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Abstract

We present an approach for valuing patents on production process improvements. Specifically, we focus on valuing a

patent on cost-reducing process improvements from the viewpoint of the patent holding firm. We do this by considering

the relevant cash flows that result from owning the patent. The patent value is determined by (1) licensing fees and royalty

income, (2) competitive advantage resulting from the patent, (3) patent maintenance costs. We discuss a case study that

presents the difficulties and challenges in finding the relevant information that is needed to estimate the cash flows. We

show that valuation of patents on production process improvements cannot be done without good knowledge of

technology, markets and competitors.

r 2006 Elsevier B.V. All rights reserved.
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1. Introduction

A patent is an exclusion right. In return for
disclosing the patented technology or invention, the
patent owner is the only one who may use the
technology or invention during the patent life. This
exclusion right can be valuable, as is clear in for
example the pharmaceuticals industry. A patent
right on an effective medicine can generate large
amounts of cash flows for the patent owner. The
patent results in a monopoly position, which
generates extra cash flows from higher unit sales
and higher prices relative to selling the medicine in a
competitive market.
e front matter r 2006 Elsevier B.V. All rights reserved
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However, most patents cover only a part of a
product or service, and more often only a small part
of a production process. Rather than conferring
monopoly rights on products on a firm, they exclude
others from implementing a substantial but limited
feature in a product, or from using a specific process
step. These exclusion rights can also be valuable.
For example, in September 2004, Nikon and
ASML, two producers of lithography systems used
by firms such as Intel to produce computer chips,
settled several patent litigation procedures. Nikon
and ASML accused each other of infringing the
other’s patents with respect to several different
aspects of their systems. The settlement called for
ASML (and its main supplier) to pay Nikon a total
of h 119 million.

In this paper, we present an approach to valuing
patents on cost-reducing process technology. These
.
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patents do not lead to monopoly positions, nor to a
competitive advantage because of enhanced product
quality, but they can lead to lower product costs.
We focus on the practical difficulties in establishing
the value of individual cost-reducing patents. The
valuation of patents on such process steps is not
well documented in the literature. Whereas the
literature often takes an econometric approach,
deriving patent values from proxies such as renewal
fees and litigation costs, we discuss a case study of a
single patent (portfolio) held by a chemical firm. We
identify the nature and the sources of the informa-
tion that is needed to value patents, as well as the
discretionary choices a firm has to make in
establishing and realizing patent value. Thus, we
show that the patent valuation process at the firm
level requires in-depth knowledge of technology,
markets, and competitors, and that there is no quick
fix for performing such valuations.

Valuing patents on production process improve-
ments is useful for a number of reasons. First of all,
a firm has to decide each year whether it should
renew the patents, which requires yearly fees. As
such, it is an operational decision. Also, patents are
part of the intellectual capital of the firm. Financial
reporting on intellectual capital is becoming more
important, and is required in drawing up balance
sheets of business combinations that result from
mergers or acquisitions. In the United States, firms
that donate patents to universities are allowed to
deduct the value of the patents from their income,
thus saving taxes. Finally, the process of patent
valuation can help in discovering potential licensing
income sources, and in setting the royalty rates or
licensing fees.

This article is organized as follows. First, we
discuss the cash flow effects of a cost-reducing
patent, since all valuation requires estimates of the
relevant cash flows. We also review the literature
with respect to the theory of valuation, and we
discuss operationalizations of patent value that are
used in the empirical literature. After that, we
discuss the case study, and we finish with the
conclusions.

2. Valuing a cost-reducing patent: theory and

literature review

2.1. Identifying the relevant cash flows

The value of any asset is equal to the future cash
flows that it will generate, corrected for the risk of
those cash flows. Thus, the identification of relevant
cash flows is the starting point for all valuation
issues, and indeed for any financial business
decision (e.g. Drury, 2004, Chapter 9). In the case
of a patent, we can identify the relevant cash flows
by looking at the difference between the situation in
which a company owns a certain patent portfolio
and the situation in which the company does not
own that portfolio: what cash flows will change if
the firm would not own the patent? Since we are
interested in the value of a cost-reducing patent, we
do not have to look for cash flows that originate
from unique product features.

