CAPITAL INVESTMENT APPRAISAL

The nature of investment decisions

The essential feature of investment decisions, irrespective of who is to make the decision, is time.  Investment involves making an outlay of something of economic value, usually cash, at one point in time which is expected to yield economic benefits to the investor at some other point in time.  Typically, the outlay precedes the benefits.  Also, the outlay is typically a single large amount and the benefits arrive in a stream of smaller amounts over a fairly protracted period.

Investment decisions tend to be of crucial importance to the investor for the following reasons:

· Large amounts of resources are often involved.  Many investments made by a business involve committing a significant proportion of its total resources.  If the wrong decision is made, the effects on the business could be significant, if not catastrophic.

· It is often difficult and/or expensive to ‘bail out’ of an investment once it has been undertaken.  It is often the case that investments made by a business are specific to its needs.  For example, a manufacturing business may have a factory built which has been designed to accommodate its particular flow of production.  This may make the factory of little value to other potential users with different needs.  If the business found, after having made the investment, that the product which is being produced in the factory is not selling as well as expected, the only course of action may be to close down production and sell the factory at a significant loss.

Methods of investment appraisal

Given the importance of investment decisions to investors, it is vital that proper screening of investment proposals takes place.  An important part of this screening process is to ensure that appropriate methods of evaluating the profitability of investment projects are employed.

Research shows that there are basically four methods used in practice by businesses in the UK (and elsewhere in the world) to evaluate investment opportunities.  They are:

                                                                                              BASIS

· Accounting rate of return (ARR)                   Profits after depreciation

· Payback period (PP)                     Cash ( ie Profit before depreciation.)

· Net Present value (NPV)               Cash (ie. Profit before depreciation.)

· Internal rate of return (IRR)           Cash ( ie Profit before depreciation.)

It is possible to find businesses which use variants of these four methods. It is also possible to find businesses, particularly smaller ones, which do not use 
any formal appraisal method at all, but rely more on the ‘gut feeling’ of its managers.  Most businesses, however, seem to use one (or more) of the four.

Accounting rate of return (ARR)

Billingsgate Battery Company has carried out some market research showing that it is possible to manufacture and sell a product which has recently been developed.

The decision to manufacture would require an investment in a machine costing €100,000, which is payable immediately.  Production and sales of the product would take place throughout the next five years, at the end of which time the machine can be sold for €20,000.

 Production and sales of the product are expected to occur as follows:

	
	Number of units

	Next year

Second year

Third year

Fourth year

Fifth year
	5,000

10,000

15,000

15,000

5,000


It is estimated that the new product can be sold for €12 a unit and that the relevant material and labour costs will total €8 a unit.

To simplify matters, we shall assume that cash from sales and payments for production costs are received and paid, respectively, at the end of each year.

Bearing in mind that each product sold will give rise to a net cash inflow of €4 (€12 - €8), the cash flows (receipts and payments) over the life of the product will be as follows:

	
	
	€000



	Immediately

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

5 years’ time
	Cost of machine

Net profit before depreciation (€4 x 5,000)

Net profit before depreciation (€4 x 10,000)

Net profit before depreciation (€4 x 15,000)

Net profit before depreciation (€4 x 15,000)

Net profit before depreciation (€4 x 5,000)

Disposal proceeds from the machine
	(100)

20

40

60

60

20

20


Note that, broadly speaking, the net profit before deducting depreciation (that is, before non-cash items) equals the net amount of cash flowing into the business.

The accounting rate of return (ARR) method takes the average accounting profit which the investment will generate and expresses it as a percentage of the average investment over the life of the project.  Thus:




Average annual profit ( after depreciation )
x  100%

  ARR  
=
Average investment to earn that profit

We can see from the equation that, to calculate ARR, we need to deduce two pieces of information:

· the annual average profit.

· the average investment for the particular project.

The average annual profit before depreciation over the five years is €40,000 [ (€20,000 + €40,000 + €60,000 + €60,000 + €20,000)/5].  Assuming ‘straight line’ depreciation (that is equal amounts), the annual depreciation charge will be €16,000 [(Cost €100,000 – Disposal value €20,000)/5].  Thus, the average annual profit after depreciation is €24,000 (€40,000 - €16,000).

