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Introduction

This guideline was prepared by the Division of Facilities Development (DFD) to assist in the preparation of life-cycle cost (LCC) analysis for new building construction, facility maintenance, and energy conservation projects.  State Statutes require LCC for the design and location of any new major building, structure, major remodeling, or building addition.  Building Commission policy extends this to include all new facility, remodeling, and energy improvement projects.

The original LCC guideline was issued by DFD in 1982, with updates provided in 1987 and 1993.  This document is a condensed version that provides the basic tools needed to perform LCC and is designed for use on the DFD Internet Web page.  It also provides new information about the application of LCC to state construction, maintenance and energy projects, and the State Building Commission policy on allowable payback periods.  The energy prices forecasts and other economic factors provided in the appendix are an integral part of a LCC analysis and will continue to be updated as warranted by future economic conditions.  The user of this guideline must be alert that they have the most recent information.

Companion Total Life-Cycle Cost (TLCC) and the Discounted Energy Payback (DEP) worksheets are provided on the DFD Web page that can be used to perform calculations for an LCC analysis.  These worksheets can be implemented using Microsoft EXEL or compatible software.  Utilizing these worksheets and other computational aids provided in the appendix of this guideline facilitates the application of the analysis procedures, simplifies the calculations, and provides a consistent report format.

Another recommended source of LCC information for evaluating the performance of building constructions is ASTM Standards No. E833, E917, E964, E1057, E1074, E1121, and E1185.  The Division of Facilities Development actively participated in ASTM Building Economics Subcommittee E06.81 to develop these standards for calculating LCC and other economic indicators.  The ASTM standards are more general in nature and do not specifically address the application to state building projects, however, they may be of interest to users of this guideline.

The application of LCC to state building projects is continuously evolving, and it is expected that additional future changes to these guidelines may become necessary.  Any questions, comments, or suggestions are welcome, and should be directed to Gordon Price in the Bureau of Engineering and Technology, Division of Facilities Development.

Statutory Mandate and Building Commission Policy

Wis. Statutes l3.48(2)(i)


"In this paragraph, 'life-cycle costing' means an economic evaluation of purchases or capital construction which considers all relevant costs associated with each purchase or building during its economic life, including, but not limited to, energy costs, acquisition and conversion, money, transportation, warehousing and distribution, training operation and maintenance and disposition or resale.  The building commission shall establish procedures requiring life-cycle costing for the design and location of any new building, structure, major remodeling or building addition as enumerated in the authorized state building program under s. 20.924(l)(a) and (b), and for such other projects as the commission determines to be appropriate.  The commission may not authorize the release of funds for construction of any new building, structure, major remodeling or building addition unless the requirements of the life-cycle costing procedures have been satisfied."

The State Building Commission General Policy on LCC, adopted September 1994

" Life-cycle costing is an economic evaluation used to compare alternatives.  The procedure for use on state building projects shall consider all relevant cost associated with each building alternative during its life cycle, discount them to a common point in time, and provide a comparison to determine the alternative with the lowest total life-cycle cost.  The evaluation shall include the following factors:

a) Life span based upon program life, economic or useful life of the building, or the useful life of the building systems and components;

b) Initial cost of building systems and components, and salvage value remaining at the end of the life cycle period;

c) Energy use, maintenance, staffing, transportation, warehousing, distribution, and other owning and operating costs that are appropriate for the alternative being considered;

d) A discount rate that reflects the earning power of money and the loss of purchasing poser due to inflation; and 

e) A bond rate that reflects the cost of tax supported general obligation bonds sold by the State of Wisconsin to support the state building program.

The Building Commission supports an aggressive energy conservation program to reduce consumption of energy and achieve optimum energy efficiency in state facilities.  To achieve this goal all new facility, remodeling, and energy improvement projects must incorporate energy efficient materials and equipment, utilize methods of energy recovery, and other energy saving concepts where practical and cost effective.

Energy efficiency features included in state facilities should significantly reduce energy consumption at an optimum investment of state funds.  Improvements must also be compatible with the functional program, provide savings over and extended period of time, and take into account the net energy balance.  All projects must meet the minimum requirements of the Wis. Admin. Code ILHR Chapter 63.

The discounted payback method of life-cycle costing shall be used to evaluate proposed energy improvements to assure that proposed improvements are cost effective.  The discounted payback period shall not exceed 6 years, the service life of the improvement, or the remaining useful life of the facility.  Projects involving special circumstances that warrant a longer payback period may be considered on a case-by-case basis. 

In addition to initial project costs and energy savings, the payback analysis shall also consider changes in maintenance, staffing needs, and other costs resulting for the improvement projects.

The Division of Facilities Development shall develop and maintain suitable guidelines for performing total life-cycle cost and discounted payback period analysis on state building projects, and shall review evaluations performed by state agencies and design consultants to assure compliance with the intent of the life-cycle cost statute."

Overview of Life-Cycle Costing
The state building program involves large initial expenditures for construction of facilities that obligate ongoing future expenditures to operate and maintain.  Because of sharply rising owning and operating costs it is imperative that project decisions strike a balance between the initial and future costs and provide facilities which are designed and constructed to be as cost effective as possible.  Several Life-Cycle Costing (LCC) techniques are available for evaluating cost effectiveness such as the benefit/cost ratio, the internal rate of return, the total life-cycle cost, the annual worth, and the discounted payback period methods.  The Total Life-Cycle Cost (TLCC) method is the technique recommended for comparison of alternatives on real estate, new building, and maintenance projects.  The Discounted Energy Payback (DEP) method is recommended for the analysis of energy conservation investments.

The TLCC method converts or discounts all relevant costs and benefits occurring throughout the life of an alternative to an equivalent total present value at the base point.  This includes initial costs, future owning and operating costs, and residual or salvage value.  Because these costs or benefits, occurring at different times, have different values due to the purchasing and earning power of money, they cannot be directly compared.  The conversion to present value involves adjusting the value of these future costs and benefits for both the purchasing power of money (reflected by the general inflation rate) and the earning power of money (reflected by a real discount rate) with respect to time, so they are comparable.  Alternatives must meet program needs and any variations or differences in the level or quality of service between alternatives are expressed in dollars.  The alternative with the least total life-cycle cost is the most desirable.

Decisions made during the early stages of project development have the largest impact on life-cycle costs; therefore, LCC analysis must be an ongoing and integral part of the budgeting, planning and design process.  It is intended that LCC analysis be used during the following two stages of project design development:

1.
The capital budget/planning stage when the state agency makes its initial project request.  Here it is used by the agency and the Division of Facilities Development staff to evaluate options for satisfying program needs such as lease, construct, and purchase options for new space.

2.
The concept/design stage to evaluate alternative design concepts, building systems, and components.  In this stage the Architect/Engineer is responsible for developing a LCC plan, providing the necessary cost data and performing the LCC analysis to support the recommended design.

In contrast to the first stage, where the alternatives may be somewhat general, the second stage considers specific building concepts, systems and subsystems within the design package.  Key to the success of the LCC analysis is the professional judgement exercised by the A/E in the selection of alternatives and the development of cost and performance data.   For example, the design analysis may show one building concept or component is clearly more efficient and provides a higher level of service than another.  However, if its initial cost far outweighs the benefits produced over its life, it may be less cost effective than a lower cost more inefficient alternative.  A LCC analysis will show which alternative is the most cost effective.  

While LCC is a technique for comparing the cost effectiveness of alternative design solutions, other measures such as availability of resources, life of program, reliability, aesthetics, safety, etc. may be equally important and should also be considered before making a final decision.   In turn, the impact of those decisions on total life-cycle costs can be assessed.  Also remember that that the calculated present values have been adjusted to exclude inflation and to reflect the real earning power of money over time and are not to be used for setting budget levels.

The LCC analysis of energy retrofit projects generally involves determining whether or not the cost savings achieved by the proposed improvement will payback all costs, including the initial cost and added maintenance or other related costs, within an acceptable period of time.  To meet this requirement, future energy retrofit projects should be evaluated using the Discounted Energy Payback, or DEP method of analysis.  The calculated payback period must not exceed the standards adopted by the State Building Commission. 

Application to State Building Projects

The LCC methods and procedures contained in this guideline can be used to evaluate a wide range of situations encountered in the development of state building projects.  Typical evaluations include the comparison of lease versus new construction for providing space needs, or the comparison of building design concepts and the selection of systems and components to achieve the most cost-effective building.  Major repairs versus replacement options to minimize ongoing maintenance costs may also be compared and the proposed improvements to reduce energy costs analyzed.  Although the method of analysis used will depend upon the type of problem, the same general analysis procedures should be followed to assure better overall results.

LCC involves the selection and evaluation of alternatives that meet program, performance, and budget constraints.  Obviously, larger more general alternatives involving such design considerations as high rise versus multistory will have a greater impact on total life costs than more detailed alternatives involving specific building components.  For this reason it is important that LCC be an integral part of the building project design process from the very beginning of the project.  The earlier LCC is applied to a project the greater the potential for positive impact on total life-cycle costs.

In either the capital budget/planning stage by the agency or the concept/design stage by the A/E, the alternatives selected for analysis depend upon the magnitude and duration of the agency's needs, the budget limitations, and the number of significantly different, but feasible alternatives available.  The number of alternatives can only be determined on the basis of the program and the particular conditions and considerations for each project.  Chart 1 summarizes the application of LCC to state building projects.

Application to Real Estate Investments

Decisions about real estate investments generally occur in the capital budget/planning stage of a project, where the state agency and the Division of Facilities Development perform the analysis.  This analysis considers broad, long range alternatives, such as leasing, leasing with a purchase option, buying and remodeling existing facilities, modifying existing state owned buildings, providing new building space or some combination of these options.  This is a very important and critical stage in the overall LCC process because of its long range cost commitment to the State.  LCC analysis at this stage may be very difficult because of the location, physical differences, etc. of each alternative and their compatibility with the agency's needs.  These differences must be recognized and considered in the analysis.

The TLCC method of analysis is recommended for evaluating alternative real estate investments.  The evaluation of an existing building typically involves identifying and calculating the cost impact on the life-cycle cost of (1) the acquisition costs and any remodeling or site development necessary to satisfy program needs; (2) the long-term maintenance costs such as replacement of roofing, windows, heating/cooling equipment, control/security systems, carpeting, etc.; (3) the electrical and fuel costs and the potential for energy conservation improvements; and (4) ongoing janitorial and other operating costs.  Other considerations might include differences in transportation costs because of location, differences in staffing costs because of facility design, and the potential liability for cleanup of prior hazardous wastes.

A LCC analysis comparing construction with leasing during the planning stage of project development may involve consideration of the market value of a facility at the end of the study period rather than the remaining un-depreciated value.  The market value would be the actual dollar amount anticipated from the sale of a facility no longer needed for a state program. 

The LCC Plan for New building projects

If the alternative selected in the planning stage involves new construction or remodeling, an A/E is engaged for the concept/design stage of project development.  The initial step for the A/E, working with the DFD project manager, is to develop a LCC analysis plan outlining the various alternatives and considerations for the project.  The LCC plan is important because it organizes the LCC analysis and describes the proposed application of LCC to the project.  It is recognized that subsequent changes to the LCC plan may occur as the project development progresses and more information becomes available.

The intent of this guideline, the A/E contract, and the Building Commission policy is to direct the A/E to use the TLCC method of analysis to evaluate both the general building concepts and specific building systems and components.  The recommended approach is to start with the identification and analysis of the general concepts, including such alternatives as (1) a simple pre-engineered system building versus a unique custom design; (2) building orientation and shape with respect to the site, such as horizontal versus high rise; (3) building configuration with respect to staffing requirements, particularly with respect to nursing and security stations; and (4) a building utilizing passive solar or other alternate energy features.  The concepts considered should reflect the combined judgement of the A/E and the project manager.

Following the adoption of a general concept, the evaluation progresses to the specific building systems followed by the system components and sub-systems.  This step can involve many possible combinations and choices of building systems and components.  However, since the majority of the life-cycle cost is dependent upon a few major systems and components, the evaluation can usually be limited to those items with a significant impact on the initial, maintenance, and energy costs, and those items with a short useful life or a high replacement cost.  Some building systems such as foundation and structure are evaluated on the basis of initial cost only because they do not have future cost considerations.  The evaluation of other systems such as the exterior closure, roofing, interior layout and construction, heating, ventilating and air conditioning, electrical and lighting, etc., generally involve a combination of initial, maintenance, energy, and replacement costs.

Initial cost versus maintenance cost comparisons of components might include wall cladding materials, roofing materials, windows and interior finishes.  Energy considerations might include the evaluation of alternate envelope insulation thickness, more sophisticated mechanical control systems, heat recovery equipment, more efficient lighting fixtures, etc.  Initial cost versus maintenance and useful life comparisons might include pumps, compressors, and other similar mechanical or electrical materials and equipment.  An experienced designer should be able to easily develop an analysis plan and identify two or three alternatives for each building system and component involved.

The analysis can be simplified by calculating the total life-cycle cost for a base line concept.  Comparisons with alternatives are then made by identifying the differences in initial and owning and operating costs, calculating the associated life cycle cost difference, and adding or subtracting from the base line amount.  The most cost-effective alternative provides the lowest total life-cycle cost.  The evaluation of building systems and components can be continued in a similar pattern by identifying the differences in performance and cost, selecting the best alternative, and adjusting the total life-cycle cost accordingly.  Note that the analysis of alternative systems and components must be in logical order to reflect any interaction.  For example, decisions on the heating system should reflect prior decisions on building insulation and lighting.

