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1.0 Purpose

Service Nova Scotia and Municipal Relations (SNSMR) has been charged with the responsibility of developing an Integrated Municipal Infrastructure Asset Management Framework to assist in determining priorities for capital infrastructure investments within individual municipalities and the province overall. The effective use of Life Cycle Costing Analysis (LCCA) is vital in demonstrating that a capital project request is not only the best solution for the municipalities themselves, but for the Province of Nova Scotia. This tool will be introduced as a component of a larger system for a municipal/ community infrastructure asset management framework.

LCCA is a serviceable and efficient means of controlling the initial and the future costs of various infrastructure asset projects. LCCA can be implemented at any stage of the planning process and can also be an effective tool for evaluation of existing assets and infrastructure. This LCCA Tool can be used to evaluate the cost of a full range of infrastructure asset projects including water/ wastewater systems, buildings, solid waste management and roads.

Life Cycle Cost is the total discounted dollar cost of purchasing, owning, operating, and maintaining an asset over a period of time. Keeping this definition in mind, one can breakdown the LCCA equation into the following three variables: the pertinent costs of ownership, the period of tie over which these costs are incurred, and the present value factor (PVF) that is applied to future costs to equate them with present day costs.

The guidelines incorporated into this handbook are intended to assist SNSMR with the evaluation of funding applications for municipal infrastructure projects. The process of performing the LCCA will heighten the understanding of the proposed project. The use of the LCCA Tool enables projects to be evaluated by their long-term costs rather than just their initial construction costs. This requires infrastructure owners to consider the long-term operations and maintenance costs of the proposed project at the planning stage.

2.0 Life Cycle Costing Tool

2.1 General

This LCCA tool was developed using Microsoft Excel software, and all users must have a licensed copy of this software in order to use the spreadsheets. It is essential that all individuals using the LCCA tool have a basic understanding of Excel. If not, it is important to learn how to use this software properly before attempting to use it for production purposes.

Excel has an extensive HELP file, therefore, this manual does not provide help for operating this program. However, a few basic concepts and commands are demonstrated in this document to enable one to at least begin to work with the LCCA spreadsheets.

The spreadsheets have been developed using Microsoft Excel in order to provide a uniform means of performing and checking an LCCA exercise. These spreadsheets are set-up to perform the calculations based on user-defined input data and to assist in standardizing and simplifying funding applications. However, it is important to note that these spreadsheets are not designed to do all of the work for you. It is essential to use the correct units, costs and other data associated with each alternative used, whether you are using this tool or some other means. 
There are eleven LCCA workbooks available, which are each associated with a different type of infrastructure. The list of tools include buildings, landfills, reservoirs, roads, sewer system, transfer stations, water treatment plants, wastewater treatment plants, watermain and an integrated roads, sewer and water tool.  These spreadsheets will be useful for most projects; however, there may be specific projects that cannot be accommodated by one of the above tools (such as sidewalks, recreation center, etc.).  If this is the case, a generic spreadsheet was also developed that allows the user to perform an LCCA on unique projects.

Upon opening a “blank form”, save it under your anticipated project name. The original “blank form” must be copied each time a new project analysis has begun, to avoid overwriting applications. This manual is intended to explain how the spreadsheets are to be used. The spreadsheets necessary to complete a LCCA analysis are as follows: 

· LCCA Results Summary: This worksheet provides a one-page summary of the input data and LCCA results.

· LCCA Input Data: Enter data as required. This is the only worksheet that requires data entry.

· LCCA Help: This worksheet serves as a guidance document for the input data requirements.

· LCCA Results Calculator: This worksheet performs the LCCA operations and shows the annual output of this calculator.  

· PVF and Inflation Factor Data: This worksheet computes a Present Value Factor (PVF) and Inflation factor based on historical data.

· Net present Value Profile: Use this Figure to help interpret the results of the LCCA Calculator.

· Annual Present Value Cash Flow Profile: Use this Figure to help interpret the results of the LCCA Calculator.

Please note that the user is advised to begin with the instructions page and then proceed to the input data sheet to begin building the project LCCA.

