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Abstract
The internal rate of return, (IRR), is a commonly used indicator of the performance of Private Finance Initiative, (PFI), schemes in the UK. Treasury guidance recognises, however, that IRR is potentially misleading, unless the relevant payment streams are of a flat, annuity, type. This paper uses data on a number of actual PFI schemes to examine whether the payment streams involved are sufficiently flat for IRR to be a reliable indicator. There is clear evidence that the assumption of flat payment profiles in PFI schemes is violated. As a result, quoting IRR alone in the PFI context is liable to understate both the true opportunity cost of PFI finance to the public sector, and the potential scale of private sector profit. 

Our analysis also indicates that a statistic based on average outstanding debt is a reliable indicator of the extent of departures of the relevant payment profiles from annuity type.
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Section 1.
Introduction.

In the UK, the Private Finance Initiative, (PFI), is an important method of providing capital assets for the provision of public services: between 1992, when PFI was introduced in the UK, and 2009, contracts had been signed for schemes involving around £60 billion of capital assets: (Maitland-Smith, 2009). 

The advice which the UK Treasury gives to public sector bodies commissioning PFI schemes is that they should rely primarily on Net Present Values, (NPVs), in assessing project costs and benefits. The Treasury recognises, however, that measures based on the Internal Rate of Return, (IRR), play an important part in PFI. The following advice summarises the Treasury position:-

“The widespread use of IRRs in PFI projects reflects the generally even pattern of year-on-year operational cash flows in such projects. However, if a project has an uneven cash flow profile, the Authority should exercise great caution in using IRR as the basis of valuing investment in the project.” (Treasury, 2004).
The position outlined in this Treasury quotation makes sense. If there is indeed an even pattern of year on year cash flows in the particular payment stream being assessed, (that is, if it is basically an annuity type payment stream), then knowledge of the initial capital investment, and of the IRR, enables the NPV of the payment stream to be calculated at any desired discount rate. So there is essentially the same information content in knowing the IRR as in knowing the NPV profile. And even without the bother of working back from the IRR to the NPV, ranking schemes on the basis of IRRs will correspond, (under reasonable conditions), to a ranking on NPVs.

If, however, the relevant payment profiles in PFI schemes are not of an annuity type, then use of IRR as an indicator in relation to such schemes could be potentially very misleading – as the Treasury quotation recognises.

Fundamentally, therefore, there is an empirical issue here: namely, are typical applications of IRR as an indicator in relation to PFI schemes justified in the light of how the payment profiles associated with real life PFI schemes actually behave?
The purpose of this paper is to examine this question. What we will do is to take some examples of the way in which IRR has been used as an indicator in relation to PFI schemes – and then consider whether these applications are potentially misleading, in the light of empirical evidence on the characteristics of the relevant cash flows in a number of real life PFI schemes. 
To anticipate the conclusions of this paper, what we will demonstrate is that payment profiles in PFI schemes are commonly not flat, and, as a result, that use of IRR is potentially a very misleading indicator in the PFI context. The effect is that the public sector, which has relied heavily on PFI as an indicator, will commonly have underestimated both the cost of PFI schemes to the public sector, and the potential profitability of PFI schemes to the private sector investors who put up the risk or equity capital for PFI projects.

What is particularly worrying is that undue reliance on IRR as an indicator in the PFI context appears to be very much a public sector phenomenon. This was illustrated for us in a very graphic fashion when we were involved in advising the producers of a recent BBC Panorama programme on PFI. In the course of preparing this programme, the BBC were in correspondence with the Chief Executive of one of the major private sector companies involved in providing risk capital for PFI projects. This chief executive initially justified the returns being made by the private sector by quoting typical IRRs being earned on risk capital in PFI projects. It was only in response to further probing that it became clear that this private sector company knew that IRR quoted on its own could be unhelpful, and it itself did not, in fact, rely primarily on IRR as a measure of the potential profitability of its investments: instead, it used for its own purposes an indicator representing what multiple of its original equity stake the investor could get back if it sold its stake in the PFI company in the secondary market for PFI equity. This measure is akin to the index of profitability we will examine later in the paper. 

A number of recent articles in the critical accounting literature have considered issues relating to PFI. Issues dealt with include developing accountability for PFI schemes, (Shaoul et al., 2012:  Asenova and Beck, 2010; Shaoul, 2005): PFI refinancing gains, (Toms et al., 2011): the assessment of value for money in PFI, (Khadaroo, 2008): risk estimation in PFI, (Broadbent et al, 2008): and experience of PFI in Spain, (Benito et al, 2008). None of these papers involves the specific issue studied in this paper, namely, the use of IRR in the PFI context. Nevertheless, the following quotation from Shaoul’s 2005 paper is very relevant:
“In conclusion, this [i.e., Shaoul’s] study points to a new and important use of accounting: to evaluate public policy decisions in terms of the distribution of resources to different social groups as well as the narrow ostensible objectives set by government. In other words, accounting can be used to provide accountability not just to the providers of finance,….   but to the stakeholders who provide the funding and for whose benefit these facilities are supposedly procured.”
The topic of this paper is very much in line with the need identified in this quotation. What we show is that the use of IRR as an important indicator of the performance of PFI schemes is seriously flawed. The implicit assumptions which would justify its use do not hold in practice. To conform with the spirit of the Shaoul quotation, the use of IRR on its own as an indicator of PFI performance should be abandoned. This article also shows how IRR can be supplemented, by the provision of additional information, to make it a much more informative measure.
The structure of this paper is as follows. Section 2 is a brief general introduction to PFI. Section 3 introduces necessary notation. Section 4 introduces three examples showing how IRR has been used by public bodies and their advisors as an indicator in the context of PFI. Section 5 deals with theoretical background which we will apply in analysing the empirical data. Section 6 introduces the empirical data used in the study, and applies the analytical techniques developed in the preceding section to the relevant payment streams. Section 7 discusses the resulting implications for typical uses of IRR in relation to PFI by the public sector. Section 8 draws conclusions.

