F9 Financial Management

Chapter 6 Project Appraisal and Risk

1.
Risk and Uncertainty
	1.
	A
	A risky situation is one where we can say that there is a 70% probability that returns from a project will be in excess of $100,000 but a 30% probability that returns will be less than $100,000. If, however, no information can be provided on the returns from the project, we are faced with an uncertain situation.


2.
Sensitivity Analysis
	2.
	B
	When calculating the sensitivity of each variable, the lower the percentage, the more (not less) sensitive is the NPV to that project variable.

	3.
	D
	The sensitivity to a change in sales volume = 100 × 1,300/24,550 = 5·3%

	4.
	B
	[image: image1.emf]Cash flow 10% factor PV

Year $ $

0 Machine cost (280,000)     1.000          (280,000)   

1 - 5 Contribution 200,000      3.791          758,200     

1 - 5 Fixed costs (95,000)       3.791          (360,145)   

118,055     


PV of contribution must fall by $118,055

Sale volume must fall by 118,055 / 758,200 = 15.57%

Fall in sales volume = 50,000 units × 15.57% = 7,785 units

	5.
	A
	To force an NPV = 0, the 4 year annuity factor, AF1-4 = 110,000/40,000 = 2.75

Proof: the NPV calculation would be (2.75 × 40,000) – 110,000 = 0

From tables, the 4-year annuity factor closest to 2.75 is 17%.

In terms of sensitivity: (17 – 10)/10 = 70% sensitivity

	6.
	A
	NPV = (300,000) + 600,000 – 100,000 = 200,000

Sensitivity = 200,000 / 600,000 × 100% = 33%

	7.
	A
	A – Sensitivity = 
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The project decision will depend upon the NPV of the new project, so we need to calculate the sensitivity of the NPV to a change in sales volume. A change in sales volume affects sales revenue and variable costs, but not fixed costs. The sensitivity of the NPV to a change in contribution must therefore be calculated. However, a change in contribution will cause a change in the corporation tax liability, so it is essential that the after-tax contribution be considered.

Contribution = 4,000,000 – 2,000,000 = $2,000,000

After-tax contribution = 2,000,000 x 0.8 = $1,600,000

Sensitivity = 100 × NPV/ PV of project variable = 100 × 200,000/ 1,600,000 = 12.5%

B – Incorrectly using sales revenue after tax

Sensitivity = 
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C – Incorrectly using contribution before tax

Sensitivity = 
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D – Incorrectly using sales revenue and ignoring corporation tax

Sensitivity = 
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Answer 1

(a)

The annual operating cash flows will be as follows:
	
	$000
	$000
	

	Sales (300 × $24)
	
	7,200
	

	Less: Variable costs (300 × $18)
	5,400
	
	

	Fixed costs ($2,200 – $800)
	1,400
	(6,800)
	

	Net annual operating cash flows
	
	400
	


The NPV of the project will be:

	
	
	$000
	Marks

	Net operating cash flows (400 × 3.24)
	
	1,296
	[2]

	Residual value of equipment (500 × 0.71)
	
	355
	[1]

	
	
	1,651
	

	Less: Initial outlay
	
	(1,500)
	[1]

	NPV
	
	151
	[1]


(b)(i)

If the discount rate was 13%, the NPV of the project would be as follows:

	
	
	$000
	Marks

	Net operating cash flows (400 × 2.97)
	
	1,188
	

	Residual value of equipment (500 × 0.61)
	
	305
	

	
	
	1,493
	

	Less: Initial outlay
	
	(1,500)
	

	NPV
	
	(7)
	


At 13% the NPV is close to zero, hence, this is the discount rate (to the nearest %); at which the product ceases to be worthwhile. This represents an increase of approximately 44% on the cost of capital of the company. (Note: The figure of 13% is also the IRR of the project.)

[3 marks]

(b)(ii)

The change required to the initial outlay, which is already expressed in present value terms, to make the product no longer viable will be an increase of $151,000; that is, an amount equal to the NPV of the project. This represents an increase of approximately 10% on the initial outlay.
[2 marks]

(b)(iii)

The change in the net annual operating cash flows needed to make the product no longer viable can be calculated as follows:
Let C = the net annual operating cash flows

(C x annuity factor for a four-year period) – NPV = 0

C × 3.24 = $151,000

C = $151,000 / 3.24

C = $46,605

This represents a decrease to the estimated net annual operating cash flows of approximately 11.7%.
[3 marks]

(b)(iv)

The change in the residual value that will make the product no longer viable can be calculated as follows:
Let R = the required residual value:

(R x discount factor at end of four years) – NPV of project = 0

R × 0.71 = $151,000

R = $151,000 / 0.71

R = $212,676

This represents a fall of approximately 43% in the estimated residual value figure provided.