The average investment over the five years can be calculated as follows:

Average investment =
Cost of machine + Disposal value







     2




=
€100,000 + €20,000






      2




=
€60,000

Thus the ARR of the investment is:


ARR

=
€24,000
x 100%





€60,000




=
40%

To decide whether the 40 per cent return is acceptable, we will have to compare this percentage return to a minimum required rate of return set by the business.

Accounting rate of return

Chaotic Industries is considering an investment in a fleet of 10 delivery vans to distribute its products to customers.  The vans will cost €15,000 each to buy, payable immediately.  The annual running costs are expected to total €20,000 for each van (including the driver’s salary).  The vans are expected to operate successfully for six years, at the end of which they will all have to be scrapped with disposal proceeds expected to be about €3,000 per van.  At present, the business uses a commercial carrier for all its deliveries.  It is expected that this carrier will charge a total of €230,000 each year for the next six years to undertake the deliveries.

What is the ARR of buying the vans?  (Note that cost savings are as relevant a benefit from an investment as are actual net cash inflows). 

Chaotic Industries:  Solution

The vans will save the business, in total, €30,000 a year [€230,000 – (€20,000 x 10) ] before depreciation.

Thus, the inflows and outflows will be:

	
	
	€000

	Immediately

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

6 years’ time

6 years’ time
	Cost of vans

Net saving before depreciation

Net saving before depreciation

Net saving before depreciation

Net saving before depreciation

Net saving before depreciation

Net saving before depreciation

Disposal proceeds from the vans
	(150)

30

30

30

30

30

30

30


The total annual depreciation expense (assuming a straight-line approach) will be €20,000 [ (€150,000 - €30,000)/6].  Thus, the average annual saving, after depreciation, is €10,000 (€30,000 - €20,000).

The average investment will be:


Average investment
=
€150,000 + €30,000






   
     2 





=
€90,000


Thus, the ARR of the investment is:




ARR
=
€10,000
x 100%






€90,000





=
11.1%

The ARR method also has drawbacks when considering competing investments of different size:

Joanne Sinclar (Wholesalers) plc is considering opening anew sales outlet in Coventry.  Two possible sites have been identified.  Site A has a capacity of 30,000 m².  It will require an average investment of €6 million and will produce an average profit of €600,000 per annum.  Site B has a capacity of 20,000 m².  It will require an average investment of €4 million and will produce an average profit of €500,000 per annum.

What is the ARR of each investment opportunity?  Which site would you select and why?

The ARR of Site A is:
  €600,000
=
10%





€6,000,000

The ARR of Site B is:





 €500,000
=
12.5%





€4,000,000

Thus, Site B has the highest ARR.  However, in terms of the absolute profit generated, Site A is the more attractive.  If the ultimate objective is to maximise the wealth of the shareholders, it would be better to choose Site A even though the percentage return is lower.  It is the absolute size of the return rather than the relative (percentage) size which is important.

How to increase ARR by throwing away money!

To illustrate the ridiculous results which ARR can produce, let us assume that you have put forward an investment proposal to your superior based on the following information:

Cost of equipment



€200,000

Estimated residual value of equipment
  €40,000

Average annual profit


  €30,000

The ARR of the project will be:






         30,000


x      100%




ARR
=
(200,000 + 40,000) / 2





=
25%

You are told by your superior, however, that the minimum ARR for investment projects of this nature is 30 per cent.  Although you are disappointed, you realise that there is still hope.  In fact, all that you have to do is to agree to give away the piece of equipment at the end of its useful life rather than to sell it.  The residual value of the equipment will then be zero and your ARR calculation will be as follows:





     30,000


x
100%



ARR
=
(200,000 + 0)/2




=
30%

You have lost the business €40,000 by agreeing to give away the equipment at the end of its life rather than selling it but you have now raised the ARR to an acceptable level!

Payback period (PP)

The payback period (PP) is the length of time it takes for an initial investment to be repaid out of the net cash inflows from a project.  It might be useful to consider PP in the context of the Billingsgate Battery Company. You will recall that that project’s costs and benefits can be summarised as follows:

	
	
	€000

	Immediately

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

5 years’ time
	Cost of machine

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Disposal proceeds
	(100)

20

40

60

60

20

20


Note that all of these figures are measures of cash to be paid or received.