Section 2: Introduction to PFI
This introductory section gives background information on the Private Finance Initiative (PFI). PFI involves private sector suppliers designing, building, maintaining, and operating major items of public sector infrastructure such as schools, hospitals, prisons, and roads. Instead of the public sector borrowing money to pay for the initial capital expenditure, the private sector provides the finance for the project. The public sector pays an annual charge, known as the unitary charge, for the use of the facility over the specified contract period – typically twenty five to thirty years in the first instance. All of the individual costs like loan charges, maintenance, lifecycle costs (that is, ongoing capital expenditure during the contract period), service provision, tax, and profit are bundled up into the single unitary charge. 

PFI was introduced in the UK in 1992 by the then Conservative administration. It was then enthusiastically taken on by the Blair/Brown Labour administrations from 1997 to 2010: and is still being used by the present Conservative / Lib Dem coalition government as a major means of providing the public sector with the use of capital assets.

The private sector provider in a PFI deal will usually be a consortium set up specifically for that deal – known as a Special Purpose Vehicle, (SPV). The consortium will typically bring together companies with a mix of expertise: perhaps a major construction company, together with a company specialising in service provision, and very often a company specialising in PFI finance. 

The SPV raises finance to cover the construction cost of the capital asset. About 90% of this finance usually comes in the form of senior debt, very often in the form of a bank loan or a bond. The remaining 10% of finance is usually put in by the members of the SPV consortium. This finance will come in the form of subordinate debt, plus an element of pure equity. This 10% of finance put in by the SPV owners is effectively the risk capital for the project. The aggregate of subordinate debt plus pure equity finance is commonly known as “broad sense equity”. 

The public sector client in a PFI project does not start making unitary charge payments until the relevant facility is open for business – which means that, for a large project like a hospital, where the construction period may be up to five years, the SPV will receive no payment from the client during this time. During this period, the interest on the debt which the SPV has taken out to finance construction will roll up: so the capital debt by the end of the construction period may be significantly larger than the actual construction cost of the facility.

We refer to the aggregate of expenditure on the ongoing activities relating to the operation and upkeep of the facility, that is service provision, maintenance and lifecycle costs, as the “service element” of the unitary charge. The remaining element of the unitary charge covers loan charges and pre-tax profits: we call this the non-service element of the unitary charge. This is essentially what the public sector is paying for the provision of the original capital asset. 

In practical terms, the financial projections produced for a PFI project at the time of the signing of the original contract identify each of the individual types of expenditure undertaken by the PFI consortium. Access to these projections therefore enables the unitary charge to be split into its service and non-service elements. (Note that projected gross profits are, on our definition, included in the non-service element. Service costs in the financial projections are also likely to include an element of profit for the service providers, not separately identified in the projections.)
In considering PFI projects in this paper, we will be looking at specific financial flows from two different perspectives. One important perspective is that of the public sector client. This perspective is akin to that of a borrower: how much is the public sector paying by means of the non-service element of the unitary charge to fund the provision of the original capital asset?

The other important perspective we will consider is that of an investor, making an initial investment of capital, followed by a series of annual returns. The financial flows we will consider are those associated with senior debt, and the provision of broad sense equity finance. In the case of senior debt, the returns are repayments of capital and interest: in the case of broad sense equity, the returns are the repayments of capital and payments of interest on subordinate debt, and the payments of dividends on pure equity.

Section 3: Definition of NPV and IRR

In this section, we introduce some necessary notation, and also give the standard definitions of net present value (NPV) and internal rate of return (IRR).

The purpose of the NPV is to represent the value, or worth, of a stream of payments in a single number, recognising the fact that the same nominal payment, made at different times, will have different worths. How the “worth” of a given nominal payment will change over time depends, of course, on the standpoint of the particular agent by whom, or for whom, the calculation is being performed. The way in which the agent’s estimation of worth changes through time is reflected by what is known as the discount rate: for an agent for whom the appropriate discount rate is r, a nominal payment of x this year is equivalent to (1+ r)x one year later, and so on. 
The NPV of a stream of payments is defined to be the sum of the discounted values of the individual terms in the stream, where each term is discounted to a common reference date.  A more formal mathematical definition is given in Appendix 1.

An important point to note is that there is no such thing as a unique discount rate which will always be appropriate for the calculation of the NPV: different discount rates will be appropriate for different agents, and/or, different purposes. In particular applications, the appropriate discount rate to use will often be a specified interest rate or rate of return: for example, the interest rate at which the agent can borrow in the market, or the best alternative potential rate of return open to an investor.

Suppose now that we are dealing with a payment scheme relating to a typical financial transaction. This might, for example, describe an investment made by a company: (e.g., the input of broad sense equity into a PFI project by the owners of the SPV). We use the notation that negative terms represent the input of investment capital: and positive terms represent returns on that investment. The IRR of such a payment stream is defined to be any discount rate for which the NPV of the payment stream is zero. The formal definition is given in Appendix 1.

As noted in section 2, the other kind of payment stream we are interested in represents the perspective of the public sector client in a PFI deal. In this case, we are interested in what the public sector is paying, (by means of the non-service element of its unitary charge), for the construction of the initial capital asset. The notation we use to describe this type of transaction is that the construction costs of the original asset are denoted as negative terms, and the non-service element of the unitary charge paid through the operational phase of the contract are denoted as positive terms. Again, the relevant IRR is defined as any discount rate for which the NPV of the payment stream is zero.

Because of the way we have chosen our notation, the payment streams associated with both of these perspectives, (that is, the investor perspective, and the public sector client perspective), are similar. In both cases, the relevant payment stream starts with negative terms, (the input of investment capital or the construction of the capital asset), which are then followed by positive terms, (the returns on capital invested, or non-service element payments). This means that the techniques we will use, and the relevant mathematics, are identical between the two perspectives.

For a general payment stream, the IRR may not exist, or, if it exists, may not be unique. But for the important special case where all the negative terms in the payment stream precede the positive terms, a unique IRR always exists. This special case covers all the payment streams we will encounter in this study.