[3 marks]

(c)

1.
The calculations in (a) above show that the NPV of the investment project is positive and the decision rule is that the project should be accepted as it would result in an increase in shareholder wealth.
[1 mark]

2.
The analysis undertaken in (b) above indicates that both the discount rate and residual value figures are insensitive to any minor change. However, the initial outlay and the annual operating cash flow figures are more sensitive to change. The latter should be of particular concern to management as estimates of future operating cash flows are likely to be less certain than estimates relating to the immediate purchase of equipment. Relevant forecasts and underlying assumptions should therefore be checked carefully. This does not mean, however, that the project should not go ahead. Subject to additional information concerning the range of possible outcomes or the likelihood of changes occurring to the key factors, the project should go ahead.
[2 marks]

3.
The cost of acquiring the patent was not taken into consideration as it represents a past cost. If, however, the investment appraisal had been undertaken before these costs were incurred, the estimated NPV of the project would have been a large negative amount.
[1 mark]

3.
Probability Analysis and Expected Value (EV)
Answer – Test your understanding 1

Annual sales of $600,000
	Year
	Narrative
	CF ($000)
	DF (9%)
	PV ($000)

	0
	Buy asset
	(100)
	1
	(100)

	4
	Sell asset
	20
	0.708
	14.16

	1-4
	Annual inflow (W)
	25
	3.240
	81.00

	
	
	
	
	(4.84)


(W) Annual inflow = (600,000 × 40%) – 215,000 = $25,000 p.a.

Annual sales of $700,000

	Year
	Narrative
	CF ($000)
	DF (9%)
	PV ($000)

	0
	Buy asset
	(100)
	1
	(100)

	4
	Sell asset
	20
	0.708
	14.16

	1-4
	Annual inflow (W)
	65
	3.240
	210.6

	
	
	
	
	124.76


(W) Annual inflow = (700,000 × 40%) – 215,000 = $65,000 p.a.

Annual sales of $800,000

	Year
	Narrative
	CF ($000)
	DF (9%)
	PV ($000)

	0
	Buy asset
	(100)
	1
	(100)

	4
	Sell asset
	20
	0.708
	14.16

	1-4
	Annual inflow (W)
	105
	3.240
	340.2

	
	
	
	
	254.36


(W) Annual inflow = (800,000 × 40%) – 215,000 = $105,000 p.a.

Expected NPV = 0.4 × (4.84) + 0.4 × 124.76 + 0.2 × 254.36 = 98.84
Comments

Based on ENPV the project should be accepted. However, there is still a 40% chance of making a slight loss rather than a gain.

Answer 2
(a)
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(b)

[image: image8.emf]
(c)

The calculations in (a) above show that the ENPV of the investment project is positive and so acceptance of the project is expected to enhance shareholder wealth. However, the calculations in (b) reveal that if the worst possible outcome occurs, the company will make a significant loss. Moreover the probability of making a loss is quite high. The final decision to go ahead should reflect the shareholders’ attitude towards risk.
(d)

A problem of the ENPV approach, however, is that it does not reveal the ‘downside’ risk associated with the project. We saw in (c) above that the ENPV of the project was positive but the downside risk was high. It is therefore useful to provide managers with information concerning downside risk where this method is being employed.
The expected value represents a weighted average where the probabilities are used as weights. In practice, the expected value may not reflect any of the possible outcomes of the project, as is the case in this question. It can be argued that, where a company has a portfolio of projects, this is not a serious problem. Where, however, the company makes a large, one-off, project, the ENPV approach may not be suitable.
Marking Scheme
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Answer 3

(a)(i)

Period 1 closing balance

	Opening balance
	Cash flow
	Closing balance
	Probability
	Expected value

	$000
	$000
	$000
	
	$000

	(500)
	8,000
	7,500
	0.1
	750

	(500)
	4,000
	3,500
	0.6
	2,100

	(500)
	(2,000)
	(2,500)
	0.3
	(750)

	
	
	
	
	2,100


The expected value of the period 1 closing balance is $2,100,000. [2 marks]

(a)(ii)

[image: image10.emf]

[5 marks]

(a)(iii)

The probability of a negative cash balance at the end of period 2 = 0·02 + 0·12 + 0·06 = 20% [1 mark]