The relevant cash flows consist of three types:
(1)
 Cash flows due to competitive advantage: Because
of the patent on the cost-reducing technology,
the firm operates at a lower cost level than its
competitors. It can use this cost advantage to
establish price leadership and thus increase its
market share. Another option for the firm is to
use the extra margin to offer e.g. extra services
without lowering its price. A firm taking this
approach does change the nature of the product
offering, however. Analyzing the cash flows due
to competitive advantage is difficult since they
result from the patent’s impact on the cost level,
the price, and the volume.
(2)
 Licensing income:

(a) Current licensing fees and royalty rates:

These are current cash flows, which can be
attributed directly to the patent.

(b) Potential licensing fees and royalty rates: To
adequately establish the value of the patent,
it is important to identify remaining licen-
sing opportunities. This is important, since
value is a future-oriented construct. It is
imperative to examine all licensing opportu-
nities, since they can contribute to the cash
flows originating from the patent.
(3)
 Maintenance costs of the patent: The renewal
fees that have to be paid to keep the patent
valid. This could also include any legal costs in
the case of litigation.
Note that the lower cost price level at which the
firm operates does not lead to relevant cash flows as
such. The cost reductions are due to the technology,
not the patent. If the firm would not have patented
the technology, but would have developed and
applied it, it would also realize the cost savings.
Therefore, the cost savings cash flows do not
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contribute to the patent value. This also implies that
a cost-reducing patent does not create value if it is
not licensed, or used to create a competitive
advantage. The mere fact that competitors are
prohibited from using the patented technology does
not lead to extra cash flows for the patent holding
firm.

2.2. Valuation

Valuation is straightforward in theory: it has long
been established that the value of any asset is equal
to the future cash flows that it will generate,
corrected for the risk of those cash flows—the
discounted cash flow approach or DCF (see any
finance textbook, e.g. Brealey and Myers, 2003). In
the patent (and technology) valuation literature, a
number of valuation methods are presented that are
mostly variations on DCF, such as the income
approach and market multiples. Also, many rules of
thumb are proposed, all of which have in common
that they are based on a cash flow-related measure
such as profit or royalty revenues, or use market
values of comparable assets to come to a value (see
Razgaitis (2003) for a practitioner’s overview of
patent valuation). However, the ‘cost approach’ is
also regularly presented as a valid measure of value,
even though this approach focuses on cash outflows

(costs) instead of cash inflows. Since value equals
discounted future cash inflows, it cannot be
measured by past cash outflows.

Thus, the relevant literature on valuation is first
of all the standard valuation literature to be found
in corporate finance textbooks (Brealey and Myers,
2003), management accounting textbooks (Drury,
2004), or practitioner’s guides (Copeland et al.,
2000). They are all based on the discounted cash
flow approach, where the value of a series of n cash
flows subject to a discount rate k is calculated as
follows:

value ¼
Xn

i¼0

cashflowi

ð1þ kÞi
.

It is important to realize that the focus is on
future cash flows. This is what makes all valuation
difficult. However, it also implies that valuation
requires many estimates and assumptions, both with
respect to external factors such as market develop-
ments and competitor behavior, as well as choices
that the patent holding firm is facing (cf. Borgonovo
and Peccati, 2006).
The DCF method can be extended using the so-
called real options approach to valuation. This
approach is often proposed for valuing research and
development projects (see e.g. Dixit and Pindyck,
1994). The real options approach allows for
flexibility in pursuing or abandoning lines of
research, and in the actual application of (patented)
technology, since this will generally require irrever-
sible investments. This makes it especially suitable
for young patents where there is much uncertainty
about the effectiveness and the rewards of the
technology. It is important to note that real options
analysis is truly an extension to discounted cash
flow analysis, in that it requires more information,
not different information: next to the expected cash
flows, the essential ingredient is the standard
deviation (or volatility) of these expected cash flows.
The problem then is that patents on specific
technology are non-traded assets, implying that
there are no market-based estimates of the volatility
(e.g. Miller and Bertus, 2005, p. 231). This makes an
option-based approach to valuing patents difficult,
as it is for most other applications, despite the
substantial attention for option-based valuation
methods in the literature (e.g. Copeland and
Tufano, 2004; Zettl, 2002).1

The choice between DCF and a real options
approach for valuing a cost-reducing patent is
dependent on the extent to which the technology
is developed. In this paper, we are studying patents
on technology that is already implemented success-
fully. This implies that there are no substantial
investments to be made by the patent holding firm:
the technology is applied in existing production
processes. Thus, the expected cash flows are not
conditional on cash outflows, and a real options
approach is not necessary.