Section 4: How IRR has been used by public bodies and their advisors as an indicator in the context of PFI.
Despite the notes of caution sounded in the Treasury guidance on the use of IRR, the IRR has in fact been commonly used, by the public sector and others, as an important indicator in relation to PFI schemes. As the National Audit Office, (NAO), said, in one of their reports, “The IRR to shareholders is the standard measure which the public sector has used to compare the returns expected by shareholders of consortia bidding for PFI contracts.”(NAO, 2005, p.2). This is confirmed by the fact that, in over eighty PFI Final Business Cases that we have examined, the IRR is used as the measure of projected profitability for shareholders. It is therefore a matter of considerable public interest to know whether this use of the IRR has potentially been giving misleading signals about the profits earned by investors in PFI projects.
In this section, we give three specific examples of how the IRR has been used by public sector bodies, (or in reports commissioned by the public sector). We think it is important to consider some typical examples of the use of IRR in relation to PFI. Without this kind of detail, we would not be able to judge, when we consider the characteristics of specific PFI projects later in this paper, whether IRR is likely to have been a misleading indicator in the context of these typical applications.
Example 1: PricewaterhouseCoopers’ study on rates of return bid on PFI projects
This first example is a study commissioned by the Office of Government Commerce in 2001: (PricewaterhouseCoopers, 2002). The motivation for the study was concern that the private sector might have been earning excessive returns for the risk transferred to it under PFI.
The study involved analysing the financial projections of 64 PFI projects. The key measure used in the study was the nominal post-tax internal rate of return for the project, (denoted as the project IRR). This involves, essentially, looking at the project from the public sector viewpoint, and considering the rate of interest the public sector is paying, (excluding tax payments), for the provision of the capital assets of the project.
Having found some evidence of excessive returns on PFI projects, ( with, on average, project IRRs being around 2.4% higher than the benchmark return), the study then went on to look at another IRR based indicator – namely, the IRR earned on the equity component of funding. The study found, for example, that the projected return on the equity component was an average 14.5%, compared with the benchmark level of around 9%.
Despite using these IRR based measures as the primary indicators in the study, no attempt appears to have been made to check whether the Treasury’s assumption of flat payment profiles actually held for the schemes in question. It will be recalled, from the introduction to this paper, that the Treasury used this assumption to justify the widespread reliance on IRR based indicators in relation to PFI.
Example 2: Partnerships UK Views
The following are quotations from an unpublished note produced by Partnerships UK, (PUK), in 2007: PUK was the state sponsored body responsible for facilitating the development of PFI in the UK. PUK produced this note in response to a query raised by one of the present authors, questioning the heavy reliance on IRR based measures in relation to PFI.
1.
“The key measure of private finance cost is the widely recognised ‘weighted average cost of capital’ (or WACC) – in effect, the combined cost of all the debt and equity invested …”. “The WACC of PFI projects has been steadily declining since the mid-1990s and in recent years has been no more than 2-3% above the gilt rate…”

Effectively, here PUK are stating that the project WACC, (which, in the present context, can be taken as a proxy for the project IRR – see Treasury (2004), para 3.2), is an appropriate measure of the overall cost of the capital element of a PFI project.

 2.
“The strong level of competition for the provision of debt finance for PFI is well illustrated by the interest rates charged by the market, which in recent years have been no more than ~1% higher than the Government’s own Public Works Loan Board interest rates….”

This quotation implies that PUK regard IRR on senior debt as a relevant measure of the cost of senior debt. PUK are thus using IRRs as key indicators of PFI performance. 

3.
“PFI contractors’ use of levelised (i.e., annuity) debt service profiles (or similar) substantially eliminates the potential for a growing profile of net cash flow…”.

This last quotation is significant because it comes close to a justification of the use of IRR on the grounds that cash flows in PFI are typically even – which, it will be recalled, is the condition specified by the Treasury for use of IRRs. We will show later that this is a condition which often is not met.
Example 3: National Audit Office evidence to House of Lords Select Committee on Economic Affairs
The memorandum which the NAO submitted to the House of Lords Select Committee, (NAO, 2010), is an over-view of the work it had carried out on PFI over 12 years, including more than 72 value for money reports produced on PFI schemes. Included in this was a summary of the NAO’s views on the costs of PFI schemes. The main quantitative evidence on the costs of PFI given in the NAO memorandum was expressed in terms of IRRs for senior debt, and for risk capital, (that is, equity plus subordinate debt). Using these measures, the NAO found that PFI brought additional costs over and above conventional funding. These additional costs included:-

“The cost of the risk capital (equity and subordinate debt), historically a return of about 10-15% at the start of a project.”
The sample of PFI projects we will analyse later in this paper will demonstrate how this type of statement does not encapsulate the full potential for profit which may be available to those who have supplied the risk capital to the PFI project. 
In paragraph 5.36 of their memorandum, the NAO discusses the issue of capital gains which may arise if shares in PFI projects are traded: that is, if the original equity investors in a PFI project sell their equity stakes in the SPV. There is now an active secondary market for the sale of such PFI equity stakes.  (For example, in 2008, Kier, a major construction company, and one of the partners in the SPV responsible for the Hairmyres Hospital PFI project, sold their stake in the project for £13.8 million. Their original input of risk capital to the project had been £4.2 million.) The NAO note that there is no requirement for any gains to the original investors arising from such a sale to be shared with the public authorities who have let the PFI contracts: the NAO conclude therefore, that it is important that the pricing of the use of equity in the original contract can be demonstrated to be value for money. We will demonstrate later in this paper how badly this particular requirement is satisfied if attention is focused only on the IRR on equity.
Section 5: The relationship between IRR and NPV