(a)(iv)

The probability of exceeding the overdraft limit in period 2 is 0·12 + 0·06 = 18%

[2 marks]

Discussion

The expected value analysis has shown that, on an average basis, ZSE Co will have a positive cash balance at the end of period 1 of $2·1 million and a positive cash balance at the end of period 2 of $3·9 million. However, the cash balances that are expected to occur are the specific balances that have been averaged, rather than the average values themselves.
There could be serious consequences for ZSE Co if it exceeds its overdraft limit. For example, the overdraft facility could be withdrawn. There is a 30% chance that the overdraft limit will be exceeded in period 1 and a lower probability, 18%, that the overdraft limit will be exceeded in period 2. To guard against exceeding its overdraft limit in period 1, ZSE Co must find additional finance of $0·5 million ($2·5m – $2·0m). However, to guard against exceeding its overdraft limit in period 2, the company could need up to $9·5 million ($11·5m – $2·0m). Renegotiating the overdraft limit in period 1 would therefore be only a short-term solution.
One strategy is to find now additional finance of $0·5 million and then to re-evaluate the cash flow forecasts at the end of period 1. If the most likely outcome occurs in period 1, the need for additional finance in period 2 to guard against exceeding the overdraft limit is much lower.
The expected value analysis has been useful in illustrating the cash flow risks faced by ZSE Co. Although the cash flow forecasting model has been built with the aid of a firm of financial consultants, the assumptions used in the model must be reviewed before decisions are made based on the forecast cash flows and their associated probabilities.
Expected values are more useful for repeat decisions rather than one-off activities, as they are based on averages. They illustrate what the average outcome would be if an activity was repeated a large number of times. In fact, each period and its cash flows will occur only once and the expected values of the closing balances are not closing balances that are forecast to arise in practice. In period 1, for example, the expected value closing balance of $2·1 million is not forecast to occur, while a closing balance of $3·5 million is likely to occur.

[3 marks]

(b)

The factors to be considered in formulating a policy to manage the trade receivables of ZSE Co will relate to the key areas of credit assessment or analysis, credit control and collection procedures. A key factor is the turbulence in the company’s business environment and the way it affects the company’s customers.
Credit analysis

The main objective of credit analysis is to ensure that credit is granted to customers who will settle their account at regular intervals in accordance with the agreed terms of sale. The risk of bad debts must be minimised as much as possible.
Key factors to consider here are the source and quality of the information used by ZSE Co to assess customer creditworthiness. The information sources could include bank references, trade references, public information such as published accounts, credit reference agencies and personal experience. The quality of the information needs to be confirmed as part of the credit analysis process. Some organisations have developed credit scoring systems to assist in the assessment of creditworthiness.
Credit control

Once credit has been granted, it is essential to ensure that agreed terms and conditions are adhered to while the credit is outstanding. This can be achieved by careful monitoring of customer accounts and the periodic preparation of aged debtor analyses. A key factor here is the quality of the staff involved with credit control and the systems and procedures they use to maintain regular contact with customers, for example invoices, statements, reminders, letters and telephone contacts.
ZSE Co has been experiencing difficulties in collecting amounts due because its customers have been experiencing difficult trading conditions. Close contact with customers is essential here in order to determine where revised terms can be negotiated when payment is proving hard, and perhaps to provide advance warning of serious customer liquidity or going concern problems.
Collection procedures

The objective here is to ensure timely and secure transfer of funds when they are due, whether by physical means or by electronic means. A key factor here is the need to ensure that the terms of trade are clearly understood by the customer from the point at which credit is granted. Offering credit represents a cost to the seller and ensuring that payment occurs as agreed prevents this cost from exceeding budgeted expectations.
Procedures for chasing late payers should be clearly formulated and trained personnel must be made responsible for ensuring that these procedures are followed. Legal action should only be considered as a last resort, since it often represents the termination of the business relationship with a customer.
(c)

Profitability and liquidity are usually cited as the twin objectives of working capital management. The profitability objective reflects the primary financial management objective of maximising shareholder wealth, while liquidity is needed in order to ensure that financial claims on an organisation can be settled as they become liable for payment.
The two objectives are in conflict because liquid assets such as bank accounts earn very little return or no return, so liquid assets decrease profitability. Liquid assets in fact incur an opportunity cost equivalent either to the cost of short-term finance or to the profit lost by not investing in profitable projects.
Whether profitability is a more important objective than liquidity depends in part on the particular circumstances of an organisation. Liquidity may be the more important objective when short-term finance is hard to find, while profitability may become a more important objective when cash management has become too conservative. In short, both objectives are important and neither can be neglected.
ACCA Marking Scheme

[image: image11.emf]
	8.
	D
	Beta should be rejected as it offers higher risk than Alpha for a lower return. Delta should be rejected as it offers a lower return than Alpha for the same level of risk.

