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Abstract
Background: Biotechnology complements technological developments in main sectors of economies,
such as health, energy, and agriculture, and thus contributes to economic development. It provides
solutions to the problems that are frequently faced in developing economies, such as resource
constraints, lower productivity and environmental concerns. In order to benefit from biotechnology, its
associated markets need to develop and function well to support the developments and transactions of
intangible assets, such as technology transfers, license agreements and research and development
joint ventures. Economic valuation of the intangible assets is necessary for the development and
functioning of these markets. It provides better understanding of value creation at micro scales and its
economic and financial dynamics. The literature lacks valuation studies in biotechnology sectors in
developing economies. This study performs economic valuation analysis of a research and
development project of a Turkish biotechnology company operating in health sector. Turkey, as a
developing economy, has slow progress in biotechnology despite its wealth of biological resources and
genetic variety. Thus, the study provides an excellent case to analyze valuation issues in developing
economies. It uses data from in-depth interviews from the company and employs real options and
discounted cash flow (DCF) methods. Results: Developing countries and biotechnology sector
introduce additional risks that need to be accounted for in valuation. These risks reduce the value of
the project under real options and discounted cash flow methods. Since real options method permits
the valuation of options that might arise during the R&D process and provides flexibility to managers to
act, it results in higher values compared to discounted cash flow method. The grant from a public
institution that partially financed the Project reduces the discount factor and thus increases the value of
it. Conclusions: Economic values of biotechnology intangibles in developing countries are affected by
country and sector risks and public financing. Thus, both microeconomic and macroeconomic policy
interventions are important for the development of biotechnology in these economies. While public
financing enables the risky R&D projects to take place, it makes them more valuable than they would
be under no intervention. Long run effects of these interventions require diligent analyses.
Keywords: biotechnology sector, developing economies, real options, R&D project valuation, Turkey

