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a b s t r a c t
This paper contributes to understanding the determinants of patent value. By drawing on a real
options approach, we develop a theoretical model of patent value, which explicitly considers
the uncertainty about future value. On this basis, we rely on Monte Carlo simulations with data
from a case study in a large chemical ﬁrm to estimate patent value according to our model. In
the simulation analyses, we compare an R&D project with patent protection and the same
project without patent protection. The difference of the values of the two projects is the surplus
in proﬁt that may be expected from having a patent covering the project. This surplus is
regarded as the value that is directly attributable to the patent. The results of the simulation
analyses indicate that the development costs and expected net cash ﬂows of a patent-protected
project are higher than of an unpatented project. The higher net cash ﬂows outgrow the
increased development costs, and patent value is positive. However, this value is smaller than
the overall project value of the patent-protected R&D project.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction
The valuation of patents is a major managerial challenge, and it has attracted considerable interest of researchers and practitioners
for decades [1–5]. Starting with the ﬁrst studies in the 1960s, researchers have examined a variety of determinants of patent value [6–8].
For instance, prior studies have examined patent breadth, novelty, disclosure, and inventive activity [9–14]. On this basis, several recent
studies provide excellent overviews of the literature on patent value determinants [6,15]. Despite the theoretical and empirical advances
of this growing body of knowledge, however, patent valuation remains a highly relevant topic for several reasons.
First, a lot of the literature on patent value focuses exclusively on theoretically modelling the patent system, e.g., [11]. Thus,
additional studies are needed to link this line of research to patent evaluation in practice [6]. Second, many studies have focused on
assessing patents by means of value indicators, such as renewal information [16], claims [17], legal arguments [18], and many
others [19]. Here, prior research has shown that the impact of particular patent characteristics differs with the speciﬁc utilization of
patents [8,20–23]. Third, practitioners are constantly occupied with optimizing their patent portfolios [24]. The need for
thoroughly measuring patents is particularly important in light of recent updates on ﬁnancial reporting standards, which partly
require ﬁrms to present the fair value of their intangible assets on the balance sheet [25].
Despite this strong need for detailed patent evaluation, the applicability of patent valuation methods still constitutes a major
challenge in many industrial ﬁrms. “Few of the companies that could beneﬁt from patent valuations have the capability to perform
them in-house” [26], p. 135. In a similar vein, the patent valuation expertise of consultancies and ﬁnancial institutions seems very
limited [24]. As a patent grants protection for a technology that will be used in the future, there is considerable uncertainty in the
patent's value [18,27]. In light of this uncertainty, many existing valuation techniques either seem to excessively simplify reality or
they are so complicated that the possibilities of practical application are limited [28,29]. Moreover, most current valuation
approaches focus on determining the value of a patented technology rather than the value directly attributable to the patent [6,26].
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To deepen our understanding of patent valuation, we therefore adopt a perspective that differs from many prior works and
complements earlier studies. Thus, we contribute to the literature in several ways. First, we explicitly take into account uncertainty
about future value by applying a real options perspective on patent valuation [30–32]. Second, we rely on Monte Carlo simulations
with data from a case study in a large chemical ﬁrm to estimate the value of a patent according to our model. At the current state of
research into patent evaluation [3,15], the particular characteristics of simulation analyses, e.g., internal validity and
experimentation beneﬁts [33], provide major opportunities for gaining new insights. On this basis, our study identiﬁes major
starting points for future empirical research into the determinants of patent value.
Third, despite using real options and Monte Carlo simulations, we take a managerial perspective that is directed towards
developing valuation methods for ﬁrms and policy makers [24]. The application of our methods may be directly implemented by
practitioners. Thus, this paper attempts to bridge the gap between closeness to reality and managerial applicability in patent
evaluation [34]. Fourth, we focus on a patent's ﬁnancial value as the surplus in proﬁt that derives from comparing a speciﬁc R&D
project with patent protection and the same project without patent protection. Speciﬁcally, we concentrate on a patent that is used
for protecting a technology, which is currently developed and will subsequently be applied in a ﬁrm's own products. Fifth and
related to the last point, we focus on valuing a patent per se rather than estimating the overall value of a patented technology [35,36].
