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and develops and improves mechanisms to transfer results of its research to the ultimate user. 
The Laboratory consists of the following centers: 

Applied Mathematics — Electronics and Electrical Engineering2 — Mechanical 
Engineering and Process Technology2 — Building Technology — Fire Research — 

Consumer Product Technology — Field Methods. 

THE INSTITUTE FOR COMPUTER SCIENCES AND TECHNOLOGY conducts 
research and provides scientific and technical services to aid Federal agencies in the selection, 
acquisition, application, and use of computer technology to improve effectiveness and 
economy in Government operations in accordance with Public Law 89-306 (40 U.S.C. 759), 
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PREFACE 

This manual amplifies the methodology and procedures for life-cycle cost 
analysis established by the Department of Energy (DoE) in Subpart A of Part 
436 of Title 10 of the Code of Federal Regulations (10 CFR Part 436), which is 
entitled "Federal Energy Management and Planning Programs" (FEMP). It incor¬ 
porates proposed changes in the methodology and procedures made in response to 
recent amendments to the law. It is intended as an aid to implementing life- 
cycle cost evaluations of potential energy conservation and renewable energy 
investments in existing and new federally owned and leased buildings as 
required by Section 381(a)(2) of the Energy Policy and Conservation Act (EPCA), 
as amended, 42 U.S.C. 6361(a)(2); by Section 10 of Executive Order 11912, as 
amended by Executive Order 120003 (Executive Order); and by Title V of the 
National Energy Conservation Policy Act (NECPA), 92 Stat. 3275, as amended by 
Section 405 of the Energy Security Act, 94 Stat. 611. 

Executive Order 12003, signed by President Carter in July 1977, amends Section 
10 of Executive Order 11912 to establish goals for Federal agencies in energy 
conservation. The goals are to achieve by 1985 a reduction of 20 percent of the 
average annual energy use per gross square foot of floor area for the total of 
all federally owned existing buildings, and a reduction of 45 percent for the 
total of all federally owned new buildings, as compared to a base of 1975. The 
Executive Order further directs Federal agencies to consider in their building 
plans only those energy conservation improvements which are cost effective 
based on a life-cycle cost approach, and to give the highest priority to the 
most cost-effective projects. It requires the Department of Energy to provide 
methods and procedures to Federal agencies for estimating life-cycle costs and 
savings of proposed energy conservation and renewable energy projects and for 
comparing their cost effectiveness in a uniform and consistent manner from 
agency to agency. The guidelines are required to be consistent with criteria 
established by the U.S. Office of Management and Budget (0MB) Circular No. 
A-94, "Discount Rates to be Used in Evaluating Time-Distributed Costs and 
Benefits," dated March 27, 1972. This circular requires, among other things, 
the use of a 10 percent real discount rate. 

The National Energy Conservation Policy Act (NECPA), signed by President Carter 
in November 1978, also contains provisions for establishing methods and proce¬ 
dures for life-cycle costing. It calls upon the Secretary of the Department 
of Energy, in consultation with the Director of the Office of Management and 
Budget, the Director of the National Bureau of Standards, and the Administrator 
of the General Services Administration to (1) "establish practical and effec¬ 
tive methods for estimating and comparing life-cycle costs for Federal build¬ 
ings," and (2) "develop and prescribe the procedures to be followed in applying 
and implementing the methods so established. ..." (Title V, Part 3, Sec. 
545(a)). Section 405 of the Energy Security Act subsequently amended NECPA to 
require the use of a 7 percent discount rate, a study period equal to building 
system life not to exceed 25 years, and marginal fuel costs rather than average 
(market) prices. Revisions to the life-cycle costing methodology and 
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procedures to reflect the recently legislated changes are now being proposed 

and are expected to become final for use in fiscal year 1981. This manual 

indicates those proposed changes. 

The life-cycle costing methods and procedures set forth in Subpart A, Part 436, 

10 CFR (as amended) are to be followed by all Federal agencies, unless speci¬ 

fically exempted, in evaluating the cost effectiveness of potential energy 

conservation and renewable energy investments in federally owned and leased 

buildings. 

The National Bureau of Standards has provided technical assistance to the 

Department of Energy in formulating the life-cycle costing methods and pro¬ 

cedures for the FEMP Rules and has developed this manual in support of applying 

the rules. 

Further information on the Federal Energy Management Programs can be obtained 

from the Federal Programs Office, Office of the Assistant Secretary for Conser¬ 

vation and Solar Energy, U.S. Department of Energy, Washington, D.C. 20461. 

Further information on the Solar Federal Buildings Program can be obtained 

from the Federal Buildings Program/FA34, Huntsville, AL 35812 [Telephone 

(205) 453-1870 or (FTS) 872-1870]. 
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ABSTRACT 

This manual is a guide to understanding the life-cycle costing method and an 

aid to calculating the measures required for evaluating energy conservation 

and renewable energy investments in all Federal buildings. It expands upon 

the life-cycle costing criteria contained in the Program Rules of the Federal 

Energy Management Program (Subpart A of Part 436, Title 10, U.S. Code of Fed¬ 

eral Regulations) and is consistent with those criteria. Its purpose is to 

facilitate the implementation of the Program Rules by explaining the life-cycle 

costing method, defining the measures, describing the assumptions and proce¬ 

dures to follow in performing evaluations, and giving examples. It provides 

worksheets, a computer program, and instructions for calculating the required 

measurements. 

The life-cycle costing method and evaluation procedures set forth in the 

Federal Energy Management Program Rules and described in greater detail in 

this guide are to be followed by all Federal agencies for all energy conserv¬ 

ation and renewable energy projects undertaken in new and existing buildings 

and facilities owned or leased by the Federal government, unless specifically 

exempted. The establishment of the methods and procedures and their use by 

Federal agencies to evaluate energy conservation and solar energy investments 

are required by Section 381(a)(2) of the Energy Policy and Conservation Act, 

as amended, 42 U.S.C. 6361(a)(2); by Section 10 of Presidential Executive 

Order 11912, amended; and by Title V of the National Energy Conservation Policy 

Act, 92 Stat. 3275. 

Key words: Cost effectiveness; economic evaluations; energy conservation; 

Federal energy management program; life-cycle costing; public buildings; 

renewable energy; solar energy; solar photovoltaic. 
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EXECUTIVE SUMMARY 

In response to Executive Order and legislation, the Department of Energy issued 

a final rule, effective January 23, 1980, to establish a methodology and proce¬ 

dures for all Federal agencies to follow in conducting life-cycle cost (LCC) 

analyses of energy conservation and renewable energy investments in Federal 

buildings. The LCC Rule, intended to promote consistency and rationality in 

the investment decisions of Federal agencies, is one of six subparts estab¬ 

lished in the Code of Federal Regulations under the title, "Federal Energy 

Management and Planning Programs." 

This manual was prepared to assist Federal agencies to implement the new LCC 

rule. It explains LCC concepts, provides a common glossary of terms, lists 

assumptions, and guides the making of the required calculations through provi¬ 

sion of worksheets, a computer program, and sample problems solved step by 

step. The following is a capsulized summary of the key LCC requirements: 

PRINCIPAL APPLICATIONS 

The LCC Rule applies to: 

0 Alternative building systems and designs for existing and new Federal 

buildings proposed under the 10-year building plans of Federal agencies to 

reduce their consumption of nonrenewable energy. 

° Solar energy projects proposed under the Solar Federal Buildings Program. 

° Federal photovoltaic utilization projects. 

MAJOR REQUIREMENTS 

° Alternative building systems for proposed retrofit to existing Federal 

buildings should be determined to be life-cycle cost effective. 

Cost-effective alternative retrofit systems should be ranked in descending 

order of their savings-to-investment ratios and given priority on the basis of 

that ranking. 

0 The alternative Federal building design or building system design estimated 

to result in the lowest total life-cycle costs of the building should be 

selected, other things being equal. 

° A proposed Federal solar demonstration project will be rated in part on the 

basis of its relative economic performance as indicated by its estimated net 

savings or .excess cost, its years to payback, and its savings-to-investment 

ratio, as formulated in Section III of Form A-2 of the Solar Federal Buildings 

Program. 
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° In leasing buildings for Federal use, preference should be given to the 

building that uses solar energy or is otherwise life-cycle cost effective. 

° All Federal buildings should be retrofitted to assure their minimum 

life-cycle cost by 1990. 

KEY ELEMENTS OF THE LCC RULE 

° Life-cycle cost evaluations should account for those investment costs, 

nonfuel operation and maintenance costs, repair and replacement costs, salvage 

values, and energy costs that are important to the long-term cost effectiveness 

of a decision. 

° All future dollar amounts must be estimated in constant dollars, i.e., 

excluding the effects of general price inflation. 

° A discount rate of 7 percent, also excluding inflation, must be used to 

adjust all dollar values to a present value in the year the analysis is made. 

0 As an interim adjustment for social benefits of saving nonrenewable energy, 

that are not fully reflected in the dollar savings, initial project investment 

costs must be reduced to 90 percent of the actual investment costs for the pur¬ 

pose of estimating life-cycle costs. (This requirement is subject to change.) 

° The DoE-provided prices (published in tables C-l and C-2 of the LCC Rule 

and in this manual and subject to periodic revision in the Federal Register) 

must be used to establish initial energy costs, with the specific exceptions 

noted. 

0 Energy price growth projections provided by DoE (published in tables C-6 

through C-8 of the LCC Rule and in this manual and subject to periodic revision 

in the Federal Register) must be used in estimating life-cycle energy costs or 

savings. (This requirement can be met by using the modified discount factors 

given in appendix B.) 

° The study period for a building system retrofit should be the lesser of 25 

years or the expected life of the system; for a new building design, the lesser 

of 25 years or the period of intended use of that building; and for a leased 

building, the lesser of 25 years or the effective remaining term of the lease. 

For project design and/or sizing where choices are mutually exclusive, all 

choices should be evaluated based on an equivalent study period. 
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PRINCIPAL DEFINITIONS 

Because the function of this manual is to amplify the ICC Rule, terminology and definitions 
used in the Rule are also used here. Definitions of additional economic terms are also provided. 
Defined terms that appear in the definitions of other terms are capitalized. 

Alternative Building System - An installation or modification of an installa¬ 

tion in a building intended primarily to reduce energy consumption or allow 

the use of renewable energy sources, or a primarily energy-saving Building 

System, including a renewable energy system, for consideration as part of the 

design for a New Federal Building. 

Annually Recurring Costs - Those costs which are incurred each year in an 

equal, constant dollar amount throughout the Study Period. 

Annual Value (Annual Worth) - Project costs or benefits amortized over the 

Study Period, that is, expressed as an equivalent uniform annual amount, 

taking into account the Time Value of Money. 

Annual Value (Annual Worth) Factor - The number by which a dollar amount may be 

multiplied to find its equivalent Annual Value, based on a given Discount Rate 

and a given period of time. 

Base Year - The year in which the life-cycle cost analysis is conducted. 

Base-Year Energy Costs - The quantity of energy delivered to the boundary of 

a Federal Building in the Base Year, multiplied by the base-year price of fuel 

(as given in the most recent edition of appendix C, table C-1 or C-2, for the 

appropriate type of fuel, sector, and region, or, if higher, the price actually 

charged the Government by the supplier in the Base Year). 

Base-Year Energy Savings - For an Existing Federal Building, the positive 

difference between the existing building's Base-Year Energy Costs before 

the Retrofit and its estimated Base-Year Energy Costs after the Retrofit of a 

proposed Alternative Building System, taking into account all types of energy 

affected. For a New Federal Building, the positive difference between the esti¬ 

mated Base-Year Energy Cost of a building design or Building System design 

which is not primarily oriented towards energy conservation and the estimated 

Base-Year Energy Cost of an alternative building design or Building System 

design, taking into account all types of energy affected. 

Building - Any structure with a roof and walls designed for storage or human 

use. 

Building System - A portion of the structure of the Building or of any 

energy-using system in the Building. 
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Cash Flow - The stream of occurrence of a project's costs and benefits— 

expressed for the purpose of this requirement in Constant Dollars. 

Constant Dollars - Values expressed in terms of the purchasing power of the 

dollar at the time the life-cycle cost analysis is conducted; constant dollars 

do not reflect future price Inflation. 

Cost Effective - The condition whereby estimated life-cycle cost reductions 

(benefits) from an energy conservation project exceed the life-cycle costs of 

that project, where all Cash Flows are assessed in Constant Dollars over the 

relevant Study Period and discounted to reflect the Time Value of Money. 

Current Dollars - Values expressed in terms of the actual prices of each year, 

including future price Inflation. 

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 cost of two alternatives. 

Differential Energy Price Escalation Rate - The expected difference between a 

general rate of Inflation and the rate of price increase assumed for energy. 

Discount Factors - Multiplicative numbers for converting Cash Flows occurring 

at different times to correspondence at a common 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 a mathematical relationship which enables 

the conversion of dollars at a given point in time to an equivalent amount at 

some other point in time. 

Discount Rate - The rate of interest, reflecting the Time Value of Money, that 

is used in Discount Formulas, or to select Discount Factors which in turn are 

used to convert Cash Flows to a common time. 

Discounted Payback Period - The time required for the cumulative savings, net 

of future costs, from an investment to pay back the Investment Costs, taking 

into account the Time Value of Money. 

Discounting - A technique for converting Cash Flows occurring over time to 

time-equivalent values, adjusting for the Time Value of Money. 

Economic Life - That period of time over which an investment is considered to 

be the lowest-cost alternative for satisfying a particular need. 

Energy Conservation Measure - An installation or modification of an installa¬ 

tion in a Building which is primarily intended to reduce energy consumption 

energy cost, or allow the use of a renewable energy source. 
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Existing Federal Building - A Federal Building, the construction of which was 

complete by November 9, 1978, or the design of which cannot feasibly be modi¬ 

fied after the effective date of Subpart C of Part 436, 10 CFR. 

Facility - Any group of closely located Buildings, none of which is indi¬ 

vidually metered for all energy sources and for which the actual rate of use 

of all energy sources can be determined. 

Federal Agency - An Executive agency under 5 U.S.C. 105 (1970), the United 

States Postal Service, and each entity specified in 5 U.S.C. 5721 (1)(B)-(H) 

( 1970). 

Federal Building - Any Building, structure, or facility which is constructed, 

renovated, leased or purchased in whole or in part for use by the United 

States, and which includes a heating system, or cooling system, or both. 

Inflation - A rise in the general price level, or, put another way, a decline 

in the general purchasing power of the dollar. 

Internal Rate of Return - The compound rate of interest which, when used to 

discount the life-cycle costs and savings of a project, will cause the two to 

be equal. 

Investment Costs - The initial costs of design, engineering, purchase and 

installation, exclusive of "Sunk Costs," all of which are assumed to occur 

as a lump sum at the beginning of the Base Year for purposes of making the 

life-cycle cost analysis. 

Life-Cycle Costing (LCC) - A general method of economic evaluation which takes 

into account all relevant costs of a building design, system, component, mater¬ 

ial, or practice over a given period of time, adjusting for differences in the 

timing of those costs. The LCC method encompasses several different economic 

evaluation techniques, or "Modes of Analysis," including Total Life-Cycle Cost 

Analysis, Net Benefits or Net Savings Analysis, Savings-to-Investment Ratio 

Analysis, and Internal Rate-of-Return Analysis. 

Liquid Gas - Propane, butane, ethane, penetane, or natural gasoline. 

Modes of Analysis - The various ways in which cost data of a project can be 

combined and presented to describe a measure of project cost effectiveness. 

The LCC Modes of Analysis used to evaluate FEMP projects are Total Life-Cycle 

Costs (TLCC), Net Savings (NS), and Savings-to-Investment Ratio (SIR). An 

additional Mode of Analysis—not fully consistent with the LCC method--used 

for evaluation in the Solar Federal Buildings Program is Simple Payback (SPB). 

New Federal Building - A Federal Building for which construction was not 

completed prior to November 9, 1978, and the design of which can be feasibly 

modified after the effective data of Subpart C of Part 436, 10 CFR. 

Nonrecurring Costs - Costs that are not uniformly incurred annually over the 

Study Period. 
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} 

Nonfuel Operation and Maintenance Costs - Labor and material costs required for 

routine upkeep, repair and operation, exclusive of energy cost. 

Present Value (Present Worth) - The time-equivalent value of past, present or 

future costs as of the beginning of the Base Year. 

Present Value (Present Worth) Factor - The number by which a dollar amount may 

be multiplied to find its equivalent Present Value as of the beginning of the 

Base Year. 

Replacement Costs - Future costs to replace a Building System or a component 

thereof. 

Retrofit - The installation of an Alternative Building System in an Existing 

Federal Building. 

Salvage Value - The residual value, net of any disposal costs, of any Building 

System removed or replaced during the Study Period, or remaining at the end of 

the Study Period, or recovered through resale at the end of the Study Period. 

Savings-to-Investment Ratio (SIR) - The Present Value of future energy savings, 

net of future Nonfuel Operation and Maintenance Costs, as a ratio to Investment 

plus Replacement Costs, net of Salvage Value. 

Sensitivity Analysis - Testing the outcome of an evaluation by altering the 

values of one or more system parameters from the initially assumed values. 

Simple Payback Period (SPB) - A measure of the length of time required for the 

cumulative savings, net of cumulative future costs, from an investment to pay 

back the Investment Cost, without taking into account the Time Value of Money 

nor the Differential Energy Price Escalation Rate. 

Study Period - The time period covered by a life-cycle cost analysis. 

Sunk Costs - Costs which have been incurred prior to the life-cycle cost 

analysis and which therefore should not be considered in making a current 

investment decision. 

Time-of-Day 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 that may stem both 

from price Inflation and from the real earning potential of investments over 

time. 

Total Life-Cycle Cost (TLCC) - The total cost of owning, operating and 

maintaining a Building or Building System over the Study Period. 

Useful Life - The time over which an investment continues to generate benefits 

or savings. 

7 



SYMBOLS AND ABBREVIATIONS 

Btu British Thermal Units 

DoE Department of Energy 

DPB Discounted Payback 

FEMP - Federal Energy Management Programs 

HVAC - Heating, Ventilation and Air Conditioning 

IRR Internal Rate of Return 

kWh - Kilowatt Hours 

LCC Life-Cycle Costs or Life-Cycle Costing 

MB tu 10^ x Btu or One Million Btu 

NECPA - National Energy Conservation Policy Act 

NS Net Savings 

ONM Operation and Maintenance 

OMB Office of Management and Budget 

PB Payback Period 

SFBP - Solar Federal Buildings Program 

SIR Savings-to-Investment Ratio 

SPB Simple Payback 

SPW Single Present Worth Factor 

TLCC - Total Life-Cycle Costs 

UPW Uniform Present Worth Factor 

UPW* - ■ Modified Uniform Present Worth Factor 
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1. INTRODUCTION 

1.1 PURPOSE 

This report is intended as a working manual for use by Federal agencies in 

performing economic evaluations of energy conservation and renewable energy 

projects required by legislation and executive order and guided by the Life- 

Cycle Cost Rule (LCC Rule) for the Federal Energy Management Programs (FEMP). 

It describes the method, outlines the procedures, defines the terms, gives 

basic assumptions, and provides instructions, worksheets, data tables, and a 

computer program for calculating the required measures.^ The manual may be 

used in any or all of the following ways: (1) as a general reference for per¬ 

forming or understanding life-cycle costing, (2) as a specific guide to the 

FEMP economic evaluation requirements, and (3) as a tool for carrying out these 

requirements.~ 

The manual aims at assisting agencies to meet the following specific 

requirements (paraphrased) of Executive Order 11912, as amended by Executive 

Order 12003, and of the National Energy Conservation Policy Act (NECPA): 

(1) In the construction or renovation of buildings, the cost of energy 

consumed over the building life must be considered. 

(2) In the design of new Federal buildings, cost evaluations shall be 

made on the basis of life-cycle costs rather than initial costs. 

(3) In designing new buildings, the lowest life-cycle cost design 

alternative that meets performance requirements of the building shall be 

selected. 

(4) All energy conservation investments must be life-cycle cost 

effective. 

1 This manual draws upon a number of existing Federal agency documents 

pertaining to LCC analysis, such as Refs. [1]—[7], and aims at promoting uni¬ 

formity of method and procedures among Federal agencies. Specific terminology 

used in the Federal Regulation is used here for consistency. Definitions are 

given in the front of the report. 

O 

The engineering and design of building retrofit and construction are not 

treated in the LCC Rule nor in this manual. For assistance in developing 

engineering costs and thermal data for energy conservation and solar projects, 

see Refs. [8]—[10]• 
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(5) Energy conservation investments should be undertaken (ranked) in 

order of their life-cycle cost effectiveness, with priority given to the most 

cost-effective investments. 

(6) On or before January 1, 1990, all cost-effective energy-conserving 

retrofits shall be implemented in Federal buildings. 

(7) In leasing buildings, preference shall be given to buildings that 

utilize solar energy or otherwise minimize life-cycle costs to the Federal 

government over the remaining term of the lease. 

(8) The life-cycle cost effectiveness of the system shall be one factor 

to consider in the use of solar energy in Federal buildings under the Solar 

Federal Buildings Program. 

(9) Measures of present value costs and benefits, excess cost (if any), 

and payback shall be computed for solar energy investments under the Solar 

Federal Buildings Program. 

1.2 ORGANIZATION 

The remainder of this manual is organized into six sections and seven appen¬ 

dices. Section 2 provides a reference to basic concepts in life-cycle cost 

analysis for the convenience of the user who desires background. Section 3 

gives the assumptions that are to be followed in evaluating Federal projects. 

Sections 9 through 7 describe the calculation procedures that are to be used 

for each of the following applications: (a) evaluating retrofit projects for 

existing buildings, (b) evaluating alternative designs for new buildings, 

(c) evaluating the life-cycle costs of leased buildings, and (d) evaluating 

solar energy systems for new and existing buildings. These sections provide 

instructions, worksheets, and sample problems that agencies may follow to 

calculate the required measures. 

Supporting information is provided in the seven appendices. Appendix A 

contains discount factors for finding the present values of nonfuel future 

amounts. Appendix B contains discount factors for finding the present value 

of future energy costs. Appendix C gives current and future energy prices and 

the projected rates of change in future prices. Appendix D contains blank 

worksheets that can be used for calculating the required measures of cost 

effectiveness for each of the preceding four applications. Appendix E lists a 

computerized version of the calculation procedures contained in the worksheets. 

Appendix F contains a nomogram for converting a simple payback measure to a 

discounted payback measure. Appendix G provides a year-by-year, manual calcu¬ 

lation method for evaluating life-cycle energy costs or savings that may be 

required under certain circumstances. 
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2. BASIC CONCEPTS 

This section provides an overview of basic concepts in life-cycle cost analysis. 

It is offered as a reference for those who would like background on the method 

employed in sections 4 through 7, but it is not a prerequisite to carrying out 

the required evaluations. The computational aids — the worksheets and the 

computer program — are accompanied by step-by-step instructions as to pro¬ 

cedure, and the specific requirements for data and assumptions are given in 

section 3. Hence, the user may choose to go directly to section 3 and refer 

to this section only as needed. 

2.1 THE LIFE-CYCLE COSTING APPROACH 

Life-cycle costing (LCC) is an evaluation method which takes into account 

relevant costs over time of a building's design, systems, components, mater¬ 

ials, and operation. It incorporates initial investment costs, future replace¬ 

ment costs, operation and maintenance costs, and salvage and resale values, 

adjusting them to a consistent time basis and combining them in a single 

cost-effectiveness measure that makes it easy to compare alternative projects. 

Because it includes future amounts, it is a tool particularly suited for deter¬ 

mining which energy conservation projects will save more than they cost (i.e., 

which are cost effective) and for selecting those projects that will provide 

the highest overall net return to the Federal energy conservation budget. 

2.2 THE CHANGING VALUE OF MONEY OVER TIME: INFLATION AND OPPORTUNITY COSTS 

An LCC approach requires that the cash amounts associated with a given project 

be put on a common time basis to make all dollars have the same value. This 

time adjustment is essential for a valid evaluation of a project's cost effec¬ 

tiveness, as well as for its comparison with other projects that involve 

differently timed cash amounts. 

The value of money depends on when that money is expended or received because 

of two factors: inflation and the "opportunity cost of money." Inflation 

erodes the buying power of money over time. The opportunity cost of money 

reflects the fact that money in hand can be invested or used for some purpose 

to yield a return over time apart from inflation. 
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2.2.1 Inflation 

Federal agencies are directed by Office of Management and Budget (OMB) Circular 

A~94 to state future prices in "constant dollars" (i.e., dollars having the 

same purchasing power).* This means that those future prices which are 

expected to change at about the same rate as general price inflation should 

be assumed to remain unchanged in terms of "constant dollars." Those future 

prices which are expected to remain fixed in amount, for example by contract, 

should be estimated to decline at the rate of general price inflation, when 

expressed as constant dollars.^ The constant dollar equivalent of those future 

prices which are expected to increase more quickly or more slowly than the rate 

of general price inflation should reflect the amount of the difference between 

the rate of general price inflation and the expected future rate of change in 

the particular prices in question. 

2.2.2 Opportunity Cost and Discounting 

With future amounts expressed in constant dollars, it remains necessary to 

adjust them for the opportunity cost of money—the additional factor that 

changes the value of money over time. This time adjustment can be accomplished 

by applying appropriate "discount formulas," or multiplicative "discount fac¬ 

tors" derived from the formulas, to the future amounts. This operation is 

called "discounting". 

2.2.2.1 Discount Formulas 

The more commonly used discount formulas are shown in table 2.1, with graphic 

depictions of their use. Of these seven formulas, the following are the ones 

that will be most used in evaluating the cost effectiveness of energy conserva¬ 

tion and renewable energy projects: (1) the Single Present Worth (or Value) 

Formula (SPW), used to find the present-time equivalent value of a single 

future amount, such as a replacement cost or a salvage value; (2) the Uniform 

Present Worth Formula (UPW), used to find the present-time equivalent value of 

an annually recurring amount, such as routine maintenance cost; (3) and the 

Uniform Present Worth Formula Modified (UPW*), used to find the present-time 

equivalent value of a future amount projected to increase at some rate over 

time, such as energy costs. 

1 See Ref. [11]. 

2 For directions in adjusting fixed current dollars to their constant dollar 

equivalent see Ref. [12]. 
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TABLE 2.1. DISCOUNT FORMULAS 

Formula Name 

Single Compound 

Amount Formula (SCA) 

Single Present Worth 

Formula (SPW) 

Uniform Sinking Fund 

Formula (USF) 

Uniform Capital Recovery 1 

Formula (UCR) P UQ + [!?]•••• nn 
Uniform Compound 

Amount Formula (UCA) Q + □ * •[!]-» 
F? 

Uniform Present 

Worth Formula (UPW) fR^-d] + •••• FI 
Uniform Present Worth 

Formula Modified (UPW*) p? ^“EZJ +I_lI ■ ■ A 

Where: 

B-^R 
B*-n 
cd " B) ■ ■ p 

To find F when 

P is known 

To find P when 

F is known 

To find A when 

F is known 

To find A when 

P is known 

To find F when 

A is known 

To find P when 

A is known 

To find P when A is 

escalating at rate ea 

F 

P 

A 

A 

F 

P 

7 

P (1 + d)N 

(TTd? 

(1 + d)N-l 

P d( 1 + d)^ 

(i + dr-i 

A (1 + d)N-l 

d 

A (1 + d)^-l 
d(1 + d)N 

(1 + e) r 
1 -/ 

1 + e' 

(d - e)l ( 1 + d 

P = a present sum of money, or the present value of a sum of money occurring at some other time. 

F = a future sum of money, or the future value of a sum of money occurring at some other time, 

d = an interest or discount rate for the period being considered. 

N = the number of interest or discounting periods. 

A = an end-of-period payment (or savings or receipt) in a uniform series over N periods, 

or the uniform time-equivalent of a sum of money occuring at some other time. 

A = an end-of-period payment (or savings or receipt) in a series over N periods, 

escalating at a given rate in each period. 

Aq = A evaluated at the beginning of the study period and used to calculate the present value, (P), of A. 

e = rate of escalation of A in each of N periods. 

F? = a future value to be found. 

P? = a present value to be found. 

A? = an annual value to be found. 

a To find P when A is escalating at a different rate over each of k escalation periods, 

P = A^ Z (l.+ e\) + (i_L£l_)n' l ( | + e7 y + . . . . 
j=l k 1 + d ' M + d ’ j = l 1 i + d ' 

-d") ••• i r + ? } j=ri 

where n = the length of the period for a given escalation rate, and the subscript k indicates the escalation 

period; e = rate of escalation in a given escalation period; and 

j=Zl 
M + e y . / 1 + e ) i _ f l + e \ 
lr+-T' 1 ] 'TTT/ 
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2.2.2.2 Discount Factors 

Discounting is simplified by the use of discount factors, simple multipliers 

precalculated from the formulas in table 2.1. The factors, which are more 

convenient to use and give the same results (aside from possible rounding 

errors) as the formulas, are emphasized in the LCC Rule. 

Appendix tables A-l and A-2 give the Single Present Worth (SPW) and Uniform 

Present Worth (UPW) discount factors for years 1 through 25, based on the 7 

percent discount rate now required for Federal building decisions. These 

discount factors are to be used to find the present value of nonfuel costs or 

savings in energy-related investments. 

Appendix tables B-l through B—11 give the Uniform Present Worth Modified (UPW*) 

discount factors for years 1 through 25, based on a 7 percent discount rate. 

These UPW* factors incorporate the official DoE-projected energy price escala¬ 

tion rates which Federal agencies are directed to use in making their LCC eval¬ 

uations. Because the projected energy price escalation rates vary by the 10 

DoE regions of the country, by fuel type, and by sector, a set of 10 tables 

are necessary to provide these discount factors. (Table B—11, which incor¬ 

porates the U.S. average energy price projections, is given for general refer¬ 

ence.) Appendix B discount factors are to be used to find the present value of 

energy costs or savings. 

2.2.2.3 Discount Rate 

Discount factors are based on a "discount rate" which is a rate of interest to 

reflect the investor's opportunity cost of money. As a general rule, the 

opportunity cost is best indicated by the rate of return that could be realized 

if the funds were used for the best available alternative investment to the 

project being considered. 

For evaluating most investments of the Federal government, the Office of 

Management and Budget (0MB) has specified that a real rate of 10 percent 

(not including inflation) be used^ and, Executive Order 12003 stated that 

the Federal LCC methodology should be consistent with 0MB Circular No. A-94. 

Hence, the appendix A and B data tables published in the January 23, 1980 

Federal Register, as part of the final LCC Rule, were based on a 10 percent 

discount rate. 

1 The 10 percent rate is dictated by the Office of Management and Budget 

in Circular A-94, Ref. [11]. Some Federal investment decisions are guided 

by other rates. For example, 0MB Circular A-104 prescribes a real discount 

rate of 7 percent to analyze Federal decisions to acquire additional space by 

building, renovating, or leasing when the costs are estimated to be $500,000 

or more, Ref. [12]. 
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On June 30, 1980, however, President Carter signed the Energy Security Act 

which requires a discount rate of 7 percent per year.^ (This rate, like the 

10 percent rate, is interpreted as a real discount rate, not including the 

rate of inflation.) The changeover to the 7 percent discount rate for the 

Federal Energy Management Program is scheduled for October 1, 1980. 

All of the tables of discounting factors in appendices A and B are based on a 

7 percent discount rate. Because it is a "real discount rate" that does not 

include an estimate of the rate of inflation, it is lower than a comparable 

"nominal discount rate" that includes inflation. A real discount rate is 

appropriate for discounting future cash amounts that do not include inflation, 

i.e., that are given in constant dollars. 

The effect of discounting is to reduce the present value of future cash 

amounts. The higher the discount rate, the lower the present value equivalent 

of a future amount; the farther into the future the cash amount, the lower its 

present value equivalent. 

2.2.2.4 Present Values 

As indicated above, cash amounts that occur at different times should be 

adjusted to a common time basis for a valid economic analysis. _In general, 

that common time might be (1) the present, whereby all cash amounts are con¬ 

verted to an equivalent value occurring now; (2) annually, whereby all cash 

amounts are converted to an equivalent value occurring in a uniform amount 

each year over the study period; and (3) the future, whereby all cash amounts 

are converted to an equivalent value occurring at some common time in the 

future, although future time bases are not often used. 

For uniformity, all Federal agencies are required to use a present value basis 

for evaluating energy conservation and renewable energy projects for their 

10-year building plans and Solar Federal Buildings proposals. Present values 

are being used in preference to annual values because the present value conver¬ 

sions are needed in any case to incorporate the future escalation of energy 

prices. The need to include energy price escalation results in the loss of 

the computational advantages usually associated with the annual value basis. 

1 See Ref. [13]. 
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2.2.2.5 Using Discount Factors to Find the Present Value of Maintenance, 

Replacement, Salvage Value, and Energy Costs^ 

Finding the Present Value of Annually Recurring Routine Maintenance Costs: 

If a future constant dollar amount is expected to recur annually—as is typical 

of routine maintenance cost—its present value (P) over N years can be found by 

multiplying the UPW factor for N years by the annually recurring amount (A), 

i. e. , 

P = A x UPW. (2. 1) 

For evaluating a Federal energy conservation or renewable energy project, UPW 

factors based on a 7 percent discount rate (given in appendix table A-2), 

should be used. 

For example, to find the present value of 15 years of annual maintenance costs 

of $100, multiply $100 by 9.11 (the UPW discount factor for 15 years and a 7 

percent discount rate found in table A-2), obtaining $911, i.e., 

P = $100 x 9.11 = $911. (2.2) 

This means that a Federal agency should regard the spending of $100 for 

maintenance in each of 15 years as the economic equivalent to spending $911 in 

a lump sum now. This kind of equivalency measure can be useful in guiding cost 

tradeoffs, such as a tradeoff between initial investment costs and future 

maintenance costs. 

Finding the Present Value of Nonannually Recurring Replacement Costs and 

Salvage Values: 

The present value (P) of a future amount that does not recur annually—such as 

a major system replacement or a salvage (resale) value—can be found by multi¬ 

plying each future amount (F) by the SPW factor for the year in which it 

occurs, i.e., 

P = F x SPW. (2.3) 

For a Federal energy conservation or renewable energy project, SPW factors 

based on a 7 percent discount rate (given in appendix table A-l) should be 

used. 

1 Initial investment 

dollars and to require 

for further discussion 

costs can be assumed to be 

no discounting operation, 

of this assumption.) 

already in present value 

(See sections 3.6 and 3.7 
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For example, to find the present value of a replacement cost estimated at $1000 

in the 10th year in constant dollars, multiply $1000 by 0.51 (the SPW discount 

factor for the 10th year and 7 percent found in table A-l), obtaining $510, 

i.e., 

P = $1000 x 0.51 = $510. (2.4) 

This time equivalency measure can also be used to evaluate cost tradeoff; for 

example, it would be worth raising initial investment costs by up to $510 to 

avoid this future replacement. 

In the same way, the present value of a future salvage or resale value can 

be found. For example, the present value of a salvage of $600 expected to be 

received in the 25th year can be estimated by multiplying $600 by 0.18 (the 

SPW discount factor for the 25th year and 7 percent found in table A-l), as 

follows: 

P = $600 x 0.18 = $108. (2.5) 

As may be seen, the future salvage value is reduced substantially when 

translated into today's equivalent value, taking into account the federally 

prescribed 7 percent opportunity cost of money. 

Finding the Present Value of Energy Costs: 

If the price of a material or commodity is expected to rise in amount over time 

faster than general price inflation—as is widely expected of energy—the pre¬ 

sent value (P) of its cost over N years can be found by multiplying the appro¬ 

priate UPW* factor by a year's energy cost evaluated at today's ("base-year") 

prices (AQ), i.e., 

P = A0 x UPW*. (2.6) 

For evaluating a Federal energy conservation or renewable energy project, UPW* 

factors based on a 7 percent discount rate and on DoE-projected differential 

energy price escalation rates should be used. (These are given in appendix 

tables B-l through B-10 and are subject to periodic revision in the Federal 

Register.) 

For example, to find the present value of energy costs over 20 years for a 

Federal office building in Wisconsin (DoE Region 5), which uses the equivalent 

of 5000 x lO^ Btu of distillate oil annually, priced today at $6.78 per 10^ Btu 

(the DoE price in mid-1980 for DoE Region 5, Commercial Sector, Distillate Oil, 

as given in appendix table C-l), first find AQ, the base-year energy costs, by 

multiplying 5000 x 10^ Btu x ^6.78/10^ Btu. Then multiply the resulting 

amount, $33,900, by 14.31 (the UPW* discount factor for DoE Region 5, Commer¬ 

cial Sector, Distillate, for 20 years found in table B-5), obtaining $485,109, 

i.e. , 

P = 5000 x 106 Btu x $6.78/106 Btu x 14.31 = $485,109. (2.7) 
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A reduction in the present value of energy costs can be compared with the 

present value costs of achieving the reduction. For example, an energy conser¬ 

vation project that would reduce the present value energy costs of the example 

building by, say, one-third, from $485,109 to $325,023—a savings of $160,086— 

would be cost effective if its present value costs were less than $160,086. 