Energy costs generally have the most significant impact on life-cycle costs.  Likewise, the most cost effective building is one in which consideration has been given to internal heat generation, solar heat gain, envelope heat gain or loss, and ventilation heat gain or loss such that the net gains or losses are as close to neutral as possible.  For example, it may be practical to capture the heat generated by lighting or from processing equipment to provide space heating.  The relationship between gains and losses is important to the selection of alternatives for improving the energy performance of a facility.

The overall objective is to provide the most cost-effective combination of concepts, systems, and components that will satisfy the functional program requirements and stay within the budgetary restraints for the project.  While this may be a demanding task, if it is planned and implemented as part of the design process it can be easily accomplished.  It is expected that over the life of a facility, the owning and operating costs will far exceed the initial cost so it is important that for each project the cost factors are identified and, depending upon the functional program requirements, appropriate alternatives are identified and properly evaluated.  Chart 2 provides a listing of typical LCC evaluations for state projects.

Application to Facility Maintenance Work

Maintenance and repair costs for a building's systems or components are impacted by age and remaining service life, the level and suitability of use, and the quality and level of preventive maintenance received.  Other factors such as the ease of maintenance, availability of parts and service, and need to limit down time should also be considered.  Accurate analysis requires accurate data.  The LCC analysis of maintenance applications should be based on the best operating experience and cost data available for the system being evaluated.

A common problem faced in the maintenance of facilities is whether an existing system or component should receive major repairs to extend its useful life, or whether it should be replaced with a new one.  This problem can be evaluated using a replacement analysis, which is a modified form of the TLCC method of LCC analysis.  If the alternatives have unequal useful lives, the comparison should be made on an annual worth basis.  While the cost of maintenance and energy may run at higher levels for the repair and maintain option, there is no economic advantage to pursue replacement unless the annual worth is significantly less.  Costs included in the analysis should include expenses associated with the purchase and installation; construction that must be performed to accommodate the new equipment or component; operating costs including labor, supplies, utilities, training, contract services, and future upgrades. 

Maintenance funding is generally used to provide repairs necessary to return a building system or component to a reasonable and reliable operating condition.  Its purpose isn't to provide a replacement with increased efficiency or reduced maintenance.  While these may be side benefits, they shouldn't be the primary reason for proposing a replacement.  If a system or component is performing satisfactorily, routine maintenance should be provided to insure it continues.

When replacement is clearly required, the total life cycle cost method can also be used to select between alternative systems or components.  Typically, the choice is between a replacement with a higher initial cost and a lower ongoing maintenance cost or one with a lower initial cost and a higher maintenance cost.  For example, it was demonstrated on one project that replacement of a failed pre-cast wall cladding system with a cheaper stucco finished panel, which has a shorter life and higher maintenance cost, is the most cost effective choice.

Another maintenance question that might be addressed using LCC is, what level of maintenance should be provided to produce the lowest total life-cycle cost over the service life of the system or component?  Different levels of maintenance will increase or decrease the total life cycle cost.  The analysis involves determining operating costs and benefits associated with alternative levels of maintenance, calculating the total life cycle cost over the remaining service life, then comparing results and selecting the optimum level of maintenance.  Because there is limited funding available for repair and replacement work, it is vital that agencies provide a level of preventive maintenance which will prevent premature failures and allow the most cost effective use of maintenance funds.

Presentation of LCC Analysis in the Design Report

The A/E should provide a separate LCC Analysis Report for a project to the Division of Facilities Development along with the draft copy of the Design Report.  The LCC Analysis Report should be based upon the LCC Plan previously developed in conjunction with the DFD project manager and provide worksheets and other detail on all the analysis performed.  It should include a breakdown of major building systems and components analyzed with the alternatives identified.  It should also include a summary of the design parameters and assumptions made, the scope of each alternative, the calculations, and the conclusions.

Only a summary of the LCC analysis need appear in the Design Report.   An explanation should be provided where alternatives are limited or considered nonexistent, or where recommendations are based on factors other than those supported by LCC analysis.

CHART 1

Summary of the Life-Cycle Costing Process
     Project

Development Stage
       Definition and LCC Application
       Typical Level of Detail
Capital Budget
The level where broad program needs and
Space requirements are based on broad


order of magnitude of cost are established
parameters such as number of work


and alternatives for accomplishing program
stations.  Initial costs and future


or providing space are identified.  LCC
owning and operating costs are based 


may be used to prioritize alternatives for
on historical data and best judgement.


legislative consideration.

Planning
This stage includes the site selection,
Space is determined on basis of re-


evaluation of specific lease, buy, or 
quired functional areas and estimated


build options and development of the
efficiency factors.  Projections of


agency's functional program.  LCC is used
initial and future owning and operating


to support the agency's request for release
costs are based on average GSF costs


of planning funds to the State Building
from similar prior projects.


Commission.

Concept/Design
The decision level where the A/E identifies
Initial cost is based on estimated


and evaluates concepts and major building
costs of alternative building systems


systems and components to determine the
and components.  Future owning and


most cost effective solution.  The results
operating costs are based on calculated


of the LCC are summarized in the Design
quantities and loads and anticipated


Report to support the recommendation
material, labor and utility costs.


made to the State Building Commission.

Detailed Design
Those sub-systems and equipment or
Subsystem costs are based on quotes or


Materials with significant impact on the 
actual costs.  Owning and operating


Maintenance and operating costs are 
costs are based on performance 


Identified and evaluated and the decision 
characteristics, hours of operation,


Is also included in the Design Report. 
measured quantities and loads, and

prevailing material, labor, and utility costs.

CHART 2

SUMMARY OF TYPICAL LCC EVALUATIONS ON STATE PROJECTS
Building Concepts
1.
Single story versus a multi-story concept.

2.
Spec building versus a custom design concept.

3.
Flat roof versus a sloped roof.

4.
The use of earth berms and other natural features.

5.
The addition of solar attics, light wells and other passive solar features.

Structural Systems
1.
Matt foundation versus spread footings or pilings.

2.
Concrete frame with post tensioned flat slabs versus steel with composite slabs.

3.
Steel frame with metal deck versus precast frame and deck.

4.
Steel frame versus masonry bearing walls.

5.
Space frame roof structure versus precast tees.

6.
Laminated beams versus wood trusses.

Building Envelope
1.
Masonry cladding versus precast, stone, hard tile, or metal panels.

2.
Additional wall or roof insulation.

3.
Single ply versus built up roofing.

4.
Asphalt shingles versus clay/concrete tile or cedar shingles.

5.
Wood frame versus aluminum frame windows.

6.
Double glazing versus triple glazing, or low E windows.

Mechanical Systems
1.
Connection to central steam and chilled water systems versus stand alone boilers and chillers.

2.
Gas fired unit heaters versus a hot water boiler.

3.
Electric versus steam driven chillers.

4.
VAV heating/ventilation system versus a fan coil system.

5.
Air to air heat pumps versus oil fired furnace, or electric resistance heating.

6.
Use of off-hour ice storage systems to balance cooling loads.

7.
The addition of heat recovery energy management, variable speed drives, and other energy saving systems and equipment.

8.
Use of zoned domestic water heating versus a central heating and distribution system.

9.
Conventional water heating versus active solar.

10.
Additional pipe or duct insulation.

Electrical Systems
1.
Fluorescent versus high pressure sodium or metal halide lighting.

2.
Parabolic versus standard fixtures.

3.
Electronic versus standard fixture ballast.

4.
Low temperature versus standard transformers.

5.
General versus task lighting.

6.
Use of natural lighting to replace electrical.

7.
Use of automatic light controls.

Interior Construction
1.
Painted walls versus vinyl wall coverings.

2.
Tile versus carpet floor coverings.

3. Moveable versus fixed partition systems. 

Definitions and General Analysis Procedures

Step 1 - Identify the Objective, Alternatives and Project Constraints
As previously stated, the LCC analysis plan should identify the alternative building concepts and design alternatives for those systems and components which significantly impact on the initial, maintenance and energy costs of a building over its useful life.  Although the primary objective of LCC analysis is to compare these alternatives, there may also be secondary objectives such as evaluating the program requirements or critiquing the performance criteria.  For example, a LCC analysis could be used to show that by allowing a wider range of temperature fluctuation in a laboratory space the total life-cycle cost could be considerably reduced.

The total life-cycle cost method can also be used to determine the optimum of an investment.  For example, if the total present value of the cash flow decreases for an added increment of insulation, it may be worthwhile to add even more increments of insulation.  However, if the total life-cycle cost increases with an added increment of insulation, it probably is not worthwhile to add more insulation.  The optimum level of insulation is that level which produces the lowest total life-cycle cost.

During the design phase the A/E will be responsible for identifying the alternatives.  Obviously, there are numerous choices and combinations of building type, configuration, systems, and components that can be identified and analyzed.  It is expected that the A/E will employ his past experience and knowledge of the current "state of the art" to identify only those alternatives that satisfy the specific performance and program requirements.  Alternatives should be mutually exclusive, meaning that if one is chosen, the other will not be chosen.  All alternatives should provide an established acceptable level of service or benefit and any differences in equality are expressed in higher or lower initial cost and future owning and operating costs.

Projects involve many constraints: (1) physical restrictions such as size of building site, source of utilities, relationships to adjacent properties, etc; (2) performance and functional requirements as defined in the project program; (3) conformance with the Wisconsin Building Code and DSFM standards; and (4) budget limitations.  For example, a multi-story or high-rise office concept is being considered.  For a site with limited building area the Wisconsin Building Code requires that all buildings over 60 feet high be protected with automatic sprinkler systems.  Undoubtedly, an analysis of several alternatives would be necessary to determine the concept that does not exceed the available construction funding and has the lowest total life-cycle cost.

Step 2 - Establish the Basic Economic Parameters
The following general economic parameters and time factors must be established before performing a LCC analysis:


Base Point or Starting Point (Year 0) -- All past, present and future costs and benefits will be expressed in dollar values relative to a base point.  This is the point to which these values will be converted or discounted when calculating present values.  The starting point is usually the beginning of the study period and generally coincides with the bid date.  


Bid Date -- The scheduled date for bidding of construction contracts.  Project budgets reflect initial costs escalated to the bid date.


Bond Rate (b) -- The interest rate, or cost, the state pays when it sells bonds to finance its capital program.  The bond rate is expressed as a percentage annual interest rate, compounded annually.  The project cost on a bonded project is spread out in payments extending over the life of the bond, generally 20 years.  The purchasing power of the dollars used to make future bond payments is less than the purchasing power of today's dollar because of inflation and the real earning power of money. 


Discount Rate -- The rate of interest reflecting the time value of money used to determine the factor for discounting.  Discount rates may be expressed as either a nominal or a real interest rate.  The nominal rate (d) combines both general inflation and the real earning power of money over time and must be used when costs and benefits are expressed in actual dollars.  The real rate (i) reflects only the real earning power of money over time and must be used when costs and benefits are expressed in un-inflated or constant dollars, excluding the impact of general inflation.  Discount rates are expressed as a percentage annual rate, compounded annually.


Program Life -- The period of time over which an agency is expected to utilize a facility for a specific program objective.


Inflation -- A rise in the price level without a corresponding increase in the quantity or quality of goods or services.  Inflation is usually expressed as a percentage annual rate, compounded annually and may be either general or specific.  The general inflation (j) rate is a weighted average of the inflation rates of major commodities and services in the general economy.  A specific inflation (k) rate applies to specific cost items which may be increasing or decreasing, at a rate different from the general inflation rate.  The specific inflation rate for most energy resources is higher than the general inflation rate.


Non-Inflationary Cost Increase (e) -- Occasionally an increase in cost is due to an increase in the quantity of goods or services received.  This non-inflationary cost increase is expressed as a percentage annual rate, compounded annually.


Study Period (n) -- The length of time over which alternative investments are evaluated.  The study period will extend for 25 years from the bid date for most state projects. This period is a reasonable compromise between a projection of the original program life and the point beyond which it becomes difficult to project benefits and costs.  In addition, the present value of costs or benefits occurring beyond 25 years generally has insignificant impact on the total life-cycle cost.

Useful Life or Service Life -- Generally considered as the normal life expectancy of the building or its major systems and components.  The useful life is the period of time the original investment is estimated to meet its original objective without extensive remodeling or replacement of the major systems and components.  The value of the remaining life of the building systems or components at the end of the study period is dependent upon the useful life estimate.  Replacements of building Systems or components with a useful life that is less than the study period should be included I the LCC analysis.  A list of typical useful lives for State facilities, building systems and components is included in the appendix.  This list is intended only as a general guide and the A/E should determine the appropriate useful lives for each LCC analysis based on use, type of construction, etc.

A list of current economic parameters and energy price forecasts for State building projects is provided in the appendix.  DFD will update these factors as required by changes in national and regional economic conditions.

Exceptions to using a 25-year study period are as follows:

1. 
Analysis comparing the leasing, purchasing, or construction of space.  If it is proposed to lease for a period and then construct, the study life must be peculiar to these actual circumstances; not the 25 year period.