In this section we consider the relationship between IRR and NPV: in doing so, we will develop the analytical technique which we will apply to the empirical data to be analysed in the next section, in order to show the specific failings of IRR in the PFI context, and to develop more informative indicators than IRR alone.
First of all, why would it be important to know the NPV of the payment stream at certain discount rates other than the IRR? Suppose that the payment stream in question represents the project cash flow of a given PFI scheme: so that the IRR of the cash flow represents, effectively, the interest rate the public sector is paying for the provision of the capital assets of the project. Suppose also that we are looking at the cost of the project from the point of view of the public sector. Then while the effective interest rate being paid is indeed an important measure of cost, an even more important cost measure from the public sector viewpoint is the opportunity cost of the stream of committed payments: that is, how much could have been borrowed from the National Loan Fund (NLF) for the same cost as implied by the stream of project cash flow payments. This opportunity cost is appropriately measured by working out the NPV of the project cash flow, discounted at an interest rate equal to the NLF interest rate. To give a simplified example: suppose that a local authority is involved in a schools PFI project for which the capital value is £100 million, and that it has contracted to pay an annual non-service element in its unitary charge of £10.59 million per annum for 30 years. This implies that the effective interest rate being paid by the authority is 10%. If, however, the authority had been able to borrow, (say from the NLF), at an interest rate of 5%, then for the same annual payment of £10.59 million it could actually have borrowed £163 million.
Suppose on the other hand, looking at things from the point of view of an equity investor in a PFI project, that we are concerned with a stream of payments which represents the input of risk capital into the project, and the returns being earned on that risk capital. As we noted in section 4, one of the requirements the NAO identified is the need to know the scale of possible returns on equity, if the equity shares in a PFI deal were sold. Given that the price which a projected stream of payments will command on sale is the NPV of that payment stream discounted at the target rate of return of the buyer of that stream of payments, one way of meeting the NAO’s identified requirement is to calculate the NPV of the equity returns on a PFI project, discounted at the interest rate which a potential buyer might be seeking.
So knowledge of the NPV of a given payment stream, at discount rates other than the IRR, is indeed potentially very important. This brings us to the fundamental question – how much does knowledge of the IRR of a payment stream, (together with knowledge of the original capital input, and the period of the loan), tell us about what the NPV of the payment stream would be, calculated at discount rates other than the IRR?
The example illustrated in Figure 1 is relevant to this question. 
Figure 1.
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The case involved in the figure is of a single investment of 1 unit of capital in year zero, followed by a stream of repayments over a thirty year period: (this is a common period for PFI repayments). It is assumed that the IRR of the payment stream is 12% . What the figure illustrates, for a range of possible discount rates, is:

(a)
the upper and lower bounds which the NPV could possibly take, subject to the above constraints. In the case where the discount rate is less than the IRR, the upper bound corresponds to the case where no payments are made until year 30, and then a single payment is made covering capital and rolled up interest: the lower bound corresponds to the case where virtually all the capital is repaid in year 1. In the case where the discount rate is greater than the IRR the bounds reverse.
(b)
Between these bounds, the figure shows the lines demonstrating what the NPV would be if the repayments were determined by the following specific schemes:

(i) equal repayment of capital – where the payment each year is one thirtieth of the original capital sum, plus interest earned that year on outstanding debt.

(ii) an annuity type repayment scheme – where an equal repayment, covering varying amounts of interest and capital is made each year. 

(iii) a bond type scheme – where interest is paid each year, but the outstanding debt is paid off in a single payment in year 30.

Given the breadth of the band between the upper and lower bounds in Figure 1, knowledge of the IRR without further information on the repayment scheme means that very little is known about the NPVs of the payment stream for discount rates which differ other than marginally from the IRR. However, if the repayment scheme is known, (e.g., if it is indeed of an annuity type, as implied by the Treasury assumption), then NPVs at other discount rates can, in principle, be worked out exactly.

It is therefore a key question to know whether the assumption of flat payment schemes holds in practice. This is the question we will examine in the next section, using data on how a number of PFI schemes actually behave. Thinking in terms of the Figure 1 example, we will be taking some of the main financial flows associated with the PFI schemes, and looking to see how the NPVs of the payment streams, calculated at selected discount rates different from the IRR, relate to what the NPV would have been if a flat, that is annuity style, repayment scheme had been in operation.
Appendix 1 describes in detail the approach we have adopted. In Appendix 1, we describe how, for any payment stream, and for any chosen discount rate, the ratio of the NPV of the payment terms to the NPV of the capital input can be decomposed into two components, which we call the interest component and the scheduling component.

The interest component shows how much more, (or less), it would have cost to fund the initial capital investment by borrowing on an annuity rate scheme at an interest rate equal to the IRR of the original payment stream, relative to borrowing on an annuity scheme at the chosen discount rate.

The scheduling component shows how much more, (or less), the NPV of the actual repayment scheme is, relative to the NPV of an annuity style repayment scheme with the same IRR. Schemes where repayment of capital is scheduled to take place relatively early in the period of the transaction, (that is, earlier on average than would happen with annuity style repayments), will have a scheduling component less than 1. On the other hand, schemes where repayment of capital takes place relatively late will have a scheduling component which is greater than 1 – and perhaps much greater than 1 if interest has rolled up significantly during the period of the loan. 

The example in Appendix 2 illustrates the calculations involved in deriving these components.
This decomposition into interest and scheduling components is the key tool we will use in the next section, when analysing real life PFI payment streams. If we observe scheduling components which are materially different from 1, then this will indicate violation of the Treasury assumption of flat payment streams.
Average Outstanding Debt
The final topic we shall cover in this method section is to introduce the concept of the average outstanding debt associated with a given payment stream. 

This is based on the concept of unrecovered investment, which is usually attributed to Soper (1959). The unrecovered investment relating to a payment stream in effect represents the implied debt outstanding at any particular time period, after including any outstanding interest, (calculated at the IRR of the payment stream). 

A formal definition of implied outstanding debt is given in Appendix 1. In words, the outstanding debt at the beginning of any period is equal to the outstanding debt at the start of the preceding period, increased by the IRR of the payment stream, (effectively interest accrued in that period), and less any payment made in the preceding period. Also defined in Appendix 1 is the important statistic represented by the average outstanding debt over the period of the loan.

For standard payment mechanisms, average outstanding debt bears a simple relationship to the original investment of capital: for example, 

· An equal repayment of capital scheme will have an average outstanding debt value which is about 50% of the initial capital investment. 
· An annuity type scheme will typically have an average outstanding debt value of around 60-70% of the initial capital investment, (varying depending on interest rate and loan period.)

· A bond type scheme, where interest is paid each year, but all of the capital is repaid in a single payment on maturity, will have an average outstanding debt value of approximately 100% of capital. 

· A ratio of average debt to capital much greater than 100% indicates a payment scheme which is heavily weighted towards the later period of the loan, with significant amounts of unpaid interest being “rolled up”.