INTRODUCTION
Increase in competition and change in demographic trends and demand structures lead countries to
follow different growth strategies and transform their economies. Knowledge-based sectors constitute
the most important component of the transformed new economies. Life sciences encompassing many
sectors like health, agriculture and energy are among the top fields that influence this transformation.
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They are mainly represented by biotechnology (Yagüe-Perales and March-Chordà, 2011).
Biotechnology embraces technological implementations using biological systems and live organisms
and transforms or creates products or procedures by making use of basic engineering, life and
computer sciences. After a long incubation period, the importance of biotechnology continues to
st
increase in the 21 century. It will continue to draw the majority of the funds allocated to science and its
applications that influence many areas of life such as agriculture, food, pharmaceutical, and diagnosis
(Audretsch, 2001; Bustamante and Bowra, 2002).
Together with the development of biotechnology, it is expected that the contributions of the sectors that
biotechnology horizontally cuts, will increase via improvement in productivity and rise in competitive
power (Holm-Nielsen and Agapitova, 2002). Moreover, biotechnology provides solutions to the
problems that are frequently faced in developing economies, such as resource constraints, lower
productivity and environmental concerns (Hernandez-Cuevas and Valenzuela, 2004; Hermann et al.
2007; Wohlgemuth, 2009). It also plays an important role in giving answers to the fundamental
problems of food and water security that elevates with the rise in pollution and threats the World peace
(Kryl, 2001; Da Silva et al. 2002; Tonukari, 2004). As the number of studies on the contributions of
biotechnology increases, especially in developing economies with increasing population, food security
issues continue to be the main agenda (Anderson, 2010).
In 2050, the World population is expected to reach 9.3 billion. Apart from the increase, it is also aging
rapidly. Aging, which has been a problem especially in the developed countries in the past, has rapidly
felt in developing countries in recent years. The share of the population over age 65 in the World is
expected to be 16% in 2010 (UN, Population Division Statistics, 2011). As a developing economy,
Turkey has not yet come across this problem, but it is expected to face it. As the population is expected
to increase to 92 million, the share of the population over the age of 65 will reach 20% by 2050 in
Turkey (UN, Population Division Statistics, 2011). Depending on these changes in the population
composition, demand level and structure will also change. The demand for health services, food, water
and energy will increase (OECD, 2009a). The expenditures on health services are increasing together
with the changing illnesses and health service quality. This brings along quests of cost control and
productivity increase. The products and services developed with new biotechnology applications will
enable the costs control as well as productivity improvements (Kumar et al. 2004; Güldem, 2011).
Along with the changes in trends, all these needs bring biotechnology to forefront and stimulate
scientific publications and patents in the field. The commercialization activities intensify and the number
and size of biotechnology companies rise (Deloitte, 2006). Spin-offs with a high capacity of
transforming scientific studies to commercial product/services become important for the development
of advanced technology in developing economies (Fontes, 2005). While biotechnology markets of
developed countries expand 17% annually, this rate is 36% for developing countries in Asia (TÜSİAD,
2006).
On the other hand, in developing countries in other parts of the World, where the expansion of
biotechnology sector is relatively slow, such as Turkey, financial support mechanisms and legal
infrastructures regarding the protection of intellectual property must be formed (Baum and Silverman,
2004). These mechanisms and the infrastructure enable innovations, facilitate economic transactions
and create added value. Financial support to these activities might be given through risk and venture
capital markets as well as institutional infrastructures that assume the role of these markets. Therefore,
measurement of the efficiency and success of R&D supports in any form becomes crucial both for
policy makers and investors in the market. This measurement requires determination of economic
values of R&D processes and other intangible assets. Valuation is an established analysis in the areas
of business and economics. It takes into account country, sector and company characteristics. Given
that the commercialization activities in biotechnology sector are shaped by country specific factors
(Hosseini et al. 2011), the valuation of intellectual properties needs to be conducted specific to the
sectors and the countries that they were born in. In this study, the economic valuation of a R&D project
of a biotechnology company in Turkey was conducted. As a developing economy, Turkey’s historical
average annual growth rate over the period of 1999 to 2011 is 3.83%. However, it is expected to be the
fastest growing economy of OECD members by expected average annual growth rate of 6.7% for the
period 2011-2017. Particularly, in 2010, Turkey grew 8.9% and became the fifth fastest growing
economy after Singapore, Taiwan, China and Argentina. The number of companies using
biotechnology processes in R&D and product/service production in Turkey has been increasing in
recent years. These companies mostly operate in Environment-Energy, Chemical-Pharmaceutical,
Agriculture-Forestry-Husbandry and Food-Medicine sectors according to the classification of State
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Planning Organization (SPO). With the increase in the number of biotechnology companies, technology
transfers, license agreements, patent activities, mergers and acquisitions are gaining importance in the
sector. For the healthy expansion of the biotechnology sector in Turkey, small biotechnology
companies, that enable commercialization of academic research, need to be established, risk and
entrepreneurial capital markets need to be developed and foreign investment needs to be attracted.
Turkish Industry and Business Association (TÜSİAD, 2006). states that biotechnology has long-run
economic, social and environmental effects and thus it needs to be understood well and more
importantly managed successfully. To do so, it is important to know the economic value of the
biotechnology R&D processes.
The literature is seriously underprovided in regard to valuation of biotechnology intangible assets,
specifically R&D projects, in developing economies in general and in Turkey in particular. This study
aims to fill this gap by providing a case study of valuation of a R&D project of a biotechnology company
operating in Turkey. Although there are many case studies examining the sector specific company
structure in different countries (Diaz et al. 2002; Marsh, 2003; Bigliardi et al. 2005; Nosella et al. 2005),
it is important to conduct case studies and valuation analysis for biotechnology firms to elaborate on
the sector's financial, economic and policy dynamics in developing economies. This study provides
discussions on these sectoral dynamics from a perspective of a developing market economy. The
importance of biotechnology for the World and thereby for Turkey is presented in the literature review
section. The data collected through in-depth interviews is summarized in the data section. The
succeeding section covers real options and discounted cash flow methods (DCF) implementations. The
results of the valuations and the sensitivity analyses are presented in section five. The last section
provides the overall evaluation of the study.