The payback period for this investment project is nearly three years, that is, it will be nearly three years before the €100,000 outlay is covered by the inflows.  The payback period can be derived by calculating the cumulative cash flows as follows:-

	
	
	Net cash flows

€000


	Cumulative net cash flows

€000

	Immediately

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

5 years’ time
	Cost of machine

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Disposal proceeds
	(100)

20

40

60

60

20

20
	(100)

  (80)  (20 – 100)

  (40)  (40 – 80) 

   20    (60 – 40)

   80    (60 + 20)

 100    (20 + 80)

 120    (20 + 100)


We can see that the cumulative cash flows become positive in the third year.  If we assume that the cash flows accrue evenly over the year, the precise payback period will be:




2 years + (40,000/60,000) = 2 ⅔ years

(where €40,000 represents the cash flow still required at the beginning of the third year to pay back the initial outlay and €60,000 represents the cash flows during the year).  Again we must ask, how do we decide whether this measure is acceptable?  Well, a manager using PP would need to have a minimum payback period in mind.  If, for example, the Billingsgate Battery Company had a minimum PP of three years, the project would be acceptable.  If there were two competing projects which both met the minimum PP requirement, the manager should select the project with the shorter payback period.

The PP approach has certain advantages.  It is quick and easy to calculate and can be easily understood by managers.  Projects which can recoup their cost quickly are viewed as more attractive than those with longer payback periods.  However, this method does not provide us with the whole answer to the problem.

In what respect is PP not the whole answer as a means of assessing investment opportunities?  Consider the cash flows arising from three competing projects:

	
	
	Project 1

€000
	Project 2

€000
	Project 3

€000

	Immediately

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

5 years’ time
	Cost of machine

Net profit before dep’n

Net profit before dep’n

Net profit before dep’n

Net profit before dep’n

Net profit before dep’n

Disposal proceeds

Total Net Cash Flow.
	(200)

40

80

80

60

40

40
140
	(200)

10

20

170

20

10

10
40
	(200)

80

100

20

200

500

20
720




The PP for each project is three years and so the PP approach would regard the projects as being equally acceptable.  The PP method cannot distinguish between those projects which pay back a significant amount at an early stage and those which do not.

In addition, this method ignores cash flows after the payback period.  A decision-maker concerned with maximising shareholder wealth would prefer Project 3 because the cash flows come in earlier and they are greater in total.  The cumulative cash flows of each project are set out as follows :.


[image: image1.png]
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The payback period cannot differentiate between the three projects.  They all have the same payback period, and are therefore equally acceptable (even though Project 3 generated a larger amount of cash at an earlier point within the three-year payback and the cumulative cash flows of Project 3 are much greater than those of the other two projects.)

The cumulative cash flows of each project

We can see that the PP method is not concerned with the profitability of projects, it is concerned simply with their payback periods.  Thus, cash flows arising beyond the payback period are ignored.  While this neatly avoids the practical problems of forecasting cash flows over a longer period, it means that relevant information will be ignored.  You may feel that by favouring projects with a short payback period, the PP approach does at least provide a means of dealing with the problems of risk and uncertainty.

Net present value (NPV)

What we really need to help us make sensible investment decisions is a method of appraisal which takes account of all of the costs and benefits of each investment opportunity and which also makes a logical allowance for the timing of those costs and benefits.  The net present value (NPV) method provides us with this.

Consider the Billingsgate Battery Company whose cash flows can be summarised as follows: ( See Page 3 )
	
	
	€000



	Immediately

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

5 years’ time
	Cost of machine

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Net profit before depreciation

Disposal proceeds
	(100)

20

40

60

60

20

20


Given that the principal financial objective of the business is to maximise shareholder wealth, it would be very easy to assess this investment if all the cash inflows and outflows were to occur at the same time.  All that we should need to do is to add up the cash inflows (total €220,000) and compare the result with the outflows (€100,000).  This would lead us to the conclusion that the project should go ahead, because the business would be better off by €120,000 as a result.  Of course, it is not as easy as this because time is involved.  The cash outflow (payment) will, if the project is undertaken, occur immediately.  The inflows (receipts) will arise at a range of later times.