2.3 MODES OF ANALYSIS 

There are several different ways of combining the data on cost and savings from 

a project to evaluate its economic performance. The different measures of 

economic performance are referred to in the LCC Rule as "modes of analysis." 

For making evaluations of potential FEMP projects, the required modes of anal¬ 

ysis are: (1) Total Life-Cycle Costs (TLCC), (2) Net Life-Cycle Savings (NS), 

(3) Savings-to-Investment Ratio (SIR), and (4) Payback Period (PB).l The first 

three of these are fully consistent with an LCC approach, in that they take 

into account all relevant values over the entire study period and discount them 

to a common time basis. The fourth, the payback period, is not fully consis¬ 

tent with an LCC approach because it may not include all values and, in its 

simple version, does not adjust values for time differences. It is used in the 

LCC Rule only as a supplementary measure to the life-cycle costing measures. 

The above modes of analysis treat energy in monetary terms and take into 

account the present differences in prices of alternative sources of energy in 

the various regions of the U.S. For example, each of the LCC modes reflects 

that a reduction in energy usage in 1980 of a million Btu's of fuel oil would 

save an average of $6.91 (commercial prices) per year in 1980 dollars, whereas 

a reduction of a million Btu's of electricity would save an average of $18.06 

(commercial prices), and a million Btu's of coal, only $1.46 (industrial 

prices). Similarly, the LCC modes reflect that in 1980, electricity costs more 

than $0.09 (residential prices) per kilowatt hour in one region of the country 

and less than $0.03 (residential prices) in another region.2 Modes (1) through 

(3) also take into account the projected future escalation of energy prices. 

Since they are based on dollar values, the LCC modes do not distinguish between 

dollar savings occurring from energy sources and dollar savings occurring from 

nonenergy sources such as labor or materials. On the one hand, this feature 

may in some cases mean the need for supplementary project selection criteria to 

1 A mode of analysis, consistent with an LCC approach, but not used for 

evaluating FEMP projects, is the Internal Rate of Return (IRR) Method. For 

a simplified description of the modes of analysis and the discounting tech¬ 

nique, see Ref. [14]. For a more detailed treatment of the IRR or additional 

description of the modes of analysis, see an engineering economics or 

cost-benefit text, such as Refs. [15] and [16]. 

^ Based on DoE 1980 estimated prices given in appendix tables C-l and C-2. 
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ensure that the energy conservation program is indeed supporting energy con¬ 

servation projects. On the other hand, it is a strength of the LCC modes of 

analysis that significant nonenergy savings are taken into account. 

Each of the four modes of analysis used in FEMP evaluations is described below. 

2.3.1 Total Life-Cycle Costs 

ABBREVIATION: TLCC 

DESCRIPTION: TLCC is the sum of all significant dollar costs of a project, 

discounted to present values. A building design or system that lowers the 

TLCC of the building while meeting performance requirements can generally be 

held to be cost effective.^ 

GENERAL FORMULA: 
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^ ^ ^ 

TLCC =I-S+M+R+E, (2.8) 

where all amounts are expressed as present values. 

FEMP USE: (1) Comparison of new building designs. 

(2) Comparison of alternatives for a given building system in a 

given application, e.g., alternative thicknesses of insulation for a given 

wall. 

1 This is true unless there are substantial costs which are nonquantified 

that alter the cost effectiveness of the design or system. 
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2.3.2. Net Life-Cycle Savings 

ABBREVIATION: NS 

DESCRIPTION: NS is the decrease in the TLCC of a building or building system 

which is attributable to an energy conservation or renewable energy project. 

It is found by subtracting the TLCC of the building or building system with the 

energy-conserving or renewable energy project (as calculated by equation 2.8), 

from the TLCC without the project (also calculated by equation 2.8). 

An equivalent way of defining NS is "the difference between the decrease in 

energy costs attributable to a project and the increase in other costs attrib¬ 

utable to it." A positive NS can generally be held to mean the project is cost 

effective.* 

GENERAL FORMULAS: 

(2.9) 

or 

NS = AE - [AI - AS + AM + AR] (2.10) 

where all amounts are expressed as present values 

See footnote 1 on page 25 
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The A values used in the above formula for NS and below in the formula for the 

SIR are calculated by taking the difference in present value costs between the 

proposed energy conservation or renewable energy system and its alternative 

which may be an existing system or a new system without energy conserving or 

renewable energy features. Where the subscript w designates the amounts with 

the proposed energy conservation or renewable energy system and the subscript 

wo designates the amounts without the proposed system, the A values are defined 

as follows: 

AE = (Ee " Er) (2.11) 

AI = (Ir " Ie> (2.12) 

AS = (Sr - se) (2.13) 

AM = (Mr - Me) (2.14) 

AR = (Rr - Re) (2.15) 

FEMP USE: (1) Comparison of alternatives for a given building system in a 

given application, e.g., alternative thicknesses of insulation for a given 

wall, or alternative sizes of a solar energy system (i.e., same as FEMP use #2 

for TLCC). 

(2) Evaluation of solar energy systems proposed under the Solar 

Federal Buildings Program, as required by Title V, Part 2 of NECPA. 

2.3.3 Savings-to-Investment Ratio 

ABBREVIATION: SIR 

DESCRIPTION: The SIR is a numerical ratio calculated with the reduction in 

energy costs, net of increased nonfuel operation and maintenance costs, as the 

numerator, and the increase in investment cost, minus increased salvage values, 

plus increased replacement costs, as the denominator. An SIR greater than one 

means the investment is cost effective; the higher the ratio, the greater the 

dollar savings per dollar spent. 
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GENERAL FORMULA: 
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SIR = [AE - AM] t [AX - AS + AR], (2.16) 

FEMP USE: (1) Comparison and ranking of retrofit projects for existing 

buildings to determine their relative priorities. 

(2) Comparison and ranking of proposed solar energy systems under 

the Solar Federal Buildings Program. 

2.3.4 Payback Period 

ABBREVIATION: PB 

DESCRIPTION: The PB is the elapsed time between the initial investment and 

the time at which cumulative savings in energy costs, net of other future 

costs, are just sufficient to offset the initial investment costs. If dif¬ 

ferences in the timing of the cash flows are taken into account, the mode is 

called "discounted payback" (DPB). If timing differences are not taken into 

account, the mode is called "simple payback" (SPB).^ 

The shorter the time until the investment is paid back, generally the more 

attractive the investment is considered. However, this preference is not 

always justified from the standpoint of cost effectiveness, and an investment 

with a longer payback period may be more cost effective than an investment with 

a shorter payback. For example, a project that costs $10,000, saves $4,000 a 

year, lasts 4 years, and therefore has a simple payback of 2 1/2 years, will be 

less cost effective than a project that costs $10,000, saves $3,000 a year, 

lasts 6 years, and therefore has a simple payback of 3 1/3 years. Ignoring 

price escalation and using the 7 percent discount rate, the net present value 

savings of the first project is $3,560, while that of the second is $4,310. 

The discounted payback of the first project occurs in the third year. The 

discounted payback of the second project occurs in the fourth year—later 

than the first, but a year before the end of its expected life. Hence, the 

payback mode of analysis has the disadvantage of not always indicating the 

A nomogram for converting from SPB to DPB is provided in appendix F. 
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most cost-effective projects; the simple version of payback has the added dis¬ 

advantage of not indicating the correct time to payback including the cost of 

money. 

GENERAL FORMULA: 
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Find y, such that E 

j-l 

(AEj ~ AMj “ ARj) = Aj, (2.17) 

where, for DPB, e, M, and r are yearly amounts, in constant dollars which 

reflect any differential price changes, converted to present values; and, for 

SPB, they are base-year amounts which do not reflect any differential price 

changes and are not discounted. 

SIMPLIFIED SPB FORMULA: If future changes in energy or other prices are not 

taken into account, and if future costs and savings are estimated to occur in 

even yearly amounts, the following simple formula can be used to determine SPB: 

1 A primary advantage that usually exists for the PB mode is that it 

indicates to a speculative investor the length of time before returns enable 

a loan to be paid off. This feature, however, does not appear critical to 

Federal investment decisions. Other advantages of PB—which may be important 

to the Federal government—are its widespread familiarity and its usefulness 

for testing the sensitivity of estimated system life. 
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where tJEoi AAf0> and Aaq are base-year amounts and not discounted. 

FEMP USE: A measure of payback is required by Title V, Part 2 of NECPA for 
the evaluation of solar energy systems in the Solar Federal Buildings Program, 
in supplement to the NS measure. To meet this requirement, the SPB mode is 
used with energy and other costs evaluated in base-year prices, without dif¬ 
ferential price escalation or discounting. This should be viewed as only a 
rough, approximate measure of economic performance and should not be relied 
upon as the primary measure for most project decisions. 

2.4 APPLICATIONS 

2.4.1 Determining Cost Effectiveness — TLCC, NS, SIR, and SPB 

Provided the SPB measure is used with caution, any of the four above modes of 
analysis can usually be used to determine whether or not a project is cost 
effective; that is, whether the reduction in energy and other costs caused by a 
project exceed the increases in investment and other costs attributable to it. 
The cost effectiveness of a project is indicated when any of the following con¬ 
ditions are met: (1) The TLCC of the building is lower with the project than 
without it; (2) the NS from the project is greater than zero; (3) the SIR is 
greater than one; or (4) the payback period for the project is shorter than 
its expected life. In using the SPB to determine cost effectiveness, it is 
important to remember that the SPB is a rough measure of cost effectiveness 
which tends to understate the payback period. When the SPB time is close to 
the expected life, the project will probably not be cost effective, taking into 
account the 7 percent cost of money. 

It is not enough, however, simply to identify projects that are cost effective 
in terms of saving more than they cost. It is possible to increase energy cost 
savings per investment dollar spent if: (1) projects are designed and sized 
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for the greatest possible economic efficiency, and (2) for a limited budget, 

priority is given to the most economically efficient projects. The four modes 

of analysis listed above are not equally suitable for choosing among alterna¬ 

tive new building designs, for designing and sizing projects for new and exist¬ 

ing buildings, nor for ranking available retrofit projects in terms of their 

relative cost effectiveness. 

Additionally, the economic efficiency of energy-related projects can be 

improved by the optimal timing of investment decisions. This means developing 

replacement schedules for building systems on the basis of their economic 

lives. It means timing the investment in new building systems so as to capture 

the largest possible long-run net benefits or savings from those systems in the 

face of technological and other changes. Ideally, determining the choice of 

timing—the "when"—of investment planning is integrated with the choice of 

project type, design, size, and mix—the "what" of investment planning—to 

develop an investment strategy that accounts for both. This generally requires 

a dynamic programming approach which goes beyond the scope of this Manual. The 

emphasis of the LCC Rule and of this Manual is on providing a simplified, prac¬ 

tical tool which can be used for general project development, evaluation, and 

ranking.1 

2.A.2 Choosing Among Alternative Building Designs—TLCC 

TLCC is generally the mode best suited for choosing among alternative designs 

for a new building. The design with the lowest TLCC for the energy-related 

components of the building will be preferred, other things being equal. To use 

the other modes, it is necessary to find the dollar differences between the 

various features of one design and its alternatives. While this can be done 

and should lead to the same design decision, the TLCC mode will usually tend to 

be somewhat more convenient for comparing alternatives for the building's basic 

configuration and overall design. 

1 For guidance in determining economically efficient replacement and retire¬ 

ment policies, see Ref. [15]. For a landmark work on dynamic investment 

planning, see Ref. [17], 
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2.4.3 Designing and Sizing Projects—TLCC and NS 

Choosing between alternatives for a given building system in a given applica¬ 

tion (i.e., mutually exclusive^ projects), such as determining the economically 

efficient design and size of an energy conservation project or of a solar 

energy system, is best accomplished by either the TLCC or the NS mode of anal¬ 

ysis. As long as the TLCC of a building declines as a project is changed in 

design and/or increased in scale—which is the same thing as saying as long as 

NS rises—it pays to expand the project.^ 

Although it is also possible to use the SIR to choose among alternative designs 

and sizes of a project, the SIR is more likely to be misapplied than the TLCC 

and the NS. The SIR may be misapplied because its value tends to fall before 

the optimal investment design or size is reached. For example, the SIR com¬ 

puted for the addition to a solar collector array may be lower than the SIR on 

the total of the rest of the investment, thereby causing the SIR on the total 

investment to fall with the increase in size. Yet the larger size collector 

may be more cost effective than the smaller size, provided the return on the 

Alternatives are "mutually exclusive" if choosing one alternative 

precludes choosing the other; e.g., double and triple glazing are mutually 

exclusive alternatives for a given window. Projects are "nonmutually exclu¬ 

sive" if doing one does not necessarily preclude doing the other; e.g., it may 

be cost effective to replace both the furnace and the windows in a building if 

the budget permits, although one project may be more cost effective than the 

other. (Although the projects in this last example are not mutually exclusive, 

they are interdependent. See section 4.4 for a discussion of project inter- 

depencies.) 

^ Although this condition holds in theory only if there are no limitations on 

the budget, it is generally followed in practice whether there is or is not a 

budget constraint because of the difficulty of simultaneously equating the mar¬ 

ginal return on all projects. Furthermore, this guideline of improving the 

design or increasing the size of a project as long as TLCC declines or NS 

increases, seems particularly appropriate for the Federal program which 

requires by 1990 that all Federal buildings be life-cycle cost effective in 

their design and retrofit. Stopping projects short of their lowest cost design 

and size might well result in a need within the 1980-1990 time frame for the 

retrofitting of previously accomplished retrofit projects and also of new 

building designs, which would likely entail high attendant administrative 

and other costs; that is, the "moving target" phenomenon that may in any case 

result from changes in energy price forecasts and technological developments 

would probably be considerably worsened by not adopting this guideline of 

choosing the project design and/or size that minimizes the TLCC or maximizes 

the NS of that project. 
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increment to the investment is greater than its cost.l To avoid this kind of 

error, the TLCC and NS are recommended for choosing among mutually exclusive 

projects. 

2.4.4 Assigning Project Priorities—SIR 

Ranking nonmutually exclusive retrofit projects to give priority to the most 

cost-effective projects is best accomplished by the use of the SIR.2 Because 

it relates the size of the savings to the size of the investment, it provides a 

measure of the return on an investment dollar—a measure which the TLCC, the 

NS, and the PB modes do not provide. The TLCC and the NS modes do not, for 

example, distinguish between a project costing $9,000 and saving $10,000 and 

one costing $4,000 and saving $5,000 (assuming comparable time considerations). 

Selecting projects in descending order of their SIR's until the available 

budget is exhausted can be expected to result in a larger return per invest¬ 

ment dollar and, hence, a greater total dollar savings for a given budget than 

selecting projects according to their TLCC, their NS, or their PB.^ 

1 The optimal size occurs when the cost of an additional increment in the 

investment is just matched by the resulting increment in savings. 

The Internal Rate of Return (IRR), a mode of analysis not discussed here, 

is generally equivalent in technical accuracy to the SIR for ranking retrofit 

projects. However, it is not used for FEMP evaluations for the following 

reasons: it is more cumbersome to calculate than the SIR; (b) it is subject 

under certain conditions to problems in computation; and (c) its principal 

advantage of accommodating a changing required rate of return is lost, because 

the Federal discount rate is set. 

Another possible criterion for ranking retrofit projects that was consid¬ 

ered for use in this program is a measure of Btu per investment dollar. How¬ 

ever, it is not being used because it does not appear consistent with the 

requirements of the NECPA and the Executive Order for a life-cycle cost 

approach. It gives weight to the annual quantity of energy saved, but does 

not take into account the relative scarcities of different types of energy as 

reflected by their present prices or as can be accounted for by applying the 

special UPW* factors to adjust for projected energy prices changes. It does 

not, for example, distinguish/ between savings of coal and savings of oil, nor 

between savings of electricity in the northeast and in the northwest. Nor 

does the Btu per investment dollar measure account for the expected life of 

the project, the time value of money, and future nonenergy savings and costs. 

In the short run, it will yield the largest Btu energy savings (if based on 

energy consumption at the source) though probably not the largest dollar energy 

savings. But in the long run, it may not even yield the largest Btu savings, 

because of lower program efficiency and smaller dollar savings. 
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2.5 SENSITIVITY ANALYSIS 

Sensitivity analysis is a technique for evaluating a project when there is 

considerable uncertainty about the appropriate values to use in performing the 

evaluation. For example, uncertainty about the life of a project, the quantity 

of energy it will save, and/or its future replacement costs may raise doubts 

about its cost effectiveness. To assess the likely range of possible outcomes, 

several evaluations of the project can be made, based on alternative values of 

the parameters in question. By evaluating the outcome for upper and lower 

estimated values of the parameters, such as the minimum and maximum estimated 

life and the minimum and maximum estimated energy savings, sensitivity analysis 

can be used to bracket the range of likely outcomes and to give a clearer esti¬ 

mate of a project’s potential cost effectiveness.^- 

While there are no explicit requirements in the LCC Rule for sensitivity 

analysis, it is encouraged whenever substantial uncertainties cast doubt on 

project cost effectiveness. OMB Circular A-94 requires Federal agencies to 

conduct sensitivity analyses of proposed programs and projects if there is a 

"reasonable basis to estimate the variability of future costs and benefits." 

1 A related technique, probability analysis, may be used to evaluate a 

project under conditions of uncertainty when the probability of different 

occurrences can be estimated. For a description of how to perform probability 

analysis, see Ref. [16]; for a more detailed treatment, see Ref. [18]. 
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3. DATA AND ASSUMPTIONS 

The following is a list of requirements of the LCC Rule for establishing 

economic data and assumptions: ^ 

3.1 CONSTANT DOLLARS 

ESTIMATE ALL FUTURE AMOUNTS IN CONSTANT DOLLARS 

Consistent with OMB Circular A-94, all monetary amounts should be stated in 

constant dollars in terms of the purchasing power of the dollar at the time the 

evaluation is being made, i.e., in the base year. For example, if an LCC eval¬ 

uation were being made in 1980, a future cost expected to occur in 1990 should 

be stated in 1980 dollars without an estimate for the purely inflationary 

trends that may cause the general level of prices in the economy to rise 

between 1980 and 1990. 

This approach allows for the inclusion in data estimates of "differential price 

changes," i.e., changes that are faster or slower than the rate of general 

price inflation. The constant dollar value of future energy costs should 

incorporate DoE-projected differential price changes (See section 3.4).- 

3.2 QUANTITY OF ENERGY 

ESTIMATE THE QUANTITY OF ENERGY AT THE BUILDING BOUNDARY 

The life-cycle cost approach uses energy prices to evaluate the cost effective¬ 

ness of an investment. Because these prices already tend to reflect the rela¬ 

tionship of "boundary energy” to "source energy," the measure of the physical 

quantity of energy associated with a building or building system should be 

based on the quantity of energy delivered to the boundary of the Federal 

building for the purpose of making the LCC evalaution. 

A possible exception is when fuel is used to generate electricity on site. 

If, in the case of on-site generation of electricity, the agency estimates the 

value of the electricity on the basis of the DoE-provided electricity price 

These requirements reflect amendments to subpart A of Part 436, 10 CFR, 

made in response the Energy Security Act (Ref. [13]). These revisions are 

expected to become final in the fall of 1980. 

o 
For guidance in estimating the constant dollar value of a future amount 

which is fixed in amount (for example, by contract), and which declines in 

constant dollar value in response to inflation, see Ref. [12], 
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data (appendix table C-l), the quantity of electricity generated should be used 

in the LCC evaluations, not the boundary purchases of fuel to produce the elec¬ 

tricity, If, however, the agency estimates the value of on-site electricity/ 

steam/hot water on the basis of the input fuel plus generating and distributing 

costs, the quantity of the input energy should be based on the boundary 

purchases of the fuel. (See section 3.3) 

3.3 BASE-YEAR ENERGY PRICES 

USE DoE BASE-YEAR ENERGY PRICES TO ESTIMATE INITIAL ENERGY COSTS 

OR SAVINGS UNLESS ACTUAL PRICES TO THE AGENCY ARE HIGHER 

Federal agencies should use the higher of (1) the estimated base-year energy 

prices developed by DoE and given in appendix table C-l and C-2 (these are 

subject to periodic revision in the Federal Register^), or (2) the agencies' 

own base-year energy prices. 

An exception exists when fuel is purchased by a Federal agency to produce its 

own electricity, steam, or hot water on site. In this case, the base-year 

price of energy used to make LCC evaluations should be (a) the price of the 

input fuel to the agency plus the costs incurred by the agency in generating 

and distributing the electricity/steam/hot water, or (b) for electricity only, 

the DoE regional price of electricity indicated in appendix table C-l (subject 

to periodic revision), whichever is higher. 

3.4 FUTURE ENERGY PRICES 

TO ACCOUNT FOR ANTICIPATED RISE IN FUTURE ENERGY PRICES, 

USE DoE PROJECTED ENERGY PRICE ESCALATION RATES 

DoE projects the future prices of coal, fuel oil, electricity, and natural gas 

to rise at rates different from the rate of change in the general level of 

prices. These "differential energy price escalation rates" are projected to 

1 The energy prices provided in appendix C of this manual are average retail 

prices proposed for use beginning October 1980. (See Ref. [19].) DoE plans 

at a future time, however, to substitute for these average retail prices, 

adjusted marginal costs. The adjusted marginal costs will be based on the 

private and social costs of producing and delivering additional supplies of 

energy. They will be intended to more accurately reflect the costs of energy 

to the nation than do the average retail prices. Public notice will be given 

prior to a change to marginal cost pricing. The guideline of using the higher 

of the (1) DoE-provided price in appendix table C-l or (2) the actual agency 

price will continue to apply unless specifically changed in an amendment to 

the LCC Rule. s 
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vary by DoE region, by sector, by fuel type, and over time, as indicated by 

appendix tables C-6 through C-8 (subject to periodic revision in the Federal 

Register).^ 

There are three alternative recommended ways of using the DoE-projected energy 

price escalation rates to estimate future energy costs or savings: (1) Using a 

manual calculation approach, the simplest way to incorporate the escalation 

rates is to apply the approrpriate UPW* discount factor from appendix table 

B-l through B-10 (subject to revision whenever the DoE price projections are 

revised) to the base-year energy cost or savings to find the equivalent present 

value over the study period. (The UPW* factors already incorporate the DoE- 

projected energy price escalation rates, as well as the 7 percent discount 

rate.) (2) using a lengthier, step-by-step manual calculation approach, the 

future year-by-year prices of energy can be determined by applying the appro¬ 

priate compound annual escalation rates for energy prices, given in appendix 

tables C-6 through C-8, to the price of energy in each preceding year, using 

the single compound amount (SCA) interest formula. Each future year's energy 

cost or savings should then be discounted to present value. (See appendix G 

for a further description of this procedure.) (3) Using a computer program 

which incorporates the LCC calculation formulas, such as the LCC computer 

program in appendix E, the appropriate energy price escalation rates from 

appendix tables C-6 through C-8 may be merely entered into the program, 

together with other data. 

3.5 DISCOUNTING 

DISCOUNT FUTURE AMOUNTS TO PRESENT VALUE 

USING A 7 PERCENT "REAL" DISCOUNT RATE 

Consistent with OMB Circular A-94, Federal agencies should use a discount rate 

of 7 percent, not including inflation, to find the present value equivalents of 

future cash amounts which are estimated without inflation. The use of the dis¬ 

counting factors given in appendices A and B, all of which are based on a 7 

percent rate, will meet this requirement. 

3.6 INVESTMENT COSTS 

TREAT INVESTMENT COSTS, INCLUDING COSTS OF DESIGN, ENGINEERING, PURCHASE, 

AND INSTALLATION (EXCLUSIVE OF SUNK COSTS), AS A LUMP-SUM PRESENT VALUE 

AMOUNT OCCURRING AT THE BEGINNING OF THE BASE YEAR AND CONSTITUTING 90 

PERCENT OF ACTUAL INVESTMENT COSTS 

Treating investment costs as occurring at the beginning of the base year is a 

simplification which allows these costs to be considered already in present 

value dollars without discounting. 

See footnote 1, on page 38. 
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To assume that the initial investment costs, for all projects to be evaluated 

in a given year occur at the beginning of that year is, of course, a simpli¬ 

fication that gives somewhat less accurate results than a detailed analysis of 

actual estimated cash flows. Furthermore, it should be recognized that a 

detailed scheduling and accounting of costs is an important aspect of project 

management. However, for the purpose of making FEMP investment decisions, the 

difference in the results of a detailed cash flow analysis and of the simpli¬ 

fied approach is expected generally not to be great. If a more detailed 

analysis is made, it is, in any case, necessary to convert all amounts to 

present value dollars as of the base year in order to compare alternative pro¬ 

jects. A delay of project construction costs into the future generally means 

a corresponding delay in the commencing of energy savings. The discounted 

values of future investment costs, energy savings, and other costs will be 

reduced by delays in project completion. The reductions in costs and savings 

will tend to be somewhat offsetting, resulting in an LCC measure that tends to 

be quite close to that obtained by this simplified approach used for FEMP 

evaluation. (For a numerical example, see section 3.7.) 

Reducing actual investment costs by 10 percent for use in the LCC evaluation is 

an adjustment designed to encourage Federal energy conservation. It is an 

interim adjustment intended to compensate for the use of average retail energy 

prices which likely do not reflect the full value to the nation of conserving 

nonrenewable energy resources. The 10 percent reduction was modeled after the 

10 percent tax credit allowed to business for energy conservation and renewable 

energy investments at the time this adjustment was designed.*• 

3.7 ENERGY AND ANNUALLY RECURRING NONFUEL OPERATION AND MAINTENANCE COSTS 

ASSUME THAT ENERGY AND ANNUALLY RECURRING NONFUEL OPERATION AND 

MAINTENANCE COSTS BEGIN TO ACCRUE AT THE BEGINNING OF THE BASE YEAR, 

AND ARE EVALUATED AS LUMP-SUM AMOUNTS AT THE END OF EACH YEAR OVER 

THE STUDY PERIOD, STARTING WITH THE END OF THE BASE YEAR 

To correspond with the treatment of investment costs as initially incurred 

expenses, energy and nonfuel annually recurring amounts are evaluated first at 

the end of the base year and thereafter at the end of each year following. 

Again, this is a simplifying assumption adopted to promote uniformity and 

practicality in the LCC Rule. 

It is recognized that applying the 10 percent adjustment factor to 

investment costs is only a very rough proxy for the true value of social 

externalities not reflected in energy prices. For one thing, a more accurate 

adjustment would be linked to the type and amount of energy affected, not to 

the size of the investment cost. DoE plans in the future to eliminate this 

investment adjustment factor and to substitute for it improved energy cost 

data that more fully incorporate social costs. 
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As explained above, this simplified approach, though less accurate than a 

detailed analysis, is not expected to result in serious errors in investment 

decision. For the purpose of illustration, there follows for a simple, hypo¬ 

thetical problem a comparison of the LCC evaluation using, first, the simpli¬ 

fied evaluation approach adopted in the LCC Rule and, second, a more detailed 

approach which takes into account the expected actual scheduling of project 

installation and energy savings: 

GIVEN ASSUMPTIONS: 

Total Project Investment Cost = $100,000 (Constant 1980 Dollars) 

Annual Energy Savings = $15,000 (mid-1980 prices, Natural Gas, Commercial, 

U.S. Average) 

Project Life = 20 years 

Time of LCC Evaluation: mid-1980 

Expected Investment Schedule: mid-1981 - $5,000 Design 

late-1981 - $5,000 Engineering 

mid-1982 - $20,000 Engineering 

mid-1983 - $70,000 Installation 

Expected Onset of Energy Savings: Mid-1983 

SOLUTION BY LCC RULE, SIMPLIFIED METHOD: 

PVi98q$ Investment = $100,000 

PVi98o$ Energy Savings = $15,000 x 12.78 = $191,700 

NS = $191,700 - $100,000 = $91,700 

SIR = $191,700/100,000 = 1.92 

SOLUTION BY DETAILED METHOD , TAKING INTO ACCOUNT EXPECTED TIMING OF 

INVESTMENT COSTS AND ENERGY SAVINGS: 

Investment Costs 

PV Investment Design = $ 5,000 X .93 = $ 4,650 

PV Investment Engineering = $ 5,000 X .90 = $ 4,500 

PV Investment Engineering = $20,000 X .87 = $17,400 

PV Investment Installation = $70,000 X .82 = $57,400 

PVi9so$ Total Investment = $83,950 

Energy Savings 

Annual Energy Savings Evaluated in mid-1983 = $15,000 (1 + .0175)3 = $15,801 

PVi98q$ of Energy Savings from 1983 to 1985 = 

15,801 ( 1 + .0175 

.07 - .0175 
1 - (- 

1 + .0175 

1 + .07 
(0.82) = $24,038 
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Annual Energy Savings Evaluated in mid-1985 = $15,801 (1 + .0175)2 

PVig80$ °f Energy Savings from mid-1985 to mid-1990 = 

16,359[ 
1 + .0349] 

.07 - .0349 ^ 

1 + .0349 'j 
1 + .07 J 

(0.71) $52,603 

$16,359 

Annual Energy Savings Evaluated in mid-1990 = $16,359 (1 + .0349)^ - $19,420 

PVi9so$ °f Energy Savings from mid-1990 through mid-2003 = 

19,420(- 
1 + .0139 

07 - .0139J 
1 _ f. 1 + .0139 ^13 

ll + .07 1 
(0.51) $90,120 

PVi9so$ °f Total Energy Savings from mid-1983 through mid-2002 = $166,761 

Net Savings 

NS = $166,761 - $83,950 = $82,811 

Savings-to-Investment Ratio 

SIR = $166,761/$83,950 = 1.99 

Note that NS and SIR calculated by this more detailed approach will vary 

relative to the NS and SIR calculated by the simplified approach depending on 

the exact scheduling of investment, the onset of energy savings, and the rate 

of escalation assumed in the price of energy. For example, if the $70,000 

installation cost in this example had occurred in mid-1982 and the $20,000 

engineering cost in mid-1983, the NS would have been calculated to be $80,311 

and the SIR 1.93, other things remaining the same. 

3.8 NONANNUALLY RECURRING REPAIR AND REPLACEMENT COSTS AND SALVAGE VALUES 

ASSUME THAT FUTURE AMOUNTS NOT RECURRING ANNUALLY, SUCH AS REPAIR AND 

REPLACEMENT COSTS AND SALVAGE VALUES, OCCUR IN A LUMP SUM AT THE END 

OF THE YEAR IN WHICH THEY ARE ESTIMATED TO OCCUR 

The following cash-flow diagram illustrates the assumptions for the timing of 

investment costs, energy costs, annually recurring nonfuel operation and 

maintenance costs, nonannually recurring replacement costs (shown to occur in 

the 5th year for illustrative purposes), and salvage values (shown to occur at 

the time of the replacement in the 5th year and also at the end of the assumed 

10 year study period, also for illustrative purposes). 
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3.9 RETROFIT STUDY PERIOD 

FOR EVALUATING OR RANKING AN ALTERNATIVE BUILDING SYSTEM RETROFIT FOR A 

FEDERALLY OWNED BUILDING, CHOOSE A STUDY PERIOD THAT IS THE LESSER OF (A) 

25 YEARS OR (B) THE ESTIMATED LIFE OF THE ALTERNATIVE BUILDING SYSTEM1_ 

Note that the proposed amendment to the LCC Rule states that the period of 

service of a building system shall not be assumed to exceed the expected life 

of the building. See Ref. [19], Also note that in selecting among mutually 

exclusive choices for a given retrofit project, it is important to use an 

equivalent study period for evaluating all choices. (See section 3.10.) 

3.10 STUDY PERIOD FOR DESIGNING AND SIZING NEW BUILDINGS AND BUILDING SYSTEMS 

FOR SELECTING AMONG MUTUALLY EXCLUSIVE DESIGNS AND/OR SIZES FOR A GIVEN 

BUILDING OR BUILDING SYSTEM, USE THE SAME STUDY PERIOD TO EVALUATE ALL 

OF THE CHOICES, NOT TO EXCEED 25 YEARS 

When present values are used, it is important to evaluate mutually exclusive 

choices—such as alternative designs for a given building, alternative layers 

of glazing in windows, alternative solar collector designs and sizes, or alter¬ 

native levels of thermal insulation—using the same study period. Choosing 

1 An arbitrary cut-off for the study period of 30 years was originally 

adopted in Sec. A of Subpart 436, CFR 10, because of the great uncertainties 

regarding energy prices in the distant future. This limit is lowered from 30 

years to 25 years bv the provisions of the Energy Security Act of 1980. See 

Ref. [13]. 
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different study periods will automatically cause one choice to have a different 

life-cycle cost or net savings than another, because its cash flows will be 

examined over a longer time period. Mutually exclusive choices such as those 

mentioned above tend to arise early in the project identification and design 

phase.1 

The common study period for evaluating mutually exclusive choices may be 

either: 

(a) the estimated life of the mutually exclusive alternative having the 

longest life, not to exceed 25 years, with appropriate replacements and/or 

salvage values for each of the shorter-lived alternatives; or 

(b) the lowest common multiple of the estimated lives of the mutually 

exclusive alternatives, not to exceed 25 years, with appropriate replacements 

and salvage values for each alternative. 

For example, consider that the problem is to decide whether it is more cost 

effective to retrofit a building with a heat reflecting window film that costs 

$4.00/ft^ to purchase and install and is estimated to last an estimated 5 years 

or one that costs $10.00/ft^ and is estimated to last an estimated 15 years. 

In this case, a study period of 15 years could be chosen, with the first 

alternative replaced twice and the second alternative installed just once. 

3.11 LEASED BUILDING STUDY PERIOD 

FOR EVALUATING ENERGY USE AND RELATED INVESTMENTS IN A LEASED FEDERAL 

BUILDING, CHOOSE A STUDY PERIOD THAT IS THE LESSER OF 25 YEARS OR THE 

EFFECTIVE REMAINING TERM OF THE LEASE (INCLUDING RENEWAL OPTIONS 

LIKELY TO BE EXERCISED) 

Since Federal agencies are required to consider only those costs that accrue to 

the Federal government in evaluating projects for leased buildings, the study 

period should be the effective remaining term of the lease, not in excess of 

the 25-year limit. Renewal options may be taken into account, if appropriate, 

in setting the study period. 

1 See section 2.4.3 for a discussion of project designing and sizing prior 

to project ranking. 
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3.12 SOLAR ENERGY SYSTEM STUDY PERIOD 

TO PROPOSE A SOLAR ENERGY PROJECT UNDER THE SOLAR FEDERAL BUILDINGS 

PROGRAM, ASSUME A LIFE OF 20 YEARS UNLESS A DIFFERENT NUMBER (NOT 

TO EXCEED 25 YEARS) CAN BE SUPPORTED. 

This guideline has been adopted by the Solar Federal Buildings Program and is 

reflected in item A.(4) of section III of the A-2 Solar Proposal Form. (See 

appendix D-3.) 

3.13 SOLAR PROJECT PROPOSALS 

FORMAT THE LCC EVALUATION OF SOLAR ENERGY PROJECTS PROPOSED UNDER THE 

SOLAR FEDERAL BUILDINGS PROGRAM USING SECTION III OF FORM A-2 OF THE 

OFFICIAL SOLAR FEDERAL BUILDINGS PROGRAM APPLICATION FORMS. 

(See section 7 and appendix D-3 of this Manual.) 

3.14 PRESUMING COST EFFECTIVENESS 

PRESUME THAT AN ALTERNATIVE BUILDING SYSTEM IS COST EFFECTIVE IF ITS 

INVESTMENT AND OTHER COSTS ARE INSIGNIFICANT. 

Investment and other costs may be considered insignificant when their total is 

less than the cost of performing the LCC evaluation. In other cases, the 

application of this guideline requires responsible judgment. It should be 

interpreted in a strict sense, and is intended to exempt from evaluation only 

those projects whose costs are actually trivial in an absolute sense. 

3.15 PRESUMING COST INEFFECTIVENESS 

PRESUME THAT AN ALTERNATIVE BUILDING SYSTEM IS NOT COST EFFECTIVE IF THE 

BUILDING IS (A) OCCUPIED UNDER A SHORT-TERM 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 3 YEARS. 
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Deteriorated piping in the steam supply system at Sandia Laboratories is a candidate for partial replacement and 

renewal of insulation to reduce energy requirements. Areas of extensive heat loss from the piping were identified by 

infrared aerial surveys. 
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4. EVALUATING RETROFIT PROJECTS FOR EXISTING BUILDINGS 

4.1 OBJECTIVES AND APPROACHES 

There are three main economic objectives to be achieved by an LCC evaluation 

of retrofit projects: 

(1) to identify cost-effective projects; 

(2) to design and size candidate projects for maximum cost effectiveness; and 

(3) to assign highest priority to those candidate retrofit projects that will 

result in the greatest return to the Federal budget. 