	9.
	D
	The expected value criterion is irrespective of risk.

	10.
	B
	The IRR (C) and the cost of the initial investment (A) are independent of the risk of the project. The lower the risk of the project, the less (not greater) is the required rate of return (D).

	11.
	C
	Statement 1 is false. As an average the expected value probably won’t actually occur in any single event so it does not represent a probable outcome. It is more appropriate for repeated events (for example expected sales each year for many years). By the same logic statement 3 is true.

Statement 2 is true. Expected values fail to show the spread of possible values, therefore hiding the best/worst outcomes from the decision making process.

Statement 4 is false. Risk is calculable (known or estimated probabilities and/or outcomes), uncertainty is not (either probabilities or some outcomes are unknown).

	12.
	B
	Expected sales = (20,000 × 0.6) + (25,000 × 0.4) = 22,000 units

Expected sales price = ($10 × 0.3) + ($15 × 0.7) = $13.50

So expected revenue = 22,000 units × $13.50 = $297,000

Expected margin = (30% × 0.5) + (40% × 0.5) = 35% therefore costs will be 1 – 35% = 65%

So expected cost = 65% × $297,000 = $193,050

	13.
	C
	[image: image12.emf]

	14.
	B
	


Answer 4

(a)

The investment appraisal process is concerned with assessing the value of future cash flows compared to the cost of investment.
1.
Since future cash flows cannot be predicted with certainty, managers must consider how much confidence can be placed in the results of the investment appraisal process. They must therefore be concerned with the risk and uncertainty of a project. Uncertainty refers to the situation where probabilities cannot be assigned to future cash flows. Uncertainty cannot therefore be quantified and increases with project life: it is usually true to say that the more distant is a cash flow, the more uncertain is its value.


[1 mark]

2.
Risk refers to the situation where probabilities can be assigned to future cash flows, for example as a result of managerial experience and judgement or scenario analysis. Where such probabilities can be assigned, it is possible to quantify the risk associated with project variables and hence of the project as a whole.
[2 marks]

3.
If risk and uncertainty were not considered in the investment appraisal process, managers might make the mistake of placing too much confidence in the results of investment appraisal, or they may fail to monitor investment projects in order to ensure that expected results are in fact being achieved.
4.
Assessment of project risk can also indicate projects that might be rejected as being too risky compared with existing business operations, or projects that might be worthy of reconsideration if ways of reducing project risk could be found in order to make project outcomes more acceptable.

[2 marks]

(b)

Contribution per unit = 3·00 – 1·65 = $1·35 per unit

Total annual contribution = 20,000 × 1·35 = $27,000 per year

Annual cash flow after fixed costs = 27,000 – 10,000 = $17,000 per year

Payback period = 50,000/17,000 = 2·9 years
[2 marks]
(assuming that cash flows occur evenly throughout the year)
Discussion of payback period:

1.
The payback period calculated is greater than the maximum payback period used by Umunat plc of two years and on this basis should be rejected. Use of payback period as an investment appraisal method cannot be recommended, however, because payback period does not consider all the cash flows arising from an investment project, as it ignores cash flows outside of the payback period. Furthermore, payback period ignores the time value of money.
2.
The fact that the payback period is 2·9 years should not therefore be a reason for rejecting the project. The project should be assessed using a discounted cash flow method such as net present value or internal rate of return, since the project as a whole may generate an acceptable return on investment.

[2 marks]

(c)

Calculation of project net present value

Annual cash flow = ((20,000 × (3 – 1·65)) – 10,000 = $17,000 per year

Net present value = (17,000 × 3·605) – 50,000 = 61,285 – 50,000 = $11,285

[2 marks]

	Alternatively:
	PV (£)

	Sales revenue (20,000 × 3.00 × 3.605)
	216,300

	Variable costs (20,000 × 1.65 × 3.605)
	(118,965)

	Contribution
	97,335

	Initial investment
	(50,000)

	Fixed costs (10,000 × 3.605)
	(36,050)

	NPV
	11,285


Sensitivity of NPV to sales volume

Sales volume giving zero NPV = ((50,000/3·605) + 10,000)/1·35 = 17,681 units

This is a decrease of 2,319 units or 11·6%

Alternatively, sales volume decrease = 100 × 11,285/97,335= 11·6%

[2 marks]

Sensitivity of NPV to sales price

Sales price for zero NPV = (((50,000/3·605) + 10,000)/20,000) + 1·65 = £2·843

This is a decrease of 15·7p or 5·2%

Alternatively, sales price decrease = 100 × 11,285/216,300 = 5·2%

[2 marks]

Sensitivity of NPV to variable cost

Variable cost must increase by 15·7p or 9·5% to £1·81 to make the NPV zero.

