The principles of whole life costing

Making procurement decisions based on lowest price may not prove value for money and long-term value over the life of the asset is a much more reliable indicator.  The construction industry has largely acknowledged that Whole Life Costing (WLC) is a technique that can be used to assess the long-term value of procurement and ensure that built assets perform efficiently and effectively.  WLC is the estimation of the monetary costs for the purchase, operation, maintenance and repair (and sometimes demolition) of an asset over a chosen study period.  

This article explains the principles that should be adopted when carrying out a WLC calculation and how the practitioner can use sensitivity analysis to test financial significance of the uncertain assumptions placed in the model.

Setting the study period

The first step in any WLC calculation is to decide how long the period of analysis or study period will be. This is the period is the time an investment is analysed and which the effects of a decision are of interest to the decision maker. There is no one correct study period, but it must be sufficiently long to enable a correct assessment of long-run economic performance.  It is mandatory that the study period is used to compare alternatives is the same.

What costs do I include in a WLC calculation?

To conduct a WLC analysis you have to identify all the relevant costs.  This will include initial costs and operational costs, such as maintenance, operation and management of an asset. 

When do they occur?

You have to identify an estimated service life to replace components, or estimated frequency for the operational costs.  Suppliers may be able to give an indication of useful lives of materials and equipment. You could use your experience, third party durability certification, or published sources.

How much will they cost?

You have to estimate the cost of the activities identified in today's prices. A good source for cost estimates might be from local suppliers or you could use your experience, or published sources.

Discounted cash flow

Because various activities will take place at different times to maintain an asset, the incremental costs must be converted to present day value using a discounted cash flow technique.

It is necessary to discount costs occurring later relative to those occurring sooner because money has an opportunity cost – money received now can be invested and converted into a larger future amount.  Therefore, because various activities take place at different times, WLC requires future cash flows incurred over the lifetime of the project to be discounted and expressed in present values. The formula used to discount future cash flows to present values is:

X/ (1+r) n
When 
X= input value
r = rate of interest or discount rate
n = number of years


Discount equation (Treasury 1997)

There is often misunderstanding of the reason we must discount.  People suppose it is because of the existence of inflation, but this is not the origin of the need to discount.  The origin stems from the existence of time-preference for money - this is our psychological preference to receive goods today rather than tomorrow.  In addition, we discount to reflect that discount rate includes premium given an investment is subject to risk.  We apply a discount factor to the future cash flows so we are indifferent between spending money at different periods in time. 

So what about inflation?

One can either use real or nominal discount rates in a WLC calculation.  If one uses real discount rates each expected future cash flow is forecasted at today’s prices. The discount rate used to convert these 'constant price' cash flows to their Present Value is based upon the real rate of interest (this is the nominal rate of interest - expected rate of inflation) plus a risk premium.  Nominal discount rates, on the other hand, see future cash flow forecasted in terms of the expected quantity of goods or services multiplied by the unit price expected to prevail at the time of the expenditure (future prices). The discount rate used to convert these cash flows to their Present Value is based upon the nominal rate of interest (required real rate of interest + expected rate of inflation) plus the risk-premium.

Allowing for Uncertainty

It is fact of life that people have to make choices that are not certain.   WLC calculations depend on numerous assumptions, all of which are subject to a degree of uncertainty.  Clearly, without a crystal ball it is difficult to accurately forecast the cost and frequency of future events.  

Contingency Allowance

A common method of allowing uncertainty is to add a percentage figure to the most likely estimate of predicted cost.  The amount added is usually called a contingency.  The value of this contingency is usually expressed as a percentage mark-up on the base estimate.  There are several weaknesses of using a contingency amount.  There are several weaknesses of using a contingency amount, these include:

•
The percentage figure is, most likely, arbitrarily arrived at and not appropriate for the specific project

•
There is a tendency to double-count risk because some estimators are inclined to include contingencies in their best estimate.

•
The percentage added indicates the potential for detrimental or downside risk; it does not indicate any potential for cost reduction.

•
It does not encourage creativity in estimating practice, allowing it to become mundane, which can propagate oversights

A contingency sum added to a WLC may have these weaknesses and may result in forecasts which are too conservative or pessimistic and not serve as a useful forecast to base decisions on. 