As is explained in section 2.4, "Applications,” any of the four modes of 

analysis covered in part 2—TLCC, NS, SIR, or PB—can generally be used to 

meet the first objective by determining whether or not a project is estimated 

to save more than it costs. To meet the second objective of finding the most 

cost-effective choice of design and/or size for a given project, the TLCC or 

the NS are the recommended modes of analysis. The third objective, assigning 

priority among candidate retrofit projects, requires a means of ranking pro¬ 

jects on the basis of their return per dollar invested, and this can be 

accomplished by calculating their SIR's. 

To assist the Federal facilities analyst in making the required evaluations 

for retrofit projects, two tools are provided in this manual: (1) a set of 

worksheets, entitled "RETROFIT WORKSHEETS" (appendix D-l), which guide the 

formatting of data and the operational computations for a hand calculation 

procedure, and (2) an LCC computer program written in BASIC language (appen¬ 

dix E) which, in an interactive mode, requests the necessary data, carries 

out the operations, and prints the required measures. 

Either of those tools can be used—or, if desired, an agency can develop or 

adopt its own forms and/or computer program—for evaluating retrofit projects. 

It is required, however, that Federal agencies adhere to the specific LCC 

methodology and assumptions set forth in the LCC Rule and in this manual. 

To help explain the LCC evaluation procedures for retrofit projects, two 

sample problems are solved below in sections 4.2 and 4.3, step by step, using 

the RETROFIT WORKSHEETS from appendix D-l. The first illustrative problem is 

quite simple, involving the addition of insulation to bare hot water pipes. 

The only costs involved are the purchase and installation costs for the insu¬ 

lation; the savings result from a lower heat loss rate from the pipes. The 

second, slightly more complex illustrative problem—replacement of an existing 

49 



manual seasonal control system with an automatic control system—involves 

additional elements of cost.^ (The use of the computer program is described 

in appendix E.) 

1 Both problems are hypothetical and are intended to demonstrate the method 

rather than to suggest generalizable data or results. 
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4.2 SAMPLE RETROFIT PROBLEM #1: MODIFYING AN EXISTING BUILDING SYSTEM 

4.2.1 Problem Statement 

Approximately 100 ft of hot water pipes running through the basements of each 
of 10 buildings of a Federal laboratory facility in Massachusetts have been 
found to be uninsulated. Data and assumptions are as follows 

Quantity of Uninsulated Pipe: 100 ft/Bldg x 10 Bldgs = 1,000 ft 
Required Water Temperature: 180° 
Pipe Size: 1 1/2" Diameter 
Operation: 4 hr/day x 260 days/yr = 1,040 hrs/yr 
Type of Energy: Distillate Oil 
Agency Base-Year Price of Distillate: $6.12/10^ Btu 
DoE-Provided Base-Year Price of Distillate: $6.94/10^ Btu 
Plant Efficiency: .55 
Remaining Building Life: Indefinitely 
Insulation Life: Indefinitely 
Available Insulation Choices: 1" or 2" of Fibrous Material 
Heat Loss Rates^—Uninsulated 1 1/2" Pipe: 150 Btu/hr/ft 

1" Insulated 1 1/2" Pipe: 20 Btu/hr/ft 
2" Insulated 1 1/2" Pipe: 12.5 Btu/hr/ft 

Pipe Insulation Costs^—1" Insulation: $2.50/ft installed cost 
2" Insulation: $4.55/ft installed cost 

The following questions are to be answered: 

(1) Would it be cost-effective to add insulation? 
(2) How much insulation should be added? 
(3) What priority should this project receive relative to other projects? 

4.2.2 Problem Solution 

This problem can be solved by (1) first calculating the NS for 1" and 2" of 
pipe insulation to see if the NS is in either case positive and, further, to 
see which thickness is estimated to result in the highest NS; and (2) then 
calculating the SIR for the thickness with the highest positive NS to provide 
a priority ranking of this project relative to other candidate projects. 

1 For the purpose of demonstrating the basic procedures, this sample problem 
is kept simple. In actual practice, there would likely be other considera¬ 
tions than those included here, such as the possibility of reducing the water 
temperature and the type of pipe used. 

1 Estimated from the Heat Loss Rate Nomogram, figure H-l of Ref. [9]. 

3 Estimated from table H-l, "Cost for Insulating Various Pipe Sizes," 
Ref. [9]. 
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The RETROFIT WORKSHEETS from appendix D-l can be used to make these calcula¬ 

tions. Section I of the worksheets describes the project and helps to orga¬ 

nize background information necessary for the LCC evaluation. Section II, 

Parts A through E can be used to calculate the estimated TLCC of the building 

or building system without the retrofit project, to provide a basis of compar¬ 

ison. Parts F through J can be used to calculate the TLCC of the building 

or building system with the retrofit project, Part K to calculate the NS, 

and Part L, the SIR. When alternative design and/or size choices for a given 

project—such as 1" versus 2" of pipe insulation—are being considered, it 

is necessary to repeat the calculations in Parts F through K for each choice. 

A set of RETROFIT WORKSHEETS completed for this problem is given in exhibit 

4.1. The calculations of NS for both choices of insulation thickness are shown 

on a single set of worksheets, with the calculations for the 2" thickness 

given in parentheses. Since this project entails no cost effects other than 

the estimated reduction in fuel cost and the cost of the insulation, not all 

of the parts of the worksheets are needed to solve the problem. [Note that 

instructions for completing each part of the worksheets are provided on the 

pages facing the worksheets.] 
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Exhibit 4.1 RETROFIT LCC WORKSHEETS — Completed for Problem 4.2 

PROJECT DESCRIPTION (Hypothetical Example) 

AGENCY: Federal Science Agency_ 

ADDRESS: STREET _ 
CITY/COUNTY Boston_ 
STATE Massachusetts 
DoE REGION _J_ 

PROJECT CONTACT PERSON: NAME L.C.C. Analyst_ 
POSITION Facilities Engineer 
TELEPHONE _ 

BUILDING OR FACILITY DESCRIPTION: FUNCTIONAL USE Laboratory and Office Space 

CLASSIFICATION FOR 
ENERGY CHARGES Residential 

X Commercial 

Industrial 

EXPECTED LIFE Indefinitely_ 

PROJECT DESCRIPTION: Insulation of Hot Base Water Pipes in Basements of 10 Laboratory Buildings 

EXPECTED PROJECT LIFE: Indefinitely_ 

1" Insulation 2" Insulation 

Estimated Project Investment Cost^: _$2,500_ _$4,550_ 

Energy Information: (Complete for Each Type of Energy Affected by the Retrofit Project) 

Energy Type Distillate Oil__ Energy Type 

DoE Price/Unit 
(Table C-l or C-2) 

Retrofit 283.6 X 106 Btu 2 $6.12/106 Btu $6.94/106 Btu 

With 37.8 x 106 Btu 3 $6.12/10& Btu $6.94/106 Btu 

Retrofit (23.6 x 106 Btu)4 

Study Period: From _ To 
(Base Year) (End Year) 

Number of Years Covered: _25_ 
(Not to exceed 25) 

Annual 
Quantity 

Actual 
Agency 

Price/Unit 
DoE Price/Unit 

(Table C-l or C-2) 

Actual 
Annual Agency 

Quantity Price/Unit 

3 Worksheet format is expanded to show comparison of two choices. 

2 [(150 Btu/hr/ft)(1,040 hrs)(1,000 ft)] i .55 = 283.6 x 10® Btu 

3 [(20 Btu/hr/ft)(1,040 hrs)(l,000 ft)] * .55 = 37.8 x 10® Btu for 1" of insulation 

4 [(12.5 Btu/hr/ft)(1,040 hrs)(l,000 ft)] * .55 = 23.6 x 10® Btu for 2" of insulation 
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RETROFIT LCC WORKSHEETS (Instructions) 

Parts A through E calculate TLCC of the existing building or building system without the retrofit project: 

A. This part calculates the present value of energy costs without the retrofit. It is appropriate to use when 
(1) the annual physical quantity of energy used with or by the existing building or building system is 
expected to remain about constant over the study period, and (2) the type of energy used is not expected to 
change over the study period. To calculate the present value of energy costs when these two conditions do 
not hold, see appendix G. 

(1) Total annual quantity of energy to be purchased expressed in MBtu's (10® Btu's) or, alternatively, in 
sale s units, e.g. gallons, kWh, etc. 

(2) Price per unit purchased. Use the estimated base-year^ energy prices indicated in tables C-l or 0-2^ of 
the LCC MANUAL or of the LCC Rule (subject to periodic revision in the Federal Register)3 for the appro¬ 
priate region, sector, and fuel type, or use the actual price to the agency if the agency's base-year 
energy price exceeds the estimate in table C-l or C-2.4 

(3) Column (3) = Column (1) x Column (2). For electricity, only the base charge is Column (1) x Column (2). 
Other charge components are entered directly in Column (3). 

(4) For the modified uniform present worth (UPW*) factor, see appendix B of the LCC MANUAL or of the LCC 
Rule^ for the appropriate region, sector, fuel type, and study period. (In no case shall the study 
period exceed 25 years.) For electricity, the same UPW* factor should be applied to all charge 
components. 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs without the retrofit. 

B. This part calculates the equivalent of investment costs for the existing building or building system without 
the retrofit. It may be omitted if the existing system is to be left ip place either "as is" or renovated at 
about the same cost whether or not the retrofit project is implemented.^ 

(1) If the existing system will be sold, scrapped, or redirected to a new use if the retrofit project is 
implemented, enter in (1) the estimated resale, salvage, or reuse value of the existing system in the 
base year. 

(2) If the existing system is to be left in place, but will require an initial renovation or repair cost that 
will be different in amount without the retrofit project than with it, enter in (2) the amount of the 
initial repair or renovation cost in base-year dollars that will be required if the retrofit project is 
not implemented. 

C. This part calculates the present value of annually recurring nonfuel operating and maintenance costs for the 
existing building or building system without the retrofit. If this category of cost is expected to be the 
same whether or not the retrofit project is implemented, this part may be omitted.? 

(1) State in base-year dollars the amount of annually recurring (nonfuel) costs for the existing building 
or building system, such as for routine maintenance, that is expected to remain about the same from one 
year to the next when inflation is not included. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or the LCC Rule, table A-2. 

(3) Column (3) = Column (1) x Column (2). 

1 The base year is the year the life-cycle cost evaluation is made. 

2 Table C-2 is in terms of typical sales units and it can be used in lieu of table C-l, provided the quantity of 
energy in item (1) is also given in the same sales unit. 

3 Revised energy price data and UPW* factors for use in the LCC evaluations will be published as available in the 
Federal Register as an amendment to the LCC Rule. The most current data should be used. 

4 For projects using electricity as the energy source and which have separate charge components that may be 
affected by the retrofit project, the price to the agency should be used, since the prices in tables C-l and 
C-2 do not take into account the separate charge components. 

^ See footnote 3. 

6 Only those costs that will be affected by an investment decision need be considered in making that decision. 

^ See footnote 6. 
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RETROFIT LCC WORKSHEET (Continued) 

A. Calculating the Present Value of Energy Costs Without the Retrofit 

TYPE 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COSTS 

ELECTRICITY $ $ 
BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
HTher 
CHARGE 
COMPONENT 

OIL 283.6 x 106 Btu $6.94/106 Btu $ 1968.18 16.65 $ 32,770 

GAS 

OTHER 

TOTAL $ 32,770 

B. Calculating Investment Costs for the Existing System Without the Retrofit 

(1) Base-Year Resale, Salvage, or Reuse Value of the Existing System to be Replaced $ _o 

(2) Base-Year Renovation Costs for the Existing System if the Retrofit Project is 
Not Implemented $  o 

C. Calculating Annually Recurring Nonfuel Operation and Maintenance (O&M) Costs Without 
the Retrofit 

(1) (2) (3) 
Amount of Annually Recurring UPW Factor Present Value of Annually 

Costs in Base Year Recurring Costs 

$ o - $ o 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

D. This part calculates the present value of nonannually recurring (nonfuel) operating, maintenance, 
replacement costs, and salvage values for the existing building or building system without the retrofit. If 
these costs are expected to be the same whether or not the retrofit project is implemented, this part may Toe 
omitted. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage values may occur during the study period in conjunction with replacements, as well as 
at the end of the study period. 

(5) Obtain single present worth (SPW) factor(s) for year(s) in which the amount(s) is (are) expected to 
occur from table A-l of the LCC MANUAL or the LCC Rule. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This gives 
the total present value of nonannually recurring (nonfuel) O&M costs for the existing building or 
system. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs for the existing building or system. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line, 
the total present value of salvage value for the existing building or system. 

This Part calculates the total life-cycle cost (TLCC) without the retrofit. 

(1) Transcribe from Part A, Column (5) Total. 

(2) Transcribe from Part B, item (1) or (2). 

(3) Transcribe from Part C, Column (3). 

(4) Transcribe from Part D, Column (6) Total. 

(5) Transcribe from Part D, Column (7) Total. 

(6) Transcribe from Part D, Column (8) Total. 

(7) Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line (5) - Line (6). 

This gives 
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RETROFIT LCC WORKSHEETS (Continued) 

D. Calculating Nonannually Recurring O&M (Nonfuel) Costs, Replacement Costs, and Salvage Value Without the 
Retrofit. 

(1) 
YEAR IN 

WHICH 

EXPENDITURE 

IS EXPECTED 

TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 

RECCURRING O&M 

COSTS (IN BASE- 

YEAR $)1 

(3) 
AMOUNT OF 

REPLACEMENT 

COSTS (IN 

BASE-YEAR J)1 

(4) 

AMOUNT OF 

SALVAGE 

VALUE (IN 

BASE-YEAR J)1 

(5) 

SPW 

FACTORS 

(6) 

PRESENT 

VALUE OF 

NON¬ 

ANNUALLY 

RECURRING 

O&M COSTS 

(7) 

PRESENT 

VALUE OF 

REPLACEMENT 

(8) 

PRESENT 

VALUE OF 

SALVAGE 

VALUE 

TOTAL 0 0 0 

E. Calculating TLCC Without the Retrofit 

(1) Present Val ue of Energy Costs $ 32,770 

(2) Present Val ue of Investment Costs + $ 0 

(3) Present Val ue of Annually Recurring (Nonfuel) O&M Costs + $ 0 

(4) Present Val ue of Nonannually Recurring (Nonfuel) O&M Costs + $ 0 

(5) Present Val ue of Replacement Costs + $ 0 

(6) Present Val ue of Salvage - $' 0 

(7) TLCC Without the Retrofit = $ 32,770 

1 For example, if nonannually recurring (nonfuel) O&M costs, replacement costs, or salvage value occur in 1990 
and you are using 1980 as the base year, base-year dollars means stating the 1990 costs in 1980 dollars, i.e., 
without future inflation. 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

Parts F through J calculate TLCC with the Retrofit 

F. This part calculates the present value of energy costs with the retrofit. It is appropriate to use when 
(1) the annual physical quantity of energy required after the retrofit is expected to remain about constant 
over the study period, and (2) the type of energy required after the retrofit is not expected to change over 
the remainder of the study period. To calculate the present value of energy costs when these two conditions 
do not hold, see appendix G. 

(1) Total annual quantity of energy to be purchased expressed in MBtu's (106 Btu's) or, alternatively, in 
sales units, e.g., gallons, or kWh, etc. 

(2) Price per unit purchased. Use the estimated base-year^ energy prices indicated in table C-l or C-22 
of the LCC MANUAL or of the LCC Rule (subject to periodic revision in the Federal Register)3 for the 
appropriate region, sector and fuel type, or use the actual price to the agency if the agency's base- 
year energy price exceeds the estimate in table C-l or C-2.^ 

(3) Column (3) = Column (1) x Column (2). For electricity, only the base charge is Column (1) x Column (2). 
Other charge components are entered directly in Column (3). 

(4) For the UPW* factor see appendix B of the LCC MANUAL or of the LCC Rule^ for the appropriate region, 
sector, fuel type, and study period. (In no case shall the study period exceed 25 years.) For elec¬ 
tricity, the same UPW* factor should be applied to all charge components. 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs with the retrofit. 

G. This part calculates the investment costs with the retrofit project. 

(1) Costs of initial planning, design, engineering, purchase and installation, all in base-year prices. 

(2) Special interim adjustment factor to reflect estimated societal benefits from reducing the use of 
nonrenewable energy resources, not adequately reflected by market energy prices. (The adjustment 
factor, set presently at .9 in the LCC Rule, is subject to future modification or deletion.) 

(3) Line (3) = Line (1) x Line (2). 

(4) If the existing system is to be left in place, but will require an initial renovation or repair cost 
that will be different in amount with the retrofit project than without it, enter in item (4) the amount 
of the initial renovation or repair cost in base-year dollars that will be required if the retrofit is 
performed. This part may be omitted if nothing was entered in Part B, item (2). 

(5) Line (5) = Line (3) + Line (4). 

1 See footnote 1 on 

2 See footnote 2 on 

3 See footnote 3 on 

4 See footnote 4 on 

5 See footnote 5 on 

page 54 for expl anation. 

page 54 for expl anation. 

page 54 for expl anation. 

page 54 for expl anation. 

page 54 for expl anation. 
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Retrofit LCC WORKSHEETS (Continued) 

Parts F through J Calculate TLCC with the Retrofit 

F. Calculating the Present Value of Fuel Costs With the Retrofit 

TYPE 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COSTS 

ELECTRICITY $ $ 
MSE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 
37.8 x 106 Btu 

(23.6 x 106 Btu;1 

$6.94/106 Btu $ 262.33 

$ (163.78) 

16.65 $ 4,368 

$ (2,727) 

GAS 

OTHER 

TOTAL x $ 4,368 

$ (2,727) 

G. Calculating Investment Costs with the Retrofit 

(1" insulation) (2" insulation) 

(1) Estimated Actual Investment Costs for the Retrofit Project $ 2,500 (4,550) 

(2) Investment Cost Adjustment Factor X .9 .9 

(3) Adjusted Investment Costs for the Retrofit Project = $ 2,250 (4,095) 

(4) Base-Year Renovation Costs for the Existing System if the + 0 (0) 

Retrofit Project is Implemented 

(5) Total Adjusted Present Value Investment Costs Attributable 
to the Retrofit Project _ 

$ 2,250 (4,095) 

1 Energy data based on 2" of pipe insulation are shown in parentheses. 

59 



RETROFIT LCC WORKSHEET (Instructions Continued) 

H. This part gives the annually recurring (nonfuel) operating and maintenance costs with the retrofit. 

(1) State in base-year dollars the amount of annually recurring (nonfuel) costs, such as for routine 
maintenance, that is expected to remain about the same from one year to the next when inflation is not 
included. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or the LCC Rule, table A-2. 

(3) Column (3) = Column (1) x Column (2). 

I. This part gives the present value of these nonannually recurring (nonfuel) operating, maintenance, 
replacement costs, and salvage values for the building or building system after the retrofit. If these costs 
are expected to be the same whether or not the retrofit project is implemented, and have not been included 
in part D, this part can be omitted. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage values may occur during the study period in conjunction with replacements, as well as 
at the end of the study period. 

(5) Obtain single present worth (SPW) factor(s) for year(s) in which the amount(s) is (are) expected to 
occur from the LCC MANUAL or the LCC Rule, table A-l. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This gives 
the total present value of nonannually recurring (nonfuel) O&M costs for the building or building system 
after the retrofit. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs for the building or building system after the retrofit. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line. This gives 
the total present value of salvage value for the building or building system after the retrofit. 

J. This part calculates the TLCC with the retrofit. 

(1) Transcribe from Part F, Column (5) Total. 

(2) Transcribe from Part G, item (5). 

(3) Transcribe from Part H, item (3). 

(4) Transcribe from Part I, Column (6) Total. 

(5) Transcribe from Part I, Column (7) Total. 

,(6) Transcribe from Part I, Column (8) Total. 

(7) Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line (5) - Line (6). 
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RETROFIT ICC WORKSHEETS (Continued) 

H. Calculating Annually Recurring (Nonfuel) Operation and Maintenance (O&M) Costs With the Retrofit 

(1) 
Amount of Annually Recurring 

Costs in Base Year 

(2) 

UPW Factor 
(3) 

Present Value of Annual 
Recurring Costs 

iy 

$_o 

I. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value With the 
Retrofit 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 

TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECURRING O&M 
COSTS (IN BASE- 

YEAR S)1 2 

(3) 
AMOUNT OF 

REPLACEMENT 
COSTS (IN 

BASE-YEAR $)J 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR $)! 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

TOTAL 

J 
0 

_ 
0 0 

J. Calculating TLCC With the Retrofit Project 

(1" Insulation) (2" Insulation)2 

(1) Present Val ue of Energy Costs $ 4,368 (2,727) 

(2) Present Val ue of Adjusted Investment Costs + $ 2,250 (4,095) 

(3) Present Val ue of Annually Recurring (Nonfuel) O&M Costs + $ 0 (0) 

(4) Present Val ue of Nonannually Recurring (Nonfuel) O&M Costs + $ 0 (0) 

(5) Present Val ue of Replacement Costs + $ 0 (0) 

(6) Present Val ue of Salvage - $ 0 (0) 

(7) TLCC With the Retrofit Project = $ 6,618 (6,822) 

1 See footnote on page 57 for explanation. 

2 Worksheet format is expanded to allow for comparison of the two choices. 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

K. 

L. 

This part calculates the Net Savings (NS) (or Excess Cost (-NS)) from the retrofit project. 

(1) Transcribe from Part E, item (7). 

(2) Transcribe from Part J, item (7). 

(3) Line (3) = Line (1) - Line (2). 

This part describes the Savings-to-Investment Ratio (SIR) calculation. 

(1) (a) Line (a) = (Part E, item (1)) - (Part J, item (1)). 

(b) Line (b) = (Part J, lines (3) plus (4)) - (Part E, lines (3) plus (4)). (Note that this will 
negative value if nonfuel O&M costs are lower with the retrofit project than without it.) 

(c) Line (c) = Line (a) - Line (b). 

(2) (a) Line (a) = (Part J, Line (2)) - (Part E, Line (2)) 

(b) Line (b) = (Part J, Line (5)) - (Part E, Line (5)) 

(c) Line (c) = (Part J, Line (6)) - (Part E, Line (6)) 

(d) Line (d) = Line (a) + Line (b) - Line (c). 

(3) Li ne (3) = Line (1) (c) * Line (2)(d). 

be a 
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RETROFIT LCC WORKSHEETS (Continued) 

K. Net Savings or Excess Cost of the Retrofit Project 

(1" Insi il ation) (2" Insulation) 

(1) TLCC : without the Retrofit $ 32,770 

(2) TLCC with the Retrofit $ 6,618 $ (6,822) 

(3) Net Savings (+) or net losses (-) $ 26,152 $ (25,948) 

L. SIR Cal culation 

(1) SIR Numerator 

(a) Energy Cost Savings from the Retrofit $ 
1 

28,402 

(b) Change in Nonfuel OSH Costs $ 0 

(c) SIR Numerator $ 28,402 

(2) SIR Denominator 

(a) Adjusted Differential Investment Cost $ 2,250 

(b) Change in Replacement Costs + $ 0 

(c) Change in Salvage Value $ 0 

(d) SIR Denominator $ 2,250 

(3) SIR for Ranking the Retrofit Project 12.62 

1 Based on a comparison of Net Savings, 1" of pipe insulation is a more cost-effective choice than 2" of 
insulation. The SIR need be calculated only for the project choice selected, i.e., for 1" of insulation. 

63 



This fuel oil storage tank at the Brookhaven National Laboratory was painted black to absorb solar heat. Warming the 

fuel oil reduces the amount of energy needed to preheat the oil for combustion. 
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I 4.3 SAMPLE RETROFIT PROBLEM #2: REPLACING AN EXISTING BUILDING SYSTEM 

4.3.1 Problem Statement 

A new automatic seasonal control system is being considered for replacing 

the existing manual control system in a Federal office complex located in 

Washington, D.C. The Federal complex has an indefinite life, and the facili¬ 

ties manager estimates that the new system would last at least 25 years. 

Would the replacement be cost effective? What priority should this retrofit 

project receive relative to other candidate projects? 

Data and assumptions are as follows: 

Existing System 

» 

Current (Immediate) Salvage Value (Base-Year $): $260,000 

Expected Remaining Life without Major Replacements: 10 years 

Expected Salvage Value in 10 years without Major Replacements: 0 

Salvage Value in 25 years with Necessary Replacements: 0 

Annually Recurring (Nonfuel) O&M Costs (Base-Year $): $120,000 

Nonannually Recurring (Nonfuel) O&M Costs (Base-Year $): Year Amount 

5 $25,000 

15 $25,000 

20 $25,000 

Replacement Cost (Base-Year $): Year 

10 
Amount 

$150,000 

Energy Data: Quantity Electricity^ 

Quantity Natural Gas 

Actual Agency Price of 
Electricity^ 

DoE Price of Electricity 

Actual Agency Price of 

Natural Gas 

DoE Price of Natural Gas 

9,982,200 kWh 

433,600 x 106 Btu 

0.065/kWh 

0.063/kWh 

$3.40/106 Btu 

$3.43/106 Btu 

In this example, the quantity of electricity is given in terms of its 

typical sales unit, kWh, rather than 10^ Btu. Therefore, the electricity 

price from table C-2 is the appropriate base-year price reference rather 

than the price per 10^ Btu from table C-l. 

In this example, it is assumed that the agency base-year price of 

electricity is higher than the published DoE price from table C-2, and is 

therefore used in the LCC evaluation in lieu of the DoE price. 

65 



Retrofit System 

Initial Investment Cost: $1,500,000 

Expected Life: 25 years or longer 

Annually Recurring (Nonfuel) O&M Costs (Base-Year $): $145,000 

Nonannually Recurring (Nonfuel) O&M Costs (Base-Year $): Year Amount 

10 $40,000 

20 40,000 

Replacement Costs (Base-Year $): 0 

Salvage Value at End of 25 Years (Base-Year $): 0 

Energy Data: Quantity Electricity* 9,190,000 kWh 

386,800 x 106 Btu Quantity Natural Gas 

Actual Agency Price of 

Electricity^ 

DoE Price of Electricity 

Actual Agency Price of 

0.065/kWh 

0.063/kWh 

Natural Gas 

DoE Price of Natural Gas 

$3.40/106 Btu 

$3.43/106 Btu 

4.3.2 Problem Solution 

Since only one alternative control system is being considered, this problem 

does not entail a design or sizing element. It could be solved simply by 

calculating the SIR on the investment, which will both indicate cost effec¬ 

tiveness and establish project priority. However, since management often 

desires a dollar measure of net savings, both the NS and the SIR are shown 

calculated in the RETROFIT WORKSHEETS in exhibit 4.2. 

In this example, the quantity of electricity is given in terms of its 

typical sales unit, kWh, rather than 10^ Btu. Therefore, the electricity 

price from table C-2 is the appropriate base-year price reference rather 

than the price per 10^ Btu from table C-l. 

In this example, it is assumed that the agency base-year price of 

electricity is higher than the published DoE price from table C-2, and is 

therefore used in the LCC evaluation in lieu of the DoE price. 
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Exhibit 4.2 RETROFIT LCC WORKSHEETS — Completed for Problem 4.3 

I. PROJECT DESCRIPTION (Hypothetical Example) 

AGENCY: National Administration 

ADDRESS: STREET _ 
CITY/COUNTY Washington, D.C. 
STATE 
DoE REGION 3 

PROJECT CONTACT PERSON: NAME L.C.C. Analyst_ 
POSITION Facilities Enqineer 
TELEPHONE _ 

BUILDING OR FACILITY DESCRIPTION: FUNCTIONAL USE Offices_ 

CLASSIFICATION FOR 
ENERGY CHARGES Residential 

X Commercial 

Industrial 

EXPECTED LIFE Indefinitely_ 

PROJECT DESCRIPTION: Replacement of manual seasonal control system with automatic control system. 

EXPECTED SYSTEM LIFE: 25 years or more_ 

Estimated Project Investment Cost: $ 1.5 million 

Energy Information: (Complete for Each Type of Energy Affected by the Retrofit Project) 

Energy Type Electricity Energy Type Natural Gas 

Annual 
Quantity 

Actual 
Agency 

Price/Unit 
DoE Price/Unit 

(Table C-l or C-2) 

Actual 
Annual Agency DoE Price/Unit 

Quantity Price/Unit (Table C-l or C-2) 

Without 
Retrofit 9,982,200 kWh 0.065/kWh 0.063/kWh 433,600 x 106 Btu $3, .40/106 Btu $3.43/106 Btu 

With 
Retro/it 9,190,000 kMh U .. 386,800 x 106 Btu .. 

Study Period: From _ To 
(Base Year) (End Year) 

Number of Years Covered: _25_ 
(Not to exceed 25) 

1 Worksheet format is expanded to show comparison of two choices. 

2 [(150 Btu/hr/ft)(1,040 hrs)(l,000 ft)] * .55 = 283.6 x 106 Btu 

3 [(20 Btu/hr/ft)(1,040 hrs)(l,000 ft)] * .55 = 37.8 x 10^ Btu for 1" of insulation 

4 [(12.5 Btu/hr/ft)(1,040 hrs)(l,000 ft)] * .55 = 23.6 x 10® Btu for 2" of insulation 
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RETROFIT LCC WORKSHEETS (Instructions) 

Parts A through E calculate TLCC of the existing building or building system without the retrofit project: 

A. This part calculates the present value of energy costs without the retrofit. It is appropriate to use when 
(1) the annual physical quantity of energy used with or by the existing building or building system is 
expected to remain about constant over the study period, and (2) the type of energy used is not expected to 
change over the study period. To calculate the present value of energy costs when these two conditions do 

not hold, see appendix G. 

(1) Total annual quantity of energy to be purchased expressed in MBtu's (104 * 6 7 Btu's) or, alternatively, in 

sale s units, e.g. gallons, kWh, etc. 

(2) Price per unit purchased. Use the estimated base-year1- energy prices indicated in tables C-l or C-22 of 
the LCC MANUAL or of the LCC Rule (subject to periodic revision in the Federal Register)3 for the appro¬ 
priate region, sector, and fuel type, or use the actual price to the agency if the agency's base-year 
energy price exceeds the estimate in table C-l or C-2. 

(3) Column (3) = Column (1) x Column (2). For electricity, only the base charge is Column (1) x Column (2). 
Other charge components are entered directly in Column (3). 

(4) For the modified uniform present worth (UPW*) factor, see appendix B of the LCC MANUAL or of the LCC 
Rule2 for the appropriate region, sector, fuel type, and study period. (In no case shall the study 
period exceed 25 years.) For electricity, the same UPW* factor should be applied to all charge 

components. 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs without the retrofit. 

B. This part calculates the equivalent of investment costs for the existing building or building system without 
the retrofit. It may be omitted if the existing system is to be left ip place either "as is" or renovated at 
about the same cost whether or not the retrofit project is implemented.° 

(1) If the existing system will be sold, scrapped, or redirected to a new use if the retrofit project is 
implemented, enter in (1) the estimated resale, salvage, or reuse value of the existing system in the 

base year. 

(2) If the existing system is to be left in place, but will require an initial renovation or repair cost that 
will be different in amount without the retrofit project than with it, enter in (2) the amount of the 
initial repair or renovation cost in base-year dollars that will be required if the retrofit project is 
not implemented. 

C. This part calculates the present value of annually recurring nonfuel operating and maintenance costs for the 
existing building or building system without the retrofit. If this category of cost is expected to be the 
same whether or not the retrofit project is implemented, this part may be omitted.' 

(1) State in base-year dollars the amount of annually recurring (nonfuel) costs for the existing building 
or building system, such as for routine maintenance, that is expected to remain about the same from one 
year to the next when inflation is not included. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or the LCC Rule, table A-2. 

(3) Column (3) = Column (1) x Column (2). 

1 The base year is the year the life-cycle cost evaluation is made. 

2 Table C-2 is in terms of typical sales units and it can be used in lieu of table C-l, provided the quantity of 
energy in item (1) is also given in the same sales unit. 

2 Revised energy price data and UPW* factors for use in the LCC evaluations will be published as available in the 
Federal Register as an amendment to the LCC Rule. The most current data should be used. 

4 For projects using electricity as the energy source and which have separate charge components that may be 
affected by the retrofit project, the price to the agency should be used, since the prices in tables C-l and 

C-2 do not take into account the separate charge components. 

2 See footnote 3. 

2 Only those costs that will be affected by an investment decision need be considered in making that decision. 

7 See footnote 6. 
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RETROFIT LCC WORKSHEETS (Continued) 

A. Calculating the Present Value of Energy Costs Without the Retrofit 

TYPE 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5, 

PRESENT VALUE 
OF ENERGY COST 

ELECTRICITY 9,982,200 kWh $ 0.065 kWh $ 648,843 11.81 $ 7,662,836 

BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 

GAS 433,600 x 106 Btu $3.43/106 Btu $ 1,487,248 14.66 $ 21,803,055 

OTHER 

TOTAL $ 29,465,891 

B. Calculating Investment Costs for the Existing System Without the Retrofit 

(1) Base-Year Resale, Salvage, or Reuse Value of the Existing System to be Replaced $ 260,ooo 

(2) Base-Year Renovation Costs for the Existing System if the Retrofit Project is 
Not Implemented $ o 

C. Calculating Annually Recurring Nonfuel Operation and Maintenance (O&M) Costs Without the Retrofit 

(1) 
Amount of Annually Recurring 

Costs in Base Year 
UPW Factor 

(3) 
Present Value of Annually 

Recurring Costs 

120,000 1,398,000 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

D. This part calculates the present value of nonannually recurring (nonfuel) operating, maintenance, replacement 
costs, and salvage values for the existing building or building system without the retrofit. If these costs 
are expected to be the same whether or not the retrofit project is implemented, this part may be omitted. 

(i) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Sel f-expl anatory. 

(3) Sel f-expl anatory. 

(4) Note that salvage values may occur during the study period in conjunction with replacements, as well as 
at the end of the study period. 

(5) Obtain single present worth (SPU) factor(s) for year(s) in which the amount(s) is (are) expected to occur 
from table A-l of the LCC MANUAL or the LCC Rule. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This gives 
the total present value of nonannually recurring (nonfuel) O&M costs for the existing building or 
system. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs for the existing building or system. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line. This gives 
the total present value of salvage value for the existing building or system. 

E. This Part calculates the total life-cycle cost (TLCC) without the retrofit 

(1) Transcribe from Part A, Column (5) Total. 

(2) Transcribe from Part B, item (1) or (2). 

(3) Transcribe from Part C, Column (3). 

(4) Transcribe from Part D, Column (6) Total. 

(5) Transcribe from Part D, Column (7) Total. 

(6) Transcribe from Part D, Column (8) Total. 

(7) Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line (5) - Line (6). 
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RETROFIT LCC WORKSHEETS (Continued) 

D. Calculating Monannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value Without the 
Retrofit. 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 

TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECURRING O&M 
COST (IN BASE- 

YEAR $)! 

(3) 
AMOUNT OF 

REPLACEMENT 
COST (IN 

BASE-YEAR S)1 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR $) 1 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

5 $25,000 0.71 $17,750 

10 $150,000 0.51 $76,500 

15 $25,000 0.36 S 9,000 

20 $25,000 0.26 $ 6,500 

TOTAL $33,250 $76,500 S 0 

E. Calculating TLCC Without the Retrofit 

(1) Present Val ue of Energy Costs $ 29,465,891 

(2) Present Val ue of Investment Costs + $ 260,000 

(3) Present Val ue of Annually Recurring (Nonfuel) O&M Costs + $ 1,398,000 

(4) Present Val ue of Nonannually Recurring (Nonfuel) O&M Costs + $ 33,250 

(5) Present Val ue of Replacement Costs + $ 76,500 

(6) Present Val ue of Salvage _ $ 0 

(7) TLCC Without the Retrofit = $ 31,233,641 

1 For example, if nonannually recurring (nonfuel) O&M costs, replacement costs, or salvage value occur in 1990 
and you are using 1980 as the base year, base-year dollars means stating the 1990 costs in 1980 dollars, 
i.e., without future inflation. 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

Parts F through J calculate TLCC with the Retrofit 

F. This part calculates the present value of energy costs with the retrofit. It is appropriate to use when 
(1) the annual physical quantity of energy required after the retrofit is expected to remain about constant 
over the study period, and (2) the type of energy required after the retrofit is not expected to change over 
the remainder of the study period. To calculate the present value of energy costs when these two conditions 
do not hold, see appendix G. 

(1) Total annual quantity of energy to be purchased expressed in MBtu's (10^ Btu's) or, alternatively, in 
sales units, e.g., gallons, kWh, etc. 

(2) Price per unit purchased. Use the estimated base-year^ energy prices indicated in table C-l or C-2^ of 
the LCC MANUAL or of the LCC Rule (subject to periodic revision in the Federal Register)3 for the appro¬ 
priate region, sector and fuel type, or use the actual price to the agency if the agency's base-year 
energy price exceeds the estimate in table C-l or C-2.^ 

(3) Column (3) = Column (1) x Column (2). For electricity, only the base charge is Column (1) x Column (2). 
Other charge components are entered directly in Column (3). 

(4) For the UPW* factor see appendix B of the LCC MANUAL or of the LCC Rule^ for the appropriate region, 
sector, fuel type, and study period. (In no case shall the study period exceed 25 years.) For elec¬ 
tricity, the same UPW* factor should be applied to all charge components. 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs with the retrofit. 