NOTE: To ensure macros are automatically updated and to avoid continuous warnings, the user can set the macro security level on their computer to “Low” under the excel options settings as follows:

1. Choose “Options” from the “Tools” menu.

2. Select the “Security” tab.

3. Click the “Macro Security…” button.

4. Select the “Low” option.

5. Click “OK” in the Security window.

6. Click “OK” in the Options window.

Since the “Low” option is not recommended for everyday use, be sure to only set the security level to “Low” when using this LCCA tool.  If the user selects the “Medium” setting, each time a file is opened a warning is displayed indicating that the file contains macros, which may contain viruses. This is a normal warning embedded in excel and the macros in the file are legit and won’t infect your system with a virus. Please select the “Enable Macros” button to continue.  If the user selects the “High” setting, the user will get a warning indicating that the macros will be disabled, therefore, the LCCA tool will not operate as programmed.

2.2 Summary Page

This worksheet highlights a one-page summary of the project input data and LCCA results. The user does not enter any data on this page.
2.3 Instructions Page

The instructions page serves as a place to get a quick overview of the components of the workbook and enter general user and project identification information. On the instructions and input data pages, the spreadsheet cells are colour coated to assist the user in determining the level of input that is required. White cells with green border require user input. Grey Cells with green border are automatically generated. All other cells and pages do not require use-defined input. 
Simply using the worksheet tabs located at the bottom of the instruction page can access the various worksheet components of this tool. If you want to return to the instructions sheet at any time, you can do so by hitting the “Back to Instruction Sheet” tab located at the bottom of each individual spreadsheet.

The top of the instructions page indicates the Version number and last updated date of the tool you are currently using. Certain components of this tool, outlined later in the manual, will be updated on a yearly basis by SNSMR. Therefore, a warning is displayed on the top of this page when the time elapsed between the current data and the date the tool was last updated is more than one year. This will ensure that you are always using the most recent and updated version of the tool.

NOTE: The instructions page also contains an area for the user to provide a brief explanation outlining the source of input data for the operations and maintenance costs provided in the input section f this LCCA tool.  Here, the user can outline the origin of the costing data provided, whether it is historical costs, industry guidelines, or a local supplier, etc.  This allows the user to justify any costs they feel may seem unreasonable to the final reviewer.
2.4 Input Data

This worksheet requires the user to input all relevant and required costing data associated with the life cycle of the proposed infrastructure project. There are several “HELP” buttons located adjacent to input items on this spreadsheet. These buttons will take you to the HELP worksheet, described below. Please note that all costs are to be entered as total present day values.

2.4.1 Project Information

This division of the spreadsheet allows you to enter general project information such as the year of construction, study period, population served, and other comparison metrics. This section also displays the present value factor and general price inflation factor used for each project.

2.4.1.1 Life Cycle Period

The Life Cycle Period is the period of time over which ownership and operations expenses are to be evaluated. Typically, the study period can range from twenty to fifty years, depending on owner’s preferences, experience, aggressiveness of operations and maintenance procedures and the intended overall life of the infrastructure components.  Benchmark numbers for each specific infrastructure are provided in the help menu under the definition for Life Cycle Period.  Maximum Life Cycle Periods for all of the assets are based on accepted industry guidelines; periods longer than these timeframes, although probable, are beyond the typical mean lifespan.  
To remove the uncertainty regarding the appropriate length of the planning/construction period and to simplify the LCCA calculation, this spreadsheet assumes that all initial costs will be incurred in the base year of the study. Thus, all initial costs will be entered into the LCCA at their full present value.
2.4.1.2 Year of Construction

Since this tool is meant to be used for the evaluation of funding applications for municipal infrastructure projects in the coming year, if the year of construction is less than the current year or greater than the current year plus 1, then this value will default to the current year plus one.  

2.4.1.3 Population

On the “LCC Input Data” page, users can input current population and projected growth or decline percentages in 5 year increments.  Results for future population are then provided in the LCC Results Calculator page as well as in a separate graph (Figure 3 - Population).  In the “Integrated Roads, Sewer and Water” LCC spreadsheet, the future population data is entered on the instructions page, and is reported in the integrated results calculator, but not in individual infrastructure calculator sheets.  One limitation of this population trending is that the population is graphed for the maximum number of years the tool is set up for regardless of the input duration of the life cycle period.
2.4.1.4 Present Value Factor (PVF)

The Present Value Factor (PVF) represents the rate of interest reflecting the investor’s

time value of money. The PVF used in this study is based on the most recent Debenture Interest Rate from the Nova Scotia Municipal Finance Corporation. This number is excerpted from the Interest & Inflation Rate Data sheet included in the LCCA workbooks. This rate will be updated by SNSMR on an annual basis and will be based on the most recent twelve (12) month average. 