2.3. Licensing fees and royalty rates: sharing the

benefits of the patented technology

Next to the valuation issues, the cash flows from
licensing fees and royalties require attention.
Whereas the cash flows from competitive advantage
are the result of applying the patented technology,
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the structure of the rewards from sharing the
patented technology has to be decided upon by
the patent holding firm. If a firm decides to license a
technology, it has to make a trade-off between
licensing income and lost sales revenue. If the firm
licenses its technology, competitors will be able to
lower their product costs, and thus their selling
price; this will impact the licensing firm’s unit sales
as well as the unit selling price. The literature on this
is summarized by Kamien (1992). The analyses
mostly center on patents on cost reducing technol-
ogy, rather than new products with monopoly value
resulting from either a unique product, or from
increased quality. The question of interest is then
whether the license fee should be in the form of fixed
fees or a royalty rate. The literature provides some
information on the structure of licensing agreements
(see Faulı́-Oller and Sandonı́s (2002) for an over-
view).

However, the literature is not clear on how to
choose the actual level of the royalty rate or the
licensing fee. Economic theory is not very helpful in
this: while a rational economic agent would be
willing to pay up to the total net present value of the
cost savings in order to obtain the license, this is not
likely to happen in practice. Reasons include
continued uncertainty for the licensee about the
effects of the new technology (even though this can
be accounted for in the net present value calculation
through an appropriate discount rate), and infor-
mation asymmetry between patent holder and
licensee, making the latter unsure about the true
extent of cost savings. If we look towards the
behavioral economics theory, we find a limited
analogue in the ultimatum game, where one party
has to split up a reward between itself and another
party, without the other party having any influence
on the distribution. If the receiving party does not
accept the proposed distribution, nobody gets
anything. This setting also occurs in patent licen-
sing: the reward to be split up is the cost savings,
which can be realized only if the patent holder and
the licensee agree upon the distribution of the
reward. Experimental results from the ultimatum
game suggest that the party proposing the split up
typically chooses to offer 30–50% to the other
party, and the receiving party rejects offers of less
than 20% (Camerer and Thaler, 1995). An exten-
sion of the ultimatum game includes taking input
costs into account, and splitting up the rewards
accordingly (e.g. Gantner et al., 2001). The problem
then becomes how to value the input of both
parties: is the patented technology more important
as input than the realized savings? In all, the
literature offers little guidance for the actual
choice of royalty rates (or licensing fees), neither
theoretically nor from empirical data. Any publicly
available data consists of royalty rates on sales or
lump-sum fees, without any relation to the cost
savings that are the reason for licensing (see
Razgaitis (2003) for an overview of licensing
agreements, rules of thumb, and typical royalty
rates on sales that are used in practice).

2.4. Empirical operationalizations of patent value

The empirical literature on patent valuation is
dominated by an econometric approach. A sub-
stantial part of this literature is based on cash
outflows from renewal fees, sometimes in combina-
tion with legal costs related to the upholding of
patents, while value estimates by respondents
through questionnaires are also used. Empirical
studies based on cash inflows that are attributable
to the patent are rare, however. Typical operatio-
nalizations of patent value are:
�
 Firm market value: ‘y this paper investigates the
dynamic relationships among the number of
successful patent applications of firms, a measure
of the firm’s investment in inventive activity (in
R&D expenditures), and an indicator of its
inventive output (the stock market value of the
firm).’ (Pakes, 1985, p. 390).

�
 Renewal fees: ‘This paper presents and then

estimates a model which uses observations of the
proportion of different cohorts of patents which
are renewed at alternative ages, and the relevant
renewal fee schedules, to estimate the distribution
of the returns earned from holding patents’.
(Pakes, 1986, p. 755).

�
 Renewal fees and cost of legal actions to uphold

patents: ‘This paper presents quantitative esti-
mates of both the magnitude and the distribution
of the private value of the protection received by
inventors... The value of protection derives from
the additional returns that an inventor is able to
capture given that he has a patent on his
innovation...’ (Lanjouw, 1998, p. 671).