2.  
When a State program has a known or foreseeable life less than 25 years, the life cycle costs should be calculated using the known shorter study period.

3.
The comparison of two building systems or components, each with a useful life of less than 25 years, can  be based on a convenient multiple of the useful life periods.

Step 3 - Compile Cost and Benefit Data
The costs of owning and operating a facility are generally separated into the initial investment and future owning and operating costs and benefits spread over the useful life of the investment.  Of course, the costs or benefits that are necessary in a particular analysis will depend upon the nature of the project and the alternative selected for comparison.  Following is a summary of those costs and benefits commonly associated with State projects:

Initial Costs:  This includes all the costs necessary to design, construct and equip the facility including all planning, engineering and architectural fees, building and utility construction, equipment purchases and installation, land acquisition, site preparation and development, and project administration.

Finance Costs:  This is the cost of interest paid for tax supported borrowed funds.

Program Costs:  This includes the personnel or staffing costs, transportation costs, warehousing and distribution costs, training costs, etc. required for the operation of the facility.  In a comparative LCC analysis, these costs become critical when the design alternatives influence the quality of service, the efficiency of the operation, or the level of staffing.

Operational Costs:  Operational costs are directly related to the operation of the facility itself and include custodial care, utilities, security, and employee services.

Maintenance and Repair Costs:  Maintenance and repair costs include the cost of regularly scheduled preventative maintenance and emergency repairs.

Energy Costs:  This includes the cost of all services for heating, cooling, and power delivered to the building including gas, oil, electric, steam, chilled water etc.

Environmental Costs:   Environmental costs include the cost associated with waste management, regulatory compliance, pollution prevention, and site remediation.

Replacement Costs:  This includes the cost of replacing those major building system or components which have useful lives shorter than the original facility.

Municipal Service and Other Costs:  This includes the cost paid to the local municipality to reimburse them for providing police, fire, and other services.  It also includes other identifiable costs not covered elsewhere such as insurance.

Residual Value and Salvage Value:  Residual or salvage value is the value at the end of the study period.  Salvage value may be based upon the remaining un-depreciated useful life of the initial building and subsequent component replacements, or it may reflect the projected market value at the end of the study period.  Residual value may be negative if disposal costs are significant.

Sunk costs, or costs incurred prior to the analysis, which are not critical to the development of the project, should not be included.  The only relevant values in an economic analysis are present and future costs.  Prior costs or benefits should not be considered when evaluating future events.  For example, replacement of a system component such as light fixtures may be under consideration in order to conserve energy.  The LCC analysis would compare the cost of operating and maintaining the existing fixture with the cost of a new fixture plus its cost of operation and maintenance.  However, no value for the remaining life of the existing fixture would be included in the initial cost unless it has a definite resale value.

All costs or benefits used in a LCC analysis should reflect the approximate level of detail consistent with the stage of project development.  For example, in the planning stage energy costs can be based on a dollar per sq. ft. unit cost.  However, in the concept/design stage the cost should be based on the total calculated energy consumption and the estimated cost of energy delivered to the building.  Good performance and cost data is essential to LCC analysis.  If program costs are a consideration, they should be provided by the agency.  The Architect/Engineer should develop other needed cost data. 

Step 4 - Discount All Cash Flows to the Base Point
Present values of all cash flows are calculated by converting or discounting them to an equivalent value at the base point.   Compound interest factors for performing present value calculations are provided in the compound interest factor table in the appendix.   This table uses the nomenclature: F = Future Value, P = Present Value, and A = Annual Value.  Several additional aids have been provided to simplify present value calculations including the State Bonding Present Value Factor (BPV) table, the Escalating Series Present Value Factor (SPV) table, and the Residual Present Value Factor (RPV) table.  The appropriate factor calculated form these tables depends upon the timing of the cost or benefit, the length of the study period, and the discount rate.

Prior to discounting it is helpful to develop a cash flow diagram for each alternative and to identify each cost or benefit as an initial cost, a replacement cost, an annual recurring cost, a non-annual recurring cost, an annual energy cost, or a residual value.  Following is an example diagram showing hypothetical cash flows for all relevant costs and benefits occurring during the study period on a typical building project.

[image: image1.wmf]LCC.XLS


Even though occupancy may not occur until some time after the bid date, a convention was adopted in this guideline that considers the bid date as the base point.  It is assumed all annual recurring and energy costs start at the bid date and continue for the duration of the study period, or in this case 25 years.  The annual cost used in the present value calculation must , therefore, be escalated to the he cost level at l year after the base point.  This assumption is acceptable for most situations and provides a consistent point for evaluating the impact of annual recurring and energy costs on the total life-cycle cost.  A more complete explanation of discounting is provided in the following Total Life-Cycle Cost Method of Analysis section of this guideline.

Step 5 - Determine the Most Economical Alternative
To evaluate and compare alternatives all cash flows must be discounted to their equivalent present values at the same base point.  Project alternatives are evaluated by summing the present values of the individual cash flows to determine the Total Life-Cycle Cost (TLCC).  The total life-cycle cost of one alternative can then be directly compared with the total life-cycle cost of another.  From an economic analysis viewpoint, the alternative with the lowest total life-cycle cost is generally the best choice.

Where several alternatives are evaluated, each with a different total life-cycle cost, the decision should be based on the alternative which provides the lowest total life-cycle cost compared to the initial cost.  The first step in making this evaluation is to arrange the alternatives and their total life-cycle costs in ascending order according to their initial costs.  For example, several wall systems were evaluated involving incremental increases in insulation and decreases in energy with the following initial costs and corresponding total life cycle costs.

Alternate            
Initial Cost            
TLCC
l.    2" Insulation 
$4,000 
 $20,000

2.   4" Insulation
  5,000 
  $l5,000

3.   6" Insulation 
  6,000                  
  $l2,000

4.   8" Insulation 
  7,000                 
  $l3,000

The second step is to evaluate the changes in the total life-cycle cost versus the increased initial cost for each alternative.  For each added increment of cost for Alternate No. l, 2 and 3, the total life-cycle cost decreases, but added cost for Alternate No. 4 did not produce a corresponding decrease in total life-cycle costs.  Therefore, in this example, the most cost effective wall system would be Alternate No. 3 with 6" of insulation.

Another example of determining the most economical alternative involves the comparison of building design concepts with the following initial costs and corresponding total life-cycle costs.

Alternate 
Initial Cost 
TLCC

l.   Multi-Story (Spec)     

$3,000,000       
$8,000,000

2.  Multi-Story (Improved)

  3,300,000  
  7,500,000

3.  Two Units
    
  3,500,000   
  9,000,000

4.  High Rise              
  5,000,000    
  8,500,000

After arranging the alternates in ascending order according to their initial costs, they are evaluated by following down the TLCC column and comparing their total life-cycle costs.  The most cost effective decision would be Alternate No. 2 with an initial cost of $3,300,000 and a total life-cycle cost of $7,500,000 because the added cost for either Alternative No. 3 or No. 4 does not result in a decrease in the total life-cycle cost.

If the total life-cycle cost of Alternate No. 4 had been $7,000,000, then it would have been the most cost effective.  However, because its initial cost is $l, 700,000 greater than Alternate No. 2 a decision would have to be made to determine whether or not the additional expenditure should be made to achieve the lower total life-cycle cost.  The Building Commission will make the ultimate decision based upon budgetary and other considerations.  Therefore, this type of analysis should be presented in the Design Report along with a recommendation.

Total life-cycle cost can also be expressed as the Annual Worth (AW).  Annual worth means that all costs are adjusted for inflation and earning power over time but are expressed in an equivalent uniform annual amount spread over the study period using a 4% A/P discount factor.  The annual worth method is useful when comparing building components with unequal useful lives.  Procedures for comparing alternatives using the annual worth method are similar to those described above.

Step 6 - Evaluate the Sensitivity of the Analysis
If the TLCC of the alternatives are essentially equal, it is advisable to review the evaluation by performing a sensitivity analysis.  A sensitivity analysis is a "what if" process where those physical, cost, and economic factors with the greatest uncertainty are examined to determine over what range they can vary without changing the results of the evaluation.  This is done by recomputing the total life-cycle cost based on a range of likely parameter values and comparing the results with the original LCC calculations.  A sensitivity analysis is necessary to test the reliability of the results.  Different types of sensitivity analysis that could be performed include:

l.
Varying the feasible cost range for a particular cost item, such as the energy escalation rate or cost per year to see if the life cycle cost  decision changes over this range.  If it does not, then it is known that a future variance in this item, does not have a significant impact on the final decision.

2.
Determining which cost items have an insignificant influence on the LCC result, regardless of their cost estimates, and which cost items have a great influence.  More specifically, which system/components have the greatest impact on initial cost, energy consumption, or maintenance costs, and which ones have a short useful life and high replacement cost?  Earlier estimates on the most significant items should be refined and the LCC recomputed to see if different systems/components should be selected.

3.
Estimating the maximum initial cost of a replacement item and its minimum salvage value and re-computing the total life-cycle cost to determine if replacement is still justified.

4. Making assumptions about hours of operation, loads, and other physical conditions, and determining over what range they can vary without changing the decision.

The Total Life-Cycle Cost Method of Analysis

The basic premise of LCC analysis is that all past, present, and future costs or benefits associated with an investment decision are potentially important to that decision.  The total life-cycle cost method is a technique for identifying the cash flows and computing and adding their present values to arrive at a total life-cycle cost (TLCC) for each alternative.  The TLCC is a measure of cost effectiveness for comparing alternatives.

Following is the general cost model for determining the total life-cycle cost of an investment alternative where all costs or benefits are expressed as present values at the base point:


TLCC = PV(I) + PV(R) + PV(A) + PV(N) + PV(E) - PV(S)




where,  I = initial costs


          

R = replacement costs of building systems and/or components


       

A = annual recurring program, operation maintenance, utility and other costs.


      

N = non-annual recurring program, operation, maintenance, utility, and other costs.


       

E = annual energy costs


      

S = residual or salvage value

The TLCC for each alternative shall be calculated using a common base point and study period.  Generally, the base point should be at the bid date and the study period should be the lesser of 25 years or the useful life of the alternative.  The study periods must be equal to compare alternatives.  Detailed present value calculations are demonstrated in the following example problem.  Discount rates and other current economic parameters are provided in the Current Economic Factors Section.

The TLCC worksheet included in the appendix or the companion EXCEL computer worksheet is the primary tool in performing LCC calculations will help provide a systematic and consistent evaluation for each alternative.  It also provides a convenient method for summarizing parameters, assumptions, and calculations and should be included in the LCC analysis report for the project.

Total Life-Cycle Cost Example Problem:

Application of the TLCC method is illustrated by the following example problem.  The objective is to calculate the TLCC and AW for construction of a small office building.

  The data and the assumptions that apply are:


Base Point = Bid Date


Discount Rate (i):  4% real


General Inflation Rate (j):  4%


Bond Rate:  6.0%


Study Period (n):  25yrs.


Investment Cost:


  -  building cost = $1,000,000


  -  land cost when purchased two years prior = $100,000 


Replacement Cost:


  -  roofing and other (l5th yr.) = $100,000 (cost at base point)


Annual Recurring Costs:

-  maintenance = $3.00/GSF/yr (cost  at base point, increase at 5%/yr.)

-  GSF = 20,000


Non-Annual Recurring Cost:


  -  10th yr.; paint and carpet = $60,000 (cost at base point)


  -  15th yr.; repair cooling tower = $20,000 (cost at base point)


  -  20th yr.; paint and carpet = $60,000 (cost at base point)


Energy Cost:

-  gas cost  = $8/Mbtu. (year 0 cost, increase at 5.8%/yr.)

-  gas consumption = 25,000 BTU/GSF/yr

-  electric cost = $.08/kWh (year 0 cost, increase at 4.4%/yr.)

-  electric consumption = 146,500 kWh/yr.


Residual Value:


  - building = 40 yr. useful life


  - land = no depreciation


  - roof replacement = 15 yr. useful life

An EXCEL computer worksheet for performing TLCC calculations can be found on the DFD Web page at 

http://www.doa.state.wi.us/dfd/dfdmain.asp under "Forms".  The same TLCC worksheet showing the calculation results for the above sample problem is attached below.  Either the DFD Web page or the attached TLCC worksheet may be used for performing your TLCC calculations.
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Following is a more detailed explanation of the analysis of this problem.

Present Value of Initial Costs
Initial costs would include all costs required for planning, design and construction of the facility.  The assumption is that project costs are escalated to the projected bid date.  Critical prior costs, such as a land purchase for a specific project which are not included in the project budget should also be converted to an equivalent future value at the base point and included as part of the initial cost.  If a project is funded from cash, the present value is equivalent to the initial cost at the base point.  However, projects are usually funded by tax supported bonding and the project cost becomes a cash flow spread over the 20 year bond period.  The present value of the bond payments is determined by multiplying the initial cost by the appropriate State Bonding Present Value Factor (BPV) obtained from the table provided in the appendix.  The BVP factor discounts the annual bond payments and combines them into one equivalent present value at the base point or the beginning of the bond period.

1.
Present Value of Land Cost:  The future dollar value at the base point for land purchased 2 yrs. prior  is determined by escalating for general inflation to the base point using a 4%F/P escalation factor for 2 years from the compound interest factor table provided in the appendix:


Initial Cost  =  $100,000  x  F/P (4%, 2 yr.)