The remainder of this article is structured as follows. In section 2, we present an overview of different approaches to patent
evaluation. In section 3, we develop a dynamic real-option-based model of patent value. In section 4, we use Monte Carlo
simulations based on real data of a patented R&D project in the chemical industry to illustrate the practical usefulness of our model.
In the simulations, we compare an R&D project with patent protection and the same project without patent protection to
determine the value of the patent per se. Detailed sensitivity analyses deepen our understanding of the determinants of patent
value. In section 5, we analyze the study's theoretical and managerial implications. Finally, we discuss the study's limitations and
present opportunities for further research.
2. Existing valuation approaches
2.1. Overview of the literature
It is difﬁcult to observe the value of individual patents [6,37]. To determine a patent's value, inductive approaches are therefore
needed. On this basis, Harhoff et al., 2003 [18] show that for a ﬁrm involved in technological competition, the value of a patent is
best deﬁned as its asset value. This deﬁnition covers most of the empirically relevant scenarios of patent evaluation. To assess a
patent's value, it is therefore necessary to consider its observable effects on prices, costs, and quantities of patent-protected
products by the patent owner and its simultaneous unobservable or counterfactual effects on the owner's competitors [4]. Based
on a similar theoretical understanding, several approaches to valuing patents have been developed, and they all emphasize
different aspects of the underlying R&D processes. The existing valuation algorithms aim at determining the fair value of a patent,
i.e., what would a third party be willing to pay for the patent based on the theoretical assumptions stated above [26]. These
valuation approaches can be categorized into contemporary and less common methods [26,38]. Among the contemporary
approaches are the cost-based, market-based, design-around-based, and income-based approaches, whereas the relief from
royalty, the technology factor, the real options, and the Monte Carlo simulation method along with some rules of thumb belong to
the approaches used less frequently. A brief overview of these approaches is presented in the following.
With respect to the contemporary approaches, the cost-based method aims at determining a patent's value by deﬁning the
necessary development costs for the product covered by the patent [39]. The market-based approach tries to value a patent by
referring to similar transactions that have occurred recently, i.e., the patent value is determined by comparing the patent to similar
patents that were sold in the past [40]. The design-around approach considers the costs that it takes to develop an equivalent
product designed around the claims of a patent, i.e., the price it would take to build a product that delivers the same results as the
patented product but without having to pay any royalty fees [11]. The income-based approach considers a patent's possibility to
provide an economic beneﬁt in the form of cash ﬂows. With this approach, future cash ﬂows are estimated and then discounted [28].
With regard to the less common methods, the relief from royalty approach is similar to the income approach with the only
difference that the present value of cash ﬂows is multiplied by an appropriate percentage royalty rate. Thus, this method measures
the royalty fees that a company does not have to pay to a third company because it actually owns the patent [39]. The technology
factor approach is also based on the income approach, but it deﬁnes an upper limit of maximum achievable income with the
patented technology, which is then shortened by competitive attributes in order to derive the expected income [26]. The income
approach with its discounted cash ﬂow method and the approaches based around it have to be seen as ‘now or never’ propositions,
i.e., the ﬁrm has to decide in the beginning whether it wants to perform the investment and if it does, it can no longer change its
strategy. If a ﬁrm does not invest, the investment opportunity is lost for future periods.
In real-world business settings, however, these criteria do not apply to most R&D projects [41]. In highly dynamic
environments, it is often crucially important for ﬁrms to change their strategies and to delay or exit an investment [42]. In fact, a
ﬁrm with a patent is holding an option on a certain technology or product [43]. This ‘real’ option is comparable to a ﬁnancial option
in that it gives a ﬁrm a right but not the obligation to do something in the future. However, this real option differs from a ﬁnancial
option in its practical application. In particular, these real options are subject to uncertainty, i.e., the value of the options changes as
time evolves and new information about the investment project comes in [30,44–46]. Dixit and Pindyck, 1993 [47] show that the
value of these options can be substantial. Accordingly, any investment rule that ignores these options can be grossly wrong because
it neglects the value of ﬂexibility in investment decisions [48].