�
 Granting of patents: ‘Two factors suggest that the

patents granted have a higher value than the ones
that are withdrawn or refused ... The search and
examination procedures have to confirm that
the invention (...) surpasses the skills of a
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professional confronting the problem concerned
(grant reflects value) ... The exclusive exploitation
of the invention induces a potentially higher
return (grant generates value).’ (Guellec and Van
Pottelsberghe de la Potterie, 2000, p. 110).

�
 Grading on Likert scales from questionnaires: ‘the

propensity to buy the patent on a scale ranging
from 1 (no interest, no value) to 7 (superior
interest, superior value)...’ (Reitzig, 2003, p 18).

�
 Profit estimate from interviews: ‘The [profit] flow

value estimates were computed from annual sales
and profit ratio data multiplied by a correction
factor ... To obtain this factor, we asked
respondents to estimate the share of total profits
that could not have been earned without having
ownership of the patent right.’ (Harhoff et al.,
2003, p. 1349).

�
 Opposition to patents: ‘... the probability of an

opposition is correlated with the value of the
valid patent for the patent owner.’ (Reitzig, 2004,
p. 946).

The patent values estimated in the econometric
literature are used to identify the determinants of
patent value, such as patent lifetime, novelty, and
difficulty to invent around, and to identify indica-
tors of patent value, such as renewal information,
backward and forward citations, and legal argu-
ments (see e.g. Reitzig, 2003). Furthermore, the
estimated values lead researchers to conclude that
there exists a ‘patent paradox’: the econometric
estimates of patent values often are very low, yet
firms are patenting their technology more frequently
(see e.g. Hall and Ziedonis, 2001).

However, the estimates using econometric ap-
proaches do not necessarily coincide with the value
of individual patents, or of a portfolio of patents
active on a specific process. This is the type of value
that needs to be known to make licensing decisions,
in performing purchase price allocations, or in case
of donating patents to universities in return for a tax
write-off. The probability of opposition to a patent,
or the probability of granting a patent, will not help
in valuing a patent. The estimates from renewal fees
provide a lower bound to patent values, but do not
take into account possible higher returns to patent-
ing. An exception in the literature is the data set in
Harhoff et al. (2003), who use estimates of the value
of individual patents by the patent holders
(although in another study relying on the same
data, Scherer and Harhoff (2000) refer to several
other data sets that establish patent values using
profit or cash flow data). Accurately estimating the
value of individual patents requires identification of
all cash flows associated with those patents. These
cash flows not only consist of maintenance outflows
in the form of renewal fees, but also of inflows as a
result of monopoly positions, or production cost
advantages.

3. Calculating the value of a cost-reducing patent: a

case study in commodities production

As is often the case with valuation problems, the
theory is straightforward, yet the actual implemen-
tation is difficult. Identifying the required data is
not always easy, and actually obtaining them
presents even more problems. For example, the
potential licensing income can be a major part of the
patent value. Estimating this potential requires
identifying firms that possibly are interested in the
technology, and accurately estimating the benefits
that they can achieve from applying this technology.
It is clear that this requires in-depth knowledge of
markets, competitors, and technology. After all the
relevant information is gathered, the actual impact
of the patent has to be established. In a differ-
entiated industry, where price and quality are
marketing instruments, this requires estimates of
the part of the sales that is due to the higher
price–quality ratio, either from the lower price or
from the increased quality resulting from the patent.

The analysis of patent value is simplified if we
consider cost-reducing patents that work on pro-
cesses producing commodities. For example, the
market price of ethylene and propylene behave
more like the oil price, in that it is largely
independent of the number of producers and the
profit margins of these producers. The price is set at
the world market, and a single producer will not be
able to influence this price. Cost reductions in the
exploration of oil provide another setting in which
the effects on a firm’s cost structure will not
influence price or quantity. Thus, cost-reducing
patents in commodities production have no cash
flows associated with them as a result of competitive
advantage, and the value of the patent becomes an
analysis of licensing income and maintenance costs.
Furthermore, the potential licensing income is
determined solely by the effects on the cost structure
of potential licensees, since the price and (to a lesser
extent) volume are not variables that market
participants can set. This allows for a relatively
straightforward estimate of patent value.
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3.1. Case setting

We present an anonymized case study, performed
at ChemCo, a company active in the chemical
industry. During a 5-month period, one of the
authors worked at the intellectual property depart-
ment of ChemCo to develop a valuation procedure
for patents. This issue had been studied several years
before, but this first try did not result in a satisfactory
model, and the model was never tested or imple-
mented. With hindsight, the main problem seemed to
be that no one outside of the intellectual property
department was involved. This led us to broaden the
scope of the model to include aspects related to
technological and marketing functions within Chem-
Co. We talked to many employees from these
functions: people with knowledge of the technology
of the production process, of market behavior, of
competitors. Next to this, we used many internal
information sources, such as the patent database of
ChemCo and reports on the technology and the costs
of production processes, but also external sources
such as (commercially available) competitor evalua-
tion reports drawn up by third parties.