LITERATURE REVIEW
The biotechnology sector in the World and in Turkey
Although there is no recent figure related to the size of the global biotechnology sector, its turnover in
2007 was 84.8 billion US$ (Ernst and Young, 2008). This figure was 9.1 billion US$ in 1996 (Ernst and
Young, 2008). The sector expanded approximately 9 times in 12 years. Although the United States of
America (USA) has been the leader in the sector, in recent years the sector has been developing
rapidly in countries such as India, Singapore, and Israel. According to the 2007 OECD data, while the
total number of biotechnology companies in the World was 4414, 1502 of these were in USA. The total
number of companies in the European Union (EU) was 1744 in 2007. While the USA has 41.5% of the
total biotechnology patents, the EU has 27.4% (OECD, 2009b). Factors and policies that stand out in
the development of biotechnology in the USA and the EU differ. Compared to the EU, the USA
industrial side of biotechnology is stronger and it is easier to access financial resources through
venture capital, the legal infrastructure supports the developments, and public agencies, universities
and private sector are successfully networked (Mowery, 2001; Orsenigo, 2001; Owen-Smith et al.
2002). Although there are many high quality studies, the commercialization of research results in
biotechnology are not as fast and intense in the EU as it is in the USA (Enriquez, 2001; Fuchs, 2001;
Prevezer, 2001; Todt et al. 2007; Aguilar et al. 2008). For example, Germany is one of the countries in
which the number of biotechnology companies has been increasing rapidly since 1990’s, however due
to the weak ties between the universities and research centres and private sector, it has not been able
to catch up the progress made in the USA and even some of the big German companies carried out
their research and development activities in the USA (Krauss and Stahlecker, 2001; Müller, 2002).
Meanwhile, opinions on the use of biotechnology in certain areas such as food and agriculture and the
development stages of the sector also diverge from one another in the USA and the EU (Braun, 2002).
Even though the USA has strong sides compared to the EU in regard to the role of the private sector,
the EU carries out intensive research and innovation programs directed to biotechnology (Cichocka et
al. 2011). Furthermore, within the EU, there are differences across the countries (Çetindamar and
Laage-Hellman, 2001; Cooke, 2001; Zeller, 2001). As such, Germany and France differ from England
in regard to commercialization activities. For the countries where the biotechnology market is
immature, it is very important to carefully establish the relationships between basic research and
commercialization and to benefit from other experiences.
As mentioned before, biotechnology has particular importance for developing countries. Although
countries like the USA and England continue their leadership, the sector is developing fast and there is
a stimulus in developing economies. Primary factors affecting the rapidly increasing successes of the
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biotechnology sectors in countries like India, South Korea and China, are the long-term government
support and regulations encouraging the development of the sector (Thorsteinsdóttir et al. 2004; Lee
and Park, 2006; Taesun, 2009). When capital markets, that support the growth of small firms, are not
developed fully, as in the case of China and South Korea, public support becomes vital. The South
Korean Government support program titled “Biotechnology 2000”, started in 1993, has created a very
fast growing market (Wong et al. 2004). In these countries, biotechnology became one of the strategic
sectors (Gedajlovic et al. 2011).
On the other hand, as a developing economy, Turkey needs to make use of its biological resources
and genetic diversity to build up a successful development of biotechnology. Turkey has achieved high
economic growth rate recently, however, the development of biotechnology has not caught up yet. With
general industrial R&D policies, small sized and medium sized companies conducting R&D increased
by four times between 1995-2001 in Turkey (Taymaz and Üçdoğruk, 2009). However, there are no
studies about the R&D dynamics of the biotechnology companies in the Country. The discussion about
the sector mostly takes place at the government level. The Science-Research-Technology Master Plan
th
(SPO, 1998) and the VI Five Year Development Plan declares biotechnology as one of the priority
areas and presents policies about the sector. Similar studies to the ones in previous period were
th
continued during the preparation phase of the VII Five Year Development Plan and a Biotechnology
Expertise Commission was established. At the end of 1993, the General Directorate of Social Planning
of SPO and The Scientific and Technological Research Council of Turkey (TUBITAK), commenced
their work in order to create the priorities and support mechanisms in R&D activities in the fields of
Environment-Energy, Chemistry-Pharmaceutical, Agriculture-Forestry-Husbandry and Food-Medicine
in the biotechnology sector. Although the current data on the biotechnology sector in Turkey is
insufficient, according to TÜSİAD, (2006) report, the number of biotechnology companies increased
from 50 in 2000 to 90 in 2006. When the application domains of some of these companies are
analyzed, the distribution to the subsectors is as follows; 58% medicine, 9% agriculture, 8% chemistry,
9% food, 7% energy, 6% pharmaceutical, and 5% environment. As there is no current data on the
number of companies and their profiles, TÜSİAD, (2006) reported that most of the companies are
seem to be small companies with less than 20 employees. 93% of the companies employ less than
250 employees. 61% of the companies have a turnover below 5 million dollars and 64% exports under
100,000 US$. It is observed that only one fourth of the companies allocate more than 10% of their
turnover to R&D activities, 60% carry out patent activities and 82% have five or less patents. Turkey’s
share in the biotechnology patents in the World is below 0.1%. Figure 1 gives patent distribution for the
total biotechnology patents in the world (BRIC countries are Brazil, Russia, India and China).
Financial models in biotechnology sector play important role in moving from patents to
commercialization in most of the countries where biotechnology develops fast. The development of risk
capital plays a rather important role in accelerating the development of advanced technology sectors
such as biotechnology. Figure 2 presents total amount of risk capital in life sciences in various
countries.
USA has the highest risk capital amount. Risk capital is relatively new for Turkey and there is no data
on it. The risk capital and venture fund markets in developing countries have been structuring only in
recent years. For the initial phases of the structuring, public R&D funds are important. Public financing
policies are used for advanced technology sectors, like biotechnology, in many developing countries as
in South Korea (Kang and Park, 2012). Experiences of successful countries show that the sector needs
to be seen as a strategic one and to be supported by the governments (Narasimharao, 2009).
Valuation and valuation methods in the biotechnology sector
Risk capital plays an important role in the development of the sector since it provides financial
resources (Senker, 1998). Geography plays an important role in obtaining and distributing the risk
capital (Zook, 2002; Waxell and Malmberg, 2007). The development of risk capital, in turn, depends on
economic values of companies being financed and/or economic values of R&D projects. Similarly,
other important activities such as mergers and acquisitions, licensing, public offering, technology
transfer, portfolio management, fund raising, joint venture, and collaborations, requires valuation of
intangible assets (Üreten and Ercan, 2000). Licensing and technology transfers are the second most
common activities where valuation is used the most (Awny, 2005). For small biotechnology companies,
it can be difficult to commercialize and market the new products they created through R&D projects.
Moreover, completed or continuing R&D projects are especially among the most valuable assets for
these companies. Their long-term success depends on the success of their R&D projects and their
DOI: 10.2225/vol15-issue3-fulltext-3