G. This part calculates the investment costs with the retrofit project. 

(1) Costs of initial planning, design, engineering, purchase and installation, all in base-year prices. 

(2) Special interim adjustment factor to reflect estimated societal benefits from reducing the use of 
nonrenewable energy resources, not adequately reflected by market energy prices. (The adjustment factor, 
set at .9 in the LCC Rule, is subject to future modification or deletion.) 

(3) Line (3) = Line (1) x Line (2). 

(4) If the existing system is to be left in place, but will require an initial renovation or repair cost 
that will be different in amount with the retrofit project than without it, enter in item (4) the amount 
of the initial renovation or repair cost in base-year dollars that will be required if the retrofit is 
performed. This part may be omitted if nothing was entered in Part B, item (2). 

(5) Line (5) = Line (3) + Line (4). 

1 See footnote 1 on 

2 See footnote 2 on 

2 See footnote 3 on 

4 See footnote 4 on 

5 See footnote 5 on 

page 68 for ex pi anation 

page 68 for ex pi anation 

page 68 for ex pi anation 

page 68 for ex pi anation 

page 68 for ex pi anation 
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RETROFIT LCC WORKSHEETS (Continued) 

Parts F through J Calculate TLCC with the Retrofit 

F. Calculating the Present Value of Fuel Costs With the Retrofit 

TYPE 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COST 

ELECTRICITY 9,190,000 kWh $ 0.065/kWh $ 597,350 11.81 $ 7,054,704 

BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 

GAS 386,800 x 106 Btu $ 3.43/106 Btu $ 1,326,724 14.66 19,449,773 

OTHER 

TOTAL 26,504,477 

G. Calculating Investment Costs with the Retrofit 

(1) Estimated Actual Investment Costs for the Retrofit Project 

(2) Investment Cost Adjustment Factor 

(3) Adjusted Investment Costs for the Retrofit Project 

(4) Base-Year Renovation Costs for the Existing System if the 
Retrofit Project is Implemented 

(5) Total Adjusted Present Value Investment Costs Attributable 
to the Retrofit Project 

$ 1,500,000 

X _._9_ 

= $ 1,350,000 

+ 0 

$ 1,350,000 
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RETROFIT LCC WORKSHEET (Instructions Continued) 

H. This part gives the annually recurring (nonfuel) operating and maintenance costs with the retrofit. 

(1) State in base-year dollars the amount of annually recurring (nonfuel) costs, such as for routine 
maintenance, that is expected to remain about the same from one year to the next when inflation is not 
included. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or the LCC Rule, table A-2. 

(3) Column (3) = Column (1) x Column (2). 

I. This part gives the present value of these nonannually recurring (nonfuel) operating, maintenance, replacement 
costs, and salvage values for the building or building system after the retrofit. If these costs are expected 
to be the same whether or not the retrofit project is implemented, and have not been included in part D, this 
can be ommitted. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage values may occur during the study period in conjunction with replacements, as well as 
at the end of the study period. 

(5) Obtain single present worth (SPW) factor(s) for year(s) in which the amount(s) is (are) expected to 
occur from the LCC MANUAL or the LCC Rule, table A-l. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This gives 
the total present value of nonannually recurring (nonfuel) O&M costs for the building or building system 
after the retrofit. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs for the building or building system after the retrofit. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line. This gives 
the total present value of salvage value for the building or building system after the retrofit. 

Thi s part calculates the TLCC with the retrofit. 

(1) Transcribe from Part F, Column (5) Total. 

(2) Transcribe from Part G, item (5). 

(3) Transcribe from Part H, item (3). 

(4) Transcribe from Part I, Column (6) Total. 

(5) Transcribe from Part I, Column (7) Total. 

(6) Transcribe from Part I, Column (8) Total. 

(7) Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line ) - Line (6). 
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RETROFIT LCC WORKSHEETS (Continued) 

H. Calculating Annually Recurring (Nonfuel) Operation and Maintenance (O&M) Costs With the Retrofit 

(1) 
Amount of Annually Recurring 

Costs in Base Year 

(2) 

UPW Factor 
(3) 

Present Value of Annual 
Recurring Costs 

ly 

$ _145,000 11.65 $ _1,689,250 

I. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value With the 
Retrofit 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 

TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECURRING O&M 
COSTS (IN BASE- 

YEAR $)! 

(3) 
AMOUNT OF 

REPLACEMENT 
COST (IN 

BASE-YEAR $)! 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR $) 1 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

10 $40,000 0.51 20,400 

20 $40,000 0.26 10,400 

TOTAL x 30,800 

_ 
0 0 

J. Calculating TLCC With the Retrofit Project 

(1) Present Value of Energy Costs 

(2) Present Value of Adjusted Investment Costs 

(3) Present Value of Annually Recurring (Nonfuel) O&M Costs 

(4) Present Value of Nonannually Recurring (Nonfuel) O&M Costs 

(5) Present Value of Replacement Costs 

(6) Total Present Value of Salvage 

(7) TLCC With the Retrofit Project 

$ 26,504,477 

+ $ 1,350,000 

+ $ 1,689,250 

+ $ 30,800 

+ $ _0 

$ _0 

= $ 24,574,527 

3 See footnote on page 57 for explanation. 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

K. This part calculates the Net Savings (NS) (or Excess Cost (-NS)) from the retrofit project. 

(1) Transcribe from Part E, item (7). 

(2) Transcribe from Part J, item (7). 

(3) Line (3) = Line (1) - Line (2). 

This part describes the Savings-to-Investment Ratio (SIR) calculation. 

(1) (a) Line (a) = (Part E, item (1)) - (Part J, item (1)). 

(b) Line (b) = (Part J, lines (3) plus (4)) - (Part E, lines (3) plus (4)). (Note that this will 
negative value if (nonfuel) O&M costs are lower with the retrofit project than without it.) 

(c) Line (c) = Line (a) - Line (b). 

(2) (a) Li ne (a) = (Part J, line (2)) - (Part E, 1 i ne (2)) 

(b) Line (b) = (Part J, line (5)) - (Part E, 1 i ne (5)) 

(c) Li ne (c) = (Part J, line (6)) - (Part E, 1 i ne (6)) 

(d) Li ne (d) = Line (a) + Line (b) - Line (c) 

(3) Line (3) = ; Line (1) (c) * Line (2)(d). 

be a 
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RETROFIT LCC WORKSHEETS (Continued) 

K. Met Savings or Excess Cost of the Retrofit Project 

(1) TLCC without the Retrofit 

(2) TLCC with the Retrofit 

(3) Net Savings (+) or net losses (-) 

L. SIR Calculation 

(1) SIR Numerator 

(a) Energy Cost Savings from the Retrofit 

(b) Change in Non-Fuel O&M Costs 

(c) SIR Numerator 

(2) SIR Denominator 

(a) Adjusted Differential Investment Cost 

(b) Change in Replacement Costs 

(c) Change in Salvage Value 

(d) SIR Denominator 

(3) SIR for Ranking the Retrofit Project 

$ 31,270,641 

$ 29,574,527 

$ 1,659,114 

$ 2,961,414 

$ 288,800 

= $ 2,672,614 

$ 1,090,000 

+ $ -76,500 

$  _0 

= $ 1,013,500 

2.64 
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A waste heat recovery system has been retrofitted to the Bartlesville Energy Technology Center to preheat combustion 

air by drawing it through a heat exchanger energized by stack gases from the generator furnace. 
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4.4 ADJUSTING FOR PROJECT INTERDEPENDENCIES 

Sometimes retrofitting one building system in an existing Federal building will 

affect the potential energy savings of another building system also being con¬ 

sidered for retrofit in the same building. When this occurs, energy savings 

of the projects are interdependent. The total energy savings will be over¬ 

estimated if calculated independently for each project instead of jointly. 

For example, the predicted energy savings from retrofitting a furnace to make 

it more efficient will be lowered by adding insulation to reduce the overall 

energy requirements of the building. Undertaking one retrofit project will 

diminish the value of the other. It is necessary to account for interdepen¬ 

dencies to avoid "double counting" energy savings. 

The amount of energy savings attributed to each of two or more interdependent 

building systems will depend upon the order in which the building systems are 

assumed to be retrofitted. To calculate their SIR's, it is necessary to estab¬ 

lish the order in which they are to be retrofitted. A practical approach to 

establishing this order is to calculate the SIR of each alternative building 

system as though it were independent. Then select the retrofit project with 

the highest SIR value and recalculate the SIR’s of the remaining projects which 

are estimated to be interdependent, adjusting for any changes in energy savings 

that result from the selection of the project with the highest priority. It 

may be necessary to have several iterations of the energy load calculations to 

repeat this process for a whole group of interdependent projects. When retro¬ 

fit projects are interdependent, the SIR’s should be adjusted for the inter¬ 

dependencies prior to establishing cost-effectiveness rankings among all of 

the projects. 

4.5 SELECTING PROJECTS FOR FUNDING 

From the SIR measures—adjusted for any interdependencies among projects—an 

agency can prepare a plan which ranks projects in descending order of their 

cost effectiveness. For example, the first sample retrofit project given in 

section 4.2 would be given higher priority than the second sample project given 

in section 4.3. 

During the initial round of funding, the projects with the highest SIR's which 

together exhaust the first year's budget should be selected. In the second 

year, all projects not previously selected should be reevaluated if their SIR's 

are expected to have changed significantly. Then they can be ranked together 

with any new projects which have been identified. 

Graphically, the ranking and selection procedure can be illustrated as shown in 

figure 4.1. It shows projects arrayed in order of their priority ranking with 

the selection of projects made in accordance with a limited budget. For illu¬ 

strative purposes, there are six candidate projects depicted in the first year 

as meeting the minimum cost-effectiveness criterion by having an SIR of one or 

greater. However, the budget in that year only allows for the first three to 

be done. In the second year, the budget allows for the remaining three 
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First Year 
Investment 

BUDGET 

INVESTMENT COST 

Second Year 
Investment 

BUDGET 

Figure 4.1 Allocating the Budget Among Alternative Projects Ranked by SIR 
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projects. A fourth new candidate project in that year is omitted because of 

the budget constraint and the fact that its SIR is lower than that of the three 

previously identified candidates. 

Allocating an agency's energy conservation budget among candidate projects for 

that agency's buildings on the basis of SIR rankings can be expected to result 

in the greatest dollar savings from the agency's budget. 

Allocating a single Federal energy conservation budget among different agencies 

based on the comparative values of SIR rankings can be expected to result in 

uneven energy conservation efforts among agencies. Other things being equal, 

those agencies whose buildings are relatively inefficient in their energy usage 

can be expected to have higher SIR rankings for their projects than agencies 

which have already achieved buildings that are relatively energy conserving. 

Concentrating the energy conservation effort on buildings that are currently 

most inefficient and have the greatest room for improvement, however, is 

necessary to obtain the maximum amount of energy conservation in Federal 

buildings from the available funding. 
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5. EVALUATING ALTERNATIVE BUILDING DESIGNS AND SYSTEMS FOR NEW 
FEDERAL BUILDINGS 

5.1 OBJECTIVE AND APPROACH 

In evaluating and choosing among new building designs, the overriding factor 

is the functional use of the building. Economic evaluation of energy conser¬ 

vation in new building designs is useful for determining the most cost effec¬ 

tive of alternative designs for a given building that will satisfy the 

functional use requirements. 

An economic evaluation method is needed to identify the design that will meet 

the functional and other requirements of a building at the lowest total life- 

cycle costs, emphasizing in this program the life-cycle costs of the energy 

components of the building. This can be best accomplished by using the TLCC 

mode of analysis to sum (a) the present value of investment costs minus sal¬ 

vage value, (b) the present value of future nonfuel operation and maintenance 

costs, (c) the present value of replacement costs, and (d) the present value 

of energy costs for each alternative design. The design whose energy-related 

components result in the lowest TLCC for the building will be preferred, other 

things being equal.1 

A set of worksheets, entitled "NEW BUILDING DESIGN WORKSHEETS," (appendix D-2), 

has been prepared to assist in calculating the TLCC of alternative building 

designs. The items and the calculation procedures given in these worksheets are 

essentially the same as those given in parts A through D of the Retrofit Work¬ 

sheets. Instructions for completing the worksheets are found on the pages 

facing the worksheets. 

The computer program in appendix E, introduced in part 4 for evaluating 

retrofit projects, also can be used to evaluate new building designs. The 

user must specify that the analysis is for a new building design and enter the 

necessary data. 

As in the case of evaluating retrofit projects, it is unnecessary that agencies 

use either the NEW BUILDING DESIGN WORKSHEETS or the counterpart computer pro¬ 

gram; but it is_ necessary that the LCC method and assumptions set forth in the 

LCC Rule and in this manual be followed. The worksheets and computer program 

are provided as computational aids, and, in the interest of consistency among 

1 As in the case of evaluating retrofit projects, it is important that any 

significant differences in the benefits associated with alternative designs 

of a new building be taken into account. If quantifiable, these differences 

in benefits can be incorporated into the TLCC measure as negative costs; if 

unquantifiable, a verbal description can be provided to amend the numerical 

TLCC evaluation. 
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agencies, their use is encouraged. Alternatively, agencies may develop or 

adopt their own forms and/or computer programs consistent with those provided 

here. 

To help explain the LCC evaluation procedures for new building designs, a 

sample problem and step-by-step solution are given below, using the NEW 

BUILDING DESIGN WORKSHEETS from appendix D-2.^ The problem compares two 

alternative designs for a given building, both of which are assumed to meet 

the functional requirements in approximately an equal way, but one of which is 

more energy conserving than the other. 

5.2 PROBLEM STATEMENT 

An energy-conserving building design is being considered as an alternative 

to a conventional building design for a Federal office building in Madison, 

Wisconsin (DoE region 5).^ The two designs are approximately equivalent in 

total assignable and auxiliary spaces and in functional performance with 

respect to the purpose of the building. Each has two underground levels for 

parking and seven office floors, plus a mechanical house. Each has a floor 

area of approximately 176,000 ft- (gross). 

The two designs differ primarily in the envelope, building configuration, 

orientation, and lighting systems. The energy-conserving design is slightly 

elongated on the east-west axis for greater exposure of the south side to 

solar radiation. The window area of the energy-conserving design is 25 per¬ 

cent of the wall area and most of that is located on the south side; in the 

conventional building, it is 40 percent. More massive exterior surfaces are 

used and insulation is increased, reducing the wall U value from 0.16 to 0.06, 

and the roof U value from 0.15 to 0.06. Horizontal window fins reduce the 

summer cooling load of the energy-conserving design. The north wall of the 

first floor of the energy-conserving design is earthbermed. It is assumed 

that both designs will last at least 25 years, and, for lack of a good basis 

for projecting differences in their salvage values, they are both assumed to 

have no salvage value remaining at the end of the 25-year study period. The 

question to be answered is which design is estimated to have the lowest 

life-cycle cost. 

1 A set of blank worksheets is provided in appendix D-2. 

O 

The designs are purely hypothetical and are solely for the purpose of 

illustrating the evaluation process. 
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♦ 
Following are a listing of the major relevant costs for each design: 

I 

Energy-Conserving 

Design 

Conventional 

Design 

(a) Site acquisition costs: (To ensure 

adequate exposure of south-facing 

windows, an additional acquisition 

cost of $100,000 is necessary for 

the energy-conserving design. 

Other site costs are assumed to be 

identical for both designs and, 

hence are not shown). 

(b) Architectural and Engineering Design 

Fees and Construction Costs: 

$ 9,780,000 $ 9,130,000 

(c) Annual Energy Consumption: 

Natural Gas 

Electricity 

(d) Energy Prices: 

Actual Agency 

Price/Unit 

Natural Gas 

Electricity 

DoE Price/Unit 

Natural Gas 

Electricity 

(e) Nonfuel O&M Costs: 

2,290 x 106 Btu 

3,886 x lO^ Btu 

$ 3.57/106 Btu 

$15.73/106 Btu 

$ 3.18/106 Btu 

$16.83/106 Btu 

4,980 x 106 Btu 

7,277 x 106 Btu 

$ 3.57/106 Btu 

$15.73/106 Btu 

$ 3.18/106 Btu 

$16.83/106 Btu 

Recurring Annual 

Cost: $70,000 $ 90,000 

Repairs to Exter¬ 

nal Surfaces 

Every 10 Years: $60,000 $100,000 

5.3 PROBLEM SOLUTION 

This problem can be solved by calculating the TLCC for each of the two designs 

being considered to determine which is estimated to have the lowest total cost 
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over the life cycle.! The NEW BUILDING DESIGN WORKSHEETS shown in exhibit 5.1 

are used to carry out the evaluations. For ease of comparison, both design 

alternatives are shown evaluated on the same worksheets, the figures for the 

conventional design being given in parentheses. 

In reviewing the results, it might be pointed out that the differences in the 

TLCC measures obtained are small relative to the magnitude of the total build¬ 

ing cost. However, the reduction in the building's TLCC attributable to the 

energy-conserving design is significant relative to the incremental investment 

costs required for the energy-conserving features. Estimated energy savings 

plus reduction in other costs total $1,085,702, compared with an estimated 

increase in actual investment costs of $750,000. After adjusting for the 

additional benefits to the nation of reducing the use of nonrenewable energy 

(via the 10 percent reduction in project investment costs), a net savings of 

$410,702 is estimated, further supporting the selection of the energy- 

conserving building design. 

Any number of possible designs for a given building can be evaluated in 

this same way. 
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Exhibit 5.1 NEW BUILDING DESIGN LCC WORKSHEETS -- Completed for Problem 5.2 

I. PROJECT DESCRIPTION (Hypothetical Example) 

AGENCY: _National Defense 

ADDRESS: STREET 
CITY/COUNTY Madison_ 
STATE Wisconsin 
DoE REGION _5_ 

PROJECT CONTACT PERSON: NAME L.C.C. Designer_ 
POSITION Facilities Architect 
TELEPHONE _ 

BUILDING OR FACILITY DESCRIPTION: FUNCTIONAL USE Offices_ 

CLASSIFICATION FOR 
ENERGY CHARGES Residential 

X Commercial 

Industrial 

PROJECT DESCRIPTION: Energy Conserving Design--Earth-bermed; increased southern exposure; reduced window area; 

window location on the south; increased mass in building envelope; increased wall and roof 

insulation; horizontal window fins 

EXPECTED BUILDING OR SYSTEM LIFE: 30 years or greater_ 

ESTIMATED BUILDING OR SYSTEM INVESTMENT COST: $9,880,000_($9,130,000)l 

(Included site, planning, design, engineering and construction or purchase and installation) 

ENERGY INFORMATION: (Complete for Each Type of Energy Affected by the Choice of Alternative Design or System) 

Energy Type Natural Gas_ Energy Type Electricity 

DoE DoE 
Actual Price/ Actual Price/ 
Agency Unit Agency Unit 

Annual Price/ (Table C-l Annual Price/ (Table C-l 
Quantity Unit or C-2) Quantity Unit or C-2) 

(4,980 x 106 Btu) ($3.57/106 Btu) ($3.18/106 Btu) (7,277 x 106 Btu) ($15.73/106 Btu) ($16.83/106 Btu) 

2,290 x 106 Btu 3.57/106 Btu 3.18/106 Btu 3,886 x 106 Btu 15.73/106 Btu 16.83/106 Btu 

Period of Study: From 1980 To 2005 

(Base Year) (End Year) 

Number of Years Covered: _25_ 
(Not to exceed 25) 

1 Data for the Conventional Design is given in parentheses for illustrative comparison. 
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NEW BUILDING DESIGN LCC WORKSHEETS (Instructions) 

A. This part calculates the present value of energy cost. It is appropriate for use when (1) the annual 
physical quantity of energy required by the building design is expected to remain about constant, and (2) the 
type(s) of energy are not expected to change over the study period. To calculate the present value of energy 
costs when these two conditions do not hold, see appendix G. 

(1) Total annual quantity of energy to be purchased expressed in MBtu's (106 Btu's) or, alternatively, in 
sales units, e.g., gallons, kWh, etc. 

(2) Price per unit purchased. Use the estimated base yearl energy prices indicated in table C-l or C-22 of 
the LCC MANUAL or of the LCC Rule (subject to periodic revision in the Federal Register)^ for the appro¬ 
priate region, sector and fuel type, or use the actual price to the agency if the agency's base-year 
energy price exceeds the estimate in table C-l or C-2.4 

(3) Column (3) = Column (1) x Column (2). For electricity, only the base charge in Column (1) x Column (2). 
Other charge components are entered directly in Column (3). 

(4) For the UPW* factor see appendix B of the LCC MANUAL or of the LCC Rule^ for the appropriate region, 
sector, fuel type, and study period. (In no case shall the study period exceed 25 years.) For elec¬ 
tricity, the same UPW* factor should be applied to all charge components. 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs. 

B. This part calculates the investment costs. 

(1) Costs of initial planning, site acquisition, design, engineering, purchase and installation. 

(2) Special interim adjustment factor for reducing energy conservation and renewable energy investment costs 
in the LCC evaluation to reflect estimated societal benefits not adequately reflected by market energy 
prices. (The adjustment factor, set at .9 in the LCC Rule, is subject to future modification or 
deletion. 

(3) Line (3) = Line (1) x Line (2). 

1 The base year is the year the life-cycle cost evaluation is made. 

2 Table C-2 is in terms of typical sales units and it can be used in lieu of table C-l, provided the quantity of 
energy in item (1) is also given in the same sales unit. 

3 Revised energy price data and UPW* factors for use in the LCC evaluations will be published as available in the 
Federal Register as an amendment to the LCC Rule. The most current data should be used. 

4 For projects using electricity as the energy source and which have separate charge components that may be 
affected by the design choice, the price to the agency should be used, since the prices in tables C-l and C-2 
do not take into account the separate charge components. 

5 See footnote 3. 



NEW BUILDING DESIGN LCC WORKSHEETS (Continued) 

A. Calculating the Present Value of Energy Costs 

TYPE 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COST 

ELECTRICITY 
(7,277 x 106 Btu) 

3,866 x 106 Btu $16.83/106 Btu 

$ (122,471.91) 

$ 65,064.78 11.95 

(1,463,539) 

$ 777,524 

BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 

GAS 
(4,980 x 106 Btu) 

2,290 x 106 Btu $ 3.57/106 Btu1 
$(17,778.60) 
$ 8,175.30 14.15 

$ ( 251,567) 

$ 115,680 

OTHER 

TOTAL 
$ (1,715,106) 

$ 893,204 

B. Calculating Investment Costs for the New Building Design 

(1) Estimated Actual Investment Costs for the New Building Design 
(9,130,000) 

$ 9,880,000 1 2 

(2) Investment Cost Adjustment Factor 

(3) Adjusted Investment Costs for the Retrofit Project 

x .9 

(8,217,000)3 

8,892,000 

1 Agency price is higher than DoE price and is therefore used in the LCC evaluation. 

2 Includes $100,000 site acquisition cost, plus $9,780,000 architectural and engineering design fees and 
construction costs. 

2 Investment Costs of the conventional design are not eligible for the investment cost adjustment; the 
adjustment applies only to energy conservation or renewable energy investment costs. However, applying the 
.9 adjustment factor to the total investment costs of both the energy-conserving and the conventional designs 
is equivalent in results to applying the .9 adjustment factor to the difference between the two costs. 
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MEW BUILDING DESIGN LCC WORKSHEETS (Instructions Continued) 

C. This part gives the annually recurring (nonfuel) operating and maintenance costs. 

(1) State in base-year dollars the amount of annually recurring (nonfuel) costs, such as for routine 
maintenance, that are expected to remain about the same from one year to the next when inflation 
is not included. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or the LCC Rule, table A-2. 

(3) Column (3) = Column (1) x Column (2). 

D. This part gives the present value of nonannually recurring (nonfuel) operating, maintenance, replacement 
costs, and salvage values. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage values may occur during the study period in conjunction with replacements, as well as 
at the end of the study period. 

(5) Obtain single present worth (SPW) factors for year(s) in which the amount(s) is (are) expected to occur 
from table A-l of the LCC MANUAL or the LCC Rule. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and pi ace in Column (6) Total line. This gi ves 
the total present value of nonannually recurring (nonfuel) O&M costs. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and pi ace in Col umn (7) Total line. This gi ves 
the total present value of replacement costs. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and pi ace i n Column (8) Total line. Thi s gives 

E. 

the total present value of salvage value. 

This part calculates the total life-cycle cost (TLCC). 

(1) Transcribe from Part A, Column (5) Total. 

(2) Transcribe from Part B, item (3). 

(3) Transcribe from Part C, item (3). 

(4) Transcribe from Part D, Column (6) Total. 

(5) Transcribe from Part D, Column (7) Total. 

(6) Transcribe from Part D, Column (8) Total. 

(7) Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line (5) - Line (6). 
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NEW BUILDING DESIGN LCC WORKSHEETS (Continued) 

C. Calculating Annually Recurring (Nonfuel) Operation and Maintenance (O&M) Costs 

(1) (2) (3) 

Amount of Annually Recurring UPW Factor Present Value of Annually 

Costs in Base Year Recurring Costs 

($90,000) ($1,048,500) 

$ 70,000 11.65 $ 815,500 

D. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value 

(1) 
YEAR IN 

WHICH 

EXPENDITURE 

IS EXPECTED 

TO OCCUR 

(2) 

AMOUNT OF NON¬ 

ANNUALLY 

RECURRING O&M 

COSTS (IN BASE- 

YEAR S)1 

(3) 

AMOUNT OF 

REPLACEMENT 

COST (IN 

BASE-YEAR $)1 

(4) 

AMOUNT OF 

SALVAGE 

VALUE (IN 

BASE-YEAR $)! 

(5) 

SPW 

FACTORS 

(6) 

PRESENT 

VALUE OF 

NON¬ 

ANNUALLY 

RECURRING 

O&M COSTS 

(7) 
PRESENT 

VALUE OF 

REPLACEMENT 

(8) 

PRESENT 

VALUE OF 

SALVAGE 

VALUE 

10 

(100,000) 

60,000 0.51 

$(51,000) 

30,600 

20 

(100,000) 

60,000 0.26 

(26,000) 

15,600 

TOTAL 
(77,000) 

46,200 0 0 

E. Calculating the TLCC 

(1,715,106) 

(1) Present Val ue Energy Costs $ 893,204 

(2) Present Val ue Adjusted Investment Costs + $ 

(8,217,000) 

8,892,000 

(3) Present Val ue of Annually Recurring (Nonfuel) O&M Costs + 

(1,048,500) 

815,500 

(4) Present Val ue of Nonannually Recurring (Nonfuel) O&M Costs + $ 

( 77,000) 

46,200 

(5) Present Val ue of Replacement Costs + $ 0 

(6) Present Val ue of Salvage _ 
$ 0 

(7) TLCC of the New Building or System Design 

(11,057,606) 

$ 10,646,904 

1 For example, if nonannually recurring (nonfuel) O&M costs, replacement costs or salvage value occur in 1990 
and you are using 1980 as the base year, base-year dollars means stating the 1980 costs in 1980 dollars, 
i.e., without future inflation. 
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6. EVALUATING ENERGY CONSERVATION DECISIONS FOR LEASED BUILDINGS 

The National Energy Act directs Federal agencies to give preference in leasing 

buildings to those "which use solar heating and cooling equipment or other 

renewable energy sources or which otherwise minimize life-cycle costs." 

This section describes those specific life-cycle costing assumptions and 

procedures which pertain to the evaluation of energy conservation and renewable 

energy decisions for leased Federal buildings. The focus is on the special 

requirements for evaluating leased buildings that differ from those for owned 

buildings. 

6.1 COST ASSUMPTIONS 

Only those costs actually incurred or those savings actually realized by the 

Federal government are to be included in the life-cycle cost evaluation of a 

project for a leased building. At the one extreme—usually when an entire 

building is leased—the Federal government may directly pay all energy and 

nonfuel operating and maintenance costs. In this circumstance, the kinds of 

costs to be included in the evaluation are identical to the costs which would 

be included if the building were owned by the Federal government with the 

probable exception of salvage value at the end of the life of the investment. 

At the other extreme, usually when a small part of a privately owned building 

is leased, the Federal government may directly pay no energy or nonfuel oper¬ 

ation and maintenance costs. These costs may be paid entirely by the building 

owner and incorporated in the rent. In this circumstance, no energy savings 

are realized by the Federal government unless lease renegotiations are held 

to reduce the rent following energy-conserving retrofits. If there are no 

savings to be realized by the government occupant either by reduced utility 

bills or by lower rent, energy conservation investments are deemed under the 

program rules not to be cost effective and specific life-cycle cost evaluation 

is unnecessary. 

Between the two extremes, the Federal government may directly pay some, but not 

all, of the energy and nonenergy operation and maintenance costs. The life- 

cycle cost evaluation should include the part of the costs that are directly 

paid by the Federal government. In this case, the cost effectiveness to the 

Government of a project for a leased building may vary markedly, depending upon 

the particular way in which energy and other costs are shared between the 

building owner and the Federal lessee. 

6.2 STUDY PERIOD ASSUMPTIONS 

The study period for leased buildings is the lesser of 25 years or the 

effective remaining term of the lease. If appropriate, the study period may 
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include renewal options that are likely to be exercised. The cost effective¬ 

ness and ranking of a project for a leased building is therefore likely to be 

quite sensitive to the remaining effective term of the lease. 

The LCC Rule allows a Federal agency to presume that a retrofit is not cost 

effective when a Federal building is occupied under a short-term (2 years or 

less) lease without a renewal option or with a renewal option which is not 

likely to be exercised. No evaluation is required under this condition. 

6.3 LCC EVALUATIONS OF PROJECTS FOR LEASED BUILDINGS 

The modes of analysis, the evaluation procedures as reflected in the 

worksheets, the computer program, and those assumptions not specifically 

changed for leased buildings, apply to evaluations for leased buildings. 

However, in using the worksheets and computer program, it is important to 

observe the special cost and study period assumptions for leased buildings that 

are described above in sections 6.1 and 6.2, as well as any other regulations 

governing Federal expenditures in leased buildings. Additionally, special 

attention is directed to the treatment of salvage values when evaluating pro¬ 

jects for leased buildings. The lease, or the nature of the retrofit project, 

may require that ownership of certain kinds of capital assets retrofitted into 

a leased building be transferred from the Federal government to the building 

owner upon termination of the lease. If ownership transfers to the building 

owner, care should be taken to include only those salvage values that are 

actually likely to be recovered by the Federal government. 
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7. EVALUATING SOLAR ENERGY PROJECTS 1 

7.1 OBJECTIVE AND APPROACH 

This part gives the prescribed methods for evaluating the life-cycle costs^ of 
solar energy projects proposed under the Department of Energy's Solar Federal 
Buildings Program (SFBP). Under this program, DoE will fund "those incremental 
costs associated with a solar energy system that are over and above the normal 
cost of the conventional HVAC system equipment. 

The LCC evaluation requirements of the SFBP are intended to (1) encourage 
economic efficiency in the design and sizing of proposed projects and (2) give 
weight in SFBP project selection to those projects which are estimated to have 
relatively higher economic performance. 

A special form, A-2, is used to submit SFBP project proposals to the Department 
of Energy.1^ This form, used here to demonstrate the evaluation of a solar 
energy system in a sample problem, provides for the calculation of the system's 
net savings or excess cost (NS), simple payback (SPB), and savings-to-invest- 
ment ratio (SIR). The NS and a measure of the time to payback are specifically 
required by the National Energy Act. The NS measure is particularly useful in 
the project design phase for comparing systems of alternative design and size 
in order to identify the most promising system to propose for SFBP support. 
The SIR is used by the SFBP as a ranking measure for proposed projects within 
given categories of solar energy systems. 

In the Solar Federal Buildings Program, a solar project need not be cost 
effective to be approved for funding support, although its comparative degree 
of cost effectiveness is one of the key criteria considered in its approval. 

1 Although this part is written specifically for solar energy, the methods 
and procedures presented here can be adapted to the economic evaluation of most 
other kinds of renewable energy systems. 

^ For comprehensive information on many other aspects of solar design and 
evaluation, see Ref. [21], 

^ See appendix D-3, Item G; and Ref. [22]. 

^ Form A-2 Worksheets are referenced in the Solar Federal Buildings Program 
Rules, Ref. [22], and are available from the NASA/George C. Marshall Space 
Flight Center. Contact A1 Krupnick, FA 34 NASA/George C. Marshall Space Flight 
Center, Huntsville, Alabama, 35812; Telephone: 205-453-1870 (FTS 872-1870). 
Form A-2 is provided in appendix D-3, and section III of Form A-2—the Solar 
LCC evaluation section—is used here to illustrate the method. 
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A project's comparative economic performance rating accounts for 20 out of a 

total of 100 points in the SFBP proposal scoring process. Whether or not a 

project is cost effective, a life-cycle cost evaluation is an SFBP requirement. 

7.2 SFBP DATA AND ASSUMPTIONS 

This section focuses on those SFBP requirements that are either different from 

or not included in the list of common requirements of the LCC Rule given in 

part 3. (Unless specifically overridden here, the rules given in part 3 apply 

to SFBP solar energy projects.) 

(1) The LCC evaluation must be formatted using Section III of Form A-2, 

provided by the Solar Federal Buildings Program. 

(2) A study period of 20 years should be used unless a more accurate life 

(not to exceed 25 years) for the candidate system can be established. 

(3) As a general guideline for estimating nonfuel operating and maintenance 

(O&M) costs for the solar energy system, "typical" O&M costs are designated at 

between 1 and 4 percent of the system investment cost. 

(4) Solar investment costs used in the LCC evaluation must include those cost 

elements set forth in Section II of the SFBP Form A-2 (see appendix D-3). 

Reported investment costs should be the incremental costs attributable to the 

solar project, over and above the "normal cost" of the HVAC system equipment. 

These incremental investment costs should be reduced by the investment adjust¬ 

ment factor to reflect societal benefits of reducing nonrenewable energy not 

adequately reflected by market energy prices. (The adjustment factor, set at 

.9 in the LCC Rule, is subject to future modification or deletion.) This 

adjustment to solar investment costs is made in Section III, Part G(2) of 

SFBP Form A-2. 

(5) Salvage value should be assumed to be zero unless more definitive 

information is available. 

(6) A measure of the estimated total life-cycle costs (TLCC) associated with 

a proposed solar energy system and its auxiliary system must be calculated and 

compared with a measure of the estimated TLCC of the alternative nonsolar 

energy system; and the estimated difference—the net savings (NS) or, if 

negative, excess cost (-NS)—must be determined. 

(7) A ratio of savings-to-investment costs (SIR) must be calculated on the 

solar energy project to facilitate project ranking by the SFBP. 

(8) The number of years to simple payback (SPB) on the solar energy investment 

must be calculated as a supplementary measure to meet legislated requirements. 

See footnote 4 on page 97. 
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7.3 SAMPLE SOLAR PROJECT EVALUATION 

Federal agencies are encouraged to use LCC analysis throughout the solar design 

process in the selection and sizing of those projects that are ultimately sub¬ 

mitted as proposed SFBP projects. The following example illustrates with a 

sample problem the use of LCC analysis both in the project design phase and 

in the project proposal and review stages. 

7.3.1 Problem Statement 

A Federal agency is considering the submittal of a proposal to the Solar 

Federal Buildings Program Office for a solar energy system for retrofit to an 

existing Federal office building located in Phoenix, Arizona (DoE Region 9). 

The facility engineer has under consideration two alternative solar energy 

system designs (A and B) to supplement the existing space heating boiler. 

System Design A costs less than Design B, but has a lower performance for a 

given system size than Design B. Table 7.1 gives the principal economic data 

and assumptions for the existing boiler and for the two solar designs. 

The facility engineer wishes to determine the most cost effective of the 

available systems. This requires evaluating and comparing the estimated life- 

cycle costs for a range of possible sizes of each of the designs identified. 

7.3.2 Problem Solution 

Section III of SFBP Form A-2 guides the calculation of life-cycle costs for the 

nonsolar energy system that would be used in lieu of solar, and for the solar 

energy system of a given design and size. To compare alternative solar energy 

system designs and sizes using Form A-2, it is necessary to complete parts E 

through K for each alternative. As another option, the computer program given 

in appendix E could be used to perform the evaluations. ^ 

For this example, Section III of Form A-2 is shown completed only for the 

existing energy system and for the most cost effective of the solar project 

alternative examined; i.e., parts E through K are not shown repeated for each 

alternative. Rather the TLCC’s and NS's of all of the systems are shown 

summarized in table 7.2. 