We studied a patent related to the production of a
commodity that is subsequently used in the produc-
tion of plastics (we denote the commodity Prep,
preplastic). The market price for Prep is largely
independent from the production and price levels of
the producers. Producing Prep can be done using a
number of technologies, but the end result is an
identical commodity product, so quality is not a
competitive issue. Furthermore, since the main
input material for producing Prep is an oil-based
commodity, all producers are faced with the same
cost of raw material. Thus, any effects of the patent
can be identified with considerable accuracy. As
indicated previously, the problem in valuation is not
in the calculations, but in generating the input for
the calculations: the relevant cash flows.

3.2. Input data

Ultimately, the information that was needed to
perform the valuation was grouped into six cate-
gories, but this emerged during the case study and
was not clear from the outset. The categories are (1)
production process, (2) patent, (3) market, (4)
competitors, (5) existing fees, (6) discount rate. We
discuss the valuation of the case patent by identify-
ing the type and source of information required in
each of these categories.
3.2.1. Production process

We start with describing the actual production
process, both in terms of technology as well as
physical characteristics such as capacity. ChemCo
has a number of plants producing Prep. Production
of Prep takes place in a continuous process, which
requires substantial investments. There are several
different process technologies that can be used in
producing Prep; all of ChemCo’s plants operate the
same technology in the production process.

3.2.2. Patent

The content and the life of the patent have to be
described. What is it exactly that the patent covers?
What is the nature of the technology that others are
prohibited from using? And when can competitors
use the technology? ChemCo owns several patent
series on its production technology. Of these series,
one in particular is important with respect to the
production costs of Prep. This patent series covers a
specific step, and it leads to a higher yield as well as
a longer maintenance interval, thus reducing down-
time and maintenance costs. The patent series has a
remaining life of several years.

3.2.3. Market

The market analysis is based on input from the
marketing department, or from commercially avail-
able marketing reports. It has three aspects:
(a)
 Number of players: In general, the chemical
industry has a limited number of large players. In
the case of the Prep market, six major production
companies (including ChemCo) can be identified.
These are the companies that have to be analyzed
in detail in the technological analysis.
(b)
 Market volume expectations: The market for Prep
is growing moderately. The marketing department
does not think it likely that there will be large
shocks in the demand for Prep. The market shares
of the large producers are also stable.
(c)
 Market price expectations: The nature of Prep is
such that the market determines the price. As
indicated, this implies that there will be no cash
flows resulting from competitive advantages.
Therefore, there is no need for an estimate of the
market price.
3.2.4. Competitors

It is necessary to thoroughly understand the proc-
esses that produce the same products with other
technologies. One has to know which technologies
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are available, as well as the advantages and
disadvantages of the different technologies. Pa-
tented technology is not easily applied to other
processes, that have been developed over the years.
Which competitors have a process where the
patented technology can be implemented to yield
positive results (so cost savings)? Obviously, this is
the most difficult part of the valuation process.

Estimating production costs of competitors re-
quires modeling their production processes, by
using as much data as possible. Sources of these
data can be commercially available reports provid-
ing descriptions of market participants, the plants
and the technologies they use, and estimates of
financial performance. More often, however, it will
require an effort by the patent holding firm to
model their competitors’ processes, using data from
the scientific literature and patent filings. The
patents have to be quite detailed with respect to
key modeling variables such as temperature, pres-
sure, and concentrations. Publicly available envir-
onmental permits can offer information on process
details. Also, meetings from industry groups and
associations can help: competitors have to market
their products and processes, and they need to
provide basic information on the workings of the
technology to do this. Sometimes, firms are actively
promoting the licensing opportunities they offer,
which will offer even more insight into their
processes.