4

An economic valuation of a biotechnology R&D project in a developing economy

commercialization (Mcnamara and Baden-Fuller, 2007). Furthermore, the correct calculation of the
value of the projects is important for determining the fair value of the whole company, and thus for
successfully managing mergers and acquisitions activities, which has increased in recent years. On the
other hand, valuation in the biotechnology sector is rather difficult due to long research and product
development phases involving high risks and uncertainty that are sensitive to the changes in market
conditions (Hartmann and Hassan, 2006). The fundamental considerations about valuation are:
choosing the right valuation method, determining the inputs specific to the company and the sector,
and interpreting the results correctly. When companies are at the point of licensing, merging, being
acquired or acquiring, they need to employ a valuation method showing the values of the projects that
are just started or in the development stages (Bogdan and Villiger, 2008). There are two basic
valuation methods used for the biotechnology sector; the discounted cash flow (DCF) and real options.
Although DCF is a traditional method used for years, valuation with real options has gained importance
in recent years and stems as the major alternative in valuation studies for life sciences (Gürbüz and
Ergincan, 2004).
The fundamental deficiency in traditional methods such as DCF is the lack of flexibility for managers’
decision making processes. The changes in the project in time and existing options are not taken into
account under DCF (Senel, 2004). Managerial flexibility is the ability to make decision during the
project to maximize expected returns or to minimize expected losses (Schulmerich, 2005). Real options
method was developed to fulfil the deficiencies of the traditional methods, but has a complex
implementation compared to other methods like DCF. It is basically the expanded version of DCF,
taking into account real managerial flexibility (Schulmerich, 2005). It enables the managers to handle
projects as a phase where they can constantly reshape it in the light of changes that might occur in the
technology or in the market (Neely and Neufville, 2001). Under uncertainty, it accounts for the choices
to use or decline possible options (Miller and Shapira, 2004; Benaroch et al. 2006; Mun, 2006).
Therefore, it is used as an important tool in valuing of investment and strategic decisions in sectors that
have long R&D phases with high costs (Bowman and Moskowitz, 2001; Mcgrath and Nerkar, 2004). It
is advised in the literature that managers should use real options to value their long-term investments
and use the value as an input in their decisions (Denison, 2009; Denison et al. 2011).
Moreover, the complexity in the implementation of the real positions method is decreasing, while the
managers are still reluctant about employing it (Graham and Harvey, 2001). The number of valuation
studies in the biotechnology sector is low, mainly due to the young age of the sector and lack of data.
Studies are carried out with a combination of more than one approach instead of using a single model
most of the time. In this study, both the real options and DCF methods are employed.