Alternatively, variable cost increase = 100 × 11,285/118,965 = 9·5%

[1 marks]

Discussion of sensitivity analysis:

1.
Sensitivity analysis evaluates the effect on project net present value of changes in project variables. The objective is to determine the key or critical project variables, which are those where the smallest change produces the biggest change in project NPV.
2.
It is limited in that only one project variable at a time may be changed, whereas in reality several project variables may change simultaneously. For example, an increase in inflation could result in increases in sales price, variable costs and fixed costs.
3.
Sensitivity analysis is not a way of evaluating project risk, since although it may identify the key or critical variables, it cannot assess the likelihood of a change in these variables. In other words, sensitivity analysis does not assign probabilities to project variables.
4.
Where sensitivity analysis is useful is in drawing the attention of management to project variables that need careful monitoring if a particular investment project is to meet expectations.
5.
Sensitivity analysis can also highlight the need to check the assumptions underlying the key or critical variables.

[3 marks]

(d)

Expected value of sales volume:

(17,500 × 0·3) + (20,000 × 0·6) + (22,500 × 0·1) = 19,500 units
[1 mark]
Expected NPV = (((19,500 × 1·35) – 10,000) × 3·605) – 50,000 = $8,852
[1 mark]

Discussion of ENPV:

1.
Since the expected net present value is positive, the project appears to be acceptable. From earlier analysis we know that the NPV is positive at 20,000 per year, and the NPV will therefore also be positive at 22,500 units per year.
The NPV of the worst case is:
(((17,500 × 1·35) – 10,000) × 3·605) – 50,000 = ($882)

The NPV of the best case is:

(((22,500 × 1·35) – 10,000) × 3·605) – 50,000 = $23,452
2.
There is thus a 30% chance that the project will produce a negative NPV, a fact not revealed by considering the expected net present value alone.
3.
The expected net present value is not a value that is likely to occur in practice: it is perhaps more useful to know that there is a 30% chance that the project will produce a negative NPV (or a 70% chance of a positive NPV), since this may represent an unacceptable level of risk as far as the managers of Umunat plc are concerned.
4.
It can therefore be argued that assigning probabilities to expected economic states or sales volumes has produced useful information that can help the managers of Umunat to make better investment decisions.
5.
The difficulty with this approach is that probability estimates of project variables or future economic states are likely to carry a high degree of uncertainty and subjectivity.

[4 marks]

5.
Simulation (模擬)

	15.
	B
	

	16.
	B
	A is incorrect. There is no decision rule with simulations – it is not an ‘optimising’ technique

B is a clear advantage that simulations have over sensitivity analysis

C is incorrect. The input variables and distributions are estimates

D has some validity potentially, but is not necessarily the case

	17.
	C
	A – Incorrect sensitivity definition. Selecting this answer indicates a lack of understanding of sensitivity analysis. The sensitivity of NPV to a change in sales volume can be calculated as NPV divided by the present value of contribution. Comparing NPV to the present value of future sales income would be estimating the sensitivity of NPV to a change to a change in selling price.

B – This approach to investment appraisal requires that the riskless equivalent amounts are discounted by a riskless discount rate, that is, the risk-free rate of return. A CAPM-derived project-specific cost of capital is not the risk free rate of return, but rather a rate of return that reflects the systematic risk of a particular investment project.

C – The statement concerning simulation models is true, they use probabilities to carry out a statistical analysis of possible project outcomes.

D – A common way to distinguish between risk and uncertainty is to say that risk can be quantified whereas uncertainty cannot be quantified, so stating that neither can be measured or quantified is not true.


