EC334 2023 Class problems 1 – Real options
1. Irreversible investment
It costs a risk neutral firm £800 to set up a factory (fixed cost). The factory can produce one unit of output per year forever. The current price of a unit of output is £100. The product price is currently uncertain. In the next period the price will increase or decrease by 50% (with equal probability) and remain fixed forever at the level it has reached. The interest rate is 10%.
a) According to NPV, should the firm invest now? This means spending £800 in the current period and selling the first unit of output for £100 today and either £150 forever afterwards or £50 forever afterwards (with equal probability).
b) What is the real option value of waiting to see whether the price goes up or down? This means investing £800 next period and getting the appropriate price forever.
c) If the price for deferred investment is higher (the firm has to invest £I > £800 at the beginning of next period) how high can it be before the firm will choose to invest now?
d) How would your answers change if the firm could wait for two periods, and if the price could change at the end of period 1 and again at the end of 2 (in each case going up or down by 50% with equal probability) after which it would stay the same forever?
This is a more complex problem, for you to think about as revision. The changes are; 
· Price trajectories are different (up or down tomorrow and the next day)
· Up, up gives prices: £100, £150, £225, £225…: PV=£2281
· Up, down gives prices £100, £150, £75, £75…: PV=£918
· Down, up gives prices £100, £50, $75, £75…: PV=£827
· Down, Down gives prices £100, £50, £25, £25…: PV=£372
· Expected present value of revenue is still £1100
· by waiting the firm has to discount the cost of investment and the resulting revenues twice. The optimal decision can be found by considering whether the firm would invest in period 2 if the price were £225 (yes, future value in period 2 = £1675), £75 (still yes, though FV is only £25) or £25 (no). The expected value of waiting (in period 0) is therefore 

So the value of this option .
2. HS2 – a more complex option
The price of steel is currently  per ton. Next year it will either increase by 50% to  or fall by 25% to  – these changes are equally likely, and the new price (and the plant) will last forever. Firm A is considering investing in a plant making steel girders for high-rise buildings. The investment must be made today or never, and will cost . The annual value of the project – starting in the period when the investment is made - is always  times the price of steel. The risk free interest rate is .
a) Should the firm invest in the plant? 
; the investment shouldn’t be made.
b) Suppose that management has the option to expand the scale of the operation after one year. At that time, it can double the gross value of the project by investing an additional . What is the value of this option? Should the firm invest in the smelter today?
The decision to make the first investment is taken at . The option must be agreed at  but exercised (expand or not) at . Expected annual revenue after this year is .
	If Up
	If down
	Formula
	Value

	No
	No
	
	-£21.875 m

	Yes
	No
	
	£253.42 m

	No
	Yes
	
	-£74.7 m

	Yes
	Yes
	
	£200.6 m


The investment should be undertaken. The value of the expansion option is the difference between the NPVs;  as the project would not be pursued without this option.
Now suppose that Firm B has entered a partnership with a foreign steel producer who offers the following opportunity: Firm B can invest in a rail plant using the partner’s steel for a current investment of , but must invest a further  next year. The value of the investment depends on whether the firm wins an HS2 contract - it will learn the outcome next year. If the firm wins the contract, the value of the plant will be  per year from then on but if another firm wins the contract or HS2 is abandoned, the plant will only be worth  £3.25 million per year. The firm assesses the chances of a successful bid for the HS2 contract at .
c) Should the firm invest in the plant?

This is negative, so the answer is again no.
Suppose that management has the option to abandon the project if its HS2  bid is unsuccessful, losing its initial investment but avoiding the further investment of £75 million. 
d) Will the firm invest today, and what is the value of the option to abandon?
	Abandon If win
	Abandon If lose
	Formula
	Value

	No
	No
	
	£-20.00 m

	No
	Yes
	
	£4.76 m

	Yes
	No
	
	£-31.43 m

	Yes
	Yes
	
	£-1.95 m