Initial Cost  =  $100,000  x   l.0816 100000*1.082=  =  $108,200


However, since this expenditure occurs at year -2, its equivalent present value at the base point, adjusted for the discount rate, is determined by applying a second 4% F/P real discount factor for 2 years:


PV  =  $108,200  x  F/P (4%, 2yr.)


PV  =  $108,200  x  1.0816  =  $117,000

2.
Present Value of Building Cost:  Assume PV at the base point is equal to the building budget at the bid date:


PV  =  $1,000,000 at the base point

3.
Total Present Value of Initial Cost at the Base Point:


Total PV  =  PV of Land Cost  +  PV of Building Cost


Total PV  =  $117,000  +  $1,000,000  =   $1,117,000

4.
Total Present Value for State Bonding:


If both the land purchase and the building cost are funded by 6% bonds paid over 20 years, the total present value of the initial cost at the base point is determined by using a 6% BPV factor from the state bonding present value factor table in the appendix.


Total Initial Cost = $1,117,000


Total PV  =  $1,117,000 x  BPV (6%)


Total PV  =  $1,117,000 x  .8459  = $944,500


Note that because the bond rate (6%) is less than the nominal discount rate (i + j + (i * J) = 8.16%), the PV of the bonded initial investment cost over the 20 year bond period is less than the PV of the cash funded initial cost.  If the project is cash funded, set the bond rate equal to the nominal discount rate in the companion LCC computer worksheet.

Present Value of Replacement Costs
Replacement costs include the replacement or remodeling of major building systems and components during the study period to maintain the functional level of the facility.  Replacement costs are usually future lump-sum amounts expressed in constant dollars at today's value and must be escalated to an equivalent present value at the base point.  The assumption is that state bonds fund replacement costs.  The present value of replacement costs is determined by multiplying the lump-sum amounts by a 4% P/F real discount factor from the compound interest factor table and the appropriate State Bonding Present Value Factor (BPV) from the tables provided in the appendix.

Many of the major building systems or components such as roofing, mechanical equipment, plumbing fixtures, electrical equipment and fixtures, etc. have useful lives which are less than the useful life of the facility and replacement is required during the study period.  A chart of typical useful lives for major building systems and components is included in the appendix.  The A/E should include the replacement costs associated with each alternative in the LCC analysis.  Replacement costs are to be provided by the A/E.

1.
Present Value of l5th Year Replacement Cost:  Use a 4% P/F real discount factor for 15 years from the compound interest factor table in the appendix to determine the PV at the base point:


PV  =  $100,000 x  P/F (4%, 15 yrs.)


PV  =  $100,000 x .5553  =  $55,500


However, because replacement costs are bonded, the total present value at year 0 is determined by using an 6% BPV factor from the state bonding present value factor graph in the appendix.


Total PV  =  $55,500  x  BPV (8%)


Total PV  =  $55,500  x  .8459  =  $47,000


Any replacements occurring beyond the 25-year study period are not included in the total present value.  Note that because of the time value of money replacements occurring beyond 25-years would have a diminishing effect upon the total present value of replacement costs.

Present Value of Annual Recurring Costs
Annual recurring costs include all program, operation and maintenance, utility, and other costs occurring on a continuous basis.  The assumption is that these costs will occur at the end of year throughout the study period and will escalate at a rate equal to or greater than the general inflation rate.  Annual recurring costs may increase at a l-4% faster rate than the general inflation rate because as building systems and components age they will require an increased level of maintenance.  This rate of increase is a judgement that should be made by the A/E and depends upon the level of maintenance and usage.  If the level of maintenance is not increasing then the rate of increase will be equal to the general inflation rate.  Annual recurring costs should be stated in dollars escalated to a point one year after the bid date.  The present values of annual recurring costs are calculated using the procedures for handling inflation and increasing costs explained in the Basic Concepts section and the Escalating Series Present Value Factor (SPV) table in the appendix.  The SPV factor, escalates the annual recurring cost for each year, discounts them back to the base point, and combines them into a total equivalent present value.

Any significant difference in annual recurring costs may have an impact on the decision.  For example, one alternative may require a much higher staffing level than another alternative such as the numbers of guards needed for a correctional building.  Or, the level of maintenance required for one building system component may be much higher than another alternative such as the type of wall finishes, etc.  These differences must be identified and considered in the total life-cycle cost analysis.

The level of detail for annual recurring costs must correspond to the stage of project development and with the scope of the alternative.  If the general housekeeping and maintenance of two different concepts is being compared at the concept stage, then the appropriate cost data may be cost per gross sq. ft., cost per occupant, etc.  However, if during the design stage, specific components are being compared, the more appropriate cost data may be on a cost per sq. ft. of surface area, hours of utilization, etc.

Annual recurring cost data is available from many sources:  Program or staffing cost data may be obtained through the owner agency; operation and maintenance cost data may be obtained through the DSFM, the owner agency, industry and trade association, and many other sources; and utility costs may be obtained through the owner agency and the local utilities.  The A/E will be responsible for generating all annual recurring cost data required for the LCC analysis.

1.
Total Annual Recurring Cost:  The total annual maintenance cost at year 0 is determined by multiplying the area by the unit cost:


A0 =  20,000 GSF x  $3.00/GSF/yr. =  $60,000/yr.


The annual recurring cost at year 0 is then escalated to year l dollars by using a 5% F/P escalation factor for l year from the compound interest factor table in the appendix.


Al   =  $60,000/yr. x   F/P (5%, l yr.)


Al   =  $60,000/yr. x  1.0500 =  $63,000/yr at end of year 1.

2.
Present Value of Annual Recurring Cost at the Base Point:  Use a 5% SPV factor from the escalating series present value factor table in the appendix to convert the annual recurring cost at the end of year l to an equivalent present value at the base point for the 25 year study period:


PV  =  $63,000/yr. x SPV (5%, 25 yrs.)


PV  =  $63,000/yr. x  16.5664 = $1 ,043,700


Note that the SPV (5%, 25 yrs.) present value factor is 16.5664.  If another concept alternative had a 50¢/GSF/yr. higher annual recurring cost, then the total additional present value would be 20,000 GSF x 50¢ x 16.5664 = $l65,700 over the 25 yr. study period.  Likewise, if one alternative required  four more staffing positions at a cost of $80,000 per year than another alternative and costs were increasing at the rate of 4% yr., then the total additional present value would be = $80,000 x 15.0212 = $1, 201,600.  Such differences may be decisive in selection of alternatives.

Present Value of Non-Annual Recurring Costs
Non-annual recurring costs include those operations, maintenance, repair and other costs that do not occur each year in an equal amount nor in an amount that increases at a constant rate throughout the study period.  Typical non-annual recurring costs might include scheduled or non-scheduled repairs such as tuck pointing masonry, re-caulking windows, repainting walls, replacing steam valves and traps, repainting cooling towers, replacing the fan bearings, etc.  Generally, the cost and timing of each of these items must be separately identified and the present value of each year's total cost calculated. The assumption is that a non-annual recurring cost occurs at the end of the year.  On a constant dollar basis, these future costs will be equal to today's dollars.  If they are increasing faster than the general inflation rate, the future value would be determined using an appropriate F/P inflation factor form the compound interest factor tables prior to discounting.  The present value of non-annual recurring costs is determined by multiplying the end of the year amounts by the appropriate P/F real discount factor from the compound interest factor tables provided in the appendix.  Estimates of the timing and value of non-annual recurring costs for a LCC analysis are to be provided by the A/E. 

1.
Present Value of Non-Annual Cost in 10th Year:  Use a 4% P/F real discount factor for 10 years from the compound interest factor table in the appendix to convert or discount the future constant dollar cost of paint and carpet work to an equivalent present value at the base point:


PV  =  $60,000 (10 yr.)  x  P/F (4%, 10 yrs.)


PV  =  $60,000 (10 yr.)  x  .6756  =  $40,500

2.
Present Value of Non-Annual Cost in the l5th Year:  Use a 4% P/F real discount factor for l5 years from the compound interest factor table to convert the future constant dollar value of the cooling tower repair cost to an equivalent present value at the base point:


PV  =  $20,000 (15 yr.)  x  P/F (4%, 15 yrs.)


PV  =  $20,000 (15 yr.)  x . 5553  =  $11,100

3.
Present Value of Non-Annual Cost in the 20th Year:  Use a 4% P/F real discount factor for 20 years from the compound interest factor table to convert the future constant dollar value of the paint and carpet work to an equivalent present value at the base point:


PV  =  $60,000 (20 yr.)  x  P/F (4%, 20 yrs.)


PV  =  $60,000 (20 yr.)  x  .4564  =  $27,400

4.
Total Present Value of Non-Annual Cost at the Base Point:


Total PV  =  PV (10 yrs.) + PV (l5 yrs.) + PV (20 yrs.)


Total PV  = $40,500  +  $11,100  +  $27,400  =  $79,000


Note that the present value of those costs occurring early in the study period are much more significant than those cost occurring later in the study period.

Present Value of Energy Costs 
Energy costs include the annual costs associated with providing heating, cooling and power to a facility.  Over the past few years energy costs have been increasing at a slightly faster rate than the general inflation rate for other goods and services and this trend is expected to continue.

This differential increase will have a significant impact on the future costs of owning and operating a building, and therefore, must be included in the total life-cycle cost calculations.  The assumption is that energy costs will occur at the end of each year throughout the study period, therefore, energy costs used in a LCC analysis should be stated in dollars escalated to a point one year after the bid date.  The present value of energy costs are calculated using the procedures for handling inflation and increasing costs explained in the Basic Concepts section and the Escalation Series Present Value Factor (SPV) table provided in the appendix.

Energy costs used must be based on the most recent factual information available.  Energy costs should reflect the cost and quantity of energy delivered to the building and should be based on local utility rates or current cost for central heat and power plants.  Long-term forecasts for increases in Wisconsin energy prices for different energy sources are provided in the Current Economics Section of the appendix and should be used for performing energy cost present value calculations.  A separate PV calculation should be performed for each energy source concerned.

The A/E should determine the estimated energy consumption for each alternative.  These should be based on the engineering and design factors inherent in the building and its systems and components, internal loads, ventilation requirements, and climate conditions.  Use of available computer packages for energy analysis and calculation of energy consumption is encouraged.

1.
Energy Cost at Base Point:


Gas Consumption  =  25,000 Btu/S.F./Yr. x  20,000 GSF =  500 million Btu


Gas Cost  = 500 million Btu  x  $8/million =  $4,000/yr.


Electric Consumption  =  500 million Btu  -  34l3 Btu/kWh  =  l46,500 kWh


Electric Cost  = 146,500 kWh  x  8¢/kWh  =  $11,700/yr.

2.
Gas Cost at 1 Year After the Base Point:  Use a 5.8% F/P inflation factor from the compound interest factor table in the appendix to escalate the current gas cost to year 1 dollars:


Gas cost (yr. 1)  = $4,000/yr  x  F/P (5.8%, 1yr.)


Gas cost (yr. 1) = $4,000/yr x 1.0580 = $4,230/yr.

3.
Electric Cost at 1 Year After the Base Point:  Also, use a 4.4% F/P inflation factor for the short term escalation rate to calculate the electric cost to year 1 dollar:


Electric cost (yr. 1)  =  $11,700/yr. x  F/P (4%, 1 yr.)


Electric cost (yr. 1)  =  $11,700/yr. x  1.04  = $12,200/yr.

5.
Present Value of Gas Cost:  Use a 5.8% SPV factor from the escalating series present value factor table in the appendix to convert the annual gas cost at the end of yr. l to an equivalent present value at the base point for the 25 year study period:


PV gas  = $4,230/yr. x  SPV (5.8%, 25 yrs.)


PV gas  = $4,230/yr. x  17.9632 = $76,000

6.
Present Value of Electric Cost:  Use a 4.4% SPV factor from the escalating series present value factor table provided in the appendix to convert the annual electric cost at the end of yr. 1 to an equivalent present value at the base point for the 25 year study period:


PV electric  =  $12,200/yr.  x  SPV (4.4%, 25 yrs.)


PV electric  =  $12,200/yr.  x  15.6143 =  $190,500

7.
Total Present Value of Energy Cost at the Base Point:  


Total PV  =  PV gas  +  PV electricity


Total PV  =  $76,000  +  $190,500  =  $266,500


Note that the SPV present value factors of 17.9632 for gas and l5.6143 for electricity have a significant impact on the total present value of escalating energy costs.

Present Value of Residual 
Residual value is the value of an asset remaining at the end of the study period.  The normal study period is 20-25 years.  This compares to a life expectancy of 20-50 years for a building and its major systems and l5-25 years for its sub-systems and components.  Therefore, the residual value of the building and any replacements should be included in the present value calculation.  

A chart of the typical life expectancy or useful life of different building types, building systems and components is included in the appendix.  This list is only a guide.  The actual useful life depends upon the usage and the level of maintenance provided.  Many times the assumption may be made that the value of a facility and its components will depreciate to zero over their useful lives.  Even though some components such as electrical conduit or mechanical ductwork may never wear out, any value remaining at that point would be a relatively small amount and would occur far enough into the future so as to have a negligible impact on the present value.