Additional Examination Style Questions
Answer 5

(a)

Calculation of NPV over four years

	Year
	1
	2
	3
	4
	Marks

	
	$000
	$000
	$000
	$000
	

	Sales revenue
	12,525
	15,030
	22,545
	22,545
	[1]

	Conversion cost
	(7,913)
	(9,495)
	(14,243)
	(14,243)
	[1]

	Contribution
	4,612
	5,535
	8,302
	8,302
	

	Fixed costs
	(4,000)
	(5,000)
	(5,500)
	(5,500)
	

	Before-tax cash flow
	612
	535
	2,802
	2,802
	[1]

	Tax liability at 28%
	(171)
	(150)
	(785)
	(785)
	[1]

	Tax allowable depreciation benefits
	112
	112
	112
	112
	[1]

	After-tax cash flow
	553
	497
	2,129
	2,129
	[1]

	Discount at 11%
	0.901
	0.812
	0.731
	0.659
	

	Present values
	498
	404
	1,556
	1,403
	


	
	$000
	Marks

	Sum of present values
	3,861
	

	Less: initial investment
	(4,000)
	

	NPV
	(139)
	[1]


Workings:

Average selling price = (30,000 x 0·20) + (42,000 x 0·45) + (72,000 x 0·35) = $50,100 per unit

Average conversion cost = (23,000 x 0·20) + (29,000 x 0·45) + (40,000 x 0·35) = $31,650 per unit
[image: image13.png]Year
Sales volume (units/year)
Average selling price ($/unit)

Sales income ($000/year)
Year

Sales volume (units/year)
Average conversion cost ($/unit)

Conversion cost ($000/year)

1 2 3 4
250 300 450 450
50,100 50,100 50,100 50,100
12,525 15,030 22,545 22,545

1 2 3 4
250 300 450 450
31,650 31,650 31,650 31,650
7,913 9,495 14,243 14,243





Contribution may be calculated directly, with small rounding differences. Average contribution = 50,100 – 31,650 = $18,450 per unit.
[image: image14.png]Year 1 2 3 4
Sales volume (units/year) 250 300 450 450
Average contribution ($/unit) 18,450 18,450 18,450 18,450

Contribution ($000/year) 4,613 5,535 8,303 8,303





Tax allowable depreciation = 4,000,000/10 = $400,000 per year

Benefit of tax allowable depreciation = 400,000 x 0·28 = $112,000 per year
(b)
Ignoring tax allowable depreciation, after-tax cash flow from year five onwards will be:

2,802,000 – 785,000 = $2,017,000 per year

Present value of this cash flow in perpetuity = (2,017,000/0·11) x 0·659 = $12,083,664


[1]
There would be a further six years of tax benefits from tax allowable depreciation. The present value of these cash flows would be 112,000 x 4·231 x 0·659 = $312,282.

[1]
Increase in NPV of production and sales continuing beyond the first four years would be 12,083,664 + 312,282 = $12,395,946 or approximately $12·4 million.
If only the first four years of operation are considered, the NPV of the planned investment is negative and so it would not be financially acceptable. If production and sales beyond the first four years are considered, the NPV is strongly positive and so the planned investment is financially acceptable. In fact, the NPV of the planned investment becomes positive if only one further year of operation is considered:

NPV = (2,129,000 x 0·593) – 139,000 = 1,262,497 – 139,000 = $1,123,497

[1]
(c)

Risk in investment appraisal refers to a range of outcomes whose probability of occurrence can be quantified. Risk can therefore be distinguished from uncertainty in investment appraisal, where the likelihood of particular outcomes occurring cannot be quantified.

[1]
As regards incorporating risk into investment appraisal, probability analysis can be used to calculate the values of possible outcomes and their probability distribution, the value of the worst possible outcome and its probability, the probability that an investment will generate a positive NPV, the standard deviation of the possible outcomes and the expected value (mean value) of the NPV. Standard deviation is a measure of risk in financial management.

[1 – 2 marks]
One difficulty with probability analysis is its assumption that an investment can be repeated a large number of times. The expected value of the NPV, for example, is a mean or average value of a number of possible NPVs, while standard deviation is a measure of dispersal of possible NPVs about the expected (mean) NPV. In reality, many investment projects cannot be repeated and so only one of the possible outcomes will actually occur. The expected (mean) value will not actually occur, causing difficulties in applying and interpreting the NPV decision rule when using probability analysis.

[1 – 2 marks]
Another difficulty with probability analysis is the question of how the probabilities of possible outcomes are assessed and calculated. One method of determining probabilities is by considering and analysing the outcomes of similar investment projects from the past. However, this approach relies on the weak assumption that the past is an acceptable guide to the future. Assessing probabilities this way is also likely to be a very subjective process.