CASE STUDY
The Company chosen for the study is a biotechnology firm operating in the health sector in Turkey. It
has been carrying out various R&D projects. This study focuses on an ongoing R&D project (from now
on the Project) that was started in 2010. There are important decisions and choices to be made by the
manager throughout the Project. The analysis illustrates how the valuation process and its
consequences affect the decisions and choices of the manager of the Company. More importantly, the
created model provides theoretical and practical information on the economic valuation of R&D projects
for biotechnology companies in developing economies in general and for biotechnology companies in
Turkey in particular.
The Project is analyzed under a case study. The data was gathered through in-depth interview method
between September 2009 and April 2010. Interview questions and the type of data to be collected were
constructed prior to the interviews, based on the literature surveyed. The following data was received
from the Company: general information on the sector and the subsector that the Company is active in;
the Company’s performance and market share; the number of products that the Company has on the
market; product development and R&D phases of the Project; the types of the financing instruments
used for the Project; the Project stages, their length and success rates; general information about the
market for which the product is targeted; prediction of the number of years that the product will sell until
a similar one comes along after it enters the market; the market entry costs of the targeted product
after the Project completion; sale figures expected from the product and their probability of occurrence;
relevant information on the risk profile of the Project and the Company. In addition, the information on
the previous projects of the Company was obtained from the officials. This information was used to
calculate the success rates for the project stages, expected sales values, and probability of sales.
DOI: 10.2225/vol15-issue3-fulltext-3
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The Project was not financed entirely from the Company’s own equity. Part of the financing came from
a public institution in the form of a grant. The financing structure of the Project makes the Project
attractive for this valuation analysis since it requires special modifications of one of the key variables in
the model, i.e. the discount rate. The illustration of these modifications are important for the valuation of
R&D projects and companies in developing market economies where this type of public interventions
are commonly observed.
The Project basically consists of two R&D phases, first R&D phase and second R&D phase. Once the
first R&D phase is completed, there will be a developed product to be placed in the market. However, if
the market entry with this product is not chosen and the second R&D phase is initiated, then various
features will be added to the product to make it a new one. Consistent with the literature, the first R&D
phase is seen as the planned path and the second R&D phase is seen as a real option (Barnett, 2005).
In order to protect the Company's privacy, the product that emerged at the end of the first R&D phase
is called, Product A and the product created at the end of the second R&D phase is called, Product B.
The Project’s first R&D phase began in 2010 and the valuation analysis was done in 2010. The first
R&D phase consists of three different six-month length periods. In the first half of 2011, the first R&D
phase of the Project was completed. Upon completion, the Company needed to decide whether to
carry on with the validation and certification phase for Product A to enter into the market or to continue
with the second R&D phase to differentiate and develop it further as Product B. If continued to the
second R&D phase, this phase will consist of three different six-month length periods. After the second
R&D phase is completed, it is expected that it will be moved on to the validation and certification phase
for Product B. Product B will be ready for market entry in 2014. R&D, operation, validation-certification
and sale-marketing costs are the basic cost data in both DCF and real options methods (Hsu and
Schwartz, 2003). Since the start of the first R&D phase in 2010, various costs have been incurred in
the Project.
There are four main categories of costs to be calculated: (1) R&D expenses, (2) overhead cost
associated with the Project, (3) validation and certification expenses and (4) production and salesmarketing expenses. The R&D expenses calculated during the project-writing phase were obtained
from the Company. The overhead costs that will be incurred during the Project required to be
calculated. The Project takes a share from the Company's overhead cost that is made up of general
staff and management expenses. This share was calculated by finding out the percentage of the
turnover that the Company allocates to R&D activities and the percentage shares that each R&D
project receives from the overall R&D budget. The percentage share of each project depends on its
size. The overhead cost calculated for the Project was added to their R&D expenses of the Project.
Similar computations were carried out for the second phase of the Project. The validation and
certification costs for the product created was estimated by taking into account the Company’s
validation and certification costs for previous projects of similar sizes. The final cost item is the
production and sales-marketing costs of the product once it enters the market. It was estimated
separately for Product A and B, in a manner similar to the validation and certification costs. These
costs will be incurred throughout the period that the products would stay on the market. They were
projected by estimating the number of products that would be sold in a year, the structure of the market
and target customers. Sales estimations for Product A and Product B were taken separately from the
Company official. The associated sales probabilities were determined by analyzing similar projects
carried out previously. The total cost of the Project was then calculated by adding up the expenses in
all four categories.
Another crucial variable that affects the results of the valuation analysis is the discount rate that allows
to carry the future values back to the date of the analysis. The discount rate varies depending on the
country, the sector, the company and the valuated project. In developing countries, this rate needs to
be calculated by taking into account the country’s specific risks. In this study it was calculated by taking
into account the developing market characteristics of Turkey as well as the financing structure of the
Project. The combination of the two methods was used to calculate the discount rate to take into
account the effect of public grant received; the Capital Asset Pricing Model (CAPM) and weighted
average cost of capital (WACC). The CAPM is a widely used model in life sciences reflecting particular
risks to discount rate: i = r + βk, where i stands for the discount rate, r for the risk free rate of interest, β
for the risk premium for company size, and k for the market risk premium of the country. The risk free
interest rate, r, was around 5% in 2007 in Turkey and it was around 7% in 2010. Therefore, given that
the valuation was done in 2010, 7% was used for the risk free interest rate (Statistics of the
Undersecretary of Treasury, 2010). In addition to the risk free rate, market risk premium of the country
DOI: 10.2225/vol15-issue3-fulltext-3
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is another parameter, k, to be used in calculating the discount rate. Market risk premium data for
different countries for the biotechnology sector was obtained from different sources and comparatively
evaluated. While the risk premium for countries in the high-income group is below 1%, the risk
premium for Turkey, as a developing economy, is 5.25% (OECD, 2010). The β coefficient is taken as
two for small companies in the biotechnology sector (Cockburn and Lerner, 2009). Thus, the discount
rate is calculated as 17,5%:
i =7 + (2 x 5,25) = 17,5
The CAPM is used in cases where the whole project financing is supplied from the equity. The R&D
Project in this study was financed in 40% by equity and in 60% by a grant from a public institution. This
requires adjustment to the discount rate calculated under CAPM via WACC method. The discount rate