To accurately combine initial expenses with future expenses, the present value of all expenses must first be determined. This present value is the time equivalent value of past, present or future cash flows as of the beginning of the base year. The present value calculation uses the discount rate and the time a cost was or will be incurred to establish the present value of the cost in the base year of the study period.

2.4.1.5 General Price Inflation Factor (PIF)

Based on the Consumer price Index (CPI) averaged over the past five years, this number is excerpted from the Interest & Inflation Rate Data sheet attached. This rate will be updated by SNSMR on an annual basis. The Consumer Price Index (CPI) is an indicator of the consumer prices encountered by Canadians. It is obtained by calculating, on a monthly basis, the cost of a fixed grouping of commodities purchased by a typical Canadian consumer during a given month. The grouping contains products from various categories, including shelter, food, entertainment, fuel and transportation. Since the contents of the grouping remain constant in terms of quantity and quality, the changes in the index reflect price changes. The CPI is a widely used indicator of inflation (or deflation) and indicates the changing purchasing power of money in Canada. This rate will be updated by SNSMR on an annual basis and will be based on the most recent five (5) year average.

2.4.2 Capital Costs

The first component in an LCCA equation is capital costs. Capital costs, or initial expenses, include all costs incurred prior to the operation of the infrastructure. Defining the exact capital input costs of each expense category can be somewhat difficult since, at the time of the LCCA study, nearly all costs are unknown. However, through the use of reasonable, consistent, and well-documented assumptions, a credible LCCA can be prepared. The user is responsible for the inclusion of the pertinent cost categories unique to the project that will produce a realistic LCCA comparison of project alternatives. 

2.4.3 Annual Operating Costs

The second step in the completion of the LCCA input data page is to define all the future operation costs of the alternative. The operation costs are annual costs, excluding maintenance and repair costs, involved in the operation of the infrastructure or facility. Most of these costs are related to energy, supplies, utilities and custodial services. All operation costs are to be entered as present day values and the numbers will automatically be inflated in the LCCA calculator. Each infrastructure sheet provides common operations costs associated with each project type. There are also “other” boxes available for user-defined categories. If a project generates unique requirements of the user, it is appropriate to include these costs. 

2.4.4 Annual Maintenance and Repairs Costs

The third step in the completion of the LCCA input data page is to define all the future maintenance and repair costs of the project. For simplicity, maintenance and repair costs have been combined in the LCCA input spreadsheet. It should be noted that there is a distinct difference between the two costs.

Maintenance costs are scheduled costs associated with the upkeep of the infrastructure or facility. An example of a maintenance cost is the cost of an annual roof inspection. This task is a scheduled event that is intended to keep the building in good condition. Repair costs are unanticipated expenditures that are required to prolong the life of the infrastructure or facility without replacing the system. An example is the repair of a broken window. This is an unscheduled event that does not entail replacement of the entire window unit, merely the replacement of the broken pane. 
Typical maintenance costs are not provided in the example spreadsheets, since there are several factors that affect the frequency of maintenance events such as project location and age of systems. When actual maintenance costs are unavailable, costs can be derived from use of available literature or cost consultants. It is recommended that a sum of money is set aside each year for unanticipated repairs and this number is user defined based on experience and consultations.

Some maintenance costs are incurred annually and others less frequently. Repair costs are, by definition, unforeseen so it is impossible to predict when they will occur. For simplicity, maintenance and repair costs should be treated as annual costs. All maintenance and repair costs are to be entered in as present day values and the numbers will automatically be inflated in the LCCA calculator.
2.4.5 Non-Annual Replacement or Upgrade Costs

The fourth step in the completion of the LCCA input data page is to define all the future replacement costs of the project. Replacement costs are anticipated expenditures to major components of the infrastructure that are required to maintain operation of the infrastructure or facility. All replacement costs are to be entered in as present day values and the numbers will automatically be inflated in the LCCA calculator. 