The present value for an investment can be calculated using the Residual Present Value Factor (RPV) table provided in the appendix.  The initial or replacement cost multiplied by the RPV factor depreciates the costs over the useful life and discounts the un-depreciated value remaining at the end of the study period to an equivalent present value at the base point, or the date of installation for replacement work.  In addition, the present value of the replacement must be shifted from its year of occurrence to an equivalent present value at year 0 using a P/F real discount factor from the compound interest factor table in the appendix. The residual present value factor can only be used for determining the present value of future replacements if costs are stated in today's values or constant dollars.

Even though prior costs are not included in the initial cost element of TLCC, the residual value should include the non-depreciated value of any prior cost.  For example, when evaluating a major remodeling project, the remaining value of any existing structure or other useable components should be included in the present value calculation.

If land was purchased as part of the project and was included in the initial cost of an alternative, it will also have residual value.  The land value will not depreciate so the constant dollar value at the end of the study period will equal the constant dollar value at the base point.  Set the year installed equal to the useful life to calculate a RPV factor = 1 in the companion EXCEL worksheet.

1.
Present Value of Building Residual:  Use a RPV factor based upon a 40 year useful life starting at the base point from the residual present value table in the appendix to determine the PV at the base point:


PV  =  $l, 000,000  x  RPV (0 yr., 40/ yr.)


PV  =  $l, 000,000  x  .2107  =  $210,700

2.
Present Value of Land:   The constant dollar value of the land in year 0 dollars is $117,000.  The land does not depreciate and its constant dollar value at year 25 remains unchanged.  Therefore, use a 4% P/F factor for 25 years from the compound interest tables to convert the residual value of the land for the earning power of money to an equivalent present value at the base point:


PV  =  $117, 100  x  P/F (4%, 25 yrs.)


PV  =  $117,100   x  .3750  =  $43,900

3.
Present Value of Replacement Component:  The life of the roofing is l5 years and replacement will occur in the 15 yr, leaving 5 years of useful life remaining at the end of the 25 year study period.  Select the appropriate RPV factor from the table in the appendix.


PV (l5th yr.)  =  $l00,000  x  RPV (l5 yrs., l5 yrs.)


PV (l5th yr.)  =  $l00,000  x  .2705 =  $27,000


The present value in the l5th year is then shifted to an equivalent present value at the base point to adjust for the earning power of money; therefore, use a 4% P/F real discount factor for l5 years from the compound interest factor table in the appendix:


PV  =  $27,000  x  P/F (4%, l5 yr.)


PV  =  $27,000  x .5553  =  $l5,000

4.
Total Present Value of Residual at the Base Point:


Total PV  =  PV of building  + PV of Land  + PV of Component


Total PV  =  $210,700  +  $43,900  +  $15,000  =  $269,600

5. Total Life Cycle Cost:

TLCC =  PV(IC) + PV(R) + PV(A) + PV(N) + PV(E) - PV(S)

TLCC =  $945,000 + $47,000 + $1,043,700 + $79,000 + $266,500 - $269,600

TLCC =  $2,111,400.*

Note that only those components with remaining life at the end of the study period have a residual value.  The present value of the residual is a credit to the total life-cycle cost.   While the total life-cycle cost calculated for this example is $2,111,400, the equivalent annual worth of this amount, spread over the 25-year study period using a 4% A/P factor from the compound interest factor tables is $135,157.

Keep in mind that the total life-cycle cost is not an actual budget amount or a projection of actual cost because it has been adjusted to exclude inflation and the real earning power of money over time.  The total life-cycle cost can only be used to evaluate and compare alternatives.

Discounted Energy Payback Method of Analysis

In response to the need to reduce cost and conserve fuel the Building Commission has directed life-cycle costing procedures be used for evaluating and comparing alternative energy systems on new construction or remodeling projects and the evaluation of solar and other renewable resources.  The objective is to determine if the addition of alternative energy systems will reduce the total life-cycle cost.  The Discounted Energy Payback (DEP) is a measure of the time required for the present value of future cost savings to offset the present value of the initial cost of the energy efficiency project. 

Capital budget requests for projects that reduce energy consumption should result in energy cost savings which repay the capital investment, any additional added maintenance, and other costs in a reasonable period of time.  In addition, the payback period must be less than the service life of the proposed improvement and the remaining useful life of the building.  Retrofit projects should be evaluated using the discounted payback period method of analysis.  Maximum payback period criteria for energy efficiency projects is summarized in the Building Commission Policy  section of this guideline. 

Useful life is the period of time over which the existing building systems are expected to serve their intended purpose without major remodeling or replacement.  Service life has the same definition, but it applies to the improvement itself.  A chart showing typical useful lives for building systems and components is provided in the appendix.  This list is intended as a general guide only.  The remaining useful life of the existing building system and the service life of the improvement must be determined for each analysis based on an assessment of the age, use, maintenance, and other conditions.

Although the payback period criteria is used to limit the funding of retrofit projects it should not be used as a design standard.  For example, the optimum thickness of insulation that should be applied to a roof or wall system may be less than the thickness required to achieve a maximum allowable payback period.  In this case the recommended design should be based on the optimum thickness.  The optimum thickness of insulation can be determined by either the total life-cycle cost method or the discounted payback method.  Total life-cycle costs or discounted payback periods should be calculated for several roof or wall systems, each with a different thickness of insulation.  The initial cost for each alternate should be arranged in ascending order along with the corresponding total life-cycle cost or payback period.  The optimum system is when incremental increases in initial cost no longer produce corresponding decreases in the total life-cycle cost or a shorter payback period.

Current economic parameters and short-term energy price forecasts used for discount payback period calculations are included in the Current Economic Standards section.  These include the discount rate, the general inflation rate, the State bond rates, and specific inflation rates for different energy sources.  Energy prices should be based on local utility rates.  The cost and inflation rate forecasts of energy supplied from a State owned power plant reflecting the fuel mix can be provided by the Division of Facilities Development, Bureau of Engineering and Technology.

The discounted payback period method is a life-cycle costing technique which provides an estimate of the time period required for the present value of all costs associated with an alternative to equal the present value of all benefits.  If the analysis involves only the initial cost and future energy cost savings, we can use a simple procedure where the discounted payback period is the time required for the accumulated energy savings to payback the initial cost.  The discounted payback period is determined by the following formula:


SPV (g, n)  =  C                                 



                

   Al



where:
 SPV (g, n)  =  escalating series present value factor

                
         g =  k  =  specific energy cost inflation rate

                 
                n  =  time period (discounted payback period)

                  

  C  =  PV of initial cost

                  

  Al  =  energy cost l year after the base point

The formula is solved by computing the C/Al ratio.  This ratio is actually equal to the SPV factor for the energy cost inflation rate (g) at the same year (n) found on the Escalating Series Present Value Factor (SPV) table provided in the appendix.  Year (n) is equal to the discounted payback period (D).

If the analysis involves consideration of other costs and benefits such as increased maintenance and repair cost, then a more comprehensive procedure is required using the following modified total life-cycle cost formula:


TLCC  =  0  =  PV of Initial Cost  +  PV of Future Cost  -  PV of Future Benefits.

A trial and error solution of this formula will determine the period of time for the PV of all costs to equal the PV of all benefits.  Because most retrofit projects involve future maintenance costs as well as energy cost savings, it is anticipated that discounted payback period calculations using this modified TLCC formula will be the most common procedure.

The initial cost is generally limited to the project cost at the bid date.  It is suggested that a l2% design and supervision fee and a 3% contingency be included in the project cost.  The present value of the initial cost is equal to the project cost on a cash funded project.  For a project funded by State bonding the present value is computed by multiplying the project cost by a factor from the State Bonding Present Value Factor (BPV) graph provided in the appendix.

Future costs include such items as increased maintenance, repair, personnel, etc.  Present value calculations for annual or non-annual recurring costs are performed in the same manner as for the total life-cycle cost method of LCC analysis.

Future benefits generally result from energy savings, or cost avoidance.  Savings are unique to each alternative, and the potential cost savings resulting from not selecting an alternative involving repair can not be counted as a benefit toward another alternative involving replacement.  The energy savings can be calculated from standard engineering formula and from thermal transmission values and procedures recommended by the American Society of Heating Refrigeration and Air Conditioning Engineers (ASHRAE).  Energy costs are expressed as the actual cost one year after the base point, or bid date.  The present value of the energy cost savings is calculated using the Escalating Series Present Value Factor (SPV) table provided in the appendix.  Following is a typical cash flow diagram for an energy conservation project.
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The interaction between different proposed energy retrofit items may result in an actual net energy reduction that is less than the total projected for the individual items.  For example, improved heating controls may void part of the savings realized by a more efficient piece of equipment.  Compatibility with the functional program and the actual hours of operation must also be a consideration.  Providing an energy saving feature is useless if it will only be used a small percentage of the time.  Such overlaps or under utilization should be identified and evaluated accordingly.

In most cases, no residual value benefits will be considered in calculation of the discounted payback period.  The assumption is that retrofit projects are an improvement to the building systems, but they do not increase the value of the building.

Discounted Energy Payback Example Problem:

Refer to The previous TLCC example problem for detailed information on the various cost benefit components involved in DEP calculations.  Application of the DEP method is illustrated by the following example problem:

Modifications to a heating/ventilating system are being considered.  Based on a bid date l year hence, the estimated cost for equipment and installation is $50,000 and design and contingency costs would be 15%.  Currents heating and ventilating costs are $64,200/year and a reduction of 10% is anticipated.  Energy is escalating at a current rate of 6% per year, but the forecast is 5% per year.  The general inflation rate is 4%, and the real discount rate is 4%.  The estimated service life of the modification is 15 years and the remaining useful life of the building and the H/V system is 20 years.  Funding for the project is 6% State bonding.  In addition, maintenance costs during the 1st year will be $800 and will increase at 6%/yr. and $2,000 (today's cost) to repair will occur in the 10th and 15th year.  Now determine the discounted payback period.

1. Present Value of Initial Cost:


Construction Cost                      

$50,000


Design and Contingency (15%)           
    7,500

TOTAL Project Cost                     
             $57,500


The present value of the initial cost is equal to the project cost if cash funded or the initial cost multiplied by the appropriate BPV factor from the bonding present value factor in the appendix.

2.
Present Value of Non-Annual Recurring Repair:  To determine the PV use a 4% P/F real discount factor from the compound interest factor table provided in the appendix:


PV (Repair 10th yr.)  =  $2,000   x  P/F (4%, 10 yrs.)


PV (Repair 10th yr.)  =  $2,000  x  .6756  =  $1,350


PV (Repair 15th yr. )  =  $2,000  x  P/F (4%, 15 yrs.)


PV (Repair 15th yr.)  =  $2,000 x  .5553  =  $1,110


These present values are considered only if the discounted payback period is equal to or greater than either ten or fifteen years.

3.
Present Value of Maintenance:  To determine the PV use a SPV factor from the escalating series present value factor table provided in the appendix:


PV (Maint.)  =  $800/yr. x  SPV (6%, n)


The PV of maintenance is dependent upon the time period (n) and becomes part of the trial and error solution of  the modified TLCC formula as explained above. 

4.
Present Value of Energy Cost Savings:  The energy savings for the current year (-1) is 10% of the current energy cost:


Savings  =  $64,200/yr.  X  10%  = $6,400/yr.


The energy savings (cost avoidance) must be determined at a point one year after the base point.  The proposed bid date is at year (0), thus the estimated cost one year after the base point at year (+l) is determined using a 6% F/P escalation factor from the compound interest factor table provided in the appendix:


Energy Savings  =  $6,400/yr. x  (F/P 6%, 2 yrs.)


Energy Savings  =  $6,400/yr. x  1.124 = $7,200/yr.


The present value of the energy cost savings is determined by using a SPV factor from the escalating series present value factor table provided in the appendix:


PV (Energy Savings) = $7,200  x  SPV (5%, n)


The SPV factor and the PV of the energy savings, or cost avoidance, is dependent upon the number of years (n) and becomes part of the modified TLCC formula.

5.
Discounted Payback Period:


To determine the payback period use the Escalating Series Present Value Factor (SPV) table:


LCC =  0  = PV (I.C. x BPV)  +  PV(Repair) + PV (Maint.)  -  PV (Energy)


Try 10 Years:

LCC  =  0  = [$57,500 x  BPV(6%, 20 yr.)] +  [$1,350] + [$800  x  SPV (6%, l0 yr.)] 




 -  [$7,200  x  SPV (5%, 10 yrs.)]


LCC  =  0  =  [$57,500 x.8459] +  [$1,350] + [$800 x 8.46]  -  [$7,200 (8.12]  =  -$1,706, or less than 0


Try 9 Years:


LCC  =  0  =  [$57,500 x BPV(6%, 20 yr.)] + [$800  x  SPV (6%, 9 yrs.)]  -  [$7,200  x SPV (5%, 9 yrs.)]


LCC  =  0  =  [$57,500 x .8459] +  [$800 ( 7.69)]  -  [$7,200 (7.41]  =  $1,440,  or more than 0


Therefore, by interpolation, the discounted payback period (D) is about 9.5 years.  This payback period must be compared to the energy conservation payback standards provided in the appendix, the service life of the proposed improvement, and the remaining useful life of the building and the H.V. system to determine if this is an acceptable retrofit project.