Appendix 2 gives a worked example illustrating the calculation of average outstanding debt. This example illustrates how high values of outstanding debt are indeed related to payment profiles which are weighted towards the later years of the loan period: which, in turn, is related to scheduling components in the NPV decomposition formula which are greater than 1. This motivates our later use of average outstanding debt as a useful summary statistic for detecting schemes which are likely to have scheduling components which depart materially from 1.
Section 6: Data and Results
In this section we use actual data to illustrate how emphasis on the IRR alone can be significantly misleading. The data we use consists of the financial projections for eight PFI schemes. Note that while we have been limited to a small sample due to restrictions on the availability of data, nevertheless a small sample is perfectly adequate from the point of view of the primary purpose of this paper, which is to show the inadequacy of using IRR on its own. The projections, which are produced by the operating consortium for the project when the contract is signed, are not normally available to researchers, given commerciality in confidence restrictions. The projections used here have mostly been obtained under the Freedom of Information (Scotland) Act 2002. 
The projections relate to three hospitals, (for which the capital invested ranged between £73 million and £189 million), one maternity unit, (with capital invested £16 million), two schools schemes, (capital invested £20 million and £ 86 million), a Further Education College, (capital invested £7 million), and a municipal office/car park project, (capital invested £21 million). Seven of the schemes were located in Scotland, and one, a hospital scheme, in England. Construction of 5 of the projects started in 1998 or 1999, with one starting in 2001, one in 2005, and one in 2006. 

What the projections show for each project are annual, (or six monthly), figures for all sources of income and expenditure. On the income side, this covers the input of the various sources of finance, the annual unitary charge payments from the public body, and any other income – e.g., from land sales, capital grants, or direct sale of services. On the expenditure side, the figures cover expenditure on construction and related costs: expenditure on operations, maintenance, and life cycle costs during the life of the project: and financial flows out like payment of tax, debt service on the various funding sources, and payment of dividends. 

Using this data, we derived for each project the following three financial flows.

a.
In the first flow, the negative terms represent expenditure on the initial capital asset involved in the project: and the positive terms represent the non-service element of the unitary charge payment made by the public body. The IRR of this payment stream represents, essentially, the financing cost which the public sector is paying for the availability of the capital asset and also for any risk being transferred to the private sector: (although the extent of such risk transfer is debatable in many cases; see for example, Cuthbert and Cuthbert, (2010): Shaoul, (2003)).

b.
The second flow consists of negative terms representing the input of senior debt funding for the project, followed by positive terms combining payments of senior debt interest and capital. 


c.
The third flow consists of negative terms representing the input of risk capital or broad sense equity to the project, (that is, the aggregate of subordinate debt plus equity proper), followed by positive terms combining payments of subordinate debt charges and projected dividends.

For each of these three flows we calculated the IRR, and for selected discount rates, the ratio of the NPV of the repayment stream to the NPV of the initial capital input. (Note that, for a stream of payments representing an initial investment, followed by the returns on that investment, this ratio is essentially equivalent to the standard “index of profitability”: that is, the present value of future cash flows divided by the initial investment.)

We then decomposed this ratio into the interest rate and scheduling components defined in the previous section. The discount rates used in calculating the relevant NPVs are 

(a) 
for the non-service element, and for the senior debt stream: 5%. The reason for choosing this discount rate is that a topic of great interest is – what is the opportunity cost to the public sector, relative to the option of borrowing from the NLF? During the period in question, the relevant NLF rate was close to 5%.

(b)
for the broad sense equity payment stream: 9%. A topic of great interest is – what is the potential profit which could be realised if the equity stream was sold to a private sector investor, like a pension fund. The return such an investor will be looking for will certainly be greater than the NLF rate of 5%: In the absence of further information we have chosen 9% as an indicative rate. The results of our analysis are not, however, sensitive to the precise rate chosen.

The following three tables give the results for each of the payments streams. The tables present, for each payment stream, the IRR: average debt as a percentage of capital input: the ratio of the NPV of the payments to the NPV of capital, (at discount rates of 5% or 9% as appropriate): and the decomposition of this ratio into the interest and scheduling components.
Table 1: Results for Non-service Element Flow
	Project
	IRR

(%)
	Av. Debt as % of Capital
	Ratio NPV / Capital
	Interest Component
	Scheduling Component

	A
	11.9
	87.8
	2.04
	1.97
	1.03

	B
	10.4
	96.1
	1.97
	1.86
	1.06

	C
	12.7
	79.7
	1.97
	1.91
	1.03

	D
	9.2
	71.7
	1.49
	1.47
	1.01

	E
	11.0
	86.6
	1.82
	1.72
	1.05

	F
	9.8
	85.9
	1.68
	1.67
	1.01

	G
	9.1
	79.3
	1.60
	1.54
	1.04

	H
	7.1
	73.6
	1.28
	1.26
	1.02


Discount factor for calculating NPVs 5%.
Table 2: Results for Senior Debt

	Project
	IRR

(%)
	Av. Debt as % of Capital
	Ratio NPV / Capital
	Interest Component
	Scheduling Component

	A
	7.8
	66.5
	1.31
	1.36
	0.96

	B
	7.2
	50.3
	1.25
	1.32
	0.95

	C
	8.3
	57.7
	1.27
	1.36
	0.94

	D
	6.8
	57.2
	1.17
	1.19
	0.98

	E
	7.0
	53.1
	1.09
	1.22
	0.89

	F
	7.7
	55.5
	1.24
	1.36
	0.91

	G
	6.5
	64.3
	1.18
	1.19
	0.99

	H
	5.8
	68.9
	1.1
	1.10
	0.999


Discount factor for calculating NPVs 5%.
Table 3: Results for Broad Equity
	Project
	IRR

(%)
	Av. Debt as % of Capital
	Ratio NPV / Capital
	Interest Component
	Scheduling Component

	A
	17.7
	205.5
	2.66
	1.94
	1.37

	B
	23.2
	234.0
	3.63
	2.39
	1.52

	C
	18.1
	252.9
	2.77
	1.96
	1.41

	D
	16.9
	117.9
	1.87
	1.72
	1.09

	E
	18.6
	283.7
	2.77
	1.95
	1.42

	F
	20.8
	152.9
	2.56
	2.08
	1.23

	G
	16.3
	204.4
	2.41
	1.71
	1.41

	H
	15.0
	138.2
	1.77
	1.65
	1.07


Discount factor for calculating NPVs 9%.
Looking at the IRR column in Tables 1 to 3, there is a consistent broad pattern, along the lines which would be expected, with senior debt IRRs being relatively low, (in the range 5.8% to 8.3%): broad equity IRRs being much higher, (in the range 15.0% to 23.2%), reflecting the much higher risk exposure of equity: and the non-service element IRRs being intermediate, (between 7.1% and 12.7%).
There is also a consistent pattern to the figures for the ratio of NPV of payments to capital. For senior debt, the ratios lie in the range 1.09 to 1.31: for the non-service element the ratios tend to be higher, in the range 1.28 to 2.04, with 7 of the 8 ratios being close to or above 1.5. (Recall that the NPVs for senior debt and the non-service element are calculated using an exemplar discount rate of 5%, for the reasons set out in the preceding section.)