[1 – 2 marks]
Answer 6
(a)

The terms risk and uncertainty are often used interchangeably in everyday discussion, however, there is a clear difference between them in relation to investment appraisal.
Risk refers to the situation where an investment project has several possible outcomes, all of which are known and to which probabilities can be attached, for example, on the basis of past experience. Risk can therefore be quantified and measured by the variability of returns of an investment project.

[1]
Uncertainty refers to the situation where an investment project has several possible outcomes but it is not possible to assign probabilities to their occurrence. It is therefore not possible to say which outcomes are likely to occur.
[1]
The difference between risk and uncertainty, therefore, is that risk can be quantified whereas uncertainty cannot be quantified. Risk increases with the variability of returns, while uncertainty increases with project life.
[1]
(b)

Calculation of NPV
	Year
	1
	2
	3
	4
	5
	Marks

	
	$000
	$000
	$000
	$000
	$000
	

	Sales revenue
	12,069
	16,791
	23,947
	11,936
	
	[1]

	Variable cost
	(5,491)
	(7,139)
	(9,720)
	(5,616)
	
	[1]

	Contribution
	6,578
	9,652
	14,227
	6,320
	
	

	Fixed costs
	(1,100)
	(1,121)
	(1,155)
	(1,200)
	
	

	Taxable cash flow
	5,478
	8,531
	13,072
	5,120
	
	

	Tax liability at 28%
	
	(1,534)
	(2,389)
	(3,660)
	(1,434)
	[1.5]

	TAD tax benefits
	
	1,400
	1,050
	788
	2,362
	[1.5]

	After-tax cash flow
	5,478
	8,397
	11,733
	2,248
	928
	

	Discount at 10%
	0.909
	0.826
	0.751
	0.683
	0.621
	

	Present values
	4,980
	6,936
	8,812
	1,535
	576
	


	
	$000
	Marks

	Sum of present values
	22,839
	

	Less: initial investment
	(20,000)
	

	NPV
	2,839
	[1]


Comment
The probability that variable cost per unit will be $12·00 per unit or less is 80% and so the probability of a positive NPV is therefore at least 80%. However, the effect on the NPV of the variable cost per unit increasing to $14·70 per unit must be investigated, as this may result in a negative NPV.
[1]
The expected NPV is positive and so the investment project is likely to be acceptable on financial grounds.
[1]
Workings
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Variable cost
Mean variable cost = (0·45 x 10·80) + (0·35 x 12·00) + (0·20 x 14·70) = $12·00/unit
[1]
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(c)

There are several ways of considering risk in the investment appraisal process.

Sensitivity analysis

· This technique looks at the effect on the NPV of an investment project of changes in project variables, such as selling price per unit, variable cost per unit and sales volume.
· There are two approaches which are used.
· The first approach calculates the relative (percentage) change in a given project variable which is needed to make the NPV zero.
· The second approach calculates the relative (percentage) change in project NPV which results from a given change in the value of a project variable (for example, 5%).
· Sensitivity analysis considers each project variable individually.
· Once the sensitivities for each project variable have been calculated, the next step is to identify the key or critical variables. These are the project variables where the smallest relative change makes the NPV zero, or where the biggest change in NPV results from a given change in the value of a project variable.
· The key or critical project variables indicate where underlying assumptions may need to be checked or where managers may need to focus their attention in order to make an investment project successful.
· However, as sensitivity analysis does not consider risk as measured by probabilities, it can be argued that it is not really a way of considering risk in investment appraisal at all, even though it is often described as such.


[2 marks]
Probability analysis

· This technique requires that probabilities for each project outcome be assessed and assigned.
· Alternatively, probabilities for different values of project variables can be assessed and assigned.
· A range of project NPVs can then be calculated, as well as the mean NPV (the expected NPV or ENPV) associated with repeating the investment project many times.
· The worst and best outcomes and their probabilities, the most likely outcome and its probability and the probability of a negative NPV can also be calculated.
· Investment decisions could then be based on the risk profile of the investment project, rather than simply on the NPV decision rule.

[2 marks]
Risk-adjusted discount rate

· It is often said that ‘the higher the risk, the higher the return’. Investment projects with higher risk should therefore be discounted with a higher discount rate than lower risk investment projects. Better still, the discount rate should reflect the risk of the investment project.
· Theoretically, the capital asset pricing model (CAPM) can be used to determine a project-specific discount rate which reflects an investment project’s systematic risk.
· This means selecting a proxy company with similar business activities to a proposed investment project,
· ungearing the proxy company equity beta to give an asset beta which does not reflect the proxy company financial risk,
· regearing the asset beta to give an equity beta which reflects the financial risk of the investing company, and
· using the CAPM to calculate a project-specific cost of equity for the investment project.