When an improvement provides energy cost savings from two different sources, such as gas and electric , both savings should be included in the analysis, i.e. present values should be calculated for each energy source for each trial of (n) years and then prorated and added together when solving such a problem.




Use of the companion Discounted Energy Payback worksheet and the calculations for this example problem is illustrated on the attached EXCEL file.  While these calculations can be performed manually, the computer worksheet greatly simplifies the process because it automatically runs the trial and error solution until the discounted payback period is determined.  This worksheet should be used to support project requests for energy conservation funding. 
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This EXCEL Discounted Energy Payback worksheet can also be found on the DFD Web page at  http://www.doa.state.wi.us/dfd/dfdmain.asp Under "Forms".  Your DEP calculations can be performed on either the Web page or the attached worksheet.  The DEP worksheet includes the calculation of the ratio of total Btu saved over the lessor of the useful life of the improvement or the remaining useful life of the building to the initial cost.  While the discounted payback period is a measure of cost effectiveness, it doesn't provide a measure of energy efficiency.  The Btu/cost is a measure of energy effectiveness and can be used to aid in establishing project priorities.

APPENDIX TO LIFE-CYCLE COSTING GUIDELINES

Basic Concepts

The Time Value of Money

All capital investment alternatives involve costs and benefits occurring at different times over their useful lives.  The dollars actually exchanged for goods and services are expressed as actual dollars.  The actual dollar value of costs and benefits cannot be directly compared because dollars at different points in time have different values.  For example, the cost of an alternative for construction of space cannot be compared directly with the cost of another alternative for providing equal space by leasing because the value of the dollars used for initial construction are not equal to the value of the future dollars used for leasing.  This time value of money is due to (1) inflation and (2) the earning power of money.  In order to compare costs and benefits, the dollars used in each alternative must be adjusted to a standard measure and shifted to a common point in time.

Inflation is the loss of purchasing power due to an increase in the price level of goods and services without a corresponding increase in the quantity or quality.  If future price increases are equal to the rate of general price inflation then the real value hasn't changed and it remains constant in terms of today's dollars.  For example, on a constant dollar basis the cost of a replacement building system or component l5 years in the future will be identical to today's cost.  Constant dollars are the standard measure used for omitting inflation from future costs and benefits.

Money has earning power because it can be used productively over time to yield a return over and above inflation.  The simple act of investing money in a savings account or in some other investment that pays interest demonstrates that money has value over time.  Dollars used for capital investments also have earning power because they could be used for alternate investments to provide some minimum rate of return.  Following the adjustment to constant dollars, the earning power of costs and benefits occurring over the study period are equalized by converting or discounting the constant dollars to equivalent present values at the base point using an appropriate discount rate and its corresponding discount factor.

Real and Nominal Discount Rates
The earning power of money, excluding inflation, is measured by an interest rate called the real discount rate.  The discount rate that combines both the earning power of money and the loss of purchasing power due to inflation into one factor is commonly known as the nominal discount rate.  All discount rates should be expressed as a percentage annual rate, compounded annually.

If future costs or benefits are stated in actual inflated dollars, then the nominal discount rate should be used for discounting.  However, if future costs or benefits are stated in constant dollars with equal purchasing power the inflation has already been omitted and the real discount rate should be used.

The relationship between real and nominal interest or discount rates is given by the following formulas:


d = i + j + (i x j)                                   
         

Formula 1

 i = d - j            
                                  
        
 
Formula 2

       i + j


where:  d = nominal discount rate


      
 i = real discount rate


        
 j = general inflation rate


Therefore, if i = 4%, and j = 5%, then the nominal discount rate would be:


          
d = .04 + .05+ (.04 x .05) = .092, or 9.2%/yr.


Likewise, if d = 9.2% and j = 5%, then the real discount rate would be:


             i = .092 - .05 = .04, or 4%/yr.


                     i + .05

In LCC analysis the discount rate determines the relative importance of future costs and benefits associated with an investment alternative versus its initial cost.  A high discount rate places emphasis on the initial cost while a low discount rate places emphasis on future costs and benefits.  Ideally, the discount rate used will provide a reasonable balance between initial and future costs.

The current discount rate to be used for the LCC analysis on State building projects is provided in the Current Economic Factors section of this guideline.  This rate is a composite of many considerations including the minimum productivity of expenditures, the use of tax dollars which could be used by the taxpayer for other purposes, and the current economic conditions.

Discounting
The process of converting the constant dollar amounts of costs and benefits occurring over time to equivalent present value (PV), future value (FV), or annual value (AV) dollars is called discounting.

To simplify discounting, it is necessary to make several assumptions about the timing of cash flows.  Even though expenditures or incomes actually accrue throughout the year, these are all assumed to occur at one of the following times depending on where they are located in the study period.


Present Amount = (P) =
a single (individual) amount of constant-dollar money at the beginning of the study period of one or more years.


Future Amount = (F)   =
a single (individual) amount of constant-dollar money at the end of some study period of one or more years.  F always follows P in location on the time scale.


Annual Amount = (A)  =
a single (individual) amount of constant-dollar money at the end of each year, repeated over a number of years in a uniform series.


Time Period  =  (n)     =  the number of individual years within the study period.

Discounting is multiplying the constant dollar amounts in the cash flow by an appropriate discount factor based on the real discount rate.  Discount factors can be calculated from compound interest formulas or selected from the Compound Interest Factor tables provided in the appendix.  The relationship between the value desired, the compound interest formulas and the compound interest factors are shown in the following chart.

Compound Interest Formula and Factors

Value                   
Constant Dollar         
          Compounding              
Compounding

Desired           
Given             
  
          Interest Formula            
Interest Factor
   F         
=     
 (P)
multiplied  by  

(1 + i)n      
   or   

F/P  i,n

   P        
=    
 (F) 
multiplied by

   1             
   or   

P/F  i,n







(1+ i)n
   F        
=     
 (A)  
multiplied by

(1 + i)n - 1   
   or 

F/A  i,n







     i

   A 
=     
(F)  
multiplied by

        i       
   or   

A/F  i,n







(1 + i)n -1

   P         
=    
(A) 
multiplied by

(1 + i)n - 1  
   or 

P/A  i,n







i(1 + i)n
   A          
=    
  (P)
multiplied by

i(1 + i)n  
   or

A/P  i,n







(1 + i)n - 1

The same results are achieved from using either the compound interest formula or the compound interest factor when calculating present values.  Present value factors are generally easier to use and are automatically calculated for you when using the companion TLCC and DEP worksheets.

Handling Inflation and Increasing Costs
In an inflationary environment the future price increases for goods and services are greater or less than the general inflation rate, and the costs or benefits associated with an alternative are expressed in actual dollars.  Actual dollars reflect both the earning power and the purchasing power of money, and before they can be discounted they must be adjusted to constant dollars to negate the effect of inflation or deflation.  If the specific inflation rate (k) for a particular cost item is increasing at a faster rate than the general inflation rate (j), the future value of the item expressed in constant dollars will also increase.  This increase in future constant dollars may have a significant impact on the PV.

Many times an increase in costs is due to an increase in the quantity or quality of goods and services rather than inflation.  For example, as building systems or components age they may require an increasing level of maintenance and repairs.  Such a non-inflationary escalation (e) will also increase the constant dollar value of future costs.

The following general formula shows the relationship between today's and future constant dollars in an inflationary environment.


Constant  Dollars at Year n    =   (Actual  Dollars Today)  x   (1 + e)n (1 + k)n






 
                  (1 + j)n

where: 
e = non-inflationary escalation rate


  
k = specific inflationary rate


   
 
j = general inflationary rate


   
e, k, and j can be negative, zero, or positive and are expressed as a decimal

To simplify calculations the above formula has been combined with the compound interest formulas and then reduced to the following basic PV formulas which can be solved by using compound interest factors from the tables provided in the appendix.  Therefore, the adjustment of non-inflationary or inflationary future cost increases to constant dollars and converting to equivalent present value dollars at the base point (discounting) using the nominal discount rate (d) can be accomplished in one calculation.  If any of the e, k, j, or i rates are zero (0), the corresponding factor becomes one (l) and the formulas are simplified accordingly.

Present Value Formulas for Inflation and Increasing Costs
l.
Single Future Dollars

PV = Ao (F/P e,n) (F/P k,n) (P/F j,n) (P/F i,n)     

Formula 3

where:  
Ao = actual cost or benefit at the base point.


If e is zero (0) and k = j, then the constant dollars at any year would be equal to the actual dollars today and the above formula becomes:


PV = Ao (P/F i,n)                                    


Formula 4

Example Problem No. 1:


An investment valued at $l,000 today is planned for l0 years in the future.  If e = o, k = l0%, j = 5%, and i = 4%, determine the PV of this planned investment.  The PV is calculated using Formula 3 and discount factor obtained from the Compound Interest Factor tables in the appendix:


PV = Ao (F/P 0%, 10 yr.) (F/P 10%, 1 yr.) (P/F 5%, 10 yr.) (P/F 4%, 10 yr.)


PV = 100 x 1 x 2.594 x .6139 x .6756 = $1,075

2.
Increasing (or Decreasing) Series

PV =A1 [ 1 - (F/P e,n) (F/P k,n) (P/F j,n) (P/F i,n) ]     
Formula 5
                                         d-m


where: 
    A1 = actual cost or benefit l year after the base point

            

      d  = m

            
      d  =  i + j + (i x j) = nominal discount rate

           

m = e + k + (e x k) = mixed escalation/inflation rate


Note that in a series the cost or benefit occurs at the end of each year in the study period, therefore, Al is expressed in terms of the purchasing power of the dollar, or actual dollars, l year after the base point.


PV = n A1                                          


Formula 6

where:  
d = m


Here again, if e = zero (0), and k = j, then the constant dollars at any year would equal the actual dollars today and the above formula can be rewritten as follows:


PV = Ao (P/A i,n)                                   


Formula 7

Simplified Increasing Series Method:

PV calculations for an increasing series can be further simplified by using the Escalating Series Present Value Factor (SPV) table provided on page 63-64 in the appendix.  Prior to using the table a g value, or escalation rate, must be determined.  The g value is equal to either e, k, or m.  Using the simplified method, formula 5 can be rewritten as follows:


PV = A1 x SPV (g,n)                          


Formula 8

where: 
A1 = actual cost of a benefit l year after base point


 
  
SPV = escalating series PV factor




g = e, k, or m 


Example Problem No. 2:


An increasing annual recurring cost is estimated at $l0,000/yr., l year after the base point.  If m = l0%, j=5%, and i=4%, determine the PV over a 25 year study period using the simplified method.  The PV is calculated using Formula 8 and the SPV factor table in the appendix:

g = m = e + k + (e x k) = .10 = 1%.  From the escalating series present value factor table:  SPV for g of 10% = SPV (10%, 25 yrs.) = 25.02


PV = A1 x SPV (1%, 25 yrs.)


PV = $10,000/yr. x 25.02 = $250,200

3.
Uniform Series

PV = A1  [ 1- (P/F j,n) (P/F i,n) ]                   

Formula 9

        


 d


where:  
  d = i + j + (I x j)


This is a special case where both e and k are zero (0) and the future payments each year are identical to today's cost.  Therefore, Ao can be substituted for A1, in the above formula.


Simplified Uniform Series Method:


PV calculations for a uniform series can be further simplified by using the Escalating Series Present Value Factor (SPV) table for g = 0.  Then Formula 9 can be rewritten as follows:


PV = A0 x SPV (g,n)                                   

Formula 10

where:  
Ao = actual cost or benefit at the base point


       
SPV = escalating series PV factor.




g = 0


Example Problem No. 3:


Determine the PV of a series of lease payments of $10,000 per year for 5 years if j = 5% and i = 4%.  The PV is calculated using Formula 10 and the MSPV factor table in the appendix:


PV = Ao x SPV (0%, 5 yrs.)