For broad sense equity, however, even using the higher exemplar discount rate of 9%, the ratios of NPV of payments to capital tend to be markedly higher, in the range 1.77 to 3.63, with 5 out of the 8 ratios being above 2.5.
Note that in all three tables, there is a positive correlation between IRR and the ratio of NPV to capital. This is more of an artefact of our analysis technique, rather than saying something fundamental about the data. In each table, NPVs are calculated at a fixed, constant discount rate. As figure 1 illustrates, the greater the gap between the discount rate and the IRR, the higher the value of the ratio of NPV to capital will tend to be, (particularly the interest component of that ratio). The correlation is not exact, because of variations in project length and the scheduling of capital inputs.

What we are primarily interested in, however, is how the ratio of NPV of payments to capital splits down into components representing interest and scheduling effects – recalling that scheduling effects materially different from 1 indicate a breakdown of the Treasury assumption of basically flat payment profiles.

As can be seen from the tables, the interest components tend to be large: they also behave as expected, with the size of each interest component reflecting the difference between the IRR of the payment stream, and the exemplar discount rate used for calculating the relevant NPVs. (The relationship is not exact, reflecting differences between the different projects in investment profiles, and in contract length.)

What is of most interest, however, for present purposes, is the behaviour of the scheduling components. There is a very consistent pattern to these scheduling components. For the non-service element, all of the factors are greater than 1, lying in the fairly narrow range between 1.01 to 1.06 – with 5 out of the 8 factors being above 1.03. The fact that these factors are greater than 1 shows that the profiles of non-service element payments are more weighted towards the later years of the project than an annuity style repayment scheme would imply. This is confirmed by looking at the actual profile of non-service element payments, where, for most projects, there is an underlying growth trend in the profile of these payments.
If a public sector body was trying to work back from the overall IRR, using the assumption of flat payment profiles, to calculate the opportunity cost  of the PFI approach, then they would end up with an estimate which would equal the interest component in Table 1. The scheduling component represents what is missed from the true opportunity cost if the interest alone is used as a proxy. In the cases considered here, because the profile of payments is weighted towards the end years of the project, the scheduling components are greater than 1: that is, the assumption of flat payment profiles means that the interest component understates the true opportunity cost. 

For senior debt, there is again a very consistent pattern, with all of the scheduling factors in Table 2 being less than 1, lying in the range 0.89 to 0.999, with 4 out of the 8 factors being less than 0.95. The fact that the factors are less than 1 for senior debt indicates that the profiles of senior debt payment are more weighted towards the early years of the project than would be implied by an annuity style repayment scheme. In fact, most of the senior debt repayment profiles decline from about the middle years of the project: and typically senior debt repayments terminate some years before the end of the contract.

For broad sense equity, the scheduling factors are very much more material than for either the non-service element or senior debt. All of the scheduling components for broad sense equity are greater than 1, lying in the range 1.07 to 1.52: but with 5 out of the 8 components being close to, or greater than, 1.4. These very large scheduling components for broad sense equity indicate payment profiles which are heavily sculpted towards the end of the payment period: and also suggest that large amounts of interest/ dividend are effectively being “rolled up” over the period. Direct examination of the relevant payment schemes confirms that the payment profiles for broad sense equity are indeed heavily end-weighted.
Looking now at the figures for average debt as a percentage of capital, it can be seen that the pattern of these figures is consistent with the above pattern for the scheduling components. For the non-service element, the average debt as percent of capital figures lie in the range 71.7% to 96.1%, with 6 out of the 8 percentages being close to or greater than 80%. These figures are slightly above what would be expected for an annuity style repayment scheme – and this is entirely consistent with the observed scheduling components for the non-service element.

Similarly, for senior debt, the average debt as a percentage of capital figures lie between 50.3% and 68.9%, with 5 of the 8 figures being below 60%. These are smaller than would be expected from an annuity style repayment scheme – again, consistent with the observed scheduling factors being less than 1.
Finally, for broad sense equity, the average debt as a percentage of capital figures are much higher – lying between 117.9% and 283.7%, with 5 of the 8 figures being above 200%. These high figures indicate that substantial amounts of IRR “interest” have indeed been rolled up in the profile of equity payments.  
Section 7: Implications.
In this section, we consider what the implications of this empirical evidence are for the kind of applications of IRR which we illustrated in section 4.

First, there is substantial evidence, from the observed scheduling components, that the Treasury assumption of flat payment profiles in PFI schemes is consistently violated.  There is a clear pattern from the empirical evidence that the payment profiles associated with the non-service element, (that is, essentially, project cash flows), are somewhat more end weighted than would be the case under a flat, annuity style payment scheme: that payment profiles for senior debt are, conversely, more weighted towards the earlier years than annuity repayments would be: and, most strikingly, that payment profiles associated with risk capital are heavily end-weighted. This means that, if IRR is used on its own as an indicator of the return on risk capital, there is likely to be serious underestimation of the actual level of profit available to the equity holders.
The second point to note is that these departures are material from the point of view of the kind of uses of IRR discussed in section 4. Suppose, for example, we were using the project IRR as the basis on which to form an assessment of the opportunity cost to the public sector of a particular PFI project, under the assumption that payment profiles are indeed flat. Then, as the scheduling components in Table 1 indicate, our resulting estimate of opportunity cost, (assessed as the estimated NPV of the payment profile of the non-service element of the unitary charge), would be underestimated, typically by 3% or more: this could well equate to 5% or more of the original capital value of the asset, and is clearly a material effect.
The consequences of neglecting scheduling effects are even more serious in relation to the returns on the risk capital which has been input into the project as broad sense equity, (that is, the aggregate of subordinate debt plus pure equity.). As the scheduling components in Table 3 indicate, an estimate of the NPV of the stream of returns on risk capital, (at a discount rate of 9%), calculated from the IRR alone under the assumption of flat payment profiles, would seriously underestimate the true NPV. (Since 5 out of the 8 observed scheduling factors are close to or above 1.4, the degree of underestimation would be 1/1.4 = 0.71 or more in these cases: that is, NPVs of return to risk capital would commonly be underestimated by 30% or more.) Neglecting the scheduling effect, therefore, will commonly lead to gross underestimation of the true return on risk capital.