The time factor is an important issue because people do not see paying out (say) €100 now in order to receive €100 in a year’s time as being equivalent in value.

Why would you see €100 to be received in a year’s time as unequal in value to €100 to be paid immediately?  (There are basically three reasons).

The reasons are:

· Interest lost.

· Risk

· Effects of inflation. 

What is the NPV of the Chaotic Industries project assuming a 15 per cent opportunity cost of finance (i.e. discount rate)? ( See Page 5 )
The inflows and outflows are expected to be:

	
	
	€000



	Immediately

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

6 years’ time

6 years’ time
	Cost of vans

Net saving before depreciation

Net saving before depreciation

Net saving before depreciation

Net saving before depreciation

Net saving before depreciation

Net saving before depreciation

Disposal proceeds from the vans
	(150)

30

30

30

30

30

30

30


The calculation of the NPV of the project is as follows:

	
	Cash flows

€000
	Discount Factor (from the table)
	Present Value

€000

	Immediately

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

6 years’ time

6 years’ time

Net present value
	(150)

30

30

30

30

30

30

30
	1.000

0.870

0.756

0.658

0.572

0.497

0.432

0.432
	(150.00)

26.10

22.68

19.74

17.16

14.91

12.96

12.96

(23.49)


How would you interpret your result

The fact that the project has a negative NPV means that the benefits from the investment are worth less than the cost of entering into it.  Any cost up to €126,510 (the present value of the benefits) would be worth paying, but not €150,000.

Why NPV is superior to ARR and PP

NPV is a better method of appraising investment opportunities than either ARR or PP because it fully addresses each of the following:

· The timing of the cash flows.  By discounting the various cash flows associated with each project according to when they are expected to arise, NPV takes account of the time value of money.  The discount factor is based on the opportunity cost of finance (that is, the return which the next best alternative opportunity would generate) and so the net benefit after financing costs have been met is identified (as the NPV).

· The whole of the relevant cash flows.  NPV includes all of the relevant cash flows irrespective of when they are expected to occur.  It treats them differently according to their date of occurrence, but they are all taken into account.

· The objectives of the business.  The output of the NPV analysis has a direct bearing on the wealth of the shareholders of a business.  (Positive NPVs enhance wealth, negative ones reduce it).  Since we assume that private sector businesses seek to maximise shareholder wealth, NPV is superior to the methods previously discussed.

We saw earlier that a business should take on all projects with positive NPVs, when they are discounted at the opportunity cost of finance.  Where a choice has to be made among projects, a business should select the one with the largest NPV.

Internal rate of return (IRR)
This is the last of the four major methods of investment appraisal which are found in practice.  It is quite closely related to the NPV method as it also involves discounting future cash flows.  The internal rate of return (IRR) is the discount rate which, when applied to the future cash flows, will make them equal to the initial outlay.  In essence, it represents the yield from an investment opportunity.

You will recall then when we discounted the cash flows of the Billingsgate Battery Company investment project at 20 per cent, we found that the NPV was a positive figure of €24,190.

What does the NPV of the machine project tell us about the rate of return which the investment will yield for the Billingsgate Battery Company?

( See Page 3.)
The fact that the NPV is positive when discounting at 20 per cent implies that the rate of return which the project generates is more than 20 per cent.  The fact that the NPV is a pretty large figure implies that the actual rate of return is quite a lot above 20 per cent.  Increasing the size of the discount rate will reduce NPV because a higher discount rate gives lower discounted cash inflows.

We have just said that the IRR can be defined as the discount rate which equates the discounted cash inflows with the cash outflows.  To put it another way, the IRR is the discount rate which will have the effect of producing an NPV of precisely zero.

