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ECONOMIC VALUATION OF MULTI-UNIT NUCLEAR PLANT PROGRAMS BASED ON REAL OPTIONS ANALYSIS 
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Overview
Since nuclear power is  being considered again as an attractive alternative for electricity generation, it is suggested that in many cases multi-unit nuclear plant programs should be contemplated. Such programs should be subject, among other criteria, to long term economic valuation in the frame of an uncertain future, involving when possible, both the benefits of standardization and the impact of learning to lower investment  costs as well as possible program adjustments as the future unfolds. 
Conventional Net Present Value (NPV) analysis is poorly suited for valuations with such a scope. Real Options Analysis (ROA) is considered an improvement to conventional discounted NPV estimates as it reflects the value of the flexibilities available to management to respond to the way uncertainties evolve during project implementation and operation. In this case, building a first unit would give the utility the option, but not the obligation, to build a second unit at a lower investment cost, only if economically attractive. The evaluation of a first unit should then include the value of the flexibility to build a second unit. Likewise building a second unit opens the option to build a third unit and so on. 

The procedure to solve this problem via ROA is discussed, results are presented and analyzed and possible extensions are then summarized.
Methods
The suggested scheme is known as “compound” real options in ROA parlance, as the value of an option depends in turn on the value of a later option.  ROA starts by identification of sources of uncertainty, by recognizing the flexibility embedded in a project, or in this case, in a program, and therefore anticipating relevant future decisions.  Next, a computational model must be developed aimed at estimating an “expanded” NPV that reflects the value of flexibility through optimal decisions available to management to respond to uncertainty.  If uncertainties do exist, and proper actions are suitably identified and modeled, ROA yields larger, credible estimates of project values. 

In our study, the uncertain variable is the electricity costs that the nuclear units would be competing against. The model assumes a binomial evolution of the electricity prices. The computational scheme calculates the expanded NPV backwards - starting from the lattice points for the future date and folding back towards the present - on a binomial lattice following the Cox, Ross and Rubinstein options valuation procedure.   The study is aimed at evaluating a possible agreement with a vendor, allowing four units to be ordered within fixed expiration dates, with progressively lower investment costs, both because repeated equipment orders, as well as by learning to build identical units more efficiently.

The purpose of the study is to estimate the value of the flexibilities embedded in the agreement with the vendor, as well as the benefit of postponing the commitment of new units - if competing electricity costs do increase. ROA yields the aforementioned “expanded” NPV of each of the four units to be committed over a period of several years.

The value of the flexibilities that the contract allows is obtained by subtracting the conventional NPV from the “expanded” NPV. Since the type of real option involved is a compound option, the value of an option depends on the value of  a later option, care must be taken to process the data in the correct binomial valuation tree. Thus the model considers both the values of the future real options that exercising them would generate, as well as the incremental cash flows that could be realized.  Also, since the volatility involved in the Cox, Ross and Rubinstein foldback  evolves as the option value (the expanded NPV)  as the valuation proceeds from the future to the present, the expanded NPV of the third unit, for example, must reflect both the postulated evolution of the electricity prices, plus the discounted expanded NPV of the fourth unit. 

Results
We considered a program of four generating units with the values shown in table 1. The values for the ROA are shown in Table 2. 

The model can easily be implemented in a spreadsheet and extended to more units, if needed. 

Table 1.  Base unit parameters
	PARAMETER
	VALUE
	UNITS

	Unit capacity
	1,000
	MWe

	Overnight investment cost
	3,250
	Millions of US$

	Capacity factor
	90
	%

	Estimated operation, maintenance and fuel costs
	20
	US$/MWh

	Competing electricity price
	55
	US$/MWh

	Discount rate
	12
	% per year


Table 2.  ROA parameters
	PARAMETER
	VALUE
	UNITS

	Risk free rate
	4
	% per year

	Standard deviation of electricity price
	4.5
	% per year

	Length of binomial steps
	4
	years

	Number of steps in the  binomial lattice expansion
	4
	steps


The model thus analyses a relatively long term program, 12 years, to allow for the learning experience to build the units to be reflected in subsequent ones. The main results are: 

Table 3.  Base case ROA results

	UNIT
	VALUE OF FLEXIBILITY TO DEFER COMMITMENTS ONLY
	ACCUMULATED VALUE OF FLEXIBILITY *

	Unit 1
	609 Millions of US$
	694 Millions of US$

	Unit 2
	633 Millions of US$
	768 Millions of US$

	Unit 3
	675 Millions of US$
	866 Millions of US$


*Including the possibility to defer unit commitments as well as building next units at lower investment costs.
The value of the flexibility comes about by two factors: (a) being able to defer investment for competing electricity costs  to rise (and if not, or if they decrease, not to invest at all), and (b) giving the option to build a next unit at a lower investment cost. The cumulative value of the flexibility for the option to build subsequent units at a lower investment costs is greater for the last unit and decreases for the previous units, as would be expected, because the last units would have the lowest investment costs.  The value of being able to defer investments for competing electricity prices to rise is more important, also increasing towards the end of the program. 
Conclusions

This approach can widen the depth and breadth of evaluating and comparing bids from different contractor/vendors or for different reactor types.   It can be easily extended to richer situations and more involved models, like anticipated improvements in capacity factors and lower operation costs, among many others.
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