1 The computer program in appendix E evaluates a solar energy system of a 

specified design, size, and performance. It does not determine the optimal 

solar design and size, although it can be used to compare different systems if 

the user reruns the program for the different sets of values. The National 

Bureau of Standards is currently developing a more comprehensive computer 

program for Federal solar energy projects that provides an optimization 

analysis. See Ref. [23], 
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Table 7.1 Economic Data and Assumptions for the Sample Problem3 

EXISTING SPACE HEATING SYSTEM 

Type of System: 

Annual Space Heating Load: 

Plant Efficiency: 

Remaining Life: 

Actual Agency Price of Distillate: 

DoE Price (Table C-l): 

Distillate Oil-Fired Boiler 

500 x 106 Btu 

0.6 
20 years 

5.85/106 Btu 

6.55/106 Btu 

SOLAR ENERGY SYSTEMS 

Type of System: 

Fixed Cost: 

Variable Cost:^ 

Non-fuel O&M Cost: 

Auxiliary System: 

Salvage Value:0 

Expected Life: 

Size Alternatives:d 

(ft2 of collector) 

450 

600 

785 

1070 

1450 

Design A 

Flat Plate 

$33,620 

$26.00/ft2 

1 percent of Investment 

Cos t 

Existing Boiler 

20 percent of Investment 

Cos t 

20 years 

Annual Solar Fractions of 

.27 

.37 

.40 

.48 

.56 

Design B 

Advanced Design 

$42,025 

$32.50/ft2 

1 percent of Investment 

Cos t 

Existing Boiler 

25 percent of Investment 

Cos t 

20 years 

Load: 

.31 

.42 

.46 

.55 

.64 

a These values are hypothetical and are intended only to illustrate the LCC 

evaluation procedure, not to recommend actual values for system designs nor 

components of costs. 

b It is assumed that all variable costs change linearly with collector area. 

c It is assumed that definitive estimates of scrap value of copper tubing and 

other materials justify an exception to the SFBP guideline to assume a 0 

salvage value. 

d It is assumed that collector area is a good indicator of overall system 

size. 
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Table 7.2 Using LCC Analysis in Project Design 

(1) 

: Alternatives 

ctor Area, ft^) 

signs A & B 

(2) 

Annual 

Solar Fraction3 

Design Design 

A B 

(3) 

Auxiliary 

System 

Energy Costs,^ $ 

Design Design 

A B 

(4) 

Solar Energy 

System Costs,c $ 

Design Design 

A B 

(5) 

TLCC, Each Size 

Alternative,^ $ 

Design Design 

A B 

(6) 

NS, 

Design 

A 

e $ 

Design 

B 

0 0 0 $78,436 $78,436 0 0 $78,436 $78,436 0 0 

450 .27 .31 57,258 54,121 43,230 54,038 100,488 108, 159 -22,052 -29,723 

600 .37 .42 49,415 45,493 46,951 58,689 96,366 104,182 -17,930 -25,746 

785 .40 .46 47,062 42,355 51,539 64,424 98,601 106,779 -20, 165 -28,343 

1,070 .48 .55 40,787 35,296 58,607 73,259 99,394 108,555 -20,958 -30,119 

1,450 .56 .64 34,512 28,237 68,032 85,040 102,544 113,277 -24,108 -34,841 

a Given in table 7.1. 

b Calculated as follows: E = 500 x 10 Btu (j _ F)($6.55/10^ Btu)(14.37), where E = the present value of . 6 

auxiliary system energy costs, 500 x 10^ Btu = the annual space heating load given in table 7.1, .6 = the efficiency 

of the existing plant, F = the fraction of the load met by solar, $6.55/10^ Btu = the price of fuel in DOE region 9, 

and 14.37 = the 20-year UPW* factor for distillate oil for commercial-type buildings in DOE region 9. 

c Calculated as SSC = C(.9) + C(.01)(10.59) + C(.2)(.26), where SSC = the present value of owning and operating the 

solar energy system, C = the cost of purchase and installation, .9 = the investment adjustment factor, .01 = 0 + M 

costs expressed as a fraction of purchase and installation costs as given in table 7.1, 10.59 = the 20 year UPW 

factor, .2 = salvage value expressed as a fraction of purchase and installation cost, and .26 = the SPW factor 

for the 20th year. 

^ TLCC = Column (3) + Column (4). 

e NS = TLCC for the designated size of the solar energy system, less the TLCC for the auxiliary system used alone 

(i.e., TLCC for collector area = 0). 
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The table summarizes the TLCC calculations for the existing system and for the 

alternative sizes of Solar Designs A and B. Column 1 of table 7.2 shows for 

both designs, A and B, the system sizes examined, as indicated by their collec¬ 

tor areas. Column 2 shows the annual solar fraction for each size alternative 

of each design. Column 3 shows the life-cycle costs of distillate fuel for the 

auxiliary energy system, for each solar energy system alternative. Column 4 

shows the cost of purchasing, installing, operating, and maintaining the solar 

energy system of each design/size. Column 5, the total life-cycle cost (TLCC) 

of the combined solar and auxiliary system, is obtained by adding columns 3 and 

4. The last column of the table shows total life-cycle excess cost (-NS) 

resulting from the different sizes of each design. As column 6 of table 7.2 

shows, excess costs are estimated for all sizes examined of both designs; that 

is, neither Solar Design A nor B is cost effective. However, excess costs are 

estimated to be lower for Design A than for Design B. Furthermore, excess 

costs for Design A are estimated to decrease from $22,052 for the 450 ft^ size 

to $17,930 for the 600 ft^ size, and then to increase to $24,108 for the 1,450 

ft^ size. Hence, of those sizes examined, the solar energy system which mini¬ 

mizes excess costs is 600 ft^ of Design A, providing 37 percent of the space 

heating requirement. If a solar energy system were to be installed—and the 

choice were between Designs A and B and the sizes indicated—it would be more 

economical, under the assumed conditions, to install a system of Design A of a 

size supplying 37 percent of the load than any of the other alternative 

systems. 

The agency could then proceed to calculate the additional required LCC 

measures—SIR and SPB—for this design/size alternative and submit the proposal 

to the Solar Federal Buildings Program. Exhibit 7.1 shows the Solar Federal 

Buildings Worksheets completed for the solar energy system of Design A/Size 

600 ft^. The project's relative economic performance rating would serve as 

one of the SFBP project selection criteria, accounting for 20 out of a total 

of 100 points in DoE's proposal scoring process. 
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Exhibit 7.1 SOLAR FEDERAL BUILDINGS LCC WORKSHEETS-Complete for Problem 7.3 
(System Design A/Size 600 ft?)l 

PROJECT DESCRIPTION 

AGENCY: Federal Agency 

PROJECT TITLE: Solar Energy Retrofit for Executive Building 

PROJECT CONTACT PERSON: J. Doe, facility engineer 

BUILDING CATEGORY: NEW EXISTING JT 

ADDRESS: STREET Federal Park_ 

CITY/COUNTY Phoenix_ 

STATE Arizona (DOE Region 9)_ 

SOLAR APLICATION (CHECK ALL APPROPRIATE: DOMESTIC HOT WATER , SPACE 
HEATING _X_, SPACE COOLING _, INDUSTRIAL PROCESS HEAT _. If PROCESS HEAT, 
BRIEFLY EXPLAIN: 

TYPE SOLAR ENERGY SYSTEM: ACTIVE _ PASSIVE _X_ 

BRIEFLY DESCRIBE: A solar energy system consisting of 600 ft? of high quality, 

double-glazed flat-plate collectors with selective absorber coatings on the roof 

of the building, with liquid heat transfer and storage medium, will be used in 

combination with the existing oil-fired boiler to meet an estimated 37 percent of 

the annual space heating load. 

1 This exhibit comprises sections I and III of Form A-2, the official forms for the 
Program. A blank set of Form A-2 in its entirety is provided in appendix D-3. 

FORM COMPLETION TIME 
(CHECK APPROPRIATE BLOCK) 

PROPOSAL: _ 
CONCEPTUAL DESIGN J<__ 

60% DESIGN OR MORE 

FINAL DESIGN 

OTHER 

Solar Federal Buildings 
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SOLAR LCC WORKSHEETS (Form A-2 III) (Instructions) 

A. In order to evaluate the cost effectiveness of a solar energy system, it is necessary to estimate what costs 
would exist without solar. The purpose of this part is to estimate those costs based on the nonsolar energy 
system that would be used if the solar project were not undertaken. This system may be identical to or dif¬ 
ferent from the system that would be used as a backup to the solar energy system. All applicants must com- 
plete this part for the type(s) of fuel(s) that solar will be displacing. Indicate in the appropriate 
columns: 

(1) Total quantity of energy to be purchased expressed in MBtu's (10® Btu's). 

(2) Price/MBtu. Use the estimated base-year^ energy prices indicated in table C-12 of the MANUAL, or the 
"Life-Cycle Costing Rules," for the appropriate region, sector, and fuel type, or use the actual price 
to the agency if the agency's base-year energy prices exceed estimates in the table. 

(3) Column (3) = Column (1) x Column (2). Sum up Column (3) and place in Column (3) Total line. This gives 
the Total Base-Year Energy Costs without solar. For electricity, only the base charge is Column (1) x 
Column (2). 

(4) For the modified uniform present worth (UPW*) factor, see appendix B of the LCC MANUAL or the 
"Life-Cycle Costing Rules," for the appropriate region, sector, fuel type, and study period. Use a 
study period of 20 years unless a more accurate number for the particular system is available. Do not 
exceed a study period of 25 years.3 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs without solar. 

B. All applicants must complete this part. This part gives the annually recurring nonfuel operating and 
maintenance costs of the nonsolar energy system. These are the 0&M costs associated with the system which 
would have been used in lieu of the proposed solar energy system. Put in "0" if appropriate. 

(1) Self-explanatory. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or "Life-Cycle Costing Rules," 
table A-2. 

(3) Column (3) = Column (1) x Column (2) 

1 The base year is the year the life-cycle cost evaluation is made. 

2 For projects using electricity as the energy source and which have separate charge components that may be 
affected by the solar project, only the price to the agency should be used, since the prices in table C-l do 
not take into account the separate charge components. The same UPW* (Column 4) should be applied to all 
charge components. Table C-2 is in terms of kWh and it can be used as a cross reference to table C-l. 

3 This instruction in the Form A-2 is shown changed from a maximum study period of 30 years to a maximum of 
25 years for consistency with the new legislated requirements (see Ref. [13]). 

106 



SOLAR LCC WORKSHEETS (Form A-2 III) 

A. Calculating the Present Value of Fuel Costs Without Solar 

TYPE 

CD 
ANNUAL UNITS OF 
ENERGY PURCHASED 

(106 Btu) 

(2) 
BASE-YEAR 

ENERGY PRICE 
$/106 Btu 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COST 

ELECTRICITY $ $ 
BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 833.33t $6.55 $ 5,458.31 14.37 $78,436 

GAS 

OTHER 

TOTAL $ 78,436 

B. Calculating Annually Recurring Nonfuel Operation and Maintenance (O&M) Costs Without Solar 

(1) (2) (3) 
Amount of Annually Recurring UPW Factor Present Value of Annually 

Costs in Base Year2 Recurring Costs 

$ 0 - $ 0 

1 833.33 x 106 Btu/.6, from table 7.1. 

2 If the nonfuel O&M costs of the nonsolar energy system are assumed to remain constant whether the system is 
used alone or in varying combinations with solar energy, these costs can be considered of zero value for the 
LCC evaluation, since they would cancel out of the TLCC calculation. However, if they are not constant, they 
should be included here. 
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SOLAR LCC WORKSHEETS (Form A-2 III) (Instructions, Continued) 

C. All applicants must complete this part. This part gives the nonannually recurring (nonfuel) operating, 
maintenance, replacement costs, and salvage values of the nonsolar system. These are the costs and values 
associated with the system which would have been used in lieu of the proposed solar energy system. Put "0" 
if appropriate. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Self-explanatory. 

(5) Obtain single present worth (SPW) factors for year(s) in which each amount is (are) expected to occur 
from table A-l of the LCC MANUAL or the LCC Rule. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This gives 
the total present value of nonannually recurring (nonfuel) 0&M costs. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line. This gives 
the total present value of salvage value. 

D. All applicants must complete this part. This part calculates the total life-cycle cost of the system without 
solar. 

(1) Transcribe from Part A, Column (5) Total. 

(2) Transcribe from Part B, item (3). 

(3) Transcribe from Part C, Column (6) Total. 

(4) Transcribe from Part C, Column (7) Total. 

(5) Transcribe from Part C, Column (8) Total. 

(6) Line (6) = Line (1) + Line (2) + Line (3) + Line (4) - Line (5). 

108 



SOLAR LCC WORKSHEETS (FORM A-2 III) 

C. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value Without Solar 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 

TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECURRING O&M 
COSTS (IN BASE- 

YEAR S)1 

(3) 
AMOUNT OF 

REPLACEMENT 
COST (IN 

BASE-YEAR $)1 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR S)1 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

TOTAL X! 0 0 0 

D. Calculating TLCC Without Solar 

(1) Present Value of Energy Costs + $ 78,436 

(2) Present Value of Annually Recurring (Nonfuel) O&M Costs + $ 0 

(3) Present Value 
O&M Costs 

of Nonannually Recurring (Nonfuel) + $ 0 

(4) Present Value of Replacement Costs + $ 0 

(5) Present Value of Salvage Value - $ 0 

(6) TLCC Without ' Sol ar = $ 78,436 

1 For example, if nonannually recurring (nonfuel) O&M costs, replacement costs, or salvage value occurs in 1990 
and you are using 1980 as the base year, base-year dollars means stating the 1990 costs in 1980 dollars, that 
is, without future inflation. 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions, Continued) 

E. All applicants must complete this part for each fuel used by each type of system that will be using solar. 

(1) Self-explanatory. 

(2) Transcribe from FORM A-l Section VII, page 33, Total Line (16) for Active Systems, or transcribe from 
FORM A-l Section VIII, page 39, Total Line (7) for Passive System.1 Estimate the fuel split for each 
system. For example, in a solar heating and hot water project where the auxiliary heating system 
uses oil and the auxiliary hot water system uses electricity, estimate the amount of auxiliary energy 
required for each system by fuel type. 

F. All applicants must complete this part for each type of fuel used. This part estimates the present value 
of fuel costs with solar. 

(1) Transcribe from Part E, item (2). 

(2) Price/MBtu. Use the estimated base-year^ energy prices indicated in table C-l^ of the LCC MANUAL, or 
the "Life-Cycle Costing Rules," for the appropriate region, sector, and fuel type, or use the actual 
price to the agency if the agency's base-year energy price exceeds the estimate in the table. 

(3) Column (3) = Column (1) x Column (2). Sum up Column (3) and place in Column (3) Total line. This 
gives the total base-year energy costs with solar. For electricity, only the base charge is 
Column (1) x Column (2). 

(4) For the UPW* factor see appendix B of the LCC MANUAL, or 
appropriate region, sector, fuel type, and study period, 
accurate number for the particular system is available. 

the "Life-Cycle Costing Rules," for the 
Use a study period of 20 years unless a more 
Do not exceed a study period of 25 years.4 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line, 
gives the total present value energy costs with solar. 

This 

G. All applicants must complete this part. This part is used to calculate the investment costs with the solar 
system. 

(1) Transcribe from FORM A-2, Section II, page 6, Line (R).5 

(2) Self-explanatory. 

(3) Line (3) = Line (1) x Line (2). 

4 Form A-l, as well as Form A-2, is available from the NASA/George C. Marshall Space Flight Center. (See 
footnote 4, page 97. 

2 See footnote 1 on page 106 for explanation. 

3 See footnote 2 on page 106 for explanation. 

4 See footnote 3 on page 106 for explanation. 

5 See appendix D-3 for section II. 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Continued) 

# E. Calculating the Present Value of Fuel Costs With the Solar Energy System 

(1) Type of Fuel Distillate 

(2) Annual Units of Energy to be Purchased (lO® Btu/Yr) 525.00 

F. Calculating the Present Value of Fuel Costs With the Solar Energy System 

TYPE 

(i) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(106 Btu) 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 
$/106 Btu 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COST 

ELECTRICITY $ $ 
BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 525.00 6.55 3,438.75 14.37 $ 49,415 

GAS 

OTHER _ 

TOTAL 

G. Calculating Investment Costs with the Solar Energy System 

(1) Total Investment Costs Attributable to the Solar Project1 2 

(2) Adjustment in Investment Costs to Reflect Estimated Societal 
Benefits from Solar Energy in Excess of Dollar Energy Saving 

(3) Adjusted Present Value Investment Costs for the Solar Energy System 

$ 49,220 

X 0.9 

= $ 44,298 

1 525.00 x 106 Btu = (833.33 x 106 Btu)(1 - .37) 

2 $49,220 = $33,620 + ($26.00 x 600) 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions, Continued) 

H. All applicants must complete this part. This part gives the annually recurring nonfuel operating and 
maintenance costs (O&M) with the solar energy system. These are the total O&M costs associated with the 
solar energy system including the O&M costs of the auxiliary system.! por the soiar system, typical O&M 
costs are between 1 and 4 percent of the system costs. 

(1) Self explanatory. 

(2) Obtain UPW factor from the LCC MANUAL or "Life-Cycle Costing Rules," table A-2. 

(3) Column (3) = Column (1) x Column (2). 

I. All applicants must complete this part. This part gives nonannually recurring nonfuel operating, 
maintenance, and replacement costs and salvage values with the solar energy system. Put in "0" if 
appropriate. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage value = 0 unless more definitive information is available. 

(5) Obtain single present worth (SPW) factor(s) for year(s) in which the amount(s) is (are) expected to 
occur from the LCC MANUAL or the LCC Rule, table A-l. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This 
gives the total present value of nonannually recurring nonfuel 08M costs for the building or building 
system after the retrofit. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs for the building or building system after the retrofit. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line. This gives 
the total present value of salvage value for the building or building system after the retrofit. 

J. All applicants must complete 
system. 

(1) Transcribe from Part F, 

(2) Transcribe from Part G, 

(3) Transcribe from Part H, 

(4) Transcribe from Part I, 

(5) Transcribe from Part I, 

(6) Transcribe from Part I, 

(7) Line (7) = Line (1) + L 

this part. This part is used to calcul 

Column (5) Total. 

item (3). 

item (3). 

Column (6) Total. 

Column (7 ) Total. 

Column (8) Total. 

ne (2) + Line (3) + Line (4) + Line (5) 

the TLCC with the solar energy 

Line (6). 

1 If the nonfuel O&M costs of the auxiliary system are assumed constant regardless of the solar fraction, and 
if they were, on this basis, valued at zero in section B, they should also be valued at zero in this section. 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Continued) 

H. Calculating Annually Recurring (Nonfuel) Operation and Maintenance (O&M) Costs With Solar 

Amount of Annually Recurring 
Costs in Base Year 

(2) 

UPW Factor 
(3) 

Present Value of Annually 
Recurring Costs 

10.59 5,212 

I. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value with Solar 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 

TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECURRING O&M 
COSTS (IN BASE- 

YEAR $) 

(3) 
AMOUNT OF 

REPLACEMENT 
COST (IN 

BASE-YEAR S)1 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR $): 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

20 ? 9,844.002 .26 ? 2,559 

TOTAL 0 0 $ 2,559 

J. Calculating the TLCC With the Solar Energy System 

(1) Present Value of Energy Costs with Solar 

(2) Present Value Adjusted Investment Costs with Solar 

(3) Present Value of Annually Recurring Nonfuel O&M Costs with Solar 

(4) Present Value of Nonannually Recurring Nonfuel O&M Costs with Solar 

(5) Present Value of Replacement Costs with Solar 

(6) Present Value of Salvage Value 

(7) TLCC With the Retrofit Project 

$ 49,415 

+ $ 44,298 

+ $ 5/212 

+ $ _0 

+ $ _0 

$ 2,559 

= $ 96,366 

1 See footnote on page 109 for explanation. 

2 Given in table 7.1. 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions, Continued) 

This part calculates the Net Savings or Excess Cost of the solar energy system. 

(1) Transcribe from Part D, item (6). 

(2) Transcribe from Part J, item (7). 

(3) Line (3) = Line (1) - Line (2). 

All applicants must complete this part. This part describes the Savings-to-Investment Ratio (SIR) 
calculation. 

(1) (a) Line (a) = (Part D, item (1)) - (Part J, item (1)). 

(b) Line (b) = (Part J, lines (3) plus (4)) - (Part D, lines (2) plus (3)). 

(c) Line (c) = Line (a) - Line (b). 

(2) (a) Transcribe from Part J, item (2). 

(b) Line (b) = (Part J, line (5)) - (Part D, line (4)). 

(c) Line (c) = (Part J, line (6)) - (Part D, line (5)). 

(d) Line (d) = Line (a) + Line (b) - Line (c). 

(3) Line (3) = Line (l)(c) * Line (2)(d). 



SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions Continued) 

K. Net Savings or Excess Cost of the Solar Project 

(1) TLCC without Solar $ 78,436 

(2) TLCC with Solar - $ 96,366 

(3) Net Savings (+) or net losses (-) = $ -17,930 

L. SIR Cal cu lation 

(1) SIR Numerator 

(a) Energy Cost Savings from Solar $ 29,021 

(b) Change in Nonfuel O&M Costs with Solar - $ 5,212 

(c) SIR Numerator = $ 23,809 

(2) SIR Denominator 

(a) Adjusted Investment Cost with Solar $ 44,298 

(b) Change in Replacement Costs with Solar + $ 0 

(c) Change in Salvage Value with Solar - $ 2,559 

(d) SIR Denominator = $ 41,739 

(3) SIR for Ranking the Solar Project .57 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions, Continued) 

This part describes two methods of calculating simple payback for the solar project, based on the type of 
cash flow anticipated. AJJ_ applicants must complete either: (1) for uniform cash flow, or (2) for 
nonuniform cash flows. 

(1) (a) Transcribe from Part L, item (2) (a). 

(b) Line (b) = (Part A, Column (3) Total) - 

(c) Line (c) = (Part H, itern (1)) - (Part B 

(d) Line (d) = Line (b) - Line (c). 

(e) Line (e) = Line (a) * Line (d). 

(2) (a) Sel f-expl anatory. 

(b) Column (b) = (Part A, Column (3) Total) 
accumulated). 

(c) Column (c) = (Part H 
items (2) + (3 - 4)) 

. item (1)) + (Part 
1. This should be 

(d) Column (d) = Column (b) - Column (c). 

(e) Column (e) = Part L, item (2)(a) 

(f) Column (f) = Column (e) - Column (d). 

(g) SPB = year in which Column (f) changes 

!, item (1) + Part C, 

1 Items 2. and 2> of Parts C and I refer to nonannually recurring costs which only have to be included in those 
years that they occur. 
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SOLAR LCC WORKSHEETS (Form A-2 III) (Continued) 

M. Simple Payback (SPB) 

(1) Calculating SPB when annual cash flows are uniform. 

(a) 
Adjusted 

Investment 

(b) 
Base-Year 
Fuel Cost 

(c) 
Change in Base 
Year (Nonfuel 

(d) (e) 

Cost With Savings O&M Costs With SPB 

Sol ar With Solar Sol ar Met Yearly Savings (Years) 

$ 44,298 $ 2,020 $ 492 $ 1,528 29 

(2) Calculating SPB when annual cash flows are not uniform. 

(a) 

CUMULATIVE 
YEAR 

(b) 

CUMULATIVE 
ENERGY 
SAVINGS 

(c) 
CUMULATIVE 

CHANGE IN 
NONFUEL O&M, 

REPLACEMENT, AND 
SALVAGE VALUE 

WITH SOLAR 

(d) 

CUMULATIVE 
SAVINGS 

(e) 

INVESTMENT COST 
WITH SOLAR 

1 

(f) 

INVESTMENT 
COST MINUS 
CUMULATIVE 

SAVINGS 

(9) 

SPB 
(YEAR) 
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APPENDIX A 

DISCOUNTING FACTORS FOR FINDING PRESENT VALUES OF NONFUEL FUTURE AMOUNTS 

CONTENTS 

Table A-l. SPW Factors 

Table A-2. UPW Factors 

[Note: These SPW and UPW discount factors are based on a 7 percent discount 

rate as required by the Energy Security Act of 1980 (P.L. 96-294). 

They are intended for use beginning October 1, 1980.] 
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TABLE A-l. SPW FACTORS, BASED ON A 7 PERCENT DISCOUNT RATE, FOR FINDING THE 

PRESENT VALUE OF FUTURE NONANNUALLY RECURRING (NONFUEL) 

AMOUNTS, SUCH AS REPLACEMENT COSTS AND SALVAGE VALUES1 

Study Period 

(Years) 

Factor 

1 0.93 

2 0.87 

3 0.82 

4 0.76 

5 0.71 

6 0.67 

7 0.62 

8 0.58 

9 0.54 

10 0.51 

11 0.48 

12 0.44 

13 0.42 

14 0.39 

15 0.36 

16 0.34 

17 0.32 

18 0.30 

19 0.28 

20 0.26 

21 0.24 

22 0.23 

23 0.21 

24 0.20 

25 0. 18 

1 The formula for finding the present value (P) of a future 

amount (F) is the following: 

P - --- , 
(1 + d)n 

where d = the discount rate, and 

n = the year in which F occurs. 
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TABLE A-2. UPW FACTORS, BASED ON A 7 PERCENT DISCOUNT RATE, FOR FINDING THE 

PRESENT VALUE OF FUTURE ANNUALLY RECURRING (NONFUEL) COSTS, 

SUCH AS ROUTINE MAINTENANCE COSTS1 

Study Period 

(Years) 

Factor 

1 0.94 

2 1.81 

3 2.62 

4 3.39 

5 4.10 

6 4.77 

7 5.39 

8 5.97 

9 6.52 

10 7.02 

11 7.50 

12 7.94 

13 8.36 

14 8.75 

15 9.11 

16 9.45 

17 9.76 

18 10.06 

19 10.34 

20 10.59 

21 10.84 

22 11.06 

23 11.27 

24 11.47 

25 11.65 

1 The formula for finding the present value (P) of an annually 

recurring uniform amount (A) is the following: 
/ 

P = AC1 + d)n - 1 

d(l + d)n 

where d = the discount rate, and 

n = the number of corresponding periods over which 

A occurs. 
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APPENDIX B 

UPW* DISCOUNTING FACTORS FOR FINDING PRESENT 
VALUES OF FUTURE ENERGY COSTS OR SAVINGS 

CONTENTS: 

Tables B-l through B-10. UPW* Factors for Each of 10 DoE Regions 

Table B-ll. UPW* Factors Based on U.S. Average Energy Prices 

[Note: These "Modified Uniform Present Worth" (UPW)* discount factors are 

based on a 7% discount rate as required by the Energy Security Act 

of 1980 (P.L. 96-294). They incorporate the DoE Energy Information 

Administration's (EIA's) revised projected energy price escalation 

rates proposed to become effective October 1, 1980. (See "Notice of 

Proposed Rule Making," Ref. [19].) Life-cycle cost evaluations made 

prior to that date should use the UPW* factors based on the average 

energy price projections contained in appendix B to the LCC Rule as 

published in the Federal Register, January 23, 1980. It should be 

noted that the data contained in this appendix are subject to further 

revisions in the Federal Register.] 
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APPENDIX C 

ENERGY PRICES AND ESCALATION RATES 

CONTENTS: 

Table C-l. 

Table C-2, 

Tables C-3 

Tables C-6 

Base-Year Prices Per Million Btu 

Base-Year Prices Per Sales Unit 

through C-5. Prices Per Million Btu 

through C-8. Projected Price Escalation Rates 

[Note: These projected average energy prices are proposed for updating the 

average price projections published in the January 23 issue of the 

Federal Register. They are proposed for use beginning October 1, 

1980. It should be noted that these data are subject to further 

revision through publication in the Federal Register.] 
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APPENDIX D 

WORKSHEETS FOR MAKING LCC EVALUATIONS 

CONTENTS: 

D-l. Retrofit Worksheets 

D-II. New Building Design Worksheets 

D-III. Solar Energy Worksheets 
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Appendix D-I. RETROFIT LCC WORKSHEETS 

(General Instructions) 

These worksheets have been designed to cover a wide variety of retrofit 

projects. Not all parts of the worksheets will generally be required for any 

one project. Read the instructions for each part carefully to make sure it 

applies to your project. 

Following the project description, parts A through F are used to determine the 

Total Life-Cycle Costs (TLCC) without the Retrofit Project. 

Parts F through J are used to determine the Total Life-Cycle Costs (TLCC) with 

the Retrofit Project. 

Parts K is used to determine the Net Savings (NS) of the Retrofit Project. 

Part L is used to determine the Savings-to-Investment Ratio (SIR) of the 

Retrofit Project. 

The worksheets have been designed to supply information on the costs and cost 

savings benefits of typical retrofit projects. If a project has important 

costs and/or benefits not covered in these worksheets, they may be added on an 

attachment sheet provided by the analyst. If the additional values are quan¬ 

tifiable, they may be incorporated into the LCC evaluation; if they are not 

quantifiable, the LCC evaluation may be amended with a verbal description. 

The principal data needed to complete these worksheets are: (1) investment 

costs, (2) nonfuel O&M costs, (3) replacement costs, (4) resale, salvage, or 

reuse value, (5) quantity of energy consumed, (6) 7% discount factor tables 

(with energy discount factors preadjusted for DoE-projected energy price 

escalation), (7) current energy price data, and (8) estimated project and/or 

building life. Estimates of these data are required for the situation without 

the retrofit (Parts A-E), as well as for the case with the retrofit 

(Parts F-J), to provide a basis of comparison (Parts K & L). 

The energy price data and the discount factor tables are contained as of 

appendices A, B, and C Subpart A of Part 436 of Title 10 of the U.S. Code of 

Federal Regulations, and were published in "Methodology and Procedures for 

Life-Cycle Cost Analyses," Final Rule, Federal Register, Vol. 45, No. 16, 

Wednesday, January 23, 1980, with the energy-related data current through 

September 1980. The energy-related data are subject to periodic revisions 

published in the Federal Register as an amendment to the LCC Rule. Revised 

data, proposed for use beginning October 1, 1980, are provided in appendices 

A, B, and C of the Life-Cycle Costing Manual for the Federal Energy Management 

Programs, referred to hereafter as the "LCC Manual." 
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APPENDIX D-I. RETROFIT WORKSHEETS 

PROJECT DESCRIPTION (Hypothetical Example) 

AGENCY: 

ADDRESS: STREET 
CITY/COUNTY 
STATE 
DoE REGION _ 

PROJECT CONTACT PERSON: NAME 
POSITION 
TELEPHONE _ 

BUILDING OR FACILITY DESCRIPTION: FUNCTIONAL USE _ 

CLASSIFICATION FOR 
ENERGY CHARGES Residential 

Commercial 

Industri al 

EXPECTED LIFE 

PROJECT DESCRIPTION: 

EXPECTED PROJECT LIFE: 

1" Insulation 2" Insulation 

Estimated Project Investment Cost!; _ _ 

Energy Information: (Complete for Each Type of Energy Affected by the Retrofit Project) 

Without 
Retrofit 

With 
Retrofit 

Energy Type Energy Type 

Annual 
Quantity 

Actual 
Agency DoE Price/Unit 

Price/Unit (Table C-l or C-2) 

Actual 
Annual Agency DoE Price/Unit 

Quantity Price/Unit (Table C-l or C-2) 

Study Period: From _ To _ 
(Base Year) (End Year) 

Number of Years Covered: _ 
(Not to exceed 25) 
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RETROFIT LCC WORKSHEETS (Instructions) 

Parts A through E calculate TLCC of the existing building or building system without the retrofit project: 

A. This part calculates the present value of energy costs without the retrofit. It is appropriate to use 
when (1) the annual physical quantity of energy used with or by the existing building or building system is 
expected to remain about constant over the study period, and (2) the type of energy used is not expected to 
change over the study period. To calculate the present value of energy costs when these two conditions do 
not hold, see appendix G. 

(1) Total annual quantity of energy to be purchased expressed in MBtu's (10® Btu's) or, alternatively, in 
sales units, e.g. gallons, kWh, etc. 

(2) Price per unit purchased. Use the estimated base-year^ energy prices indicated in tables C-l or C-2^ 
of the LCC MANUAL or of the LCC Rule (subject to periodic revision in the Federal Register)^ for the 
appropriate region, sector, and fuel type, or use the actual price to the agency if the agency's base- 
year energy price exceeds the estimate in table C-l or C-2.^ 

(3) Column (3) = Column (1) x Column (2). For electricity, only the base charge is Column (1) x Column (2). 
Other charge components are entered directly in Column (3). 

(4) For the modified uniform present worth (UPW*) factor, see appendix B of the LCC MANUAL or of the LCC 
Rule^ for the appropriate region, sector, fuel type, and study period. (In no case shall the study 
period exceed 25 years.) For electricity, the same UPW* factor should be applied to all charge 
components. 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs without the retrofit. 

B. This part calculates the equivalent of investment costs for the existing building or building system without 
the retrofit. It may be omitted if the existing system is to be left ig place either "as is" or renovated at 
about the same cost whether or not the retrofit project is implemented.^ 

(1) If the existing system will be sold, scrapped, or redirected to a new use if the retrofit project is 
implemented, enter in (1) the estimated resale, salvage, or reuse value of the existing system in the 
base year. 

(2) If the existing system is to be left in place, but will require an initial renovation or repair cost 
that will be different in amount without the retrofit project than with it, enter in (2) the amount of 
the initial repair or renovation cost in base-year dollars that will be required if the retrofit project 
is not implemented. 

C. This part calculates the present value of annually recurring nonfuel operating and maintenance costs for the 
existing building or building system without the retrofit. If this category of cost is expected to be the 
same whether or not the retrofit project is implemented, this part may be omitted.7 

(1) State in base-year dollars the amount of annually recurring (nonfuel) costs for the existing building or 
building system, such as for routine maintenance, that is expected to remain about the same from one 
year to the next when inflation is not included. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or the LCC Rule, table A-2. 

(3) Column (3) = Column (1) x Column (2). 

1 The base year is the year the life-cycle cost evaluation is made. 

2 Table C-2 is in terms of typical sales units and it can be used in lieu of table C-l, provided the quantity 
of energy in item (1) is also given in the same sales unit. 

3 Revised energy price data and UPW* factors for use in the LCC evaluations will be published as available 
in the Federal Register as an amendment to the LCC Rule. The most current data should be used. 

4 For projects using electricity as the energy source and which have separate charge components that may be 
affected the retrofit project, the price to the agency should be used, since the prices in tables C-l and C-2 
do not take into account the separate charge components. 

5 See footnote 3. 

6 Only those costs that will be affected by an investment decision need be considered in making that decision. 

^ See footnote 6. 
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RETROFIT LCC WORKSHEET (Continued) 

A. Calculating the Present Value of Energy Costs Without the Retrofit 

TYPE 

1- 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COSTS 

ELECTRICITY $ $ 
BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 

GAS 

OTHER 

TOTAL 

B. Calculating Investment Costs for the Existing System Without the Retrofit 

r (1) Base-Year Resale, Salvage, or Reuse Value of the Existing System to be Replaced $ 

(2) Base-Year Renovation Costs for the Existing System if the Retrofit Project is 
Not Implemented $ 

C. Calculating Annually Recurring Nonfuel Operation and Maintenance (O&M) Costs Without 
the Retrofit 

(1) 
Amount of Annually Recurring 

Costs in Base Year 

(2) 

UPW Factor 
(3) 

Present Value of Annually 
Recurring Costs 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

This part calculates the present value of nonannually recurring (nonfuel) operating, maintenance, 
replacement costs, and salvage values for the existing building or building system without the retrofit. If 
these costs are expected to be the same whether or not the retrofit project is implemented, this part may be 
omitted. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage values may occur during the study period in conjunction with replacements, as well as 
at the end of the study period. 

(5) Obtain single present worth (SPW) factor(s) for year(s) in which the amount(s) is (are) expected to 
occur from table A-l of the LCC MANUAL or the LCC Rule. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This gives 
the total present value of nonannually recurring (nonfuel) O&M costs for the existing building or 
system. 

(7) 

(8) 

E. This 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs for the existing building or system. 

Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line, 
the total present value of salvage value for the existing building or system. 

Part calculates the total life-cycle cost (TLCC) without the retrofit. 

Transcribe from Part A, Column (5) Total. 

Transcribe from Part B, item (1) or (2). 

Transcribe from Part C, Column (3). 

Transcribe from Part D, Column (6) Total. 

Transcribe from Part D, Column (7) Total. 

Transcribe from Part D, Column (8) Total. 

Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line (5) - Line (6). 

This gives 
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RETROFIT LCC WORKSHEETS (Continued) 

D. Calculating Non-Annually Recurring O&M (Non-fuel) Costs, Replacement Costs, and Salvage Value Without the 
Retrofit. 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 
TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECCURRING O&M 
COSTS (IN BASE- 

YEAR $)1 

(3) 
AMOUNT OF 

REPLACEMENT 
COSTS (IN 

BASE-YEAR S)1 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR S)1 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

TOTAL 

E. Calculating TLCC Without the Retrofit 

(1) Present Val ue of Energy Costs $ 

(2) Present Val ue of Investment Costs + $ 

(3) Present Val ue of Annually Recurring (Nonfuel) O&M Costs + $ 

(4) Present Val ue of Nonannually Recurring (Nonfuel) O&M Costs + $ 

(5) Present Val ue of Replacement Costs + $ 

(6) Present Val ue of Salvage - $ 

(7) TLCC Without the Retrofit = $ 

1 For example, if nonannually recurring (nonfuel) O&M costs, replacement costs, or salvage value occur in 1990 
and you are using 1980 as the base year, base-year dollars means stating the 1990 costs in 1980 dollars, i.e., 
without future inflation. 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

Parts F through J calculate TLCC with the Retrofit 

F. This part calculates the present value of energy costs with the retrofit. It is appropriate to use when 
(1) the annual physical quantity of energy required after the retrofit is expected to remain about constant 
over the study period, and (2) the type of energy required after the retrofit is not expected to change over 
the remainder of the study period. To calculate the present value of energy costs when these two conditions 
do not hold, see appendix G. 