[2 marks]
Adjusted payback

· If uncertainty and risk are seen as being the same, payback can consider risk by shortening the payback period. Because uncertainty (risk) increases with project life, shortening the payback period will require a risky project to pay back sooner, thereby focusing on cash flows which are nearer in time (less uncertain) and so less risky.
· Discounted payback can also be seen as considering risk because future cash flows can be converted into present values using a risk-adjusted discount rate. The target payback period normally used by a company can then be applied to the discounted cash flows.
· Overall, the effect is likely to be similar to shortening the payback period with undiscounted cash flows.

[2 marks]
Answer 7

(a)

Calculation of expected NPV

	Year
	1
	2
	3
	4
	Marks

	
	$000
	$000
	$000
	$000
	

	Sales revenue
	4,524
	7,843
	13,048
	10,179
	[2]

	Conversion cost
	(2,385)
	(4,200)
	(7,080)
	(5,730)
	[1]

	Contribution
	2,139
	3,643
	5,968
	4,449
	

	Overhead
	(440)
	(484)
	(532)
	(586)
	

	Cash flow before tax
	1,699
	3,159
	5,436
	3,863
	

	Tax liability at 30%
	(510)
	(948)
	(1,631)
	(1,159)
	[1.5]

	Depreciation benefits
	338
	338
	338
	338
	[1.5]

	After-tax cash flow
	1,527
	2,549
	4,143
	3,042
	

	Scrap value
	
	
	
	500
	[0.5]

	Project cash flow
	1,527
	2,549
	4,143
	3,542
	

	Discount at 11%
	0.901
	0.812
	0.731
	0.659
	

	Present values
	1,376
	2,070
	3,029
	2,334
	


	
	$000
	Marks

	Sum of present values
	8,809
	

	Less: initial investment
	(5,000)
	

	ENPV
	3,809
	[1]


Comment

The investment project has a positive ENPV of $3,809,000. This is a mean or average NPV which will result from the project being repeated many times. However, as the project is not being repeated, the NPVs associated with each future economic state must be calculated as it is one of these NPVs which is expected to occur. The decision by management on the financial acceptability of the project will be based on these NPVs and the risk associated with each one.
[1]
Workings
Mean or average selling price = (25 x 0·35) + (30 x 0·5) + (35 x 0·15) = $29 per unit
[0.5]
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Total tax-allowable depreciation = 5,000,000 – 500,000 = $4,500,000

Annual tax-allowable depreciation = 4,500,000/4 = $1,125,000 per year

Annual cash flow from tax-allowable depreciation = 1,125,000 x 0·3 = $337,500 per year
(b)

· Sensitivity analysis assesses the extent to which the net present value (NPV) of an investment project responds to changes in project variables.
· Two methods are commonly used:
· one method determines the percentage change in a project variable which results in a negative NPV,
· while the other method determines the percentage change in NPV which results from a fixed percentage change (for example, 5%) in each project variable in turn.
· Whichever method is used, the key or critical project variables are identified as those to which the NPV is most sensitive, for example, those where the smallest percentage change results in a negative NPV. Sensitivity analysis is therefore concerned with calculating relative changes in project variables.

[1 – 3 marks]
· When discussing risk in the context of investment appraisal, it is important to note that, unlike uncertainty, risk can be quantified and measured.
· The probabilities of the occurrence of particular future outcomes can be assessed, for example, and used to evaluate the volatility of future cash flows, for example, by calculating their standard deviation.
· The probabilities of the future economic states in the assessment of the investment project of Hraxin Co are an example of probability analysis and these probabilities can lead to an assessment of project risk.

[1 – 2 marks]
· Sensitivity analysis is usually studied in investment appraisal in relation to understanding how risk can be incorporated in the investment appraisal process.
· While sensitivity analysis can indicate the critical variables of an investment project, however, sensitivity analysis does not give any indication of the probability of a change in any critical variable. Selling price may be a critical variable, for example, but sensitivity analysis is not able to say whether a change in selling price is likely to occur.
· In the appraisal of the investment project of Hraxin Co, the probabilities of different selling prices arising with related economic states have come from probability analysis, not from sensitivity analysis.
· Sensitivity analysis will not therefore directly assist Hraxin Co in assessing the risk of the investment project.
· However, it does provide useful information which helps management to gain a deeper understanding of the investment project and which focuses management attention on aspects of the investment project where problems may arise.

[1 – 3 marks]
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