January 1987).

In 2008, DOE and NIST presented a 2%-hour webcast, “Overview of Federal Building Energy
Efficiency Mandates/An Introduction to Building Life-Cycle Costing.” This free webcast that
introduces the elements of life-cycle cost analysis of energy and water conservation projects is
available at http://www.energycodes.gov/federal/webcast_federal _series.stm. For in-house training,
FEMP-Qualified Instructors are available to conduct LCC workshops on their own account across the
U.S. For a list of instructors e-mail barbara.lippiatt@nist.gov.

For further information on the Federal Energy Management Program, please visit
http://www1.eere.energy.gov/femp.

Vi
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INTRODUCTION

This report provides tables of present-value factors for use in the life-cycle cost analysis of capital
investment projects for federal facilities. It also provides energy price indices based on Department
of Energy (DOE) forecasts from 2011 to 2041. The factors and indices presented in this report are
useful for determining the present value of future project-related costs, especially those related to
operational energy costs. Discount factors included in this report are based on two different federal
sources: (1) the DOE discount rate for projects related to energy conservation, renewable energy
resources, and water conservation; and (2) Office of Management and Budget (OMB) discount rates
from Circular A-94 for use with most other capital investment projects in federal facilities.

The DOE discount and inflation rates for 2011 are as follows:

Real rate (excluding general price inflation): 3.0%
Nominal rate (including general price inflation): 3.9%
Implied long-term average rate of inflation: 0.9%

The DOE nominal discount rate is based on long-term Treasury bond rates averaged over the 12
months prior to the preparation of this report. The nominal, or market, rate is converted to a real rate
to correspond with the constant-dollar analysis approach used in most federal life-cycle cost (LCC)
analyses. The method for calculating the real discount rate from the nominal discount rate is
described in 10 CFR 436 and uses the projected rate of general inflation published in the most recent
Report of the President’s Economic Advisors, Analytical Perspectives. The procedure would result in
a discount rate for 2011 lower than the 3.0 % floor prescribed in 10 CFR 436. Thus the 3.0 % floor is
used as the real discount rate for FEMP analyses in 2011. The implied long-term average rate of
inflation was calculated as 0.9 %. Federal agencies and contractors to federal agencies are required
by 10 CFR 436 to use the DOE discount rates when conducting LCC analyses related to energy
conservation, renewable energy resources, and water conservation projects for federal facilities.

The nominal and real discount rates applicable to general (non-energy or water) capital investments
are published annually in OMB Circular A-94, Appendix C. OMB has specified two basic types of
discount rates: (1) a discount rate for public investment and regulatory analyses; and (2) a discount
rate for cost-effectiveness, lease-purchase, and related analyses. Only discount rates for the second
type of analyses are included in this Annual Supplement, since the primary purpose of this report is
to support cost-effectiveness studies related to the design and operation of federal facilities.

OMB discount rates for cost-effectiveness and lease-purchase studies are based on interest rates on
Treasury Notes and Bonds with maturities ranging from 3 to 30 years. Currently (as of April 2011)
six maturities have been specifically identified by OMB, and are shown here with the corresponding
real interest rate to be used as the discount rate for studies subject to OMB Circular A-94:

Maturity: 3-year 5-year 7-year 10-year 20-year 30-year
Rate: 0.0 % 0.4 % 0.8 % 1.3% 21% 2.3%

OMB suggests that the actual discount rate for an economic analysis be interpolated from these
maturities and rates, based on the study period used in the analysis. Due to limitations on the size of
this Annual Supplement, discount factors for only two of these maturities are presented: factors for
short term analyses (up to 10 years) based on the 7-year real rate (0.8 %), and factors for long-term



analyses (longer than 10 years) based on the 30-year real rate (2.3 %). As a result, these discount
factors are for approximation purposes only. It is suggested that the NIST Building Life Cycle Cost
(BLCC) program be used to compute the present value factors for the discount rate corresponding to
the length of the study period when approximate values are not satisfactory for the project analysis.
(See preface for details on obtaining this program.)

The energy price indices and corresponding present value factors published in this report are
computed from energy price forecasts provided to NIST by the Department of Energy's Energy
Information Administration (EIA). The EIA energy price forecast used in this report was the most
recent available at the time this report was prepared. A description of the methodology used by EIA
to project energy prices through 2041 is included in section B of this report. DOE has not projected
escalation rates for water prices to be used in the LCC analysis of water conservation projects. Water
escalation rates should be obtained from the local water utility when possible.

Federal agencies and contractors to federal agencies are encouraged to seek energy price projections
from their local utility to use in place of the DOE/EIA regional projections, especially when
evaluating alternative fuel types. In such cases the BLCC program can be used to calculate
appropriate "modified uniform present value" (UPV*) factors for use in the LCC analysis of federal
energy conservation or renewable resource projects. Otherwise, 10 CFR 436 requires the use of the
DOE energy price forecasts when conducting LCC analyses of such projects. The UPV* factors for
energy costs presented in this report have been precalculated with the DOE forecast data. Thus the
use of these UPV* factors automatically ensures that the DOE forecast data have been included in
the analysis.