(1) Total annual quantity of energy to be purchased expressed in MBtu's (10® Btu's) or, alternatively, in 
sales units, e.g., gallons, or kWh, etc. 

(2) Price per unit purchased. Use the estimated base-yearl energy prices indicated in table C-l or 0-2? 
of the LCC MANUAL or of the LCC Rule (subject to periodic revision in the Federal Register)® for the 
appropriate region, sector and fuel type, or use the actual price to the agency if the agency's base- 
year energy price exceeds the estimate in table C-l or C-2.^ 

(3) Column (3) = Column (1) x Column (2). For electricity, only the base charge is Column (1) x Column (2). 
Other charge components are entered directly in Column (3). 

(4) For the UPW* factor see appendix B of the LCC MANUAL or of the LCC Rule® for the appropriate region, 
sector, fuel type, and study period. (In no case shall the study period exceed 25 years.) For elec¬ 
tricity, the same UPW* factor should be applied to all charge components. 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs with the retrofit. 

G. This part calculates the investment costs with the retrofit project. 

(1) Costs of initial planning, design, engineering, purchase and installation, all in base-year prices. 

(2) Special interim adjustment factor to reflect estimated societal benefits from reducing the use of 
nonrenewable energy resources, not adequately reflected by market energy prices. (The adjustment 
factor, set presently at .9 in the LCC Rule, is subject to future modification or deletion.) 

(3) Line (3) = Line (1) x Line (2). 

(4) If the existing system is to be left in place, but will require an initial renovation or repair cost 
that will be different in amount with the retrofit project than without it, enter in item (4) the amount 
of the initial renovation or repair cost in base-year dollars that will be required if the retrofit is 
performed. This part may be omitted if nothing was entered in Part B, item (2). 

(5) Line (5) = Line (3) + Line (4). 

1 See footnote 1 on page 

2 See footnote 2 on page 

® See footnote 3 on page 

4 See footnote 4 on page 

® See footnote 5 on page 

150 for ex pi anation. 

150 for ex pi anation. 

150 for ex pi anation. 

150 for ex pi anation. 

150 for ex pi anation. 
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Retrofit LCC WORKSHEETS (Continued) 

Parts F through J Calculate TLCC with the Retrofit 

F. Calculating the Present Value of Fuel Costs With the Retrofit 

TYPE 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COSTS 

ELECTRICITY $ $ 
BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 

GAS 

OTHER 

TOTAL 

G. Calculating Investment Costs with the Retrofit 

v* 

(1) Estimated Actual Investment Costs for the Retrofit Project 

(2) Investment Cost Adjustment Factor x 

(3) Adjusted Investment Costs for the Retrofit Project = 

(4) Base-Year Renovation Costs for the Existing System if the + 
Retrofit Project is Implemented 

(5) Total Adjusted Present Value Investment Costs Attributable 
to the Retrofit Project 



RETROFIT LCC WORKSHEET (Instructions Continued) 

H. This part gives the annually recurring (nonfuel) operating and maintenance costs with the retrofit. 

(1) State in base-year dollars the amount of annually recurring (nonfuel) costs, such as for routine 
maintenance, that is expected to remain about the same from one year to the next when inflation is not 
included. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or the LCC Rule, table A-2. 

(3) Column (3) = Column (1) x Column (2). 

I. This part gives the present value of these nonannually recurring (nonfuel) operating, maintenance, 
replacement costs, and salvage values for the building or building system after the retrofit. If these costs 
are expected to be the same whether or not the retrofit project is implemented, and have not been included 
in part D, this part can be omitted. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage values may occur during the study period in conjunction with replacements, as well as 
at the end of the study period. 

(5) Obtain single present worth (SPW) factor(s) for year(s) in which the amount(s) is (are) expected to 
occur from the LCC MANUAL or the LCC Rule, table A-l. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This gives 
the total present value of nonannually recurring (nonfuel) O&M costs for the building or building system 
after the retrofit. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs for the building or building system after the retrofit. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line. This gives 
the total present value of salvage value for the building or building system after the retrofit. 

This part calculates the TLCC with the retrofit. 

(1) Transcribe from Part F, Column (5) Total. 

(2) Transcribe from Part G, item (5). 

(3) Transcribe from Part H, item (3). 

(4) Transcribe from Part I, Column (6) Total. 

(5) Transcribe from Part I, Column (7) Total. 

(6) Transcribe from Part I, Column (8) Total. 

(7) Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line (5) - Line (6). 
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RETROFIT LCC WORKSHEETS (Continued) 

H. Calculating Annually Recurring (Nonfuel) Operation and Maintenance (O&M) Costs With the Retrofit 

(1) 
Amount of Annually Recurring 

Costs in Base Year 

(2) 

UPW Factor 
(3) 

Present Value of Annual 
Recurring Costs 

ly 

$ $ 

I. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value With the 
Retrofit 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 

TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECURRING O&M 
COSTS (IN BASE- 

YEAR $)1 

(3) 
AMOUNT OF 

REPLACEMENT 
COSTS (IN 

BASE-YEAR $)1 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR $)1 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

TOTAL 

J. Calculating TLCC With the Retrofit Project 

(1) Present Value of Energy Costs 

(2) Present Value of Adjusted Investment Costs + 

(3) Present Value of Annually Recurring (Nonfuel) O&M Costs + 

(4) Present Value of Nonannually Recurring (Nonfuel) O&M Costs + 

(5) Present Value of Replacement Costs + 

(6) Present Value of Salvage 

(7) TLCC With the Retrofit Project = 

1 See footnote on page 153 for explanation. 
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RETROFIT LCC WORKSHEETS (Instructions Continued) 

K. This part calculates the Net Savings (NS) (or Excess Cost (-NS)) from the retrofit project. 

(1) Transcribe from Part E, item (7). 

(2) Transcribe from Part J, item (7). 

(3) Line (3) = Line (1) - Line (2). 

L. This part describes the Savings-to-Investment Ratio (SIR) calculation. 

(1) (a) Line (a) = (Part E, item (1)) - (Part J, item (1)). 

(b) Line (b) = (Part J, lines (3) plus (4)) - (Part E, lines (3) plus (4)). (Note that this will be a 
negative value if nonfuel O&M costs are lower with the retrofit project than without it.) 

(c) Line (c) = Line (a) - Line (b). 

(2) (a) Line (a) = (Part J, Line (2)) - (Part E, Line (2)). 

(b) Line (b) = (Part J, Line (5)) - (Part E, Line (5)). 

(c) Line (c) = (Part J, Line (6)) - (Part E, Line (6)). 

(d) Line (d) = Line (a) + Line (b) - Line (c). 

(3) Line (3) = Line {1) (c) * Line (2)(d). 
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RETROFIT LCC WORKSHEETS (Continued) 

K. Net Savings or Excess Cost of the Retrofit Project 

(1) TLCC without the Retrofit $ 

(2) TLCC ) with the Retrofit - $ 

(3) Net Savings (+) or net losses (-) = $ 

L. SIR Cal culation 

(1) SIR Numerator 

$ 
(a) Energy Cost Savings from the Retrofit 

(b) Change in Nonfuel O&M Costs - $ 

(c) SIR Numerator = $ 

(2) SIR Denominator 

(a) Adjusted Differential Investment Cost 

(b) Change in Replacement Costs + $ 

(c) Change in Salvage Value - $ 

(d) SIR Denominator = $ 

(3) SIR for Ranking the Retrofit Project 
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APPENDIX D-II. NEW BUILDING DESIGN LCC WORKSHEETS 

(General Instructions) 

All new Federal buildings are required by law to be life-cycle cost effective. 

This means that of alternative designs for a building, the one which meets 

requirements at lowest total life-cycle cost (TLCC) should be selected. 

To compare the TLCC of alternative building designs or of alternative building 

systems for a new building design, complete this worksheet (or perform an 

equivalent analysis) for each alternative. 

Following the building or project description, parts A through E, are used to 

calculate Total Life-Cycle Costs (TLCC) for the design or system being 

evaluated. 

The principal data required to complete these are: (1) investment costs, 

(2) nonfuel O&M costs, (3) replacement costs, if applicable, (A) resale, sal¬ 

vage, or reuse value, if applicable, (5) the quantity of energy consumed (6) 

7 percent discount factor tables, (7) current energy price data, and (8) esti¬ 

mated building or system life. The discount factor tables, preadjusted for 

projected energy price escalation, and the energy prices are contained as 

appendices A, B, and C of Subpart A of Part 436 of Title 10 of the U.S. Code 

of Federal Regulations, and were published in "Methodology and Procedures for 

Life Cycle Cost Analysis," Final Rule, Federal Register, Vol. 45, No. 16, 

Wednesday, January 23, 1980, with the energy-related data current through 

September 1980. The energy related data are subject to periodic revisions 

published in the Federal Register as an amendment to the LCC rule. Revised 

data proposed for use beginning October 1, 1980, are provided in appendices 

A, B, and C of the Life-Cycle Costing Manual for the Federal Energy Management 

Programs, referred to hereafter as the "LCC MANUAL." 
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APPENDIX D-II. NEW BUILDING DESIGN LCC WORKSHEETS 

I. PROJECT DESCRIPTION (Hypothetical Example) 

AGENCY: 

ADDRESS: STREET 
CITY/COUNTY 
STATE 
DoE REGION _ 

PROJECT CONTACT PERSON: NAME 
POSITION 
TELEPHONE _ 

BUILDING OR FACILITY DESCRIPTION: FUNCTIONAL USE _ 

CLASSIFICATION FOR 
ENERGY CHARGES Residential 

Commerci al 

Industrial 

PROJECT DESCRIPTION: 

EXPECTED BUILDING OR SYSTEM LIFE: _ 

ESTIMATED BUILDING OR SYSTEM INVESTMENT COST: $_ 
(Included site, planning, design, engineering and construction or purchase and installation) 

ENERGY INFORMATION: (Complete for Each Type of Energy Affected by the Choice of Alternative Design or System) 

Energy Type _ Energy Type _ 

DoE 
Price/ 
Unit 

(Table C-l 
or C-2) 

Period of Study: From _ To _ 
(Base Year) (End Year) 

Number of Years Covered: _ 
(Not to exceed 25) 

DoE 
Actual Price/ Actual 
Agency Unit Agency 

Annual Price/ (Table C-l Annual Price/ 
jantit.y Unit or C-2) Quantity Unit 
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NEW BUILDING DESIGN LCC WORKSHEETS (Instructions) 

A. This part calculates the present value of energy cost. It is appropriate for use when (1) the annual 
physical quantity of energy required by the building design is expected to remain about constant, and (2) the 
type(s) of energy are not expected to change over the study period. To calculate the present value of energy 
costs when these two conditions do not hold, see appendix G, 

(1) Total annual quantity of energy to be purchased expressed in MBtu's (10® Btu's) or, alternatively, in 
sales units, e.g., gallons, kWh, etc. 

(2) Price per unit purchased. Use the estimated base year! energy prices indicated in table C-l or C-2^ of 
the LCC MANUAL or of the LCC Rule (subject to periodic revision in the Federal Register)3 for the appro¬ 
priate region, sector and fuel type, or use the actual price to the agency if the agency's base-year 
energy price exceeds the estimate in table C-l or C-2.4 

(3) Column (3) = Column (1) x Column (2). For electricity, only the base charge in Column (1) x Column (2). 
Other charge components are entered directly in Column (3). 

(4) For the UPW* factor see appendix B of the LCC MANUAL or of the LCC Rule® for the appropriate region, 
sector, fuel type, and study period. (In no case shall the study period exceed 25 years.) For elec¬ 
tricity, the same UPW* factor should be applied to all charge components. 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs. 

B. This part calculates the investment costs. 

(1) Costs of initial planning, site acquisition, design, engineering, purchase and installation. 

(2) Special interim adjustment factor for reducing energy conservation and renewable energy investment costs 
in the LCC evaluation to reflect estimated societal benefits not adequately reflected by market energy 
prices. (The adjustment factor, set at .9 in the LCC Rule, is subject to future modification or 
deletion. 

(3) Line (3) = Line (1) x Line (2). 

1 The base year is the year the life-cycle cost evaluation is made. 

2 Table C-2 is in terms of typical sales units and it can be used in lieu of table C-l, provided the quantity of 
energy in item (1) is also given in the same sales unit. 

® Revised energy price data and UPW* factors for use in the LCC evaluations will be published as available in the 
Federal Register as an amendment to the LCC Rule. The most current data should be used. 

4 For projects using electricity as the energy source and which have separate charge components that may be 
affected by the retrofit project, the price to the agency should be used, since the prices in tables C-l and 
C-2 do not take into account the separate charge components. 

® See footnote 3. 
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NEW BUILDING DESIGN LCC WORKSHEETS (Continued) 

A. Calculating the Present Value of Energy Costs 

TYPE 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 

-r-- 

(3) 

BASE-YEAR 
ENERGY COSTS 

T 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COST 

ELECTRICITY $ $ 
MSE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
"OTHER 
CHARGE 
COMPONENT 

OIL 

GAS 

OTHER 

TOTAL 

B. Calculating Investment Costs for the New Building Design 

(1) Estimated Actual Investment Costs for the New Building Design 

(2) Investment Cost Adjustment Factor 

(3) Adjusted Investment Costs for the Retrofit Project 

x 



NEW BUILDING DESIGN LCC WORKSHEETS (Instructions Continued) 

C. This part gives the annually recurring (nonfuel) operating and maintenance costs. 

(1) State in base-year dollars the amount of annually recurring (nonfuel) costs, such as for routine 
maintenance, that are expected to remain about the same from one year to the next when inflation 
is not included. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or the LCC Rule, table A-2. 

(3) Column (3) = Column (1) x Column (2). 

D. This part gives the present value of nonannually recurring (nonfuel) operating, maintenance, replacement 
costs, and salvage values. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage values may occur during the study period in conjunction with replacements, as well as 
at the end of the study period. 

(5) Obtain single present worth (SPW) factors for year(s) in which the amount(s) is (are) expected to occur 
from table A-l of the LCC MANUAL or the LCC Rule. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and pi ace i n Column (6) Total 1 i ne. Thi s gives 
the total present va 1 ue of nonannually recurring (nonfuel) O&M costs. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and pi ace i n Column (7) Total line. This gives 
the total present value of replacement costs. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and pi ace in Column (8) Total 1 i ne. Thi s gives 
the total present value of salvage value. 

This part calculates the total life-cycle cost (TLCC). 

(1) Transcribe from Part A, Column (5) Total. 

(2) Transcribe from Part B, item (3). 

(3) Transcribe from Part C, item (3). 

(4) Transcribe from Part D, Column (6) Total. 

(5) Transcribe from Part D, Column (7) Total. 

(6) Transcribe from Part D, Column (8) Total. 

(7) Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line (5) - Line (6). 
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NEW BUILDING DESIGN LCC WORKSHEETS (Continued) 

C. Calculating Annually Recurring (Nonfuel) Operation and Maintenance (O&M) Costs 

(1) 
Amount of Annually Recurring 

Costs in Base Year 

(2) 
UPW Factor 

(3) 
Present Value of Annually 

Recurring Costs 

$ $ 

D. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 
TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECURRING O&M 
COSTS (IN BASE- 

YEAR $)! 

(3) 
AMOUNT OF 

REPLACEMENT 
COST (IN 

BASE-YEAR $)1 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR $)1 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

TOTAL "." 

E. Calculating the TLCC 

(1) Present Val ue Energy Costs $ 

(2) Present Val ue Adjusted Investment Costs + $ 

(3) Present Val ue of Annually Recurring (Nonfuel) O&M Costs + $ 

(4) Present Val ue of Nonannually Recurring (Nonfuel) O&M Costs + $ 

(5) Present Val ue of Replacement Costs + $ 

(6) Present Val ue of Salvage $ 

(7) TLCC of the New Building or System Design = $ 

For example, if nonannually recurring (nonfuel) O&M costs, replacement costs or salvage value occur in 1990 
and you are using 1980 as the base year, base-year dollars means stating the 1980 costs in 1980 dollars, 
i.e., without future inflation. 
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APPENDIX D-III. SOLAR LCC WORKSHEETS1 

FORM A-2 

COST DATA 

FEDERAL BUILDINGS DEMONSTRATION PROGRAM 

THESE FORMS ARE THE OFFICIAL FORMS FOR THE SOLAR FEDERAL BUILDINGS PROGRAM 

REFERENCED IN THE FINAL RULE (SUBPART D OF 10 CFR, PART 436), AND ARE TO BE 

SUBMITTED BY A PROPOSING AGENCY UPON PROGRAM INITIATION.  

1 In part 7 of this manual, only section III (the LCC evaluation section) was 

illustrated in exhibit 7.1. Here, for completeness, Form A-2 is given in 

its entirety. (Page numbers on Form A-2 have been changed to correspond 

with the page numbering system used in this manual.) 
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FORM A-2 

TABLE OF CONTENTS 

Page 

RECORD OF CHANGES 171 

A. RESPONSE ITEMS 
B. INFORMATION ITEMS 

INTRODUCTION 174 
I. PROJECT DESCRIPTION, SECTION I 

A. INSTRUCTIONS 

B. DATA FORM 

II. SOLAR SYSTEM COST, SECTION II 178 

A. INSTRUCTIONS 

B. DATA FORMS 

III. LIFE-CYCLE COST EVALUATION 

A. INSTRUCTIONS, GENERAL 

B. INSTRUCTIONS 

C. DATA FORMS 
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FORM A-2 

RECORD OF CHANGES 

All proposers who have completed a version of Form A-2 other than the final version dated 

October 5, 1979, please take note of the following changes: 

A. Response Items: This is a group of changes to Form A-2 which consists of added 

items and requires a response from the proposer. To respond 
the proposer should complete page 172, items 1 through 4, as 

indicated. Write answers in the space provided or use 

additional sheets. 

B. Information 

Items: This group of changes to Form A-2 which is intended to correct 

and clarify certain items in the earlier versions of the form. 

Proposers should review the information on pages 173, items 

1 through 9 and examine their previous responses in light of 
these changes. If revised responses are found to be necessary, 
please note and write in the appropriate sections of this 

form. (Use additional sheets if required.) 
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FORM A-2 

RECORD OF CHANGES 

Response Items 

1. Pages 179 & 181 

2. Pages 180 & 181 

3. Pages 180 & 181 

4. Page 185 thru 195 

For those submitting combined active and 

please submit the cost breakdown per the 
179 and 181. 

passive projects, 

forms on pages 

Read instructions on page 5 for new line item "J" added for 
Acceptance Testing. 

Write costs below: 

Material Labor Total 

Active/Passive Active/Passive 

$_ $_ $_ $_ $_ 

Read instructions on page 180 for new line item "T" added 
for cost sharing. 

Write in cost share below: 

$ to be cost shared by agency 

Complete pages 185 through 195 

Evaluation. 

= $ 

for Life-Cycle Cost 
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FORM A-2 

RECORD OF CHANGES 

Information Items 

1. Page 169: 

2. Page 174: 

3. Page 176: 

4. Page 177: 

5. Page 178: 

6. Page 180: 

7. Pages 180 & 181: 

8. Page 181: 

9. Pages 183 & 
184: 

Blocked information in cover sheet rewritten. 

Introduction rewritten for clarity. Was page ii in 
earlier version. 

Fourth paragraph on Section III rewritten to drop original 

cost analysis requirement and added Life-Cycle Cost Evalu¬ 
ation. Was page iii in earlier version. 

Item D, added the words "commercial, industrial." 

Line item C, moved "New _ " and "Existing " to 
line D. 

Items F and G, removed the asterisks. 

Bottom of page, removed note, "Proposals covering the use 

of process heat and passive are allowable submissions but 

contract awards are restrained due to funding limitations." 

First paragraph added, "and designate active, passive, or 

both, as applicable." First sentence, changed letter "J" to 
"K". 

Line item M, changed letter "K" to "L" in second sentence. 

Line item 0, changed letter "M" to "N" in last sentence. 

Line item Q, deleted last sentence. 

Old item J changed to, 

Item K changed to, "L. 

Item L changed to, "M. 

Item M changed to, "N. 

Item N changed to, "0. 

Item 0 changed to, "P. 

"K. Other Solar." 

Subtotal (A through K)." 

Contingency (_% of L)." 

Subtotal Construction Funds (L + M)." 

Design Cost (_% of N)." 

On-Site ( % of N)." 

Item P changed to, ”Q. Total Design Cost (0 + P)." 

Item R changed to, "S. Total N t Collector Area (Refer to A))." 

Line item G, replaced word "cooling" with acronym "HVAC." 

Added sentence "Identify equipment related to the incre¬ 
mental costs." 

Line item S, changed "Sq. Ft." to "Collector Area." 

The original pages 7 & 8 titled "Solar Systems Cost Analysis 
have been replaced with "Life-Cycle Cost Evaluation," pages 
183 through 195. 
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FORM A-2 

INTRODUCTION 

Form A-2 is designed to collect data about the cost of proposed solar projects. It is 
appropriate for active, passive, or combined systems intended to supply space heating, 

space cooling, domestic hot water, or industrial process heat. 

Section I describes the project location, application and lists the contact agent. 

Section II, pages 167 & 181, gives the cost sheets to be completed for each proposed 

solar project. 

Note: If a combination passive and active system is proposed, then Section II 

must be completed for each of the two systems. 

Section III is the Life-Cycle Cost Evaluation to be completed for each proposed solar 
project using information from Section II and some of the information in FORM A-l. 

Since the form will be used as one of the methods for determining project selection, it 

is essential that it be completed as accurately as possible. The form is designed in a 

step-by-step manner, with each item explanation on the facing page. If there are any 

questions regarding completion of FORM A-2, contact Albert Krupnick, FA34, George C. 
Marshall Space Flight Center, Marshall Space Flight Center, Alabama 35812, (205) 453- 

1870 (FTS 872-1870). 
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% 
FORM A-2 (Instruction Sheet) 

I. PROJECT DESCRIPTION 

A. The appropriate Federal agency, such as DOD, DOE, etc. 

B. The project title should be descriptive, such as "The Fort Mullins Commissary Solar Water Heating System." 

C. Name, title, mailing address, and business phone. 

D. The building should be identified as retail, office, health, education, public service, storage, 
residential, commercial, industrial, or other, and if referred to as other, briefly describe. 

E. Address of the proposed site. 

F. Self-explanatory. 

G. Example: For an active system, glycol liquid system utilizing flat plate collectors. 

I 
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FORM A-2 

1. PROJECT DESCRIPTION 

AGENCY: ___ FORM COMPLETION TIME 
(CHECK APPROPRIATE BLOCK) 

PROPOSAL: _ 
PROJECT TITLE: _ CONCEPTUAL DESIGN 

60% DESIGN OR MORE 

__ FINAL DESIGN 

PROJECT CONTACT PERSON: __ OTHER 

BUILDING CATEGORY: NEW EXISTING 

ADDRESS: STREET _ 

CITY/COUNTY _ 

STATE _ 

SOLAR APLI CAT ION (CHECK ALL APPROPRIATE): DOMESTIC HOT WATER , SPACE 
HEATING _, SPACE COOLING INDUSTRIAL PROCESS HEAT_. If PROCESS HEAT, 
BRIEFLY EXPLAIN: 

TYPE SOLAR ENERGY SYSTEM: ACTIVE _ PASSIVE 

BRIEFLY DESCRIBE: _ 
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FORM A-2 (Instruction Sheet) 

II. SOLAR SYSTEM COSTS 

In Sections A-K furnish the cost breakdown for material and labor when available and designate active, passive, 
or both, as applicable. As a minimum, dollar totals must be furnished. Materials include contractor's material 
costs with overhead and profit, and labor includes contractor's labor costs with overhead and profit. If design 
is at 60% design point or better, the dollar material , dollar labor, and totals must be furnished. 

A. Includes cost associated with the purchase, delivery, and installation, on the structural frame 
(including tracking system). Square feet refers to the gross area of the collector array. Reflector 
costs should include reflector material required for backing (plywood, steel, etc.), along with lamina¬ 
tion/bonding material and hinges and brackets for mounting. For a passive heating system, this includes 
any additional costs associated with glazed collection area over and above conventional costs. Examples 
are the costs of building a greenhouse-materials and labor as defined above, or additional costs asso¬ 
ciated with double or triple glazing, and increasing southern wall glazed area. 

B. Consists of structural assemblies and members used to support the col 1ector/reflector array. For passive 
systems this would apply to any additional costs incurred by the structural requirements of the collec¬ 
tion system. 

C. This is the combined cost of the thermal storage subsystems (heating, cooling, hot water, industrial 
process heat) including purchase, delivery, and installation, but not including tank insulation. For 
a passive system of a direct gain type, this would include the cost of any additional thermal mass 
designed into the building interior over and above the conventional interior cost. For indirect gain 
this would include the the cost of mass or water trombe walls, roof ponds, etc. For isolated gain this 
would include thermal storage cost associated with isolated gain structure. 

D. Includes valves, pumps, heat exchangers, blowers, expansion tanks, fittings, heat exchanger fluids, 
piping and ductwork other than that for conventional HVAC systems. 

E. Includes cost of interior and exterior piping and duct insulation as well as storage tank insulation. 
For passive system, this includes cost of movable insulation (insulating drapes, panels, etc.). 

F. Solar control costs should include differential temperature devices, on/off damper controls 
(electrical/pneumatic), and thermostats. Instrument costs should include pressure gauges, thermometers, 
flowmeters, or Btu meters required for monitoring system operation/performance. Instrumentation costs 
shall be limited to the minimum required for system operation and record-keeping purposes. For passive 
systems this would also include cost of sensor controls associated with mechanically assisted movable 
insulation, vents, etc. 



FORM A-2 

II. SOLAR SYSTEM COSTS 

FORM COMPLETION TIME 
(CHECK APPROPRIATE BLOCK) 

PROPOSALS: 
CONCEPTUAL DESIGN _ 

60% DESIGN OR MORE ~ 

FINAL DESIGN 

OTHER 

if 

MAJOR COMPONENTS 

A. 1. SOLAR COLLECTORS 

_ SQ. FT. x $/SQ. FT. = 

2. REFLECTORS 

_ SQ. FT. x $/SQ. FT. = 

B. COLLECTOR/REFLECTOR SUPPORTS 

__ SQ. FT. x $/SQ. FT. = 

C. THERMAL STORAGE 

_ GAL x _ $/GAL OR 

_ CU. FT. x _ $/CU. FT. OR 

_ LBS. MASS x __ $/LB = 

D. PIPING/DUCTWORK 

E. INSULATION 

F. 1. SOLAR CONTROLS 

2. INSTRUMENTATION 

$ MATERIAL $ LABOR 
ACTIVE/PASSIVE ACTIVE/PASSIVE 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

$ TOTAL 

= $ _ 

= $ 

= $ 

= $ 

= $ 

= $ 
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FORM A-2 (Instruction Sheet) 

II. SOLAR SYSTEM COSTS 

G. DoE will fund those incremental costs associated with solar over and above the normal cost of the 
conventional HVAC system equipment. Identify equipment related to the incremental cost. 

H. Includes all electrical materials, power wiring, starters, control wiring, and installation of motors and 
heaters. 

I. General construction normally includes related equipment rental, painting, site preparation, solar related 
building modifications (safety rails, walkways, stairways to roof and roof penetration), and environmental 
aesthetics. 

J. Includes all cost involved in acceptance testing of solar system per acceptance test plan requirements. 

K. Specify additional solar-related costs not identified in I. 

L. Self-explanatory. 

M. Contingency estimates include such things as increases in labor costs or increases in building material costs 
from authority to proceed until construction is completed. Indicate as a percentage of L and a dollar amount, 
up to 15 percent is allowable; anything over 15 percent requires an explanation at bottom of page. 

N. Self-explanatory. 

O. Includes architectural, engineering and consulting feees. Include design cost as a percent of N and a dollar 
amount. 

P. Briefly describe the type of work. Include SI0H as a percent of M and a dollar amount. 

Q. Self-explanatory. 

R. Self-explanatory. 

S. The construction costs of the project divided by the total square footage of collector gross area. 

T. Self-explanatory. 
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FORM A-2 

II. SOLAR SYSTEM COST (Continued) 

MAJOR COMPONENTS $ MATERIAL $ LABOR $ TOTAL 
ACTIVE/PASSIVE ACTIVE/PASSIVE 

G. SOLAR-RELATED EQUIPMENT 
(IF APPLICABLE) 
(IDENTIFY) _ 

+ $ 

H. ELECTRICAL _______ + _ = $ _ 

I. GENERAL CONSTRUCTION   +     = $ _ 

J. ACCEPTANCE TESTING   +   = $ _ 

K. OTHER SOLAR-RELATED COSTS + = $ 
(IDENTIFY) _ 

L. SUBTOTAL (A THROUGH K) $ _ 

M. CONTINGENCY (_% OF L) $ _ 

N. SUBTOTAL CONSTRUCTION FUNDS (L + M) $ _ 

O. DESIGN COST(_% OF N) $ _ 

P. ON-SITE SUPERVISION, INSPECTION AND OVERHEAD (SIOH) 
(_% OF N) $ 
(EXPLAIN) _ 

Q. TOTAL DESIGN COST (0 + P) $ _ 

R. GRAND TOTAL (N + Q) $ _ 

S. TOTAL SYSTEM COST/SQ. FT. (N v COLLECTOR AREA (REFER TO A)) $ 

SQ. FT. 

T. $ TO BE COST SHARED BY AGENCY 



FORM A-2 (General Instruction Sheet) 

III. LIFE-CYCLE COST EVALUATION 

Section III has been designed to cover a wide variety of solar projects. Not all parts of it will generally be 
required for any one project. Read the instructions for each part carefully to make sure it applies to your 
project. 

Parts A through D of Section III are used to determine the Total Life-Cycle Costs (TLCC) without the Solar System. 

Parts E through J of Section III are used to determine the Total Life-Cycle Costs (TLCC) with the Solar System. 

Parts K through M of Section III give the Life-Cycle Cost Modes of Analysis. 

The forms have been designed to supply information for costs and benefits for typical projects. If the project 
has costs and benefits not covered in these forms, contact NASA for additional information. 

The principal data required to complete this section are: (1) solar energy system cost data collected on 
Section II (pages D-29 through D-31) of this form, (2) estimated costs of the nonsolar system which would be used 
in lieu of the proposed solar energy system, (3) discount factor tables, and (4) current energy price data. The 
discount factor tables, preadjusted for projected energy price escalation, and the energy prices for end-of-year 
1979 are contained as appendices A, B, and C of the "Life-Cycle Costing Rules" published as Subpart A of Part 436 
of the U.S. Code of Federal Regulations, effective through September 1980. Revised process, effective October 
1980, are provided in the Life-Cycle Costing Manual for the Federal Energy Management Program (FEMP). These 
prices are subject to periodic revision in the Federal Register. If assistance is needed to complete this 
worksheet, please consult the Life-Cycle Costing Manual, referred to here after as the LCC MANUAL. 
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SOLAR LCC WORKSHEETS (Form A-2 III) (Instructions) 

A. In order to evaluate the cost effectiveness of a solar energy system, it is necessary to estimate what costs 
would exist without solar. The purpose of this part is to estimate those costs based on the nonsolar energy 
system that would be used if the solar project were not undertaken. This system may be identical to or dif¬ 
ferent from the system that would be used as a backup to the solar energy system. All applicants must com¬ 
plete this part for the type(s) of fuel(s) that solar will be displacing. Indicate in the appropriate 

columns: 

(1) Total quantity of energy to be purchased expressed in MBtu's (106 Btu's). 

(2) Price/MBtu. Use the estimated base-year1 energy prices indicated in table C-l2 of the MANUAL, or the 
"Life-Cycle Costing Rules," for the appropriate region, sector, and fuel type, or use the actual price 
to the agency if the agency's base-year energy prices exceed estimates in the table. 

(3) Column (3) = Column (1) x Column (2). Sum up Column (3) and place in Column (3) Total line. This gives 
the Total Base-Year Energy Costs without solar. For electricity, only the base charge is Column (1) x 

Column (2). 

(4) For the modified uniform present worth (UPW*) factor, see appendix B of the LCC MANUAL or the 
"Life-Cycle Costing Rules," for the appropriate region, sector, fuel type, and study period. Use a 
study period of 20 years unless a more accurate number for the particular system is available. Do not 
exceed a study period of 25 years.2 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This gives 
the total present value energy costs without solar. 

B. All applicants must complete this part. This part gives the annually recurring nonfuel operating and 
maintenance costs of the nonsolar energy system. These are the O&M costs associated with the system which 
would have been used in lieu of the proposed solar energy system. Put in "0" if appropriate. 

(1) Self-explanatory. 

(2) Obtain UPW factor for the length of the study period from the LCC MANUAL or "Life-Cycle Costing Rules," 

table A-2. 

(3) Column (3) = Column (1) x Column (2) 

1 The base year is the year the life-cycle cost evaluation is made. 

2 For projects using electricity as the energy source and which have separate charge components that may be 
affected by the solar project, only the price to the agency should be used, since the prices in table C-l do 
not take into account the separate charge components. The same UPW* (Column 4) should be applied to all 
charge components. Table C-2 is in terms of kWh and it can be used as a cross reference to table C-l. 

2 This instruction in the Form A-2 is shown changed from a maximum study period of 30 years to a maximum of 
25 years for consistency with the new legislated requirements (see Ref. [13]). 
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SOLAR LCC WORKSHEETS (Form A-2 III) 

A. Calculating the Present Value of Fuel Costs Without Solar 

TYPE 

(1) 
ANNUAL UNITS OF 
ENERGY PURCHASED 

(106 Btu) 

(2) 
BASE-YEAR 

ENERGY PRICE 
$/106 Btu 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COST 

ELECTRICITY $ $ 
BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 

GAS 

OTHER 

TOTAL 

B. Calculating Annually Recurring Nonfuel Operation and Maintenance (O&M) Costs Without Solar 

(1) 
Amount of Annually Recurring 

Costs in Base Yearl 

(2) 

UPW Factor 
(3) 

Present Value of Annual 
Recurring Costs 

ly 

1 If the nonfuel O&M costs of the nonsolar energy system are assumed to remain constant whether the system is 
used alone or in varying combinations with solar energy, these costs can be considered of zero value for the 
LCC evaluation, since they would cancel out of the TLCC calculation. However, if they are not constant, they 
should be included here. 
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SOLAR LCC WORKSHEETS (Form A-2 III) (Instructions, Continued) 

C. All applicants must complete this part. This part gives the nonannually recurring (nonfuel) operating, 
maintenance, replacement costs, and salvage values of the nonsolar system. These are the costs and values 
associated with the system which would have been used in lieu of the proposed solar energy system. Put "0" 

if appropriate. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Self-explanatory. 

(5) Obtain single present worth (SPW) factors for year(s) in which each amount is (are) expected to occur 
from table A-l of the LCC MANUAL or the LCC Rule. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This gives 
the total present value of nonannually recurring (nonfuel) O&M costs. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line. This gives 
the total present value of salvage value. 

D. All applicants must complete this part. This part calculates the total life-cycle cost of the system without 
solar. 

(1) Transcribe from Part A, Column (5) Total . 

(2) Transcribe from Part B, item (3). 

(3) Transcribe from Part C, Column (6) Total . 

(4) Transcribe from Part C, Column (7) Total. 

(5) Transcribe from Part C, Column (8) Total . 

(6) Line (6) = Line (1) + Line (2) + Line (3) 

(■ 
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SOLAR LCC WORKSHEETS (FORM A-2 III) 

C. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value Without Solar 

(1) 
YEAR IN 

WHICH 
EXPENDITURE 
IS EXPECTED 

TO OCCUR 

(2) 
AMOUNT OF NON¬ 

ANNUALLY 
RECURRING O&M 
COSTS (IN BASE- 

YEAR $)1 

(3) 
AMOUNT OF 

REPLACEMENT 
COST (IN 

BASE-YEAR S)1 

(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 

BASE-YEAR S)1 

(5) 
SPW 

FACTORS 

(6) 
PRESENT 
VALUE OF 
NON¬ 
ANNUALLY 
RECURRING 
O&M COSTS 

(7) 
PRESENT 
VALUE OF 

REPLACEMENT 

(8) 
PRESENT 
VALUE OF 
SALVAGE 

VALUE 

TOTAL 

D. Calculating TLCC Without Solar 

(1) Present Value of Energy Costs + $ 

(2) Present Value of Annually Recurring (Nonfuel) O&M Costs + $ 

(3) Present Value 
O&M Costs 

of Nonannually Recurring (Nonfuel) + $ 

(4) Present Value of Replacement Costs + $ 

(5) Present Value of Salvage Value $ 

(6) TLCC Without ! Solar = $ 

1 For example, if nonannually recurring (nonfuel) O&M costs, replacement costs, or salvage value occurs in 1990 
and you are using 1980 as the base year, base-year dollars means stating the 1990 costs in 1980 dollars, that 
is, without future inflation. 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions, Continued) 

E. All applicants must complete this part for each fuel used by each type of system that will be using solar. 

(1) Self-explanatory. 