This leads us to conclude that the use of IRRs alone as indicators of the costs and returns associated with PFI projects is very misleading. Ideally, for any specific purpose, a more detailed calculation, including the calculation of a relevant NPV at an appropriate discount rate, should be undertaken.
It is, however, fair to say that recommending that appropriate NPVs should always be calculated is something of a counsel of perfection. We recognise that it will not always be feasible to do this, since, for example, the appropriate discount rate which would suit the needs of a subsequent user will not always be apparent: as we noted in section 3, there is no such thing as a unique discount rate which will always be appropriate for the calculation of the NPV. Indeed, if an inappropriate discount rate is chosen, this might well bias a subsequent judgement based on the resulting NPV. What is needed is some readily calculable and interpretable indicator, which will alert the user as to whether payment profiles are indeed flat or not, and which will give a good indication of the nature and direction of any departures. It is clear from the evidence of the above tables that average outstanding debt, expressed as a percentage of capital invested, fully fulfils this requirement. We conclude, therefore, that whenever an IRR is quoted in conjunction with a payment stream, the indicator of average debt as a percentage of capital, (as defined in section 5 above), should always be quoted in conjunction.

Finally, there is an implication which goes beyond purely statistical issues, and relates to the process of public sector scrutiny of PFI contracts. The typical pattern we have observed is of the profile of non-service payments, (essentially, the payments made by the commissioning body for the availability of the capital asset of the project), being somewhat skewed towards the later years of the project: while the profile of senior debt payments is typically skewed towards the earlier years. The difference between these opposing profiles then leads to an increasing wedge of cash flow through time – which is largely available to be taken as return on risk capital, and which explains the very high interest and scheduling returns being earned on risk capital. In at least six of the eight cases in our sample, the returns being earned look very high in relation value of risk typically transferred to the private sector in PFI projects: this suggests that there is strong prima facie evidence of excessive returns in these cases. 

Our final conclusion, therefore, is that public sector PFI negotiators should be looking carefully, not only at project and equity IRRs, but at the average outstanding debts on which these IRRs are being earned: and using this evidence as an indicator on which to probe for potential excess costs and profits. 
The relevance of the preceding point is heightened given the current financial situation. One implication, for example, is that, with interest rates earned by investors at artificially low levels, potential investors (e.g., pension funds), interested in investing in the secondary market of PFI equity, may be looking for lower target interest rates. Because of the inverse relationship between interest rates and capital values, this could mean that the refinancing gains which could be realised by primary PFI investors intent on selling all or part of their investment stakes on the secondary market, could be correspondingly inflated. At the same time, since the public sector has been giving financial guarantees to PFI projects in the current difficult financial climate, the extent of risk transfer to the private sector, and therefore the scope for eventual refinancing gains, should actually be reduced if the public sector is scrutinising PFI projects properly. Both of these opposing effects underline the importance of the public sector using the kind of techniques advocated in this paper to get a proper grip on what is actually going on.
Section 8: Conclusions
The primary finding of the study is that there is clear evidence that key payment profiles in real life PFI schemes do depart materially from flat, annuity style profiles: in other words, the Treasury assumption of flat payment profiles in PFI schemes is violated. This violation appears to happen in a consistent way, depending on the type of payment stream being considered. Moreover, the effect of these departures is material from the point of view of the IRR applications which we are studying. The implication is that quoting IRR alone in the PFI context is potentially significantly misleading, and is liable to understate the true opportunity cost of PFI funding to the public sector, and to grossly understate the potential scale of private sector profit. 

Secondly, our analysis indicates that a statistic based on average outstanding debt is a reliable indicator of departures of the relevant payment profiles from annuity type. 

This means that IRR alone should not be used in the type of PFI application considered in this paper. If IRRs are quoted, this should always be done in conjunction with an ancillary statistic, based on averaging outstanding debt over the period of the relevant transaction. Further, public sector PFI negotiators should be using average outstanding debt, in conjunction with IRR, as an indicator of potential excess profits in PFI schemes.
Finally, our study indicates the importance of being able to examine actual data on how individual PFI schemes are projected to behave. Without access to the kind of financial projection data examined here, it would not have been possible to ascertain that the fundamental Treasury assumption of flat payment profiles did not actually hold in relation to PFI schemes: and hence it would have been impossible to ascertain just how misleading an indicator IRR is in the PFI context. The kind of financial projection data which we have analysed is, however, difficult to obtain. We conclude that there is a real need for protocols to be established to ensure that this kind of data is made available for researchers as a matter of course.
Appendix 1
 Formal definitions of NPV and IRR
Let the vector a = (
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Knowing an IRR of a is therefore equivalent to knowing that the NPV of a, calculated at the discount rate equal to the IRR, is in fact zero.

There is an important special case where the negative terms in the payment stream precede the positive terms. In this case, every payment stream does indeed have an IRR, and this is unique.

As implied by its name, the IRR can be interpreted as a rate of interest. If A lends B some initial sums of capital, and B agrees to pay interest on the loan at x%, with interest unpaid in any year being added to the outstanding debt, and itself earning interest at x%, then the IRR of the stream of payments, (covering the period until the loan is entirely paid off), will be exactly x%. Conversely, every payment stream can formally be regarded in this way: that is, as a loan scheme where interest is earned on outstanding debt at an interest rate equal to the IRR: where interest unpaid each year is added to the outstanding debt: and where, by the end of the loan period, all outstanding debt has been paid back.

Definition of Interest and Scheduling components. 