PV = $10,000 x 4.24 = $42,400

Supplemental Information and Computational Aids
Compound Interest Factors

F/P, P/F, F/A, A/F P/A, and A/P compound interest factors can be computed for any time period or interest rate using the following table and performing the following steps:

1. Enter an appropriate real discount/ interest rate as shown in bold. 

2. Enter desired year(s) in 1st column as shown in bold for calculation of compound interest factors.

3. Highlight cells under compound interest factors to be recalculated.

4. Press F9 to recalculate.

	Real Discount Rate(i) = 
	4%
	
	COMPOUND
	INTEREST
	FACTOR
	          TABLE

	Compound Interest Factors =
	F/P i, n
	P/F i, n
	F/A  i, n
	A/F i, n
	P/A  i, n
	A/P i, n

	1
	1.040
	0.962
	1.000
	1.000
	0.962
	1.040

	2
	1.0816
	   0.925
	2.040
	0.490
	1.886
	0.530

	3
	1.125
	0.889
	3.122
	0.320
	2.775
	0.360

	4
	1.170
	0.855
	4.246
	0.235
	3.630
	0.275

	5
	1.217
	0.822
	5.416
	0.185
	3.630
	0.225

	10
	1.480
	0.676
	12.006
	0.083
	4.452
	0.123

	15
	1.801
	0.555
	20.024
	0.050
	8.111
	0.090

	20
	2.191
	0.456
	29.778
	0.034
	11.118
	0.074

	25
	2.666
	0.375
	41.646
	0.024
	13.590
	0.064

	30
	3.243
	0.308
	56.085
	0.018
	15.622
	0.058


Years(n)

Series Present Value Factor (SPV)

SPV factors are used to calculate the present value of a series of  annual recurring costs over the study period.  Costs are based upon the actual cost occurring one year after the base point and may be either increasing or decreasing at a uniform rate over time.  The SPV factor Appropriate SPV factors can be calculated by performing the following steps:

1.       Enter an appropriate real discount rate and specific inflation rate as shown in bold. 

2. Enter desired year(s) in 1st column as shown for calculation of SPV factors.

3.
Highlight cells under compound interest factors to be recalculated.

4.
Press F9 to recalculate.

	Real Discount Rate(i) =
	4%
	
	
	
	
	

	General Inflation Rate(j) =
	4%
	
	         SPV
	FACTOR
	           TABLE
	

	Specific Inflation Rate (e, k, or m) = 
	0%
	2%
	4%
	6%
	8%
	10%

	1
	0.9246
	0.9246
	0.9246
	0.9246
	0.9246
	0.9246

	2
	1.7794
	1.7965
	1.8136
	1.8306
	1.8477
	1.8648

	3
	2.5697
	2.6187
	2.6684
	2.7186
	2.7696
	2.8211

	4
	3.3004
	3.3941
	3.4903
	3.5889
	3.6900
	3.7937

	5
	3.9759
	4.1254
	4.2806
	4.4418
	4.6091
	4.7828

	10
	6.6619
	7.2024
	7.7989
	8.4574
	9.1843
	9.9864

	15
	8.4765
	9.4975
	10.6908
	12.0878
	13.7257
	15.6480

	20
	9.7023
	11.2093
	13.0676
	15.3699
	18.2336
	21.8079

	25
	10.5305
	12.4861
	15.0212
	18.3370
	22.7082
	28.5098


Years(n)

A separate EXCEL computer worksheet is attached which can also be used to calculate SPV factors for a wide range of inflation rates and years.
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Bonding Present Value Factor (BPV)

The BPV factor discounts the annual bond payments over the life of the bond, generally 20 years, and combines them into on equivalent present value at the starting point of the bond period.  The initial project and replacement costs are multiplied by the BPV factor to determine the present value.  The BPV factor can be calculated by performing the following steps:

1.       Enter an appropriate bond period, bond rate, real discount rate and the general inflation rate in the 1st row as shown in bold. 

2.
Highlight the BPV factor cell.

3.
Press F9 to recalculate.







BPV   FACTOR   TABLE

	Bonding Period (yrs)
	Bond Rate (%)
	Real Interest Rate (i)
	General Inflation Rate (j)
	BPV Factor

	20
	6%
	4%
	4%
	.8459


Residual Present Value Factor (RPV)

The RPV factor is used to calculate the present value of the remaining residual or salvage value of the initial project or replacement costs remaining at the end of the study period.  The depreciation of a replacement item starts at the year of occurrence, and its present value at that point must be shifted to an equivalent present value at the base point using a P/F compound interest factor.  The  BPV factor can be calculated by performing the following steps:

1.       Enter an appropriate real discount rate, study period, year of installation, and estimated useful life in as shown in bold. 

2.
Highlight the RPV factor and P/F factor cells.

3.
Press F9 to recalculate.








      RPB   FACTOR  TABLE

	Real Discount  Rate (i)
	Study Period (yrs.)
	Year of Installation
	Estimated 

Useful Life
	P/F Factor
	RPV Factor

	4%
	25
	0
	40
	   1.0000
	0.2107

	4%
	25
	15
	15
	   0.5553
	0.2705


TYPICAL USEFUL LIVES OF STATE FACILITIES


TYPE OF BUILDING
 USEFUL LIFE (YEARS)
l.
Armory
40

2.
Bathhouse
20

3.
Classroom Building
50

4.
Fine Arts Building/Auditorium
40

5.
Food Service Building
30

6.
Greenhouse
30

7.
Science Building
40

8.
Library
40

9.
Maintenance Garage
30

l0.
Medical Clinic
25

ll.
Office Building
25


  l-2 Story
30


  Multi-Story
40


  High-rise
50

l2.
Headquarters or Public Events Facility

l3.
Park Facilities


  Flush Toilet/Shower/Laundry
25


  Picnic Shelter
30

l4.
Physical Education Building
30

l5.
Research
35

l6.
Residential


  Single Family House
35


  Dormitory
30


  Correctional Housing
35


  Patient Housing
30

l7.
Student Center
30

l8.
Storage


  Pole Barn
50


  Heated Warehouse
40

l9.
Central Heating and Cooling Plants
30

TYPICAL USEFUL LIVES OF BUILDING SYSTEMS AND COMPONENTS*

Building Enclosure
Useful Life (Years)

Concrete Framing System:


- Masonry Exterior
45-60


- Metal Clad
40-50


Steel Framing System:


- Masonry Exterior
40-50


- Metal Clad
40-50


Wood Framing System:


- Metal Clad
35-45


- Wood Siding
35-60

Roofing System

Built-Up System:


- Asphalt
l0-25


- Elastomeric
l5-30


Pitched Roof w/Shingles:


- Asphalt
20-25


- Metal
40-50


- Clay Tile
50-70

Windows and Exterior Door

Metal Windows
40-50


Wood Windows
30-40


Aluminum and Glass
25-30


Revolving Doors
l5-30


Overhead Doors
20-40

Interior Construction

Demountable Partitions
20-30


Acoustical Ceiling
20-30


Carpet
 5-l5


Resilent Tile
l0-20


Paint & Wall Covering
 5-l5

Plumbing System

Fixtures
20-30


Water Heaters
l0-20


Pumps
l5-20


Steel Piping
30-40


Copper Piping
20-30


Sprinkler Fire System
25-35

Heating, Ventilating and Air Conditioning Systems     Useful Life (Years)

Boilers:


- Steel Water Tube
20-30


- Steel Fire Tube
20-30


- Electric
l5-20


Heat Exchangers:
20-30


Burners
l5-25


Economizers
l0-20


Furnaces:


- Gas or Oil
l5-20


Radiant Heaters
20-30


Air Conditioners and Components:


- Water Cooled Package Units
l0-20


- Roof Top Units
l0-20


- Commercial through the Wall Units
l0-20


- Cooling Towers
l0-20


- Evaporative Condensers
l5-25


- Air Cooled Condensers
l5-25


- Package Chillers
l5-25


Fans:


- Centrifugal
25-30


- Axial
20-25


- Propeller
l5-20


- Roof Mounted
20-25


Air Terminals:


- Induction and Fan Coil Units
20-25


- Variable Air Volume Boxes
20-25


Steam Turbines
25-35


Controls
l5-20


Pumps and Compressors
l5-20

Electrical Systems                                    Useful Life (Years)

Motors
l5-20


Transformers
25-35


Generators
20-30


Primary Wiring
25-30


Switchboard
20-30


Switch Units
20-25


Secondary Wiring
20-25


Light Ballasts
l0-l5


Fixtures, Fluorescent
l5-30


Fire Alarm
l5-25

Elevators
25-35

Site Work and Utilities

Concrete Pavement
l5-25


Bituminous Concrete Pavement
l0-l5


Underground Water Pipes
20-40


Underground Sewage Pipes
30-60


Underground Steam Pipes
l0-30


Steam and Chilled Water, Tunnel
25-50

*
The above list of useful lives is offered to assist in performing the life cycle costing calculations.  It consists of averages derived from a variety of sources and it is recommended that if a better source of specific data is available, that it be used.  Other sources are the guidelines of the American Society of Testing Materials, Illuminating Engineering Society of North American, National Electric Manufacturers Association, and American Society of Heating, Refrigeration and Air Conditioning Engineers, Inc.


Obviously, the useful lives of these items vary directly with their initial quality and level of maintenance.  The list is based upon good quality components and a level of maintenance consistent with the manufacturer specifications.

CURRENT ECONOMIC PARAMETERS AND ENERGY PRICE FORECASTS











(Revised 1/97)

Overview
One of the more significant elements of L.C.C. analysis is the economic parameters and energy price forecasts used in the calculations.  These values are affected by changes in the State's and country's general economic condition; consequently, accurate long-range forecasts are extremely difficult to make.  In order to achieve consistency in the analysis of State projects the following parameters and energy inflation are being provided.  Revisions will be made as warranted by future economic conditions.

Inflation rates are provided for four energy source.  These forecasts are based on similar data used by the U.S. Department of Energy, Energy Management Program and represent the anticipated increases for both short and long term investments.  All values are expressed as annual rates.  Fuel cost estimates will be provided by the Division of Facilities Development as required for individual projects.

Economic Parameters
General Inflation Rate (j)
=
3.0%

Real Discount Rate (i)

=
4.0%

Nominal Discount Rate (d)
=
7.12%

Current State Bond Rate (b)
=
5.0%, 20 Year Bond Period (BPV = .8422)

Specific Energy Inflation Rate Forecasts





Short Term

Long Term
Fuel Oil




  4.2%

   
   3.2%

Natural Gas



  2.9%


   2.8%

Coal




  1.8%


   1.9%

Electricity



  2.3%


   2.3%

Notes
(1)
The general inflation rate is a long-term forecast based on estimates from several sources.

(2) The above energy inflation rate forecasts start at one year and extend through the study period.  Use actual current energy cost increases to escalate annual energy costs to their equivalent year 1 Values for use in L.C.C.  The short term rates apply to the discounted payback period method of analysis and the long term rates apply to the total life-cycle method.
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(3)
Escalating Series Present Value Factor(SPV) Tables corresponding to the above specific energy inflation rate forecasts are provided in the attached SPV97 EXCEL worksheet.

(4)
The nominal discount rate is a composite of the general inflation and the real discount rates; 

d =i + j + (i x j).

(5)
A sensitivity analysis of the above economic parameters and energy inflation rates must be performed as a part of the evaluation procedures to test the reliability of the results obtained.
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PAYBACK2

		DEP WORKSHEET (revised 12/97)								State of Wisconsin, Division of Facilities Development

		PROJECT:				Example Problem						By:		g. price

						Large Office Building						DATE:		Dec-97

												ALT NO:

		ECON FAC(%)						TIME FAC(YRs)				SCOPE:		HVAC system

		GEN INFLA:				4.00		BASE PT:		0.00				modification

		DISC RATE:				4.00		BOND PD:		20.00

		BOND RATE:				6.00

						REMAIN SYSTEM LIFE:				20.00		ENERGY SOURCE:				Gas

						IMPRV SERVICE LIFE:				15.00		ENERGY COST:				$8/mmbtu

		INITIAL COSTS:										BPV FAC		COST		PV

		1.		GENERAL CONSTRUCTION								0.8459		0		0

		2.		MECHANICAL SYSTEMS								0.8459		50,000		42,295

		3.		ELECTRICAL SYSTEMS								0.8459		0		0

		4.		MONITORING SYSTEMS								0.8459		0		0

		5.		FEES AND CONTINGENCY								0.8459		7,500		6,344

						TOTAL PV OF PROJECT COST (+) =								57,500		48,639

		NON ANNUAL RECURRING COSTS:								YEAR(n)		PV FAC		COST(+/-		)      PV

		1.		REPAIR/REPLACEMENT						10.0		0.0000		2,000		0

		2.								15.0		0.0000		2,000		0

		3.								0		1.0000		0		0

						TOTAL PV OF NON ANNUAL COSTS (+/-) =								4,000		0

		ANNUAL RECURRING COSTS:								ESCAL(%)		SPV FAC		COST/YR1(		+/-)   PV

		1		MAINTENANCE/OPERATING						6.0		8.0738		800		6,459

		2.								0.0		6.4382		0		0

						TOTAL PV OF ANNUAL RECURRING COSTS(+/-) =								800		6,459

		ANNUAL ENERGY SAVINGS:								(Short Term)

								MMBTU/YR		Escal(%)		SPV FAC		COST/YR1(		+/-)   PV

		1.		NATURAL GAS				802.00		5.0		7.7687		(7,200)		(55,934)

		2.		LIGHT OIL				0.00		9.1		9.1149		0		0

		3.		COAL				0.00		4.2		7.5345		0		0

		4.		ELECTRICITY				0.00		4.2		7.5345		0		0

		5.		STEAM				0.00		0		6.4382		0		0

		6		CHILLED WATER				0.00		0		6.4382		0		0

		7.		OTHER				0.00		0		6.4382		0		0

		TOTAL MBTU/YR =						802.00

						TOTAL PV OF ENERGY SAVINGS (-) =								(7,200)		(55,934)

		TOTAL LIFE CYCLE COST = SUM OF TOTAL PV'S = (+/- 0) =														(836)

		DISCOUNTED PAYBACK PD (D) @ TLCC = 0 = YEARS ----->>>>>>>>														9.50

																				{let H47,0}~

		BTU/COST RATIO = (BTU/YR X SERVICE LIFE)/PROJECT COST) =														$   209,217				{LET H47,+H47+.5}~

																				{if H47>30}{branch J52}

		NOTES:				The max allowable payback pd is the lessor of the 15 yesr														{if H45>G20/1000}{branch J49}

						standard, the improvement service life, or the remaining														{quit}

						system life.

						Use Cntrl c to recompute discounted payback period.