after adjustment is
, where Wj and ij are the weight and the cost for the j the financing
source, respectively. With the given percentage weights in the capital structure, the discount rate is
adjusted down to 7%: p = 0.4 x 17,5 + 0.6 x 0 = 7.
As aforementioned earlier, due to varying risk factors, when the risk premiums and beta coefficient are
changed, different discount rates are calculated. In other words, when the risk premium is different for
countries in different income groups, for the companies in different sizes and the sectors, the beta
coefficient change. A current empirical study shows that the future proceeds from and riskiness of R&D
projects are systematically related to the size of companies and point out that R&D investments of big
companies are less risky compared to smaller ones (Ciftci and Cready, 2011). When the discount rates
used for companies that are in different sizes and serving different biotechnology sectors are
examined, it is observed that the discount rate might go over 20% for some risky projects and small
companies (Bogdan and Villiger, 2008). Therefore, in order to illustrate the effects of less and more
risky circumstances on the value of the project, various discount rates and associated sensitivity
analysis were conducted (Table 1 and Table 2).
In addition to the risk structure of the Project, uncertainties related to the Project are other important
inputs to valuation analysis with real options method (Bogdan and Villiger, 2008). The Project
uncertainties were reflected as volatilities, up and down movements, in the expected sale figures. The
volatility is directly affected by the uncertainty associated with the products, the performance of the
company, the company’s risk profile and product market conditions. It is possible to find volatility
ranges for the different sectors in the literature. In sectors like biotechnology where the risk is high and
the returns are obtained after long periods into the future, the volatility is expected to be high. The
volatility for companies in the biotechnology sector takes values between 20% and 70% (Bogdan and
Villiger, 2008). Country and market conditions, company performance and size are responsible for the
width of this rage. For small biotechnology companies, the uncertainty in the form of fluctuation in sales
revenues might even go up to 50%-60%. In the study, based on the company official’s view, volatility of
sales was chosen as 40%. Moreover, a sensitivity analysis was conducted with various volatility values
(Table 3).