Since modeling a chemical process is quite
straightforward for industry experts, only limited
data is needed to do this. The result of the
technological competitor analysis is that of the five
major competitors one company (Company A)
operates at a lower cost price, one company
(Company B) is actually licensing ChemCo’s
technology, and the other three are operating at a
higher cost price level.

Company A uses patented technology which is
completely different from ChemCo’s. It leads to a
lower cost price, but the difference with ChemCo’s
cost price is not very large. Certainly, there is no
gain for ChemCo in switching to Company A’s
technology. It would require a whole new plant,
since Company A’s technology cannot be intro-
duced by modifications of the existing processes.

Company B licenses ChemCo’s technology. No
technological analysis of Company B is needed.

Company C produces Prep using a substantially
different technology. This technology has been
operational since before ChemCo developed its
patented process. Company C’s process to produce
Prep is integrated with the production of another
chemical product. ChemCo’s patented technology
cannot be implemented in this integrated process
without incurring substantial costs. Thus, Company
C is not expected to be interested in licensing
ChemCo’s technology.

Company D uses a technology that is related to
ChemCo’s, but with certain differences, probably
due to the patent portfolio of ChemCo. From
presentations by company D at industry association
meetings, ChemCo’s technological experts con-
cluded that Company D is facing problems compar-
able to those ChemCo faced when developing its
own technology several years back. The patented
technology could be applied to company D’s
processes with limited switching costs. According
to ChemCo’s technological experts, there is a
possibility that Company D ultimately will achieve
a cost price at the same level as ChemCo, but this is
not yet clear.

Company E has a production process that is
almost identical to ChemCo’s process, but the
process step to which the patent of ChemCo applies
does not perform as well. Company E’s cost price
could decrease if it used ChemCo’s patented
technology, and implementation of ChemCo’s
technology would require little extra costs. It is
possible to estimate the savings that company E can
realize by using the patented technology. This is not
straightforward, since the improved performance
that would result will still require adjustments in the
process with respect to e.g. the heat balance in the
plant, and the volume changes. Nevertheless, a good
estimate of the cost savings can be made.

3.2.5. Existing fees

The current patent-related cash flows are readily
identified. The cash outflows as a result of renewal
fees can be estimated accurately. Cash inflows
resulting from existing licensing agreements may
be subject to more uncertainty if licensing is in the
form of royalty rates instead of fixed fees. The
licensing income from Company B is the result of a
royalty rate on Company B’s production. The
maintenance costs of renewing the patents can be
estimated based on archival data from the past and
the known renewal fees.

3.2.6. Discount rate

Determining the correct discount rate is difficult.
Formally, the discount rate should be based on the
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risk associated with the cash flows. The mainte-
nance cash outflows are relatively certain. For the
inflows, the riskiness differs per category: fixed fee
licensing agreements are less risky than royalty
rates, whose risk is comparable to the cash flows
resulting from competitive advantage. Potential
licensing fees carry the risk of not being agreed
upon. However, as an approximation, the firm’s
cost of capital can be taken (according to Graham
and Harvey (2001), this is the rate most used in
practice when evaluating project proposals). There-
fore, ChemCo’s firm wide cost of capital is taken as
the discount rate.

3.3. Calculation of patent value

Using the input described above, we can now
calculate the patent value. Since there are no cash
flows due to competitive advantage, the patent value
consists of actual and potential licensing income,
minus the maintenance costs. As described in
Section 2, these cash flows can be valued using a
DCF valuation. The use of a real options approach
is not necessary: ChemCo does not need to invest in
capital expenditures, since the patented technology
is up and running.

With respect to the current cash flows, Company
B’s royalty payments in year i are estimated to be
rbi, and the renewal fees for the patents per year are
mi. With a remaining life of n years, and a discount
rate k, the discounted values of the actual cash flows
are

RB ¼
Xn

i¼1

rbi

ð1þ kÞi

with RB the value of the royalty payments of
Company B, and

M ¼
Xn

i¼1

mi

ð1þ kÞi

with M the value of the maintenance costs. Thus,
the current value of the patent series is RB– M.