		INSTRUCTIONS:

				File name is Payback2.xls.

				Worksheet is formatted for Microsoft Excel.

				Enter labels and values in appropriate colored spaces.

				Update economic factors and energy escalation rates as appropriate.

				Enter escalation rates as a % (example, 6.5%).

				Enter cost/savings as whole dollars values.

				Enter annual recurring cost/savings and the energy savings as the annual cost escalated

						to 1 yr. beyond the base point/bid date.

				If cash funding is used, make BPV factor equal one (1) by inputting the bond rate equal to

						the BPV factor times ten(10) (example, if BPV is .92, then bond rate = 9.2).

				Bond period for state projects is generally 20 years.

				Following data entry, move to H46 and execute auto calc by pressing CNTRL C.  This will

						not function if payback is over 30 yr.

				If non-annual recurring cost occur at a point beyond the payback period, they are not

						included in the calculation.
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LCC

		T L C C  WORKSHEET (revised 12/97)								State of Wiscosin, Division of Facilities Development

		PROJECT:				Example Problem						BY:		g price

												DATE:		Dec-97

				ECON FAC (%)						TIME FAC(YRs)						ALT NO:

				GEN INFLA:		4.00				BASE PT:		0.00				SCOPE:

				DISC RATE:		4.00				STUDY PD:		25.00				Small Single Story

				BOND RATE:		6.00				BOND PD:		20.00				Office Bldg

		INITIAL COSTS:								YEAR(n)		BPV FAC		PV FAC		COST		PV

		1		Building Construction						0.0		0.8459		1.0000		800,000		676,715

		2		Site development						0.0		0.8459		1.0000		50,000		42,295

		3		Utilities						0.0		0.8459		1.0000		0		0

		4		Fees and Contingency						0.0		0.8459		1.0000		150,000		126,884

		5		Equipment						0.0		0.8459		1.0000		0		0

		6		Other - Land						0.0		0.8459		1.0000		117,000		98,970

						TOTAL PV OF INITIAL COST (+)   =										1,117,000		944,864

		REPLACEMENTS COSTS:								YEAR(n)		BPV FAC		PV FAC		COST		PV

		1		Roofing and Other						15.0		0.8459		0.5553		100,000		46,970

		2								0.0		0.8459		1.0000		0		0

		3								0.0		0.8459		1.0000		0		0

						TOTAL PV OF REPLACEMENT COST (+)  =										100,000		46,970

		ANNUAL COSTS:								ESCAL(%)		SPV FAC		PV FAC		COST/YR1		PV

		1		Maintenance						5.0		16.5664		1.0000		63,000		1,043,681

		2.								0.0		10.5305		1.0000		0		0

		3.								0.0		10.5305		1.0000		0		0

						TOTAL PV OF ANNUAL RECURRING COSTS  (+/-)  =										63,000		1,043,681

		NON-ANNUAL COSTS:										YEAR(n)		PV FAC		COST		PV

		1		Paint and carpet								10.0		0.6756		60,000		40,534

		2		Repair cooling tower								15.0		0.5553		20,000		11,105

		3		Paint and carpet								20.0		0.4564		60,000		27,383

		4										0.0		1.0000		0		0

						TOTAL PV OF NON-ANNUAL COSTS (+/-)  =										140,000		79,022

		ANNUAL ENERGY COSTS:								ESCAL(%)		SPV FAC		PV FAC		COST/YR1		PV

		1		NATURAL  GAS						5.8		17.9632		1.0000		4,230		75,984

		2		LIGHT OIL						7.0		20.3700		1.0000		0		0

		3		COAL						4.4		15.6143		1.0000		0		0

		4		ELECTRICITY						4.4		15.6143		1.0000		12,200		190,495

		5		STEAM						0.0		10.5305		1.0000		0		0

		6		CHILLED WATER						0.0		10.5305		1.0000		0		0

		7		OTHER						0.0		10.5305		1.0000		0		0

						TOTAL PV OF ENERGY COSTS (+/-)  =										16,430		266,479

		RESIDUAL VALUE:						YEAR		USEFUL

								INSTALLED		LIFE		RPV FAC		PV FAC		COST		PV

		1.		Initial Building				0		40		0.2107		1.0000		-1,000,000		-210,718

		2.		Land				25		25		1.0000		0.3751		-117,000		-43,889

		3.		Roof Rpl				15		15		0.2705		0.5553		-100,000		-15,020

						TOTAL PV OF RESIDUAL VALUE (-)  =										-1,217,000		-269,626

		TOTAL  LIFE CYCLE COST  =  SUM OF PV'S  =																2,111,390

		TOTAL ANNUAL WORTH = T.L.C.C. X (A/P i, n) =																135,154

		NOTES:

		INSTRUCTIONS:

				File name is LCC.xls.

				Worksheet is formatted for Microsoft Excel.

				Enter labels and values in appropriate colored spaces.

				Update economic factors and energy escalation rates to latest DFD release.

				Enter escalation rates as a % (example, 6.5%).

				Enter cost/savings as whole dollars values.

				Enter annual recurring cost/savings and the energy savings as the cost escalated to end of year 1.

				If cash funding is used, BPV factor equal one (1) by inputting the bond rate equal to the BPV factor times ten(10).

						(example, if BPV is .92, then bond rate = 9.2).
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SPV95

		ESCALATING SERIES PRESENT VALUE FACTOR (SPV) TABLE

				General Inflation Rate =				3.00%

				Real Discount Rate =				4.00%				Enter appropriate I, j, and k rates

												and SPV factors will recalculate.

		Year				Specific Inflation Rate (k)

		(n)		1.80%		1.90%		2.30%		2.80%		2.90%		3.20%		4.20%

		1.0		0.93		0.93		0.93		0.93		0.93		0.93		0.93

		2.0		1.82		1.82		1.83		1.83		1.83		1.83		1.84

		3.0		2.66		2.67		2.68		2.69		2.69		2.70		2.72

		4.0		3.47		3.47		3.49		3.51		3.52		3.53		3.58

		5.0		4.23		4.23		4.27		4.31		4.31		4.34		4.42

		6.0		4.95		4.96		5.01		5.07		5.08		5.11		5.23

		7.0		5.64		5.65		5.72		5.80		5.81		5.86		6.02

		8.0		6.29		6.31		6.39		6.49		6.52		6.58		6.79

		9.0		6.91		6.94		7.04		7.17		7.19		7.27		7.54

		10.0		7.50		7.53		7.65		7.81		7.84		7.94		8.27

		11.0		8.06		8.10		8.24		8.43		8.47		8.58		8.98

		12.0		8.60		8.64		8.81		9.02		9.07		9.20		9.67

		13.0		9.10		9.15		9.34		9.59		9.64		9.80		10.34

		14.0		9.58		9.64		9.86		10.14		10.20		10.37		10.99

		15.0		10.04		10.10		10.35		10.66		10.73		10.93		11.62

		16.0		10.48		10.54		10.81		11.17		11.24		11.46		12.24

		17.0		10.89		10.96		11.26		11.65		11.73		11.97		12.84

		18.0		11.28		11.36		11.69		12.11		12.20		12.47		13.42

		19.0		11.66		11.74		12.10		12.56		12.65		12.95		13.99

		20.0		12.01		12.10		12.49		12.99		13.09		13.41		14.54

		21.0		12.35		12.45		12.86		13.40		13.51		13.85		15.08

		22.0		12.67		12.77		13.21		13.79		13.91		14.28		15.60

		23.0		12.97		13.09		13.55		14.17		14.29		14.69		16.11

		24.0		13.26		13.38		13.88		14.53		14.67		15.08		16.60

		25.0		13.54		13.66		14.18		14.88		15.02		15.47		17.09

		26.0		13.80		13.93		14.48		15.21		15.36		15.83		17.55

		27.0		14.05		14.19		14.76		15.53		15.69		16.19		18.01

		28.0		14.28		14.43		15.03		15.84		16.01		16.53		18.45

		29.0		14.51		14.66		15.29		16.13		16.31		16.86		18.88

		30.0		14.72		14.88		15.53		16.42		16.60		17.17		19.30

		31.0		14.92		15.09		15.77		16.69		16.88		17.48		19.71

		32.0		15.11		15.28		15.99		16.95		17.15		17.77		20.10

		33.0		15.30		15.47		16.21		17.20		17.41		18.06		20.49

		34.0		15.47		15.65		16.41		17.44		17.65		18.33		20.86

		35.0		15.64		15.82		16.61		17.67		17.89		18.59		21.23

		36.0		15.79		15.99		16.79		17.89		18.12		18.84		21.58

		37.0		15.94		16.14		16.97		18.10		18.34		19.09		21.93

		38.0		16.08		16.29		17.14		18.30		18.55		19.32		22.27

		39.0		16.22		16.43		17.30		18.50		18.75		19.55		22.59

		40.0		16.35		16.56		17.46		18.69		18.95		19.77		22.91

		41.0		16.47		16.69		17.61		18.87		19.14		19.98		23.22

		42.0		16.58		16.81		17.75		19.04		19.32		20.18		23.52

		43.0		16.69		16.92		17.88		19.21		19.49		20.38		23.81

		44.0		16.80		17.03		18.01		19.36		19.65		20.56		24.10

		45.0		16.90		17.13		18.13		19.52		19.81		20.74		24.37
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SPV95

		ESCALATING SERIES PRESENT VALUE FACTOR (SPV) TABLE

				General Inflation Rate =				3.00%

				Real Discount Rate =				4.00%				Enter appropriate I, j, and k rates

												and SPV factors will recalculate.

		Year				Specific Inflation Rate (k)

		(n)		1.80%		1.90%		2.30%		2.80%		2.90%		3.20%		4.20%

		1.0		0.93		0.93		0.93		0.93		0.93		0.93		0.93

		2.0		1.82		1.82		1.83		1.83		1.83		1.83		1.84

		3.0		2.66		2.67		2.68		2.69		2.69		2.70		2.72

		4.0		3.47		3.47		3.49		3.51		3.52		3.53		3.58

		5.0		4.23		4.23		4.27		4.31		4.31		4.34		4.42

		6.0		4.95		4.96		5.01		5.07		5.08		5.11		5.23

		7.0		5.64		5.65		5.72		5.80		5.81		5.86		6.02

		8.0		6.29		6.31		6.39		6.49		6.52		6.58		6.79

		9.0		6.91		6.94		7.04		7.17		7.19		7.27		7.54

		10.0		7.50		7.53		7.65		7.81		7.84		7.94		8.27

		11.0		8.06		8.10		8.24		8.43		8.47		8.58		8.98

		12.0		8.60		8.64		8.81		9.02		9.07		9.20		9.67

		13.0		9.10		9.15		9.34		9.59		9.64		9.80		10.34

		14.0		9.58		9.64		9.86		10.14		10.20		10.37		10.99

		15.0		10.04		10.10		10.35		10.66		10.73		10.93		11.62

		16.0		10.48		10.54		10.81		11.17		11.24		11.46		12.24

		17.0		10.89		10.96		11.26		11.65		11.73		11.97		12.84

		18.0		11.28		11.36		11.69		12.11		12.20		12.47		13.42

		19.0		11.66		11.74		12.10		12.56		12.65		12.95		13.99

		20.0		12.01		12.10		12.49		12.99		13.09		13.41		14.54

		21.0		12.35		12.45		12.86		13.40		13.51		13.85		15.08

		22.0		12.67		12.77		13.21		13.79		13.91		14.28		15.60

		23.0		12.97		13.09		13.55		14.17		14.29		14.69		16.11

		24.0		13.26		13.38		13.88		14.53		14.67		15.08		16.60

		25.0		13.54		13.66		14.18		14.88		15.02		15.47		17.09

		26.0		13.80		13.93		14.48		15.21		15.36		15.83		17.55

		27.0		14.05		14.19		14.76		15.53		15.69		16.19		18.01

		28.0		14.28		14.43		15.03		15.84		16.01		16.53		18.45

		29.0		14.51		14.66		15.29		16.13		16.31		16.86		18.88

		30.0		14.72		14.88		15.53		16.42		16.60		17.17		19.30

		31.0		14.92		15.09		15.77		16.69		16.88		17.48		19.71

		32.0		15.11		15.28		15.99		16.95		17.15		17.77		20.10

		33.0		15.30		15.47		16.21		17.20		17.41		18.06		20.49

		34.0		15.47		15.65		16.41		17.44		17.65		18.33		20.86

		35.0		15.64		15.82		16.61		17.67		17.89		18.59		21.23

		36.0		15.79		15.99		16.79		17.89		18.12		18.84		21.58

		37.0		15.94		16.14		16.97		18.10		18.34		19.09		21.93

		38.0		16.08		16.29		17.14		18.30		18.55		19.32		22.27

		39.0		16.22		16.43		17.30		18.50		18.75		19.55		22.59

		40.0		16.35		16.56		17.46		18.69		18.95		19.77		22.91

		41.0		16.47		16.69		17.61		18.87		19.14		19.98		23.22

		42.0		16.58		16.81		17.75		19.04		19.32		20.18		23.52

		43.0		16.69		16.92		17.88		19.21		19.49		20.38		23.81

		44.0		16.80		17.03		18.01		19.36		19.65		20.56		24.10

		45.0		16.90		17.13		18.13		19.52		19.81		20.74		24.37
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