Sensitivity analysis

Sensitivity analysis can be used to assess which of the uncertain input values have the greatest significance and potential impact on the forecast.  It is a way of estimating what will be the cost if one or more of the input parameters were to take on a different value.  It has the advantage being able to identify what are the significant cost items and allows the decision maker to acknowledge that uncertainty and price variance may exist in the model.

It is important to challenge your own assumptions you have placed on the WLC model and consider what the financial and economic consequences would be if the some of the assumptions were to take on different values. 

It is important to test the WLC forecast for both ‘optimistic’ and ‘pessimistic’ scenarios.  An accepted technique is to change the values of key variables in the analysis and measuring the impact of the change on the WLC.  You can change the cost and frequency assumptions and the discount rate.  Sensitivity analysis is a critical component of any WLC calculation.

Undertaking a ‘one at a time’ sensitivity analysis involves changing each assumption to a chosen optimistic value, record the WLC result, and then repeating the process with a chosen pessimistic value.  It is an effective way of finding out what are the most significant assumptions in your WLC model and see what the WLC forecast would be should any input assumption take on a different value.

One way to show the results is to construct a ‘Tornado’ diagram. This diagram graphically uncovers which variables have the most influence on the WLC.  It is known as a ‘Tornado’ diagram because when one ranks the results in order of importance, the shape of the graph looks like a whirl wind or ‘Tornado’.
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Comparing alternatives

WLC should be used as an evaluation exercise to compare alternatives, whether that be alternative specifications or different scenarios (for example different maintenance regimes).  Doing so means one can optimise investments to ensure that our decision represents value for money.  Next month I will discuss methods of presenting WLC analysis to compares alternative scenarios, and explain how to use supplementary economic measures to help you demonstrate the cost effectiveness of an investment.  

What is WLC 

WLC is the consideration of all costs associated with a building or structure over an agreed study period.

WLC= Ic + Oc + Dc
Where ;

Ic 
= Initial Cost

Oc 
= Operational Costs

Dc 
= Disposal Costs

Initial costs will include design, construction and installation, purchase or leasing, fees and legal charges.  
Operational costs will include all operating costs, such as rent, rates, cleaning, inspection, maintenance, repair, replacements or renewals, energy and utilities, and security and management all over the life of the built asset.  Loss of revenue can also be taken into account, for example during maintenance work.  
Disposal costs include all costs associated with waste management with regards to re-use, recycle, recovery and landfill disposal.

How to set the study period

Ensure you choose the same time period for comparing all alternatives and calculating costs

Ensure you choose an appropriate time period to accommodate investor’s / stakeholders time horizon

Realise that there is difficulty and more uncertainty forecasting further into the future

Discounting

Discounting cash flow is the technique used to adjust future cashflows to present values. 

The year on year cash flows are discounted to account for the fact that these monies will be worth less in the future than they are today

When the monies are discounted they are expressed as present values (PVs)

The higher the discount rate, the lower is the present value of future cash flows. Raising the discount rate reduces the present value.

Dealing with uncertainty
Uncertainty exists in our assumptions about the future 
Uncertainty in input values may mean that the actual outcomes are different to the value forecasted.

Such uncertainty mean we reach a decision  to reject project that was  economically viable, or to  accept an investment decision that was not.

One at a time sensitivity analysis should be undertaken to test the significance of our assumptions.

Process involves increasing and decreasing the input values by a chosen amount (perhaps a percentage) and recalculating the WLC.

The results can be presented in tables and graphs to clearly show the findings

How to undertake Tornado analysis

To undertake the analysis you must go through the model and change each input value to its optimistic value and record the WLC result, then repeat the process changing the input value to its pessimistic value.  You repeat this process each input assumption.  Note, for each substitution, all input values are kept at their base-case values except for the single input value that is set to a  low or high value.   You can produce a table in a worksheet that lists the WLC when each variable is changed.  In the worksheet, the variables are sorted by their "swing" (the difference between the output values in the low and high cases).  A Tornado diagram is simply a bar chart of this sorted data.



