(2) Transcribe from FORM A-l Section VII, page 33, Total Line (16) for Active Systems, or transcribe from 
FORM A-l Section VIII, page 39, Total Line (7) for Passive System.1 2 * 4 5 Estimate the fuel split for each 
system. For example, in a solar heating and hot water project where the auxiliary heating system 
uses oil and the auxiliary hot water system uses electricity, estimate the amount of auxiliary energy 
required for each system by fuel type. 

F. All applicants must complete this part for each type of fuel used. This part estimates the present value 
of fuel costs with solar. 

(1) Transcribe from Part E, item (2). 

(2) Price/MBtu. Use the estimated base-year^ energy prices indicated in table C-l^ of the LCC MANUAL, or 
the "Life-Cycle Costing Rules," for the appropriate region, sector, and fuel type, or use the actual 
price to the agency if the agency's base-year energy price exceeds the estimate in the table. 

(3) Column (3) = Column (1) x Column (2). Sum up Column (3) and place in Column (3) Total line. This 
gives the total base-year energy costs with solar. For electricity, only the base charge is 
Column (1) x Column (2). 

(4) For the UPW* factor see appendix B of the LCC MANUAL, or the "Life-Cycle Costing Rules," for the 
appropriate region, sector, fuel type, and study period. Use a study period of 20 years unless a more 
accurate number for the particular system is available. Do not exceed a study period of 25 years.4 

(5) Column (5) = Column (3) x Column (4). Sum up Column (5) and place in Column (5) Total line. This 
gives the total present value energy costs with solar. 

G. All applicants must complete this part. This part is used to calculate the investment costs with the solar 
system. 

(1) Transcribe from FORM A-2, Section II, page 6, Line (R).5 

(2) Self-explanatory. 

(3) Line (3) = Line (1) x Line (2). 

1 Form A-l, as well as Form A-2, is available from the NASA/George C. Marshall Space Flight Center. (See 
footnote 4, page 97. 

2 See footnote 1 on page 184 for explanation. 

2 See footnote 2 on page 184 for explanation. 

4 See footnote 3 on page 184 for explanation. 

5 See appendix D-3 for section II. 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Continued) 

E. Calculating the Present Value of Fuel Costs With the Solar Energy System 

(1) Type of Fuel 

(2) Annual Units of Energy to be Purchased (10® Btu/Yr) 

F. Calculating the Present Value of Fuel Costs With the Solar Energy System 

TYPE 

— 

(1) 

ANNUAL UNITS OF 
ENERGY PURCHASED 

(10® Btu) 

(2) 
BASE-YEAR 

ENERGY PRICE 
PER UNIT 
$/106 Btu 

(3) 

BASE-YEAR 
ENERGY COSTS 

(4) 

UPW* 
FACTOR 

(5) 

PRESENT VALUE 
OF ENERGY COST 

ELECTRICITY $ $ 
BASE 
CHARGE 

$ $ 
DEMAND 
CHARGE 

$ $ 
TIME OF 
DAY CHARGE 

$ $ 
CONTRACT 
CAPACITY 
CHARGE 

$ $ 
OTHER 
CHARGE 
COMPONENT 

OIL 

GAS 

OTHER 

TOTAL 

G. Calculating Investment Costs with the Solar Energy System 

(1) Total Investment Costs Attributable to the Solar Project^ $ 

(2) Adjustment in Investment Costs to Reflect Estimated Societal 
Benefits from Solar Energy in Excess of Dollar Energy Saving x 

(3) Adjusted Present Value Investment Costs for the Solar Energy System = $ 

1 $49,220 = $33,620 + ($26.00 x 600) 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions, Continued) 

H. All applicants must complete this part. This part gives the annually recurring nonfuel operating and 
maintenance costs (O&M) with the solar energy system. These are the total O&M costs associated with the 
solar energy system including the O&M costs of the auxiliary system.1 For the solar system, typical O&M 
costs are between 1 and 4 percent of the system costs. 

(1) Sel f explanatory. 

(2) Obtain UPW factor from the LCC MANUAL or "Life-Cycle Costing Rules," table A-2. 

(3) Column (3) = Column (1) x Column (2). 

I. All applicants must complete this part. This part gives nonannually recurring nonfuel operating, 
maintenance, and replacement costs and salvage values with the solar energy system. Put in "0" if 

appropriate. 

(1) State the year(s) in which the expenditure(s) for the nonannually recurring cost item(s) is (are) 
expected to occur. 

(2) Self-explanatory. 

(3) Self-explanatory. 

(4) Note that salvage value = 0 unless more definitive information is available. 

(5) Obtain single present worth (SPW) factor(s) for year(s) in which the amount(s) is (are) expected to 
occur from the LCC MANUAL or the LCC Rule, table A-l. 

(6) Column (6) = Column (2) x Column (5). Sum up Column (6) and place in Column (6) Total line. This 
gives the total present value of nonannually recurring nonfuel O&M costs for the building or building 
system after the retrofit. 

(7) Column (7) = Column (3) x Column (5). Sum up Column (7) and place in Column (7) Total line. This gives 
the total present value of replacement costs for the building or building system after the retrofit. 

(8) Column (8) = Column (4) x Column (5). Sum up Column (8) and place in Column (8) Total line. This gives 
the total present value of salvage value for the building or building system after the retrofit. 

J. All applicants must complete this part. This part is used to calculate the TLCC with the solar energy 
system. 

(1) Transcribe from Part F, Column (5) Total. 

(2) Transcribe from Part G, item (3). 

(3) Transcribe from Part H, item (3). 

(4) Transcribe from Part I, Column (6) Total. 

(5) Transcribe from Part I, Column (7) Total. 

(6) Transcribe from Part I, Column (8) Total. 

(7) Line (7) = Line (1) + Line (2) + Line (3) + Line (4) + Line (5) - Line (6). 

1 If the nonfuel O&M costs of the auxiliary system are assumed constant regardless of the solar fraction, and 
if they were, on this basis, valued at zero in section B, they should also be valued at zero in this section. 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Continued) 

H. Calculating Annually Recurring (Nonfuel) Operation and Maintenance (O&M) Costs With Solar 

(1) 

Amount of Annually Recurring 

Costs in Base Year 

(2) 
UPW Factor 

(3) 

Present Value of Annually 

Recurring Costs 

$ $ 

I. Calculating Nonannually Recurring (Nonfuel) O&M Costs, Replacement Costs, and Salvage Value with Solar 

(1) 
YEAR IN 

WHICH 

EXPENDITURE 

IS EXPECTED 

TO OCCUR 

(2) 

AMOUNT OF NON¬ 

ANNUALLY 

RECURRING O&M 

COSTS (IN BASE- 

YEAR $) 

(3) 

AMOUNT OF 

REPLACEMENT 

COST (IN 

BASE-YEAR S)1 

(4) 

AMOUNT OF 

SALVAGE 

VALUE (IN 

BASE-YEAR J)1 

(5) 

SPW 

FACTORS 

(6) 

PRESENT 

VALUE OF 

NON¬ 

ANNUALLY 

RECURRING 

O&M COSTS 

(7) 

PRESENT 

VALUE OF 

REPLACEMENT 

(8) 

PRESENT 

VALUE OF 

SALVAGE 

VALUE 

TOTAL 

J. Calculating the TLCC With the Solar Energy System 

(1) Present Value of Energy Costs with Solar $ 

(2) Present Value Adjusted Investment Costs with Solar + $ 

(3) Present Value of Annually Recurring Nonfuel O&M Costs with Solar + $ 

(4) Present Value of Nonannually Recurring Nonfuel O&M Costs with Solar + $ 

(5) Present Value of Replacement Costs with Solar + $ 

(6) Present Value of Salvage Value - $ 

(7) TLCC With the Retrofit Project = $ 

1 See footnote on page 187 for explanation. 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions, Continued) 

K. This part calculates the Net Savings or Excess Cost of the solar energy system. 

(1) Transcribe from Part D, item (6). 

(2) Transcribe from Part J, item (7). 

(3) Line (3) = Line (1) - Line (2). 

L. All applicants must complete this part. This part describes the Savings-to-Investment Ratio (SIR) 
calculation. 

(1) (a) Line (a) = (Part D, item (1)) - (Part J, item (1)). 

(b) Line (b) = (Part J, lines (3) plus (4)) - (Part D, lines (2) plus (3)). 

(c) Line (c) = Line (a) - Line (b). 

(2) (a) Transcribe from Part J, item (2). 

(b) Line (b) = (Part J, line (5)) - (Part D, line (4)). 

(c) Line (c) = (Part J, line (6)) - (Part D, line (5)). 

(d) Line (d) = Line (a) + Line (b) - Line (c). 

(3) Line (3) = Line (l)(c) ^ Line (2)(d). 
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SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions Continued) 

K. Net Savings or Excess Cost of the Solar Project 

(1) TLCC without Solar 

(2) TLCC with Solar 

(3) Net Savings (+) or net losses (-) 

L. SIR Calculation 

(1) SIR Numerator 

(a) Energy Cost Savings from Solar 

(b) Change in Nonfuel O&M Costs with Solar 

(c) SIR Numerator 

(2) SIR Denominator 

(a) Adjusted Investment Cost with Solar 

(b) Change in Replacement Costs with Solar 

(c) Change in Salvage Value with Solar 

(d) SIR Denominator 

(3) SIR for Ranking the Solar Project 



SOLAR LCC WORKSHEETS (FORM A-2 III) (Instructions, Continued) 

M. This part describes two methods of calculating simple payback for the solar project, based on the type of 
cash flow anticipated. A11 applicants must complete either: (1) for uniform cash flow, or (2) for 
nonuniform cash flows. 

(1) (a) Transcribe from Part L, item (2) (a). 

(b) Line (b) = (Part A, Column (3) Total) - (Part F, Column (3) Total). 

(c) Line (c) = (Part H, item (1)) - (Part B, item (1)). 

(d) Line (d) = Line (b) - Line (c). 

(e) Line (e) = Line (a) * Line (d). 

(2) (a) Self-explanatory. 

(b) Column (b) = (Part A, Column (3) Total) - (Part F, Column (3) Total) x (number of years 
accumulated). 

(c) Column (c) = (Part H, item (1)) + (Part I, item (2) + (3 - 4))1 - (Part B, item (1) + Part C, 
items (2) + (3 - 4))1. This should be accumulated by year. 

(d) Column (d) = Column (b) - Column (c). 

(e) Column (e) = Part L, item (2)(a). 

(f) Column (f) = Column (e) - Column (d). 

(g) SPB = year in which Column (f) changes from positive to negative. 

1 Items 3 and 4 of Parts C and I refer to nonannually recurring costs which only have to be included in those 
years that they occur. 
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SOLAR LCC WORKSHEETS (Form A-2 III) (Continued) 

M. Simple Payback (SPB) 

(1) Calculating SPB when annual cash flows are uniform. 

(a) 
Adjusted 

Investment 
Cost With 

Solar 

$ 

(b) 
Base-Year 
Fuel Cost 
Savings 

With Solar 

$ _ 

(c) 
Change in Base 
Year (Nonfuel 
O&M Costs With 

Solar 

$ _ 

(d) (e) 

SPB 
Net Yearly Savings (Years) 

$_ _ 

(2) Calculating SPB when annual cash flows are not uniform. 

(a) 

CUMULATIVE 
YEAR 

(b) 

CUMULATIVE 
ENERGY 
SAVINGS 

(c) 
CUMULATIVE 

CHANGE IN 
NONFUEL O&M, 

REPLACEMENT, AND 
SALVAGE VALUE 

WITH SOLAR 

(d) 

CUMULATIVE 
SAVINGS 

(e) 

INVESTMENT COST 
WITH SOLAR 

(f) 

INVESTMENT 
COST MINUS 
CUMULATIVE 

SAVINGS 

(g) 

SPB 
(YEAR) 





APPENDIX E 

COMPUTER PROGRAM FOR MAKING LCC EVALUATIONS OF ENERGY CONSERVATION 
AND SOLAR ENERGY INVESTMENTS IN NEW AND EXISTING FEDERAL BUILDINGS 
plus Sample Problems* 

This program performs the following calculations: 

SIR for Evaluating Retrofit Energy Conservation Projects 

TLCC for Evaluating New Building Designs 

NS for Designing and Sizing Projects 

NS for Evaluating a Solar Demonstration Project 

SIR for Ranking a Solar Demonstration Project 

SPB for Evaluating a Solar Demonstration Project 

* Program is written in BASIC Language. (See BASIC Language, Time-Sharing 

Program System (TSPS), Manual #BR03, Honeywell Series 400- Software, 

Honeywell Information Systems, Wellesley Hills, Massachusetts, 1971.) 
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LCCE02 

10 DIM A(2) ,C(3) ,D(30) ,E(30) ,G(30) ,H(30) 
20 DIM F (3,6) ,1(2,3) ,1(3,6) 
30 DIM S(2,30) 
40 DIM B$ (2) 
50 DIM P(6) ,M (2) ,R (2) 
60 DIM Z(2,10) ,U$ (8) , E$ (8) 
70 REM: SINGLE PRESENT WORTH DISCOUNT FORMULA 
80 DEF FNP(X,Z)=1/(1+X)"Z 
90 REM: MODIFIED UNIFORM PRESENT WORTH DISCOUNT FORMULA 
100 DEF FNU (X,Y,Z) = (1+Y)/(X-Y) * (1-( (1+Y)/(1+X) ) "Z) 
110 : ' CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
120 X$ = "IDENTIFYING INFORMATION" 
130 PRINT USING 110,X$ 
140 PRINT 
150 PRINT "INPUT NAME OF AGENCY" 
160 INPUT 0$(1) 
170 PRINT "INPUT PROJECT NAME" 
180 INPUT Q$(2) 
190 PRINT "INPUT LOCATION OF AGENCY" 
200 INPUT 0$ (3) 
210 PRINT "TYPE 1 IF THIS IS A SOLAR ENERGY INVESTMENT ANALYSIS, 0 IF NOT" 
220 INPUT SI 
230 IF S1=0 THEN 280 
240 B$(1)="SOLAR ENERGY" 
250 B$(2)="CONVENTIONAL" 
260 Q=1 
270 GOTO 350 
280 PRINT "TYPE 1 IF PROJECT IS FOR AN EXISTING BUILDING, 0 IF IT IS FOR A" 
290 PRINT "NEW BUILDING" 
300 INPUT Q 
310 B$(1)="RETROFIT" 
320 B$ (2)="EXISTING" 
330 IF Q=1 THEN 350 
340 B $(1)="N E W" 
350 PRINT "INPUT GROSS FLOOR AREA AFFECTED" 

360 INPUT Q$ (4) 
370 PRINT "INPUT EXPECTED LIFE OF SYSTEM" 
380 INPUT N1 
390 PRINT "INPUT EXPECTED LIFE OF BUILDING" 
430 INPUT Q$(5) 
410 PRINT "INPUT STUDY PERIOD" 
420 INPUT N2 
430 PRINT "TYPE 1 IF THIS ANALYSIS IS FOR A MORE COMPLEX CASE (I.E. A" 
440 PRINT "CHANGING AMOUNT OF ANNUAL ENERGY USAGE AND/OR A CONVERSION TO AN" 
450 PRINT "ALTERNATE FUEL TYPE DURING STUDY PERIOD), 0 IF FOR A SIMPLER CASE" 
460 INPUT C 
470 IF C=1 THEN 500 
480 Q1=0 
490 Q2=0 
500 REM: DISCOUNT RATE ASSUMED TO BE 7 PERCENT 
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LCCE02 CONTINUED 

510 D=.0 7 

520 PRINT 

530 PRINT 
540 W$ ="SYSTEM INFORMATION" 

550 PRINT USING 110,B$(Q+1) 

560 PRINT USING 110,W$ 
570 PRINT 
580 PRINT 
590 PRINT ENERGY COSTS FOR “B$(Q+1)" SYSTEM 

600 IF 0=1 THEN 720 
610 REM : Q=1 IMPLIES FIRST STAGE OF ANALYSIS 

620 IF 07=1 THEN 720 
630 IF Q6=l THEN 650 

640 IF A(2)=0 THEN 720 

650 PRINT 
660 REM : DO NOT NEED TO RETYPE FUEL PRICE INFORMATION IF IT IS THE SAME 

670 PRINT "TYPE 1 IF ENERGY TYPES, PRICES AND ESCALATION RATES ARE EXACTLY" 

680 PRINT "THE SAME FOP THIS PART OF ANALYSIS, OTHERWISE TYPE 0" 
690 INPUT Q4 
700 IF Q4 = 0 THEN 720 

710 GOTO 780 

720 PRINT 

730 04=0 
740 PRINT "INPUT NUMBER OF ENERGY TYPES USED BY SYSTEM AT BEGINNING" 

750 PRINT "OF STUDY PERIOD" 
760 INPUT N4 

770 PRINT 

780 FOR J=1 TO N4 
790 IF Q4 = 0 THEN 820 

800 IF Q2=l THEN 1320 

810 GOTO 1550 
820 PRINT "INPUT ENERGY TYPE #"J" AND UNIT (EXAMPLE: ELECTRICITY,MBTU)" 

830 INPUT E$(J) ,U$ (J) ' 

840 PRINT "INPUT LOCAL PRICE PER "U$(J) 
850 INPUT F(J) 

860 REM: ASSUME 3 FUEL PRICE ESCALATION PERIODS 

870 N8=3 
880 T3=0 
890 FOR K=1 TO N8 
900 IF K>1 THEN 950 

910 PRINT "FOR THREE ESCALATION PERIODS (1980-85, 1985-90, 1990+BEYOND)," 

920 PRINT "INPUT THE "E$(J)" ESCALATION RATE FOR PERIOD "K" AND" 
930 PRINT "NUMBER OF YEARS IT IS TO BE APPLIED" 

940 GOTO 960 

950 PRINT "FOR PERIOD "K; 
960 INPUT F(K,J) ,T(K , J) 

970 T3=T3+T'(K,J) 

980 NEXT K 

990 REM: THE ESCALATION RATE OF THE THIRD PERIOD WILL BE APPLIED TO ANY 
1000 REM: REMAINING YEARS OF THE STUDY PERIOD THAT EXTEND BEYOND THE LENGTH OF 
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LCCE02 CONTINUED 

> 

1010 REM: THE THREE TIME PERIODS COMBINED 

1020 
1030 
1040 
1050 

1060 

1070 
1080 

1090 
1100 
1110 

1120 
1130 

1140 

1150 
1160 

1170 

1180 
1190 
1200 
1210 
1220 
1230 

1240 
1250 

1260 

1270 
1280 

1290 

1300 
1310 

1320 

1330 

1340 
1350 

1360 

1370 
1380 
1390 
1400 

1410 

1420 

1430 
1440 

1450 

1460 
1470 

1480 
1490 

1500 

IF T3> = N2 THEN 1050 

T (N8,J)=T(N8,J)+(N2-T3) 
REM : IF THIS IS SIMPLE CASE, GO TO INPUT OF AMOUNT OF ENERGY USED 

IF C=0 THEN 1550 
PRINT "TYPE 1 IF THERE WILL BE A CONVERSION TO A DIFFERENT FUEL TYPE" 

PRINT "SOMETIME DURING THE STUDY PERIOD, 0 IF NOT" 

INPUT 01 

IF 01=0 THEN 1320 
REM : Q7 IS FLAG TO INDICATE THAT AT LEAST ONE CONVERSION HAS 
REM : TAKEN PLACE IN THE ANALYSIS 

07 = 1 
PRINT "INPUT YEAR IN WHICH THIS CONVERSION WILL TAKE PLACE" 

PRINT " (ASSUMES BEGINNING OF YEAR)" 

INPUT T1 
PRINT "INPUT NEW ENERGY TYPE AND UNIT" 

INPUT C$,D$ 

PRINT "INPUT PRESENT LOCAL PRICE PER "D$ 

INPUT Cl 
FOR 1 = 1 TO N 8 

IF I>1 THEN 1260 
PRINT "FOR THREE ESCALATION PERIODS (1980-85, 1985-90, 1990+BEYOND)," 

PRINT "INPUT THE "C$" ESCALATION RATE FOR PERIOD "I" AND" 

PRINT "NUMBER OF YEARS IT IS TO BE APPLIED" 
GOTO 1270 

PRINT "FOR PERIOD "I; 

INPUT C(I),U(I) 
NEXT I 

U (N8)=N2 

02 = 0 
GOTO 1420 

PRINT "TYPE 1 IF ANALYSIS ASSUMES A CHANGING ANNUAL AMOUNT OF "E$(J) 

PRINT "USED, 0 IF AMOUNT REMAINS CONSTANT OVER LIFE OF THE SYSTEM- 

INPUT Q2 
IF Q2=0 THEN 1550 

PRINT "TYPE 1 IF THE CHANGE IS A PERIODIC ONE (I.E. CAN BE SPECIFIED" 
PRINT "AS A PERCENTAGE CHANGE EVERY N YEARS), 0 IF NOT" 
INPUT 03 
REM : IF NOT A % CHANGE, MUST INPUT AMOUNT OF ENERGY USED EACH YEAR 
REM : OF STUDY PERIOD 

IF Q3=l THEN 1580 

PRINT "INPUT AMOUNT OF ENERGY USED IN EACH YEAR" 

FOR K = 1 TO N 2 
REM : WHEN A CONVERSION TAKES PLACE, PUT NEW VALUES INTO OLD VARIABLES 

IF Q1=0 THEN 1490 

IF KOT1 THEN 1490 

E$ (J)=C$ 

U$ (J)=D$ 
PRINT "AMOUNT OF "E$(J)M ("U$(J)"S) YEAR "K; 

INPUT D(K) 
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1510 

1520 

1530 

1540 
1550 

1560 
1570 
1580 

1590 
1600 

1610 
1620 
1630 

1640 

1650 
1660 
1670 

1680 
1690 

1700 

1710 
1720 

1730 

1740 
1750 

1760 

1770 
1780 

1790 

1800 

1810 

1820 
1830 
1840 
1850 

1860 
1870 

1880 
1890 
1900 

1910 

1920 
1930 

1940 

1950 
1960 

1970 
1980 
1990 

2000 

NEXT K 

D0 = D (1) 

GOTO 1730 
REM : INPUT % CHANGE IN ENERGY USE OR 0 FOR NO CHANGE 

C2 = 0.0 

C3 = l 
GOTO 1620 
PRINT “INPUT PERCENT THAT ANNUAL AMOUNT OF "E$(J)" IS TO CHANGE AND “ 

PRINT "HOW OFTEN IT WILL CHANGE (EXAMPLE: IF ENERGY USED WILL" 
PRINT "INCREASE AT A RATE OF 1% EVERY 2ND YEAR, TYPE: .01,2)" 

INPUT C2,C3 
PRINT "INPUT ANNUAL AMOUNT OF "E$(J)" ("U$(J)"S) USED IN BASE YEAR BY" 
PRINT E$ (Q+l) " SYSTEM" 

INPUT D0 
REM : ADJUST ANNUAL AMOUNT IF NECESSARY - FILL D ARRAY 

D (1)=D0 
FOR 1 = 2 TO N 2 

IF (I-1)/C3=INT((I-l)/C3) THEN 1710 
D (I)=D (I-1) 

GOTO 1720 

D(I) =D(1-1)*(1+C2) 
NEXT I 

REM : MUST CONVERT TO PRESENT VALUE ENERGY COSIS 

REM 
REM : ASSUME THAT THE TIME PERIODS FOR FPE RATES ARE THE SAME FOR 

REM : EACH FUEL TYPE 

K2 = l 
T 2 = T (1 , J ) 
FOR K=1 TO N 2 

IF K< = T2 THEN 1840 
IF K2=N8 THEN 1970 

K2=K2+1 
T2-T2+T(K2,J) 
IF Q1=0 THEN 1950 
IF K = T1 THEN 1900 

REM : Cl USED T'C ESCALATE PRICE OF NEW ENERGY TYPE TO YEAR IT 
REM : WILL FIRST BE USED 

C1=C1*(1+C (K2) ) 
GOTO 1950 
FOR 1=1 TO N8 

T(I,J)=U (I) 

F(I,J)=C (I) 
NEXT I 

C5 = C1 

G (K)=F(K2,J)+1 
NEXT K 

REM : NOW HAVE G ARRAY FILLED WITH FPE RATE FOR EACH YEAR 
H0 = P (J) 
FOR 1 = 1 TO N 2 

IF Q1=0 THEN 2030 
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LCCE02 CONTINUED 

2010 IF IOT1 THEN 2030 

2020 H (1-1)=C5 

2030 IF 1=1 THEN 2060 

2040 H(I)=H(1-1)*G (I) 

2050 GOTO 2080 

2060 H(I)=H0*G (I) 
2070 REM : H ARRAY IS FOR YEARLY PRICE OF ENERGY (END OF YEAR) 

2080 E (I) =D(I)*H(I)*FNP(D,I) 

2090 Z(Q + l,J)=Z(Q+l,J)+E (I) 

2100 S(Q+l,I)=S(Q+l,I)+(D(I)*P(J)) 

2110 NEXT I 
2120 REM : E ARRAY IS FOR YEARLY PRESENT VALUE ENERGY COSTS 
2130 A(Q+1)=A(Q+1)+Z(Q+l,J) 

2140 REM NOW DO NEXT FUEL TYPE 

2150 PRINT 
2160 PRINT 
2170 NEXT J 

2180 PRINT 
2190 PRINT 
2200 PRINT INVESTMENT COST FOR "B$(Q+1)" SYSTEM 

2210 PRINT 
2220 PRINT "INPUT INITIAL INVESTMENT COST (BASE YEAR)" 

2230 IF Q=0 THEN 2260 
2240 PRINT "EQUAL TO THE SYSTEM'S CURRENT SALVAGE VALUE FOR THE EXISTING SYS." 

2250 GOTO 2290 
2260 PRINT "THE SOCIAL ADJUSTMENT FACTOR APPLIED TO INVESTMENT" 

2270 PRINT "COST IS SET AT 10 PERCENT RESULTING IN A MULTIPLIER" 
2280 E5RINT "OF .9" 

2290 INPUT I(Q+l,1) 

2300 IF Q<>0 THEN 2330 
2310 REM : 10% REDUCTION IN INITIAL INVESTMENT COST FOR NEW SYSTEM 

2320 I (Q + l,1) = .9*1 (Q + l , 1) 

2330 PRINT 
2340 PRINT "TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO BE" 

2350 PRINT "CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS" 

2360 INPUT 01 
2370 PRINT 
2380 IF 01=0 THEN 2440 

2390 R(Q+l)=0 
2400 M(Q+l)=0 
2410 I(Q+l,2)=0 

2420 I(Q+l,3)=0 

2430 GOTO 2870 
2440 PRINT 

2450 PRINT 

2460 B$ = B$ (Q+l) 

2470 PRINT NON-FUEL OPERATION AND MAINTENANCE (0+M) COSTS FOR "B$" SYSTEM 

2480 PRINT 
2490 PRINT "INPUT BASE-YEAR ANNUAL RECURRING 0+M COST " 

2500 INPUT R(Q+l) 
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LCCE02 CONTINUED 

2510 FOR 1 = 1 TO N2 

2520 S(Q+1,I)=S(Q+1,I)+R(Q+1) 

2530 NEXT I 
2540 R(Q+l)=R(Q+l)*FNU(D, 0,N2) 

2550 PRINT 
2560 PRINT "INPUT TOTAL NUMBER OF NON-RECURRING O+M COSTS" 

2570 INPUT N7 
2580 IF N7=0 THEN 2680 

2590 FOR K=1 TO N7 
2600 IF K>1 THEN 2620 
2610 PRINT "INPUT AMOUNT OF COST (BASE YEAR $) AND YEAR OF OCCURRENCE FOR 

2620 PRINT "NON-RECURRING O+M COST "K; 
2630 INPUT Ml,M2 

2640 S(0+1,M2)=S(Q+l,M2)+M1 

2650 M3 = M1*FNP(D,M2) 
2660 M(Q+1)=M(Q+1)+M3 

2670 NEXT K 

2680 PRINT 
2690 PRINT 
2700 PRINT "- REPLACEMENT COSTS AND SALVAGE VALUES FOR "B$(Q+1)" SYSTEM - 

2710 PRINT 
2720 PRINT "INPUT NUMBER OF REPLACEMENT COSTS" 

2730 INPUT N5 
2740 FOR K=1 TO N5 
2750 PRINT "INPUT BASE-YEAR COST OF REPLACEMENT "K" AND YEAR IT" 

2760 PRINT "IS TO BE INCURRED" 

2770 INPUT 11,12 
2780 PRINT "INPUT SALVAGE VALUE OF EQUIPMENT BEING REPLACED (BASE YEAR $) 

2790 INPUT 13 

2800 S(Q+l,12)=S(Q+l,12)+11-13 

2810 I4 = I1*FNP(D , 12) 
2820 I5=I3*FNP(D,12) 

2830 I(Q+l,2)=I(Q+l,2)+14 

2340 I(Q+l,3)=1(Q+l,3)+15 
2850 PRINT 

2860 NEXT K 
2870 PRINT "INPUT FINAL SALVAGE VALUE OF SYSTEM" 

2880 INPUT 16 
2890 S(Q + l,N2)=S(Q + l ,N2)-16 
290 0 I(Q + l,3)=1(Q + l,3)+ 16 * FNP (D,N2) 
2910 REM 
2920 REM : CALCULATE LIFE-CYCLE COSTS 
2930 Z =Q + 1 

2940 L(Z)=A(Z)+1(Z,1)+R(Z)+M(Z)+I ( Z , 2)—I (Z,3) 

2950 REM : NOW DO RETROFIT SYSTEM IF NECESSARY 

2960 IF Q=0 THEN 2990 
2970 Q=0 

2980 GOTO 520 
2990 REM : CALCULATE NEW COSTS IF NECESSARY 

3000 IF A(2)=0 THEN 3200 
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♦ 
LCCE02 CONTINUED 

3010 REM: D9 I S THE SIR 

3020 N (1) = I (1, 1)-I (2,1) 

3030 N(2)=1 (1 , 2)-I(2,2) 

3040 N(3)=1 (1 , 3)-I(2,3) 

3050 D9=N(1)+N (2)-N (3) 

3060 REM: N9 I S THE SIR 
3070 N(4)=A(2) -A (1 ) 

3080 N ( 5)=R(2) -R (1) 

3090 N (6)=M(2) -M(l) 

3100 N9 = N (4 ) +N (5)+N (6) 

3110 REM : IF INVESTMENT 

3120 IF D9O0 THEN 3150 

3130 S9=0 
3140 GOTO 3160 

3150 S 9 = N 9/D9 
3160 GOTO 3180 

DENOMINATOR 

NUMERATOR 

COSTS ARE THE SAME, SET SIR = 

3170 

3180 

REM : 

PRINT 

OUTPUT RESULTS 

3190 : 

3200 PRINT USING 3190 

3210 PRINT 

3220 PRINT " PROJECT SUMMARY REPORT" 

3230 PRINT USING 3190 

3240 PRINT USING 3190 
3250 PRINT 

3260 PRINT " NAME OF AGENCY "C$ ' (1) 

3270 PRINT 
3280 PRINT " PROJECT "Q$ (2) 

3290 PRINT 

3300 PRINT " LOCATION OF AGENCY "0$ (3) 

3310 PRINT 

3320 PRINT GROSS FLOOR AREA AFFECTED "Q$ (4) 

3330 PRINT 

3340 PRINT " EXPECTED LIFE OF SYSTEM "Nl" YEARS" 

3350 PRINT 
3360 PRINT " EXPECTED LIFE OF BUILDING "0$ (5)" YEARS' 

3370 PRINT 
3380 PRINT 11 STUDY PERIOD " N2'' YEARS" 

3390 PRINT 
3400 D8 = D* 100 

3410 PRINT DISCOUNT RATE " D8 ” PERCENT" 

3420 PRINT 
3430 PRINT " NUMBER OF ESCALATION PERIODS "N8 

3440 PRINT 

3450 PRINT USING 3190 
3460 PRINT 

3470 PRINT " (IN THOUSANDS $) " 

3480 PRINT 

3490 IF A(2)=0 THEN 3530 
3500 A(2)=A(2)/1000 
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LCCE02 CONTINUED 

3510 PRINT USING 3640 

3520 PRINT USING 3650,B$ (2) »A (2) 

3530 PRINT 
3540 A(1)=A(1)/1000 

3550 PRINT USING 3640 

3560 PRINT USING 3650,B$ (1) , A (1) 
3570 PRINT 
3580 PRINT 
3590 IF A(2)=0 THEN 3680 

3600 L(2)=L(2)/1000 
3610 PRINT USING 3660 

3620 PRINT USING 3670,B$ (2) ,L(2) 

3630 PRINT 

3640 PRESENT VALUE ENERGY COSTS 

3650 'RRRRRRRRRRRRRRRR SYSTEM 

3660 TOTAL LIFE -CYCLE COSTS- 

3670 'RRRRRRRRRRRRRRRR SYSTEM 

3680 L(1)= L (1)/1000 
3690 PRINT USING 3660 

#########.## 

#########.## 

3700 

3710 
3720 

3730 

3740 
3750 

3760 

3770 
3780 

3790 

3800 
3810 

3820 

3830 
3840 
3850 

3860 
3870 
3880 

3890 
3900 
3910 
3920 
3930 

3940 

3950 

PRINT USING 3670 ,B$ (1) ,L(1) 

PRINT 
IF A(2)=0 THEN 3980 

V$="* * * * *" 

PRINT USING 110,V$ 
PRINT 

V9=£, (2) -L (1) 
PRINT USING 3910,V9 
PRINT 

PRINT USING 3920,S9 

PRINT 
IF S1=0 THEN 3980 

S3 = 0 
FOR 1 = 1 TO N 2 
S3=S3+(S(2,I)-S(1,I)) 
IF S3<I (1,1)-I (2,1) THEN 3880 

P9=I 
GOTO 3900 
NEXT I 

GOTO 3950 
PRINT USING 3930,P9 

NET PRESENT VALUE (TH. $) ########.## 

SAVINGS-TO-INVESTMENT RATIO ###.##### 

SIMPLE PAYBACK ## YEARS 

GOTO 3980 
PRINT " SIMPLE PAYBACK > STUDY PERIOD" 

3960 PRINT 
3970 PRINT 

3980 PRINT USING 

3990 PRINT 
4000 PRINT "TYPE 

3190 

1 IF YOU WISH TO LOOK AT ANOTHER "B$ (Q + l) “ SYSTEM, IF NOT" 
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LCCE02 CONTINUED (!(V 

4010 INPUT Q6 
4020 IF Q6 = 0 THEN 4180 

4030 I(1,2)=0 

4040 I (1 , 3)=0 
4050 M(1)=0 

4060 A(1)=0 
4070 A(2)=A(2)*1000 

4080 L (2)=L (2)*1000 

4090 FOR 1 = 1 TO N2 

4100 S(1,I)=0 
4110 NEXT I 

4120 FOR J=1 TO 10 

4130 Z(1,J)=0 
4140 NEXT J 
4150 PRINT "INPUT NEW PROJECT NAME 

4160 INPUT Q$(2) 
4170 GOTO 530 

4180 END 

m 
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SAMPLE RETROFIT PROBLEM #1* 

IDENTIFYING INFORMATION 

INPUT NAME OF AGENCY 

? FEDERAL SCIENCE AGENCY 

INPUT PROJECT NAME 

? INSULATION OF WATER PIPES 

INPUT LOCATION OF AGENCY 

? MASSACHUSETTS 
TYPE 1 IF THIS IS A SOLAR ENERGY INVESTMENT ANALYSIS, 0 IF NOT 

? 0 
TYPE 1 IF PROJECT IS FOR AN EXISTING BUILDING, 0 IF IT IS FOR A 

NEW BUILDING 

? 1 
INPUT GROSS FLOOR AREA AFFECTED 

? NOT APPLICABLE 

INPUT EXPECTED LIFE OF SYSTEM 

? 25 
INPUT EXPECTED LIFE OF BUILDING 

? INDEFINITE 
INPUT STUDY PERIOD 

? 25 

TYPE 1 IF THIS ANALYSIS IS FOR A MORE COMPLEX CASE (I.E. A 

CHANGING AMOUNT OF ANNUAL ENERGY USAGE AND/OR A CONVERSION TO AN 

ALTERNATE FUEL TYPE DURING STUDY PERIOD), 0 IF FOR A SIMPLER CASE 

? 0 

EXISTING 

SYSTEM INFORMATION 

- ENERGY COSTS FOR EXISTING SYSTEM - 

INPUT NUMBER OF ENERGY TYPES USED BY SYSTEM AT BEGINNING 

OF STUDY PERIOD 
? 1 

INPUT ENERGY TYPE # 1 AND UNIT (EXAMPLE: ELECTRICITY,MBTU) 

? OIL,MBTU 

INPUT LOCAL PRICE PER MBTU 

? 5.S4 

FOR THREE ESCALATION PERIODS (1980-85, 1985-90, 1990+BEYOND), 

INPUT THE OIL ESCALATION RATE FOR PERIOD 1 AND 

NUMBER OF YEARS IT IS TO BE APPLIED 

? .0339,5 

FOR PERIOD 2 ? .0291,5 

FOR PERIOD 3 ? .0408,15 

INPUT ANNUAL AMOUNT OF OIL (METUS) USED IN BASE YEAR BY 

EXISTING SYSTEM 
? 283.6 

See Chapter 4 for a more detailed problem statement and a manual solution using the Retrofit 

Worksheets. (Note: Small discrepancies may exist between the problem solutions obtained by 

the computer program and those obtained by the Worksheet approach due to rounding errors. 
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INVESTMENT COST FOR EXISTING SYSTEM 

INPUT INITIAL INVESTMENT COST (BASE YEAR) 

EQUAL TO THE SYSTEM'S CURRENT SALVAGE VALUE FOR THE EXISTING SYS. 