It is somewhat laborious to deduce the IRR by hand, since it cannot usually be calculated directly.  Iteration (trial and error) is the approach which must be adopted.  Let us try a higher rate for the Billingsgate Battery Company and see what happens, say 30 per cent:

	
	Cash flow

€000
	Discount factor 30%
	PV

€000

	Immediately (time 0)

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

5 years’ time
	(100)

20

40

60

60

20

20
	1.000

0.769

0.592

0.455

0.350

0.269

0.269
	(100.00)

15.38

23.68

27.30

21.00

5.38

5.38

---------- 

(1.88)

======


In increasing the discount rate from 20 per cent to 30 per cent, we have reduced the NPV from €24,190 (positive) to €1,880 (negative).  Since the IRR is the discount rate which will give us an NPV of exactly zero, we can conclude that the IRR of Billingsgate Battery Company’s machine project is very slightly under 30 per cent.  Further trials could lead us to the exact rate, but there is probably not much point given the likely inaccuracy of the cash flow estimates.

The relationship between the NPV method and the IRR is shown graphically below using the information relating to the Billingsgate Battery Company.
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Where the discount rate is zero, the NPV will be the sum of the net cash flows.  In other words, no account is taken of the time value of money.  However, as the discount rate increases, there is a corresponding decrease in the NPV of the project.  When the NPV line crosses the horizontal axis there will be a zero NPV and that will also represent the IRR.

The graph above shows the relationship between the NPV and IRR methods

Calculating the IRR for Billingsgate Battery Company:-

The method is to extrapolate what discount factor (rate of return) will give an NPV of zero.

                 20%                                   ?%     30%

    


NPV = €+24190


      NPV = €-1880

Change in €NPV
=

   
+24190   to     -1,880   =
26070
Change in Discount Factor  =

    20%     to       30%    = 
   10%

SO
For A 1% change in discount factor there is a €2,607 change in NPV.


SO
The I.R.R. = 30% -
1880 
  x 1%  =  29.28%
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SO
The I.R.R. = 20% +  24190   x 1%  =  29.28%
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What is the internal rate of return of the Chaotic Industries. (See Page 14)
(Hint:  Remember that you already know the NPV of this project at 15 per cent. = negative 23.49 )

Since we know that, at a 15 per cent discount rate, the NPV is a relatively large negative figure, our next trial should use a lower discount rate, say 10 per cent.

	
	Cash flow

€000
	Discount factor 10%

(from the table)
	Present Value

€000

	Immediately 

1 year’s time

2 years’ time

3 years’ time

4 years’ time

5 years’ time

6 years’ time

6 years’ time

Net present value
	(150)

30

30

30

30

30

30

30
	1.000

0.909

0.826

0.751

0.683

0.621

0.565

0.565
	(150.00)

27.27

24.78

22.53

20.49

18.63

16.95

16.95

---------- 

(2.40)

======


SO
At 15% discount factor the NPV = €-23,490


At 10% discount factor the NPV - €-2,400

SO
Change in €NPV = 23,490 – 2,400 = €21,090


Change in D Factor = 15% - 10% = 5%

SO
For a 1% change in discount factor there is a €4,218 change in NPV

SO
The IRR = 10% -   2400      x 1%  =  10% - 0.6%




         4218
      
=  9.4% →

Internal Rate of Return

· For any project to be acceptable, the project must meet a minimum IRR requirement.  Logically, this minimum should be the opportunity cost of finance.

· Where there are competing projects, the one with the highest IRR should be selected.

IRR has certain attributes in common with NPV.  All cash flows are taken into account and the timing of them is logically handled.  The main disadvantage with IRR is that it does not address the issue of wealth maximisation.  IRR will always see a return of 25 per cent being preferable to a 20 per cent IRR (assuming an opportunity cost of finance which is lower than both these figures, say, 15 per cent).  Although accepting the project with the higher percentage return will often maximise shareholder wealth, this may not always be the case.  This is because the scale of investment has been ignored.  Assuming a 15 per cent cost of finance, €1 million invested at 20 per cent would make you richer than €0.5 million invested at 24 per cent.  IRR does not recognise this.  Even though the problem may be rare and, typically, IRR will give the same signal as NPV, it must be better to use a method (NPV) which is always reliable than to use IRR which is nearly always reliable.

PROJECT APPRAISAL – CAPITAL RATIONING 

Our discussion, until now, has rested on the assumption that if a project had a positive net present value then it both should be undertaken, and could be undertaken.  The wealth of shareholders is highest if the firm accepts every project that has a positive NPV.  But to undertake every possible project assumes that the firm has sufficient funds available.  Quite often, in the practical world of business, there are limits placed on the availability of project finance and a choice has to be made between a number of positive NPV projects.  This is the capital rationing problem.