Suppose we are examining a particular payment stream, a, which has IRR 
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 : and we are interested in the NPV of a at a different discount rate r, that is, 
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where   NPV(
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A ratio which is of particular interest is the ratio of the two component terms on the right hand side of equation (3), (adjusting the sign of NPV(
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If, for example, the 
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vector represents the input of capital for initial construction, and the 
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 vector represents payments by the public sector to cover debt service and the profit of the consortium, then the ratio at (4) indicates how much more the public sector could have borrowed than the NPV of the capital input, if it were borrowing at interest rate r,. In other words, the ratio at (4) is an appropriate measure of the opportunity cost to the public sector of making the stream of repayments 
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Now suppose that, after the initial input of capital represented by 
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, an annual annuity style repayment, b, had been made, extending over the period from the year after the last capital input to the end of the contract: and also suppose that this annual payment, b, had been calculated so that the overall IRR is 
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Then the ratio at (4) can be expressed in terms of the following identity:
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The first term on the right hand side in formula (5), namely, 
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, shows how much more, (or less), it would have cost to fund the initial capital input by borrowing on an annuity rate scheme at interest rate 
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, relative to borrowing on an annuity scheme at the chosen discount rate r: we call this the interest component. 

The second term on the right hand side in formula (5), namely, 
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, shows how much more, (or less),  the NPV of the actual repayment scheme is, relative to the NPV of an annuity style repayment scheme with the same IRR: we call this the scheduling component. 

Definition of Outstanding Debt, and Average Outstanding Debt

Let a = (
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In this article, the term used for unrecovered investment is implied outstanding debt. (We use the term “implied” because, on occasion, 
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 may differ from a formal legal concept of debt outstanding at time k. This will occur particularly if the payment stream in question relates to dividend payments.)

It can readily be shown that 
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An important ancillary statistic is the average outstanding debt, 
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, which we define as 





[image: image41.wmf]å

=

=

n

1

k

k

d

 

n

1

 

 

d

 .

Appendix 2
Example of Calculation of Interest and Scheduling Components
Consider the following payment scheme. There is an initial investment of 1 unit of capital at the (end of) year 0. Interest is 10%. Suppose that no payments of interest or capital are made for the first five years of the loan – so that unpaid interest rolls up: over the next five years, (years 6 to 10), annual payments are made, equal to 20% of the capital outstanding at year 5, plus any interest accruing in the year in question. The loan is therefore entirely paid off by the end of year 10. (As noted in Section 2, in a PFI project the public sector does not start paying until it has use of the asset. Therefore, during the construction phase, interest on senior debt and risk capital will roll up: so this example, while highly idealised, nevertheless represents a typical feature of PFI projects.)
By construction, the IRR of the resulting payment stream is 10%. Suppose we want to calculate the NPV of the stream of repayments at a discount rate of 5%: and also to see how the ratio of this NPV to the initial capital investment decomposes into the above interest and scheduling components. 

In Table 4 below, the first column shows the stream of payments implied by the loan scheme in question: and the second column shows the stream of annuity payments corresponding to an initial investment of 1 unit of capital in year 0, a 10 year loan, and an IRR of 10%. It is not difficult to check that both of these payment streams do indeed have an IRR of 10%.

Table 4: Example Calculations

	Year
	Loan

Payments
	Annuity

Payments
	Discount

Factor (5%)
	Discounted

Loan

Payments
	Discounted

Annuity

Payments

	0
	-1
	-1
	1
	-1
	-1

	1
	0
	0.163
	0.95
	0
	0.155

	2
	0
	0.163
	0.91
	0
	0.148

	3
	0
	0.163
	0.86
	0
	0.141

	4
	0
	0.163
	0.82
	0
	0.134

	5
	0
	0.163
	0.78
	0
	0.128

	6
	0.483
	0.163
	0.75
	0.361
	0.121

	7
	0.451
	0.163
	0.71
	0.320
	0.116

	8
	0.419
	0.163
	0.68
	0.283
	0.110

	9
	0.387
	0.163
	0.64
	0.249
	0.105

	10
	0.354
	0.163
	0.61
	0.218
	0.100

	Total of

Repayment terms
	2.094
	1.627
	
	1.431
	1.257


The third column shows the relevant discount factor for each year at a discount rate of 5%, and the fourth and fifth columns show the payments in columns 1 and 2, now discounted at 5%. The NPV of the stream of loan scheme repayments, discounted at 5%, is 1.431. Therefore the ratio of NPV of the stream of repayments to the NPV of the initial capital input is 1.43 to 1. 

The NPV of the stream of annuity repayments is 1.257. This means, in terms of the above definitions, that the interest component equals 1.257/1 = 1.257, and the scheduling component equals 1.431/1.257 = 1.139.

So, for the loan scheme being considered in the example, the ratio of the NPV of repayments to capital, at a discount rate of 5%, namely 1.431, can be expressed as the product of an interest component of 1.257, and a scheduling component of 1.139. The fact that the scheduling component is greater than 1 is as expected – since this loan scheme was constructed to have a relatively late profile of payments relative to an annuity type scheme.

Calculation of Outstanding Debt
We continue with this example to illustrate the calculation of outstanding debt streams.

Table 5: Worked Example continued: calculation of debt.

	Year
	Loan

Payments
	Debt on

Loan
	Annuity

Payments
	Debt on

Annuity

	0
	-1
	
	-1
	

	1
	0
	1
	0.163
	1

	2
	0
	1.100
	0.163
	0.937

	3
	0
	1.210
	0.163
	0.868

	4
	0
	1.331
	0.163
	0.792

	5
	0
	1.464
	0.163
	0.709

	6
	0.483
	1.611
	0.163
	0.617

	7
	0.451
	1.288
	0.163
	0.516

	8
	0.419
	0.966
	0.163
	0.405

	9
	0.387
	0.644
	0.163
	0.282

	10
	0.354
	0.322
	0.163
	0.148

	Total of

Repayment terms
	2.094
	10.937
	1.627
	6.275

	Average Debt
	
	1.094
	
	0.627


It can readily be checked that, in line with the above definition of outstanding debt, each item in the “debt” columns in the above table is equal to 1.1 times the preceding item, less the repayment in the preceding year. 

The average debt for the annuity scheme is 0.627, which is indeed exactly within the range expected.

As regards the loan scheme, however, the table illustrates how, because of the later repayment schedule for this scheme, the outstanding debt terms initially build up: the average outstanding debt for the scheme, at 1.094, is in fact slightly greater than the initial loan.
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