? 0 

TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO BE 

CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS 

? 1 

INPUT FINAL SALVAGE VALUE OF SYSTEM 

? 0 

RETROFIT 

SYSTEM INFORMATION 

- ENERGY COSTS FOR RETROFIT SYSTEM - 

TYPE 1 IF ENERGY TYPES, PRICES AND ESCALATION RATES ARE EXACTLY 

THE SAME FOR THIS PART OF ANALYSIS, OTHERWISE TYPE 0 

? 1 
INPUT ANNUAL AMOUNT OF OIL (MBTUS) USED IN BASE YEAR BY 

RETROFIT SYSTEM 
? 37.8 

- INVESTMENT COST FOR RETROFIT SYSTEM - 

INPUT INITIAL INVESTMENT COST (BASE YEAR) 

THE SOCIAL ADJUSTMENT FACTOR APPLIED TO INVESTMENT 

COST IS SET AT 10 PERCENT RESULTING IN A MULTIPLIER 
OF . 9 

? 2500 

TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO BE 

CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS 

? 1 

INPUT FINAL SALVAGE VALUE OF SYSTEM 

? 0 

206 



PROJECT SUMMARY REPORT 

NAME OF AGENCY FEDERAL SCIENCE AGENCY 

PROJECT INSULATION OF WATER PIPES 

LOCATION OF AGENCY MASSACHUSETTS 

GROSS FLOOR AREA AFFECTED NOT APPLICABLE 

EXPECTED LIFE OF SYSTEM 25 YEARS 

EXPECTED LIFE OF BUILDING INDEFINITE YEARS 

STUDY PERIOD 25 YEARS 

DISCOUNT RATE 7. PERCENT 

NUMEER OF ESCALATION PERIODS 3 

(IN THOUSANDS $) 

PRESENT VALUE ENERGY COSTS - 

EXISTING SYSTEM 3 2.77 

PRESENT VALUE ENERGY COSTS - 

RETROFIT SYSTEM 4 .37 

TOTAL LIFE-CYCLE COSTS- 

EXISTING SYSTEM 32.79 

TOTAL LIFE-CYCLE COSTS- 

RETROFIT SYSTEM 6.62 

* * * * * 

NET PRESENT VALUE (TH. $) 26.17 

SAVINGS-TO-INVESTMENT RATIO 12.63190 
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SAMPLE RETROFIT PROBLEM #2* 

IDENTIFYING INFORMATION 

INPUT NAME OF AGENCY 

? NATIONAL ADMINISTRATION 

INPUT PROJECT NAME 

? AUTOMATIC CONTROL SYSTEM 
INPUT LOCATION OF AGENCY 

? DC 
TYPE 1 IF THIS IS A SOLAR ENERGY INVESTMENT ANALYSIS, 0 IF NOT 

? 0 
TYPE 1 IF PROJECT IS FOR AN EXISTING BUILDING, 0 IF IT IS FOR A 

NEW BUILDING 
? 1 

INPUT GROSS FLOOR AREA AFFECTED 

? NOT APPLICABLE 
INPUT 

'P 'i q 
EXPECTED LIFE OF SYSTEM 

. 4 J 

INPUT EXPECTED LIFE OF BUILDING 

? INDEFINITE 
INPUT STUDY PERIOD 

? 25 
TYPE 1 IF THIS ANALYSIS IS FOR A MORE COMPLEX CASE (I.E. A 

CHANGING AMOUNT OF ANNUAL ENERGY USAGE AND/OR A CONVERSION TO AN 

ALTERNATE FUEL TYPE DURING STUDY PERIOD), 0 IF FOR A SIMPLER CASE 

? 0 

EXISTING 

SYSTEM INFORMATION 

- ENERGY COSTS FOR EXISTING SYSTEM - 

INPUT NUMBER OF ENERGY TYPES USED BY SYSTEM AT BEGINNING 

OF STUDY PERIOD 

? 2 

INPUT ENERGY TYPE # 1 AND UNIT (EXAMPLE: ELECTRICITY,MBTU) 

? ELECTRICITY, KWH 
INPUT LOCAL PRICE PER KWH 

? .063 

FOR THREE ESCALATION PERIODS (1980-85 , 1985-90, 1990+BEYOND) , 

INPUT THE ELECTRICITY ESCALATION RATE FOR PERIOD 1 AND 

NUMBER OF YEARS IT IS TO BE APPLIED 

? -. 0001 ,5 
FOR PERIOD 2 ? .0089,5 

FOR PERIOD 3 ? -.0037,15 

INPUT ANNUAL AMOUNT OF ELECTRICITY ( KWHS) USED IN BASE YEAR BY 

EXISTING SYSTEM 

? 9982200 

INPUT ENERGY TYPE # 2 AND UNIT (EXAMPLE: ELECTRICITY,MBTU) 

? NATURAL GAS, MBTU 
INPUT LOCAL PRICE PER MBTU 

? 3.43 

FOR THREE ESCALATION PERIODS (1980-85, 1985-90, 1990+BEYOND), 

INPUT THE NATURAL GAS ESCALATION RATE FOR PERIOD 1 AND 

NUMBER OF YEARS IT IS TO BE APPLIED 

? .0175,5 
FOR PERIOD 2 ? .0360,5 

FOR PERIOD 3 ? .0180,15 

INPUT ANNUAL AMOUNT OF NATURAL GAS ( MBTUS) USED IN BASE YEAR BY 
EXISTING SYSTEM 

? 433600 

* See chapter 4 for a more detailed problem statement and a manual solution using the New Building 

Design Worksheets. 
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INVESTMENT COST FOR EXISTING SYSTEM 

INPUT INITIAL INVESTMENT COST (BASE YEAR) 
EQUAL TO THE SYSTEM'S CURRENT SALVAGE VALUE FOR THE EXISTING SYS. 

? 260000 

TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO BE 

CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS 

? 0 

- NON-FUEL OPERATION AND MAINTENANCE (O+M) COSTS FOR EXISTING SYSTEM 

INPUT BASE-YEAR ANNUAL RECURRING O+M COST 

? 120000 

INPUT TOTAL NUMBER OF NON-RECURRING O+M COSTS 
? 3 

OF COST (BASE YEAR $) AND 

O+M COST 1 25000, 5 
O+M COST 2 7 25000, 15 

O+M COST 3 7 25000, 20 

COSTS AND SALVAGE VALUES 

INPUT NUMBER OF REPLACEMENT COSTS 

? 1 
INPUT BASE-YEAR COST OF REPLACEMENT 1 AND YEAR IT 

IS TO BE INCURRED 

? 150000, 10 

INPUT SALVAGE VALUE OF EQUIPMENT BEING REPLACED (BASE YEAR $) 

INPUT FINAL SALVAGE VALUE OF SYSTEM 

? 0 
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RETROFIT 

SYSTEM INFORMATION 

- ENERGY COSTS FOR RETROFIT SYSTEM - 

TYPE 1 IF ENERGY TYPES, PRICES AND ESCALATION RATES ARE EXACTLY 

THE SAME FOR THIS PART OF ANALYSIS, OTHERWISE TYPE 0 

? 1 
INPUT ANNUAL AMOUNT OF ELECTRICITY ( KWHS) USED IN BASE YEAR BY 

RETROFIT SYSTEM 
? 9190003 

INPUT ANNUAL AMOUNT OF NATURAL GAS ( MBTUS) USED IN BASE YEAR BY 

RETROFIT SYSTEM 

? 386800 

- INVESTMENT COST FOR RETROFIT SYSTEM - 

INPUT INITIAL INVESTMENT COST (BASE YEAR) 
THE SOCIAL ADJUSTMENT FACTOR APPLIED TO INVESTMENT 

COST IS SET AT 10 PERCENT RESULTING IN A MULTIPLIER 

OF . 9 

? 1500000 

TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO BE 

CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS 

? 0 

- NON-FUEL OPERATION AND MAINTENANCE (O+M) COSTS FOR RETROFIT SYSTEM - 

INPUT BASE-YEAR ANNUAL RECURRING O+M COST 

? 145000 

INPUT TOTAL NUMBER OF NON-RECURRING O+M COSTS 

? 2 
INPUT AMOUNT OF COST (BASE YEAR $) AND YEAR OF OCCURRENCE FOR 

NON-RECURRING O+M COST 1 ? 40000, 10 
NON-RECURRING O+M COST 2 ? 40000, 20 

- REPLACEMENT COSTS AND SALVAGE VALUES FOR RETROFIT SYSTEM - 

INPUT NUMBER OF REPLACEMENT COSTS 

? 0 
INPUT FINAL SALVAGE VALUE OF SYSTEM 

? 0 
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PROJECT SUMMARY REPORT 

NAME OF AGENCY 

PROJECT 

LOCATION OF AGENCY 

GROSS FLOOR AREA AFFECTED 

EXPECTED LIFE OF SYSTEM 

EXPECTED LIFE OF BUILDING 

STUDY PERIOD 

DISCOUNT RATE 

NUMBER OF ESCALATION PERIODS 

NATIONAL ADMINISTRATION 

AUTOMATIC CONTROL SYSTEM 

DC 

NOT APPLICABLE 

25 YEARS 

INDEFINITE YEARS 

25 YEARS 

7. PERCENT 

3 

(IN THOUSANDS $) 

PRESENT VALUE ENERGY COSTS 

EXISTING SYSTEM 29234.43 

PRESENT VALUE ENERGY COSTS 

RETROFIT SYSTEM 26291.34 

TOTAL LIFE-CYCLE CQSTS- 
EXISTING SYSTEM 31002.46 

TOTAL LIFE-CYCLE COSTS- 

RETROFIT SYSTEM 29361.78 

* * * * * 

NET PRESENT VALUE (TH. $) 1640.68 

SAVINGS-TO-INVESTMENT RATIO 2.61843 
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SAMPLE NEW BUILDING DESIGN PROBLEM* 

IDENTIFYING INFORMATION 

INPUT NAME OF AGENCY 

? NATIONAL DEFENSE 

INPUT PROJECT NAME 

? CONVENTIONAL DESIGN 

INPUT LOCATION OF AGENCY 

? WISCONSIN 

TYPE 1 IF THIS IS A SOLAR ENERGY INVESTMENT ANALYSIS, 0 IF NOT 

? 0 
TYPE 1 IF PROJECT IS FOR AN EXISTING BUILDING, 0 IF IT IS FOR A 

NEW BUILDING 

? 0 
INPUT GROSS FLOOR AREA AFFECTED 

? 176000 SQUARE FEET 

INPUT EXPECTED LIFE OF SYSTEM 

? 25 

INPUT EXPECTED LIFE OF BUILDING 

? INDEFINITE 
INPUT STUDY PERIOD 

? 25 
TYPE 1 IF THIS ANALYSIS IS FOR A MORE COMPLEX CASE (I.E. A 

CHANGING AMOUNT OF ANNUAL ENERGY USAGE AND/OR A CONVERSION TO AN 

ALTERNATE FUEL TYPE DURING STUDY PERIOD), 0 IF FOR A SIMPLER CASE 

? 0 

NEW 

SYSTEM INFORMATION 

- ENERGY COSTS FOR NEW SYSTEM - 

INPUT NUMBER OF ENERGY TYPES USED BY SYSTEM AT BEGINNING 

OF STUDY PERIOD 

? 2 

INPUT ENERGY TYPE # 1 AND UNIT (EXAMPLE: ELECTRICITY,MBTU) 

? ELECTRICITY, MBTU 

INPUT LOCAL PRICE PER MBTU 

? 16.83 

FOR THREE ESCALATION PERIODS (1980-85, 1985-90, 1990+BEYOND), 

INPUT THE ELECTRICITY ESCALATION RATE FOR PERIOD 1 AND 

NUMBER OF YEARS IT IS TO BE APPLIED 

? -.0002, 5 
FOR PERIOD 2 ? .0107, 5 

FOR PERIOD 3 ? -.0014, 15 

INPUT ANNUAL AMOUNT OF ELECTRICITY ( MBTUS) USED IN BASE YEAR BY 

NEW SYSTEM 

? 7277 

INPUT ENERGY TYPE # 2 AND UNIT (EXAMPLE: ELECTRICITY,MBTU) 

? NATURAL GAS, MBTU 
INPUT LOCAL PRICE PER MBTU 

? 3.18 

FOR THREE ESCALATION PERIODS (1980-85, 1985-90, 1990+BEYOND), 

INPUT THE NATURAL GAS ESCALATION RATE FOR PERIOD 1 AND 

NUMBER OF YEARS IT IS TO BE APPLIED 
? .0174, 5 

FOR PERIOD 2 ? .0315, 5 
FOR PERIOD 3 ? .0111, 15 

INPUT ANNUAL AMOUNT OF NATURAL GAS ( MBTUS) USED IN BASE YEAR BY 

NEW SYSTEM 

? 4980 

* See chapter 5 for a more detailed problem statement and a manual solution using the New Building 

Design Worksheets. 
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INVESTMENT COST FOR NEW SYSTEM 

INPUT INITIAL INVESTMENT COST (BASE YEAR) 

THE SOCIAL ADJUSTMENT FACTOR APPLIED TO INVESTMENT 

COST IS SET AT 10 PERCENT RESULTING IN A MULTIPLIER 

OF . 9 
? 9130000 

TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO BE 

CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS 

? 0 

- NON-FUEL OPERATION AND MAINTENANCE (O+M) COSTS FOR NEW SYSTEM - 

INPUT BASE-YEAR ANNUAL RECURRING O+M COST 

? 90000 

INPUT TOTAL NUMBER OF NON-RECURRING O+M COSTS 

? 2 

INPUT AMOUNT OF COST (BASE YEAR $) AND YEAR OF 

NON-RECURRING O+M COST 1 ? 100000, 10 

NON-RECURRING O+M COST 2 ? 100000, 20 

OCCURRENCE FOR 

- REPLACEMENT COSTS AND SALVAGE VALUES FOR NEW SYSTEM - 

INPUT NUMBER OF REPLACEMENT COSTS 

? 0 

INPUT FINAL SALVAGE VALUE OF SYSTEM 

? 0 

PROJECT SUMMARY REPORT 

NAME OF AGENCY NATIONAL DEFENSE 

PROJECT CONVENTIONAL DESIGN 

LOCATION OF AGENCY WISCONSIN 

GROSS FLOOR AREA AFFECTED 176000 SQUARE FEET 

EXPECTED LIFE OF SYSTEM 25 YEARS 

EXPECTED LIFE OF BUILDING INDEFINITE YEARS 

STUDY PERIOD 25 YEARS 

DISCOUNT RATE 7. PERCENT 

NUMBER OF ESCALATION PERIODS 3 

(IN THOUSANDS $) 

PRESENT VALUE ENERGY COSTS - 

NEW SYSTEM 1686.61 

TOTAL LIFE-CYCLE COSTS- 

NEW SYSTEM 11029.11 
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TYPE 1 IF YOU WISH TO LOOK AT ANOTHER NEW SYSTEM, 0 IF NOT 
? 1 

INPUT NEW PROJECT NAME 
? ENERGY-CONSERVING DESIGN 

NEW 
SYSTEM INFORMATION 

- ENERGY COSTS FOR NEW SYSTEM - 

TYPE 1 IF ENERGY TYPES, PRICES AND ESCALATION RATES ARE EXACTLY 
THE SAME FOR THIS PART OF ANALYSIS, OTHERWISE TYPE 0 

? 1 
INPUT ANNUAL AMOUNT OF ELECTRICITY ( MBTUS) USED IN BASE YEAR BY 
NEW SYSTEM 

? 3886 

INPUT ANNUAL AMOUNT OF NATURAL GAS ( MBTUS) USED IN BASE YEAR BY 
NEW SYSTEM 

? 2290 

- INVESTMENT COST FOR NEW SYSTEM - 

INPUT INITIAL INVESTMENT COST (EASE YEAR) 
THE SOCIAL ADJUSTMENT FACTOR APPLIED TO INVESTMENT 
COST IS SET AT 10 PERCENT RESULTING IN A MULTIPLIER 
OF . 9 

? 9880000 

TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO BE 
CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS 

? 0 

- NON-FUEL OPERATION AND MAINTENANCE (O+M) COSTS FOR NEW SYSTEM - 

INPUT BASE-YEAR ANNUAL RECURRING O+M COST 
? 70000 

INPUT TOTAL NUMBER OF NON-RECURRING O+M COSTS 
? 2 

INPUT AMOUNT OF COST (BASE YEAR $) AND YEAR OF OCCURRENCE FOR 
NON-RECURRING O+M COST 1 ? 60000, 10 
NON-RECURRING O+M COST 2 ? 60000, 20 

- REPLACEMENT COSTS AND SALVAGE VALUES FOR NEW SYSTEM - 

INPUT NUMBER OF REPLACEMENT COSTS 
? 0 

INPUT FINAL SALVAGE VALUE OF SYSTEM 
? 0 
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PROJECT SUMMARY REPORT 

NAME OF AGENCY NATIONAL DEFENSE 

PROJECT ENERGY-CONSERVING DESIGN 

LOCATION OF AGENCY WISCONSIN 

GROSS FLOOR AREA AFFECTED 176000 SQUARE FEET 

EXPECTED LIFE OF SYSTEM 25 YEARS 

EXPECTED LIFE OF BUILDING INDEFINITE YEARS 

STUDY PERIOD 25 YEARS 

DISCOUNT RATE 7. PERCENT 

NUMBER OF ESCALATION PERIODS 3 

(IN THOUSANDS $) 

PRESENT VALUE ENERGY COSTS - 

NEW SYSTEM 884 . 04 

TOTAL LIFE-CYCLE COSTS- 

NEW SYSTEM 10637.80 
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SAMPLE SOLAR ENERGY PROBLEM* 

IDENTIFYING INFORMATION 

INPUT NAME OF AGENCY 
? FEDERAL AGENCY X 

INPUT PROJECT NAME 
? SOLAR HEATING RETROFIT- 

INPUT LOCATION OF AGENCY 
? ARIZONA 

TYPE 1 IF THIS IS A SOLAR ENERGY 

? 1 
INPUT GROSS FLOOR AREA AFFECTED 

? NOT APPLICABLE 
INPUT EXPECTED LIFE OF SYSTEM 

? 20 
INPUT EXPECTED LIFE OF BUILDING 

? INDEFINITE 
INPUT STUDY PERIOD 

? 20 
TYPE 1 IF THIS ANALYSIS IS FOR A 
CHANGING AMOUNT OF ANNUAL ENERGY 

ALTERNATE FUEL TYPE DURING STUDY 
? 0 

INVESTMENT ANALYSIS, 0 IF NOT 

MORE COMPLEX CASE (I.E. A 
USAGE AND/OR A CONVERSION TO AN 

PERIOD), 0 IF FOR A SIMPLER CASE 

CONVENTIONAL 
SYSTEM INFORMATION 

- ENERGY COSTS FOR CONVENTIONAL SYSTEM - 

INPUT NUMBER OF ENERGY TYPES USED BY SYSTEM AT BEGINNING 

OF STUDY PERIOD 
? 1 

INPUT ENERGY TYPE # 1 AND UNIT (EXAMPLE: ELECTRICITY,MBTU) 

? GIL,MBTU 
INPUT LOCAL PRICE PER MBTU 

? 5.55 
FOR THREE ESCALATION PERIODS (1980-85, 1985-90, 1990+BLYOND), 
INPUT THE OIL ESCALATION RATE FOR PERIOD 1 AND 
NUMBER OF YEARS IT IS TO BE APPLIED 

? .0338,5 
FOR PERIOD 2 ? .0309,5 
FOR PERIOD 3 ? .0427,10 
INPUT ANNUAL AMOUNT OF OIL (MBTUS) USED IN BASE YEAR BY 
CONVENTIONAL SYSTEM 

? 833.33 

- INVESTMENT COST FOR CONVENTIONAL SYSTEM - 

INPUT INITIAL INVESTMENT COST (BASE YEAR) 
EQUAL TO THE SYSTEM'S CURRENT SALVAGE VALUE FOR THE EXISTING SYS. 

? 0 

TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO BE 
CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS 

? 1 • 

INPUT FINAL SALVAGE VALUE OF SYSTEM 
? 0 

* See chapter 7 for a more detailed statement of the problem and a manual solution using the 

SFBP Form A-2. 
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SOLAR ENERGY 
SYSTEM INFORMATION 

- ENERGY COSTS FOR SOLAR ENERGY SYSTEM - 

TYPE 1 IF ENERGY TYPES, PRICES AND ESCALATION RATES ARE EXACTLY 

THE SAME FOR THIS PART OF ANALYSIS, OTHERWISE TYPE 0 

? 1 
INPUT ANNUAL AMOUNT OF OIL (MBTUS) USED IN BASE YEAR BY 

SOLAR ENERGY SYSTEM 

? 525 

- INVESTMENT COST FOR SOLAR ENERGY SYSTEM - 

INPUT INITIAL INVESTMENT COST (BASE YEAR) 

THE SOCIAL ADJUSTMENT FACTOR APPLIED TO INVESTMENT 
COST IS SET AT 10 PERCENT RESULTING IN A MULTIPLIER 

OF . 9 
? 49220 

TYPE 1 IF THE INITIAL INVESTMENT IS THE ONLY COST TO EE 

CONSIDERED, 0 IF THERE ARE OTHER OPERATION AND MAINTENANCE COSTS 

? 0 

- NON-FUEL OPERATION AND MAINTENANCE (O+M) COSTS FOR SOLAR ENERGY 

SYSTEM - 

INPUT BASE-YEAR ANNUAL RECURRING O+M COST 

? 492.2 

INPUT TOTAL NUMBER OF NON-RECURRING O+M COSTS 

? 0 

- REPLACEMENT COSTS AND SALVAGE VALUES FOR SOLAR ENERGY SYSTEM - 

INPUT NUMBER OF REPLACEMENT COSTS 

? 0 
INPUT FINAL SALVAGE VALUE OF SYSTEM 

? 9844 

217 



PROJECT SUMMARY REPORT 

NAME OF AGENCY FEDERAL AGENCY X 

PROJECT ALTERNATIVE 2A 

LOCATION OF AGENCY ARIZONA 

GROSS FLOOR AREA AFFECTED NOT APPLICABLE 

EXPECTED LIFE OF SYSTEM 20 YEARS 

EXPECTED LIFE OF BUILDING INDEFINITE YEARS 

STUDY PERIOD 20 YEARS 

DISCOUNT RATE 7. PERCENT 

NUMBER OF ESCALATION PERIODS 3 

(IN THOUSANDS $) 

PRESENT VALUE ENERGY COSTS 

CONVENTIONAL SYSTEM 

- 

78.41 

PRESENT VALUE ENERGY COSTS 

SOLAR ENERGY SYSTEM 

- 

49.40 

TOTAL LIFE-CYCLE COSTS- 

CONVENTIONAL SYSTEM 78.41 

TOTAL LIFE-CYCLE COSTS- 

SOLAR ENERGY SYSTEM 96.36 

k k k k k 

NET PRESENT VALUE (TH. $) -17.96 

SAVINGS-TO-1 INVESTMENT RATIO 0.56990 

SIMPLE PAYBACK > STUDY PERIOD 
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APPENDIX F 

CONVERTING A SIMPLE PAYBACK (SPB) TO A DISCOUNTED PAYBACK (DPB): 
NOMOGRAM METHOD 

Years to Simple Payback (SPB) is used in the evaluation of solar demonstration 

projects as a supplementary measure to the life-cycle costing measure, Net 

Savings (NS). As noted in the text, SPB is a rough measure both of cost effec¬ 

tiveness and of the time to payback. It neglects the time value of money and 

may result in an incorrect determination of the payback period. Use of SPB, 

as a sole evaluation criterion, may lead to decisions which are not cost effec¬ 

tive. Years to Discounted Payback (DPB), though not a comprehensive measure, 

is somewhat more accurate than SPB. DPB incorporates the time value of money, 

and also facilitates the incorporation of differential rates of price 

escalation for energy. 

The semi-log nomogram shown in figure F-l provides an easy method of converting 

a simple payback to a discounted payback. The discounted payback period for a 

simple investment project can be calculated from figure F-l as follows: Assume 

for the purpose of illustration that the initial conservation investment is 

$35,000, and the annual energy savings is $5,000. To use the nomogram, connect 

a line from the annual savings to the investment costs (located on the two ver¬ 

tical scales to the right of the nomogram), and project this line to the ver¬ 

tical axis of the graph labeled "Simple Payback." For this example, the 

projected line indicates a simple payback of 7 years. 

Next, project a line from the point on the vertical axis, horizontally to the 

appropriate discount rate/energy price escalation rate curve. The nomogram 

has four discount rate/energy price escalation rate curves: (1) the curve 

labeled "0/" is for a 7 percent discount rate and a 0 percent energy price 

escalation rate, (2) the curve labeled ”5%" is for a 7 percent discount rate 

and a 5 percent energy price escalation rate, (3) the curve labeled "7%" is 

for a 7 percent discount rate and a 7 percent energy price escalation rate, 

and (4) the curve labeled "10%" is for a 7 percent discount rate and a 10 per¬ 

cent energy price escalation rate. (Although none of these energy price esca¬ 

lation rates for which curves are provided may match exactly the EIA-projected 

rate for the appropriate sector, region, and fuel type, they may serve to 

bracket that rate.) 

Then project a third line from the point of intersection with the appropriate 

curve to the horizontal axis of the graph labeled "Discounted Payback." This 

intersection will give the discounted payback period for the investment. For 

the example, the discounted payback is 7 years if a 7 percent energy price 

escalation rate is used. It is between 7 and 8 years if a 5 percent escalation 

rate is used, and 10 years if a 0 percent escalation rate is used. The values 

for other energy price escalation rates must be interpolated from the four 

curves shown. 
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♦ 

Figure F-l. Discounted Payback Nomogram 
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There is little difference between the simple and the discounted payback 

periods for investments having extremely short paybacks (less than 2 years 

simple payback). The rate of escalation in energy prices also has little 

impact in the very short run. Both factors, however, become very significant 

in determining the payback period for longer periods. 
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APPENDIX G 

YEAR-BY-YEAR METHOD OF CALCULATING PRESENT VALUE ENERGY COSTS 

Note: This method is intended for Use When the Quantity or Type of 

Energy is Expected to Change Over the Project Study Period. 

This appendix describes the life-cycle costing methodology for calculating the 

present value of energy costs to use when conditions exist that cause the 

worksheet calculation procedure (as given in the energy sections of each of 

the worksheets of appendix D) to be insufficient. These conditions are as 

follows: (1) the annual physical quantity of energy used is expected to 

change over the study period, e.g., due to declining technical efficiency of 

equipment over time, (2) the energy source affected by the energy conservation 

investment is expected to change during the course of the study period, e.g., 

a conversion from natural gas to coal may be planned in the future, prior to 

the end of the study period for the investment.^ 

If either of these conditions exists, the present value of energy costs cannot 

be calculated simply by multiplying the base-year quantity of energy by the 

base-year price, and the product by the UPW* factor (as is called for in the 

LCC worksheets in appendix D). Instead, it will be necessary to adjust for 

changes in quantity and/or source of energy. This can be done by using a year 

by-year calculation procedure. Two tables, G-l and G-2, are given in this 

appendix to handle the year-by-year calculations. Table G-l is used to cal¬ 

culate the present value of energy costs. Table G-2 is a supplement to 

table G-l for calculating the year-by-year price of energy needed to complete 

table G-l. (If more than one type of energy is involved, it will be necessary 

to complete tables G-l and G-2 for each energy type.) 

Once the total present value of energy cost is calculated using tables G-l and 

G-2, the amount can be entered in the energy sections of the appropriate LCC 

worksheet in appendix D and the remainder of that worksheet can then be 

completed following the instructions. 

The use of tables G-l and G-2 is illustrated with a hypothetical example for a 

residence in DoE region 3. The example is for the evaluation of a heating 

retrofit with an estimated economic life of 15 years, which is to be installed 

in the residence. It is assumed that the heat pump is installed in mid-1980, 

the base year, and that energy savings begin to accrue at that time. For the 

purpose of installation, it is estimated that the heat pump's efficiency will 

Note that this second condition is a type of project interdependency. A 

separate life-cycle cost analysis would need to be carried out to evaluate 

the cost-effectiveness of the planned conversion from gas to coal. 
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Table G-l. Year-by-Year Calculation of Present Value Energy Costs 

(1) (2) (3) (4) (5) (6) (7) 

Price of Energy 
at End of Each 

Annual Units of Study-Period 
Energy Measured Year (Brought Yearly Value SPW Factor Present Value of 

Type of at Bldg/Facility Forward from of Energy Costs (Appendix Annual Energy Cost 

Year Energy Boundary Col 4, table G-2) (5) = (3) x (4) table A-l)a (7) = (5) x (6) 

$/unit $ $ 

mid 1980- mid 81 E 100 Btu x 106 18.85 1885.00 .91 1715.35 

1981-82 E 100 Btu x 106 18.84 1884.00 .83 1563.72 

1982-83 E 100 But x 106 18.84 1884.00 .75 1413.00 

1983-84 E 100 Btu x 106 18.83 1883.00 .68 1280.44 

1984-85 E 100 Btu x 106 18.83 1883.00 .62 1167.46 

1985-86 E 105 Btu x 106 18.99 1993.95 .56 1116.61 

1986-87 E 105 Btu x 106 19.16 2011.80 .51 1026.02 

1987-88 E 105 Btu x 10& 19.33 2029.65 .47 953.94 

1988-89 E 110 Btu x 10& 19.49 2143.90 .42 900.44 

1989-90 E 110 Btu x 106 19.66 2162.60 .39 843.41 

1990-91 E 110 Btu x 10^ 19.59 2154.90 .35 754.22 

1991-92 E 110 Btu x 106 19.52 2147.20 .32 687.10 

1992-93 E 115 Btu x 106 19.43 2234.45 .29 647.99 

1993-94 E 115 Btu x 106 19.38 2228.70 .26 579.46 

1994-95 E 115 Btu x 106 19.31 2220.65 .24 532.96 

(8) Present Value of Energy Costs over the Study Period = $ 15,182.12 

a Based on SPW factors for a 10% discount rate as given in appendix table A-l of the LCC 
23, 1980. Exactly the same procedure would be employed in using the SPW factors based 

as of October 1, 1980. 

Rule, Federal Register, January 
on the 7% discount rate required 
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Table G-2. Year-by-Year Calculation of Energy Prices 
(For Use in table G-l) 

(1) (2) (3) (4) 

Price at Beginning of Each Study-Period 
Year (Start with Base -Year Price 

from table C-l or C-2 and thereafter carry Price Growth Factor 

over the price at the end of that Study- Constructed From End-of-Year 
Period year from Col. 4) tables C-6 through C-8)a (4) = (2) x (3) 

Year $/unit $/unit 

1980-mid 1981 18.8500 0.9998 18.8462 

1981-1982 18.8462 0.9998 18.8424 

1982-1983 18.8424 0.9998 18.8386 

1983-1984 18.8386 0.9998 18.8348 

1984-1985 18.8348 0.9998 18.8310 (18.84)b 

1985-1986 18.8310 1.0087 18.9948 

1986-1987 18.9948 1.0087 19.1601 

1987-1988 19.1601 1.0087 19.3268 

1988-1989 19.3268 1.0087 19.4949 

1989-1990 19.4949 1.0087 19.6645 (19.67)b 

1990-1991 19.6645 0.9964 19.5937 

1991-1992 19.5937 0.9964 19.5232 

1992-1993 19.5232 0.9964 19.4529 
1993-1994 19.4529 0.9964 19.3828 

1994-1995 19.3829 0.9964 19.3131 (19.32)b 

a See footnote 1, p. G-5 for directions on constructing the price growth factor. 

b Prices in parentheses are the DoE 
C-4, and C-5, respectively. They 
lated prices and reference prices 

-projected reference prices for 1985, 
may be used in lieu of the generated 
reflect rounding errors. 

1990, and 1995, taken from tables C-3, 
prices. Discrepancies between calcu- 
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« decline after the fifth year of use. It is the assumed decline in system 

efficiency which causes the yearly quantity of energy to change and which 

thereby necessitates the use of tables G-l and G-2. 

Table G-l is for making the year-by-year calculations of present value energy 

savings. Column 1 identifies the year, and column 2, the type of energy used 

each year. In this example, the type of energy, electricity (E), is not 

expected to change. If the type of energy were planned for change, that change 

would be reflected in this column for the year in which the change is expected. 

Column 3 lists the physical quantity of energy for each year. As may be seen, 

the example assumes an increase in the quantity of energy required over time 

as the technical efficiency of the heat pump declines. Column 4 gives the 

yearly price per 10^ Btu of energy. These yearly prices are calculated in 

table G-2 (as explained below) and transferred to table G-l. The yearly value 

of energy costs (in constant dollars) is found in column 5 by multiplying the 

yearly quantity of energy in column 3 by the yearly price of energy in 

column 4. The yearly value of energy costs in column 5 is then multiplied by 

the SPW factor, obtained from appendix table A-l and listed in column 6, to 

obtain the present value of energy costs for each year in column 7. The pre¬ 

sent value of energy costs over the study period (item 8) is obtained by 

summing the yearly values in column 7. Item 8 gives the amount to be trans¬ 

mitted to the appropriate section(s) of the LCC worksheets. 

Table G-2 is used to calculate the end-of-year prices of energy which are 

needed in column 4 of table G-l to calculate the present value of energy costs. 

We can find mid-year prices for the years 1980, 1985, 1990, and 1995 from 

appendix C, tables C-l through C—5; but we need corresponding prices for the 

intervening years.^ These can be calculated from the prices that are given 

in appendix C. 

We begin by listing in column 1 of table G-2 the years over which energy costs 

are expected to accrue—in this case, mid-1980 through mid-1995. We can use 

the mid-1980 price given in appendix table C-l as a starting point and enter 

it in column 2. For the illustrative case, the mid-1980 price of residential 

electricity in DoE Region 3 is $18.85 per MBtu. Since we assume that energy 

costs begin to accrue at the beginning of the study period and are evaluated 

as lump-sum amounts at the end of each year during the study period, we need 

price of the end of each study-period year to evaluate each year's energy 

costs. Thus, to evaluate the first year's energy costs, mid-1980 to mid-1981, 

we need the mid-1981 price. The mid-1981 price is then found by applying to 

the mid-1980 price an appropriate price growth factor constructed from the 

price escalation rates given in appendix table C-6. The mid-1982 price is 

This year-by-year procedure for calculating the price of energy may not 

produce the exact projected energy prices for 1985, 1990, and 1995, given 

in tables C-3 through C-5. Variation between the year-by-year calculated 

energy prices and the projected prices is due to rounding errors. 
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found by applying to the calculated mid-1981 price, the price growth factor for 

that year. To facilitate this calculation for each year, we list in column 3 

of the table the energy price growth factors constructed from appendix 

tables C-6 through C-8 for the appropriate fuel type, sector, and region. In 

the example, the energy price growth factor for each of the years through 1985 

is .9998; it is 1.0087 for each of the following years through 1990, and .9964 
for each year thereafter.2 

The procedure is repeated for each year of the 15 year study period to 

calculate energy prices for the end of each study-period year. The resulting 

prices in column 4 of table G-l are then carried forward to column 4 of 

table G-2 and are used to calculate the present value of energy costs in each 

year. 

After tables G-l and G-2 are completed, the resulting total present value of 

energy costs over the study period can be entered in the appropriate worksheet 

in appendix D, and the LCC evaluation continued. For the example, the present 

value amount of $15,182.12 from table G-l would be carried over to the total 

line of section F of the Retrofit Worksheets. The Retrofit Worksheets could 

then be completed as instructed. 

1 The energy price growth 

energy price escalation 

for 1980-85 used in the 

.9998 = 1 + (-0.02 x 10- 

factor (PGF) = 1 + (ER x 10“2)) where ER = the 
from tables C-6 through C-8. For example the PGF 
above illustration is constructed as follows: 
2). 
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