The technological analysis showed that the
potential licensees are Company D and E. Because
of the substantial differences between their technol-
ogy and that of Company A, there is no possibility
for Company D and E to use Company A’s
patented technology. Thus, we do not take this
option into account in estimating the possible
licensing fees. The returns for each company from
applying ChemCo’s technology are estimated from
the savings in operating costs per year minus any
switching costs (mainly capital investments to
modify the processes). For Company D switching
requires a one-time outlay of CD, and the savings in
operating costs are sdi per year. Then the value of
the savings by Company D SD are

SD ¼
X sdi

ð1þ kÞi
� CD.

The same procedure is to be followed for Company
E, leading to a value of SE.

As indicated in Section 2.3, there is little guidance
in the literature on how to distribute the cost
savings over the two parties. The game-theoretic
analyses of patent licensing suggest that a fixed-fee
contract or an auction of the patent license is
optimal, but this does not reflect practice, where
royalty rates are prevalent. This can be partly the
result of unrealistic assumptions in developing the
analytical models. For example, analyzing the
setting in which licenses are auctioned requires an
identical cost reduction for each licensee (Kamien,
1992; Faulı́-Oller and Sandonı́s, 2002). With the
potential licensees of ChemCo, this is not the case.
Also, even if the ultimate variable (marginal) cost
per unit is the same for Company D and E as it is
for ChemCo, there will be substantial capital
investments required to implement the technology,
and these investments will be much larger for
Company D than for Company E.

In practice, the basis for determining a licensing
fee (either fixed or in the form of a royalty rate)
should be the present value of the relevant cash
flows of the licensee: the increased margin because
of the cost-reducing technology, minus the required
capital investments to implement the technology, as
well as any output losses during the switch and the
start-up period required to optimize the perfor-
mance of the processes again. Any ultimate contract
is the result of a bargaining process. Practical
experience suggests that the rewards for the patent
holder will be well below 50%. Razgaitis (2003,
p. 152) states that a reward for the patent holder of
25% of cost savings as a general rule ‘is widely
recognized in the licensing community’. Given that
the estimated savings (corrected for investments and
other switching costs) for both companies are SD

and SE, and their estimated royalty rates are rD and
rE, we get the following potential value for the
patent series of ChemCo: RB+rDSD+rESE– M.

We have not discussed taxes explicitly in the
analysis. This is because it is not likely that there
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will be specific tax-deductible costs associated with
the royalty incomes, other than the patent renewal
fees: in general, research and development costs are
not recorded as assets and depreciated for tax
purposes, so they will have been expensed in the
past. Thus, the taxable royalty streams will be equal
to the cash flows that have been identified. Royalty
and licensing income can be treated differently from
ordinary income, depending on the country, but in
general it is treated as a normal revenue stream. In
that case, tax effects can be incorporated using the
firm level pre-tax discount rate.

The final question is which value is the correct
patent value: should the potential cash flows from
licensing be included? This depends on the like-
lihood of realizing these cash flows. The valuation
procedure can stimulate the firm to try and make
more licensing deals. If, however, there is no action
undertaken to license the technology, the patent
value will continue to consist only of the current
cash flow streams. The question whether the current
or the potential value is the ‘true’ value of the patent
depends on decisions to be made by ChemCo, as
well as the potential licensees: if for example
Company D chooses to develop its own technology
because it believes this will lead to cost prices at the
same level as that of ChemCo’s technology, the
potential licensing value rdSD will not be realized.
Note that it is possible to use the likelihood of
realizing the licensing opportunities to come to an
expected value for the licensing cash flows, in which
case there is a single value for the patent. If we take
pD as the probability of Company D licensing the
technology, and pE the same for Company E, the
value of the patent becomes RB+pDrDSD+pErE
SE– M.
3Formally, the discount rate is determined by the riskiness of
3.4. Outcome of patent valuation process

For the patent series of ChemCo, the patent value
that was established consisted mostly of current
licensing fees. The remaining life of the patent series
was such that the potential licensing income was
limited. Confidentiality agreements do not allow us
to disclose the actual or relative values.2 However,
we can indicate that the renewal fees are negligible
2ChemCo refused to disclose even relative valuation results,

since these reflect its understanding of competitors’ processes.

Although this is not ideal for the paper, the value that ChemCo

attaches to the outcome increases our trust in the methodology

and the results from the valuation process.
(well below 1%) compared to the current and
potential licensing values. Ultimately, ChemCo did
not pursue the potential licensing opportunities,
because of the limited value contained in them.
Thus, the patent value consists of the current
licensing income minus the maintenance costs. The
methodology of estimating potential licensing in-
come is used as an input in other licensing processes.
In the case example, the estimated value of savings
for Company D times the royalty rate rD would be
ChemCo’s starting point in the negotiations on the
licensing fee.