Capital rationing occurs when funds are not available to finance all wealth enhancing project.

There are two types of capital rationing soft and hard rationing.

Soft rationing

Soft rationing is internal management-imposed limits on investment expenditure.  Such limits may be linked to the firm’s financial control policy.  Senior management may try to retain financial control over divisions by placing limits on the amount any particular division can spend on a set of projects.  Some ambitious managers may be tempted to overstate the extent of investment opportunities within their sector of responsibility.  To sort out the good projects from the bad, head office could examine each individually, but this would be bureaucratic and time-consuming.  The alternative is to impose a limit on the amount a division may invest in projects within a particular time frame.  It is then the division’s responsibility to decide which projects rank 

higher than others.

Some firms operate in very dynamic sectors and have a large number of potentially profitable expansion opportunities.  To undertake all of them would put intolerable strains on the management and organisation because of the excessive growth this might imply.  For example, Microsoft’s thousands of technically able employees might generate dozens or even hundreds of ideas for significant new businesses, ranging from new software and multimedia to links with television broadcasters and book publishers.  Over-rapid expansion may lead to difficulties in planning and control.  Intangible stresses and strains are difficult to quantify and therefore the rationing of capital is used to place some limits to growth.  Capital rationing acts as a proxy for other types of resources in short supply, such as managerial talent or time, technical expertise or even equipment.

Firms may aim to avoid exceeding certain values for key financial ratios.  One of the most important ratios examined is the relationship between borrowing and asset levels.  Management may be fearful of the increasing risk associated with extensive borrowing and become reluctant to enter into the capital markets to borrow.  Unwillingness to borrow more money has elements of soft and hard capital rationing.  It is a form of self-imposed rationing, but it may have been prompted by signals from the capital markets that borrowing would be difficult or would be available only with onerous strings attached.

Another limit on the availability of finance can be created because the existing owner-manager or family shareholders do no wish to lose control by permitting the firm to raise equity finance by selling new shares to outsiders.

Hard rationing
Hard rationing relates to capital from external sources.  Agencies external to the firm will not  supply unlimited amounts of investment capital, even though positive NPV projects are identified.  In a perfect capital market hard rationing should never occur, because if a firm has positive NPV projects it will be able to raise any finance it needs.  Hard rationing, therefore, implies market imperfections.  This is a problem which has been evident since business activity first started.  It is a particular problem for smaller, less profitable and more high risk firms.  Numerous governments have tried to improve the availability of funds to firms.  Also, stock exchanges, over recent years, have encouraged the development of equity markets specifically targeted at small firms trying to raise finance.  In addition, a venture capital market has been developed by institutions to provide for start-up and early stage development.  Despite all these advances companies still complain regularly in the press about the gap between the amount of capital firms would like to use and that which is made available.

One-period capital rationing

The simplest and most straightforward form of rationing occurs when limits are placed on finance availability for only one year;  for all the other years funds are unlimited.  There are two possibility within this one-period rationing situation.

1.
Divisible projects.  The nature of the proposed projects are such that it is possible to undertake a fraction of a total project.  For instance, if a project is established to expand a retail group by opening a further 100 shops, it would be possible to take only 30 per cent (that is 30 shops) or 51 per cent (that is 51 shops) or any other fraction of the overall project.  To make the mathematical calculations less complicated, and to make conceptual understanding easier, it is often assumed that all cash flows change in proportion  to the fraction of the project implemented.

2.
Indivisible projects.  With some projects it is impossible to take  a fraction.  The choice is between undertaking the whole of the investment or none of it (for instance, a project to build up a ship, or a bridge or an oil platform).

EXAMPLE:
Divisible Project

A stylised example of a one-period constraint problem with divisible projects is Bigtasks plc, a subsidiary of a major manufacturing group.

