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1. Overview

Deregulated industries, such as those for
electric power, often exhibit uncertain market
prices, investment decisions by private firms,
and competition among firms for market
share. Given discretion over investment
timing and capacity sizing, the real options
approach (Dixit and Pindyck, 1994) has been
applied to this sector. For

Nisékkild and Fleten (2005) examine how

example,

either a baseload or a peak gas-fired power
plant can be selected based on a stochastic
spark spread, while Siddiqui and Maribu
(2009)

investment

consider optimal timing for

in a baseload system with
subsequent decisions to upgrade. By allowing
for sequential decisions, the real options
approach enables a richer treatment of an
investor’s problem than the now-or-never net
present value (NPV) one.

However, most of these applications ignore
the effect of competition and assume
monopolistic decision makers. This is, indeed,
the canonical real options treatment of

investment, and it finds that investors

typically delay entry compared to the
now-or-never NPV approach in order to
capture the gains from a higher initial output
price in the future and lower discounted
investment costs even if there is an opportunity
cost of forgone revenues in the interim.
Subsequent work, e.g., Grenadier (1996) and
Huisman and Kort (1999), has introduced a
rival firm that competes for market share. In a
duopoly, the wvalue of the investment
opportunity for any given firm is less than that
for a monopoly. Furthermore, in the
pre-emptive setting, firms have the incentive to
enter sooner than a monopolist as they are
liable to lose market share to their rival. Thus,
the strategic imperative is to hasten entry,
which is contrary to the decision-theoretic
incentive to postpone investment.

Including strategic effects, Takashima et al.
(2008) address the problem of duopolistic
with

competition in sector

flexibility. We

the power
operational extend that
approach to account for staged investment as
capacity is modular. In particular, generators

can invest in either a small or a large plant.
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The former project offers the subsequent
option to upgrade capacity. This problem has
been considered (Dixit and Pindyck, 1994)
only from the perspective of a monopolist.
We first contrast direct and sequential
investment strategies for a monopolist in
order to extract the value of flexibility. Next,
we allow for a symmetric duopoly (Goto et
al., 2008) in which each generator can adopt
capacity in either a direct or a sequential
impact of

manner and examine the

competition on an investor’s value.

2. Methods

We begin by considering a monopolist that
can invest in capacity of a given size. Once
it will

installed, generate output, e.g.,

electricity, which can be sold into a market at

Figure 1. State-Transition Diagram for

Monopoly

Now, each firm can invest in a single stage at a
time with one of the two firms randomly winning
the race out of state (0,0). This is followed by the
other firm’s first-stage investment and so on until
both firms have completed both stages to end up
in state (2,2). As in the monopoly case, we
contrast this sequential strategy with a direct one
in which each firm invests in two stages at a time.

The value function in each state now accounts for

a stochastic price. The firm has a perpetual
option to make the investment at a given
lump-sum cost in the first stage, which
provides a subsequent option to increase
capacity in the second stage with the tradeoff
that a higher capacity will lower the price
received. We solve this two-stage problem
via dynamic programming: first, we obtain
the now-or-never NPV of a second-stage
project, and, next, we use the now-or-never
NPV of a first-stage project with the option
to upgrade to find the optimal upgrade
threshold price. Finally, we use the value of
the investment opportunity when there is no
active project to find the optimal investment
threshold price (Figure 1). In order to
account for competition, we expand the state

space (Figure 2).

Figure 2. State-Transition Diagram for

Duopoly

the future erosion in market share due to the

rival’s entry.

3. Results

Although we find closed-form solutions for all
investment and upgrade thresholds, their relative
values depend on parameters. Therefore, we use
numerical examples in order to gain insights

about the results. First, we find that investment is
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launched sooner under the sequential strategy,
although both stages are completed sooner with
the direct strategy for both the monopoly and the
duopoly. All critical thresholds increase with the
price volatility. Second, we find that the value of
flexibility from the sequential strategy is always
positive but decreasing in the price volatility
(Figure 3). Intuitively, this is because higher
price volatility implies higher future prices,

which are better exploited with larger capacity.

Figure 3. Value of Flexibility

4. Conclusions

We model a two-stage investment game
under uncertainty and discretion over timing.
Due to the deregulation of electricity industries,
it captures salient features of their operation
such as a stochastic output price, lumpy and
modularised investment, and threat of entry
from rivals. Via a dynamic programming
approach that integrates game theory, we are
able to account for both strategic and
decision-theoretic effects using an analytical
model. For future work, it would be
worthwhile to extend the model to account for
asymmetric firms as in Pawlina and Kort
(2000).
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o ACMSA2012 : Asian Gonference of Management Science and Applications
September 7-10, 2012, Jiuzhaigou-Chengdu, Sichuan, China
Organized by: Asian Association of Management Science and Applications
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