Most financed federal projects, such as Energy Savings Performance Contracts (ESPC), base contract
payments on projected annual energy cost savings. When setting up the contract, average rates of
energy price escalation over the contract term are a matter of negotiation. One consideration in
setting escalation rates is the potential for future carbon pricing. Should carbon pricing legislation be
enacted by the U.S. Congress, use of the EIA-based escalation rates—which do not consider carbon
pricing—Ilikely would underestimate escalation for contract payments. In 2010, to assist federal
agencies in considering a range of escalation rate scenarios, FEMP introduces to the annual
supplement a new “D” series of tables projecting potential future carbon prices and electricity-related
carbon emissions rates under a range of carbon policy scenarios. Also in 2010, with the release of the
Energy Escalation Rate Calculator (EERC 2.0), a BLCC companion program for financed projects,
average rates of escalation may be calculated for each of these carbon policy scenarios. These may be
considered by federal agencies for use as energy price escalation rates for contract payments.

All of the tables of discount factors contained in this report are based on real discount rates and are
therefore intended for use only with economic analyses conducted in constant dollars (in which the
purchasing power of the dollar is held constant). The energy price escalation rates and corresponding
energy price indices for federal analyses contained in this report are also expressed in real terms. If
nominal discount rates and current dollar costs (which both include inflation) are used in the LCC
analyses of federal projects, choose the current-dollar-analysis option in the BLCC computer
program, which uses a nominal discount rate and adds the rate of general inflation to all dollar
amounts.

This report uses the term "present value" instead of "present worth" for the discount factors
presented. The meaning of these two terms is considered to be identical for purposes of economic
analysis. This change in terminology was made to be consistent with the terms used in the ASTM



International compilation of standards on building economics (ASTM Standards on Building
Economics, 6th Edition, ASTM, West Conshohocken, PA, 2007.)

In all of the tables, the “end-of-year” discounting convention is used, that is, all factors and indices
are computed to adjust future dollar amounts to present value from the end of the year in which they
are expected to occur. The factors and indices in this publication, which include energy price
escalation rates (e.g., UPV* factors and energy price indices), were calculated using April 1, 2011 as
their base date. However, these factors and indices can be used without adjustment for the LCC
analysis of projects with other base dates until the release of the next revision of this publication.
Adjustment of these factors and indices for differences in the month-specific base date is not
generally warranted due to uncertainties in estimating future energy prices.



PART I:
TABLES FOR FEDERAL LIFE-CYCLE COST ANALYSIS

A Single Present Value and Uniform Present Value Factors for Non-Fuel Costs

Table A-1 presents the single present value (SPV) factors for finding the present value of future
non-fuel, non-annually recurring costs, such as repair and replacement costs and salvage values.
The formula for finding the present value (P) of a future cost occurring in year t (Cy) is the
following:

= Ix——i—;:CthPVU
(1+d)
where d = discount rate, and
t = number of time periods (years) between the present time and the time the cost is
incurred.

Table A-2 presents uniform present value (UPV) factors for finding the present value of future
non-fuel costs recurring annually, such as routine maintenance costs. The formula for finding the
present value (P) of an annually recurring uniform cost (A) is the following:

N
P:AXM

== AxUPV,,,
d@@+d)
where d = discount rate, and
N = number of time periods (years) over which A recurs.

Tables A-3 (a,b,c) present modified uniform present value (UPV*) factors for finding the present
value of annually recurring non-fuel costs, such as water costs, which are expected to change
from year to year at a constant rate of change (or escalation rate) over the study period. The
escalation rate can be positive or negative. The formula for finding the present value (P) of an
annually recurring cost at base-date prices (Ao) changing at escalation rate e is the following:

l+e 1+e)\" *
P:on(d_ejll—(mj }:AxUPV N (d ;te)

or

P=AxN=AxUPVy (d=e)

where Ag = annually recurring cost at base-date prices,
d = discount rate,
e = escalation rate, and
N = number of time periods (years) over which A recurs.



Note: if the discount rate is expressed in real terms, i.e., net of general inflation, then the
escalation rate must also be expressed in real terms. If the discount rate is expressed in nominal
terms, i.e., including general inflation, then the escalation rate must also be expressed in
nominal terms.

In tables A-1, A-2, and A-3 (a,b,c) SPV, UPV, and UPV* factors are provided for both the DOE
and the OMB Circular A-94 real discount rates current as of the date of this publication. The
FEMP SPV, UPV, and UPV* factors were computed using the DOE discount rate. The FEMP
factors are for finding the present value of future costs associated with federal energy and water
conservation projects and renewable energy projects. The OMB SPV, UPV, and UPV* factors
were computed using the OMB discount rates. The OMB factors are for find