Comparisons with other valuation techniques are
difficult. There are no suitable rule of thumb
approaches available, since the effects of cost-
reducing patents are specific for each process, and
indeed each competitor. Estimates from a cost
approach are not feasible in this case, since the
costs involved in developing the patented technol-
ogy have not been recorded separately. Thus, the
only available value is the cost of renewal fees
(maintenance costs), as used in the econometric
literature. As is clear, this value substantially
underestimates the actual patent value.

3.5. Illustrative example

To clarify the calculations, we go through the case
setting using hypothetical data. Before doing this,
we stress once more that the essential step in valuing
cost-reducing patents is the estimation of the
potential licensing income, rather than performing
the calculations on the cash flows.

The remaining life of the patent series is 10 years.
The current licensing agreement with Company B
also runs for 10 years, with yearly royalties of $ 10
million. Renewal fees are $ 0.1 million per year. The
pre-tax discount rate is 15%.3 This leads to a value
of $ 49.7 million for the current cash flows,
consisting of $ 50.2 million in licensing income
and $ 0.5 million in renewal costs.

Company D produces at a cost price of 125% of
ChemCo’s cost price. Yearly production costs of
Company D are $ 50 million. Thus, using ChemCo’s
technology would result in yearly savings of $ 10
the cash flows. Therefore, both the licensing company and the

potential licensees will value the savings using the same discount

rate. Taking ChemCo’s firm wide discount rate can result in

distortions. However, the licensees will generally be comparable

firms, active in the same sector, so their firm level discount rates

will also be comparable.
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million. Switching costs will be $ 5 million. If
Company D starts licensing now, the value of the
cost savings is

�5þ
X10

i¼1

10

1:15i
¼ 45:2.

The distribution of the cost savings follows the
25% rule of Razgaitis (2003). Since Company D is
still developing its technology, the probability of
licensing to Company D is not very high: it is
estimated at 30%. This leads to a value of .3 * .25 *
$ 45.2 million ¼ $ 3.4 million.

Company E produces at a cost price of 115% of
ChemCo’ cost price with yearly production costs of
$ 60 million. Applying ChemCo’s technology leads
to a cost reduction of $ 7.8 million per year.
Switching costs will be $ 1 million. If licensing
would start now, Company E’s savings have a value
of $ 38.3 million. Since Company E’s process is
almost identical and switching costs are limited, the
probability of licensing is set at 80%. With a reward
of 25% of the savings, the value is .8 * .25 * $ 38.3
million ¼ $ 7.7 million.

Thus, in this example, the patent value is
50.2+3.4+7.7 – .5 ¼ $ 60.8 million.
4. Conclusion

We have presented a general model for valuing
cost-reducing patents using a relevant cash flow
approach. This approach leads to the economic
value of a patent for the patent holding firm. Rather
than taking indicators of patent values from the
econometric literature, we suggest identifying the
actual cash flows that can be attributed to the fact
that a firm has a patent. The valuation process
requires input from six categories: (1) production
process, (2) patent, (3) market, (4) competitors, (5)
existing fees, (6) discount rate. Of these, estimating
the market development and especially analyzing
competitors’ technology and cost prices are the
most difficult steps in the valuation procedure.

Our case study shows that there is no easy way of
valuing patents. The problems involved in patent
valuation are similar to those in any valuation
exercise. For example, in firm valuation, analysts
spend considerable time on getting to know and
understand companies, in order to make a reason-
able and informed estimate of the firm value. Patent
valuation also requires detailed input, and detailed
knowledge of markets and technology. An extra
complication is that it is difficult to perform without
competitors’ proprietary data on e.g. cost prices.

Furthermore, it should be realized that cost-
reducing patents as such do not add value to a firm.
The benefits of applying the patented technology
accrue to the firm because of the technology, not the
patent. There is no gain (certainly no direct gain) of
‘hurting’ your competitor by forcing him to produce
at a higher cost price. If a firm wants to create value
from its patents on commodities processes, it is
essential to license. The analysis would be different
if the cost savings could be used to change prices or
price-quality ratios, and thus change the competi-
tive relationships.
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