Replacement costs are typically generated by replacement of a system or component that has reached the end of its useful life. An example of a replacement cost is the replacement of a boiler. A boiler has a life expectancy that is shorter than that of the facility it serves. At some point it will fail and require replacement to keep the facility operational. Replacement costs can be derived from use of construction cost literature, contractor quotes, historical data, or cost consultants.

2.4.6 Cost/ Benefit Metrics
The tool provides a means of evaluating a project based on the cost of the infrastructure (both capital costs and net present value (NPV)) per a given metric such as population, tonnage, square footage, demand, etc. For each example spreadsheet, there are at least three (3) comparison metrics that are provided and automatically calculated. There are two (2) “other” spaces provide for the user to enter a comparison metric that is of individual interest or importance. Simply enter the type and relevant quantities and the LCCA results calculator will output the NPV per user-defined metric.

NOTE: Purpose of the tool is to evaluate proposed infrastructure independent of all other maintenance and operating costs of existing infrastructure.  Values entered in the tool should be directly related to the maintenance and operation of that specific piece of infrastructure over its lifespan.

If users want to analyse the effect of different values for operating and maintenance costs on the outcome of the LCCA, then two independent runs with the model can be done for the proposed infrastructure and final results compared.
2.5 HELP

This page serves as a guidance document for the input data requirements. To return to the input sheet, simply click the “BACK” button associated with the HELP item you are viewing and this will take you back to the relevant item on the input data page. 
2.6 LCCA Results Calculator

This worksheet performs the LCCA operations and shows the annual output of this calculator.  The results calculator utilizes all user defined costing inputs, as well as the present value factor and general price inflation factor to inflate the costs each year and bring them back to a net present value. The results calculator essentially calculates the net present value of the infrastructure on a yearly basis. 
2.7 Interest and Inflation Rate Data

This page contains the PVF and general PIF information, as described in 2.4.1.2 and 2.4.1.3.  These rates will be updated by SNSMR on an annual basis and will be based on the past 6-month average. 

To accurately combine initial expenses with future expenses, the present value of all expenses must first be determined. This present value is the time equivalent value of past, present or future cash flows as of the beginning of the base year. The present value calculation uses the discount rate and the time a cost was or will be incurred to establish the present value of the cost in the base year of the study period.

2.8 Figure 1 - Net Present Value Profile

The Net Present Value Profile is a bar graph representing the overall Net Present Value (NPV) at any given year of the project. It includes the initial capital costs as well as yearly expenditures up to that year. It enables the user, at a glace, to determine the NPV for any life span less than the Study Period (as entered in the Input Data Sheet).  Results for future population are also graphed, by year, in Figure 1.
2.9 Figure 2 - Annual Present Value Cash Flow Profile

The Annual Present Value Cash Flow Profile is a bar graph representing the Present Value of yearly expenditures, including annual operating, maintenance and repair costs as well as non-annual replacement or upgrade costs. This chart essentially displays the yearly present value expenditures for the proposed project.

2.10 Figure 3 – Population

Results for future population are graphed, by year, in Figure 3.  One limitation of this population trending is that the population is graphed for the maximum number of years the tool is set up for regardless of the input duration of the life cycle period.
2.11 Past Projects

As indicated above, the purpose of the tool is to assist in determining priorities for future capital infrastructure investments by considering the full life cycle cost of a project. LCCA can be implemented at any stage of the planning process and can also be an effective tool for evaluation of existing assets and infrastructure.  However, this tool is not intended to be used for the evaluation of past projects, as it is based on current and future municipal debenture rates and consumer price indexes.  If the user wishes to utilize this tool for the evaluation of current or past projects, for their own personal benefit, a modified version of the tool exists for this purpose. It is important to note that this version of the tool should never be submitted to SNSMR for funding applications. 

Copies of each LCCA infrastructure tool were created, with the title on Instructions page changed to reflect that the tool is to be used for PAST PROJECTS only. Inflation and interest data is provided back to 1987 in a look-up table.  It should be noted that when using this tool for past projects the NPV calculated is for the start year entered (i.e. if year of construction was 1992 then the NPV is calculated in 1992 dollars not present day dollars). In addition, the user has to enter in values for maintenance, operating cost, etc, in the starting year dollars and not in the actual dollars for the year, they were incurred.  The inflation and interest data cells are all unlocked, and can be manipulated by the user at any time.