Worked example 5.1 Big Tasks Plc

Bigtasks has four positive NPV projects to consider.  Capital at time zero has been rationed to €4.5m because of head office planning and control policies, and because the holding company has been subtly warned that another major round of fresh borrowing this year would not be welcomed by the financial institutions in the City of London.  However, funds are likely to be effectively unlimited in future years.  The four projects under consideration can each be undertaken once only and the acceptance of one of the projects does not exclude the possibility of accepting another one.  The cash flows are as follows.

	Time (years)
	Cost

0

€m
	1

€m
	2

€m
	NPV at 10%

€m

	Project A

Project B

Project C

Project D
	-2

-1

-1

-3
	6

1

1

10
	1

4

3

10
	4.281

3.215

2.389

14.355


All these projects have positive net present values and would therefore all be accepted in the absence of capital rationing.  We need to determine the optimal combination of projects which will require a total investment the same as, or less than, the capital constraint.  Ranking projects by the absolute NPV will usually give an incorrect result.  Such an approach will be biased towards the selection of large projects.  It may be better to invest in a number of smaller projects with lower individual NPVs.  If we do select according to the highest absolute NPV, the total NPV produced is €17.566m, because we would allocate €3m first to Project D, and then the remaining €1.5m would  be invested in three-quarters of Project A because this has the next highest absolute NPV.

Rank according to absolute NPV

	
	Initial outlay
	NPV ((€m)

	All of Project D

¾ of Project A
	3

1.5

-----

4.5

-----
	14.355

3.211

---------

Total NPV 17.566

---------


To achieve an optimum allocation of the €4.5m we need to make use of either the profitability index or the benefit-cost ratio.

Profitability index
=
Gross present value





Initial outlay

Benefit-cost ratio
=
Net present value




Initial outlay

Exhibit 5.1
Bigtasks plc:  Profitability indices and benefit-cost ratios

	Project
	NPV

(@10%)
	*GPV

(@10%)
	Profitability index
	Benefit-cost ratio

	A

B

C

D
	4.281

3.215

2.389

14.355
	6.281

4.215

3.389

17.355
	6.281 = 3.14

   2

4.215 = 4.215

   1

3.389 = 3.389

   1

17.355 = 5.785

   3
	4.281 = 2.14

   2

3.215 = 3.215

   1

2.389 = 2.389

   1

14.355 = 4.785

   3


*The gross present value (GPV) is the total present value of all the cash flows excluding the initial investment.  Both ratios provide a measure of profitability per € invested.  For example, in Exhibit 5.1, for every €1 invested in Project A, €3.14 is returned in future  cash flows when discounted.  The benefit cost ratio is, of course, closely related to the profitability index and for Project A shows that €1 committed at time zero will produce a net present value of €2.14.

The use of profitability indices or benefit-cost ratios is a matter of personal choice.  Whichever is used, the next stage is to arrange the projects in order of the highest profitability index or benefit-cost ratio.  Then work down the list until the capital limit is reached.  Here, the profitability index (PI) will be used (see Exhibit 5.2).

Exhibit 5.2
Bigtasks plc:  Ranking according to the highest profitability index

	Project
	Profitability index
	Initial outlay €m
	NPV €m

	D
B

½ of C

Nothing of A

Total investment
	5.785

4.215

3.389

3.14
	3

1

0.5

0

----

4.5

----


	14.355

3.215

1.195

0

---------

18.765

---------


With the profitability index, Project D gives the highest return and so is the best project in terms of € outlay.  However, Project A no longer ranks second because this provides the lowest return per unit of initial investment.  The smaller projects, B and C, give a higher PI.

The overall result for Bigtasks is that an extra €1.199m (€18.765 - €17.566m) is created for shareholders by selecting projects through one of the ratios rather than sticking rigidly to NPV.  

Example 1

Ready Plc has €40,000 available for investment now.

It is looking at 4 projects which have the following cash flows.

	Project Cost
	1

100,000
	2

30,000
	3

20,000
	4

40,000

	Incomes (Cash Flow)

Year 1

Year 2

Year 3

Year 4
	40,000

100,000

80,000

60,000
	40,000

40,000

40,000

40,000
	40,000

30,000

40,000

50,000
	20,000

30,000

30,000

30,000


Calculate the: 
(i)
 Optimal investment policy.





(ii)
The resulting NPV of your choice.

(Note the projects are divisible)
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