METHODOLOGY
Based on the literature and the information gathered from the Company, the value of the selected
project was calculated by DCF and real options method. The Project is an ongoing R&D project and
there was a major decision point at the end of the first R&D phase (Figure 3). When the first R&D
phase was completed, either Product A might be presented to the market in 2012 or the R&D activities
should proceed to the second phase and Product B launched to the market in 2014. This decision was
needed to be made before the end of the first half of 2011. This decision is important as it affects the
future success of the Company. Furthermore, it is also important as regards to the efficiency of public
funds granted. Therefore, both from the Company's and the public policy perspective, a sound decision
making is necessary. For sound decisions the Company managers need to know the value of the
Project as well as the value of the option of producing Product B. Valuation of the Project with real
options method provides that information as an input for the Managers before the decision time comes.
This analysis was done in 2010, before the decision time was reached. Valuation was carried out
separately for Product A and Product B under real options and DCF. In addition to real options, DCF
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valuation was also done since it is the most commonly used valuation methodology despite its
limitations in regard to option valuations. The difference between the two methods and its effect on the
decision made are evaluated together in the results section.
In real options method, solutions are done through the Black-Scholes Model or the Binominal Tree. In
parallel to biotechnology literature, the sales expectations and its probabilities were calculated by the
binomial tree method. The binomial method allows users to easily follow each phase and compute
valuation results more easily. While forming a binomial tree, the starting values of sales need to be
calculated. These values were obtained from the Company official as 300,000 Turkish Lira (TL) and
700,000 TL for Product A and Product B, respectively. It was forecasted that if Product A enters the
market, it will stay until 2020 and if Product B enters the market it will stay until 2027. The starting
values were moved forward to the market entry year by multiplying them by the up and down
coefficients given in Equation 1.

u = e σ √∆t

d=

1
u
[Equation 1]

where “σ” denotes volatility and was taken as 40%. ∆t denotes the time passed and was specified as 1,
since sale figures were calculated for each year. The probabilities associated with sales values, p,
were computed by using, the u and d coefficients and risk free interest rate, r:

(e r∆t – d)
p=
(u-d)

[Equation 2]

From the starting value in 2010, the binominal tree sale expectations (first line in the cells) and the
probabilities (second line in the cells) are shown in Figure 4 for Product A and in Figure 5 for Product
B.
Following the computations above, the net cash flows were calculated by subtracting the costs from the
expected sale figures for each year from the year of market entry. Net cash flows were discounted to
2014 for Product B and to 2012 for Product A. The sum of the discounted cash flows at the market
entry dates are the values on the end branches of the binomial tree. Figure 6 and Figure 7 illustrates
the binomial trees with the end branch values for Product A and B (the bold figures on the second lines
in each cell at the end branches), respectively. The first line in the cells in the trees is the calculated
sale expectations and the second line is their probabilities.
The values at the end branches of the trees were further carried back to 2011. Each branch in the trees
is followed by two branches associated with up and down scenarios. To calculate a preceding branch
value, V, the values in succeeding two branches, Vup and Vdown were carried back with the formula in
Equation 3.

V=(1+p)-1*P*(pVup + (1-p)Vdown)- C

[Equation 3]

The up probability, p, was calculated in Equation 2 and down probability was calculated as (1-p). The
expected discounted value was multiplied by the probability of occurrence, p, of the associated phase.
The probability of occurrence was given by the Company officials. A discount rate of 7% was used in
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the calculations. C is the cost realized in the calculated year and made up of R&D expenses. The
values carried forward are presented in bold in the binomial trees for Product A and B in Figures 8 and
Figure 9, respectively. The negative values obtained are taken as “zero” (Bogdan and Villiger, 2008). A
negatively valued option will not be preferred by the decision maker.
The DCF was also employed to value the R&D process and the results are presented in Figures 10
and Figure 11 for Product A and Product B, respectively (The value of Product B under DCF was
calculated just to give idea about what would be the value of it under this method. As noted before,
Product B is an option to the planned path and thus DCF method does not take into account its value).
For the DCF method, sales figures and their realization probabilities were obtained by the interviews
with the Company officials. The DCF and Real options valuation results are contrasted comparatively
in the next section.

RESULTS
As mentioned before, the Project has two R&D phases. Product A will be produced at the end of the
first phase and Product B will be produced at the end of the second phase. In other words, there is an
option for the Company to continue with the R&D in the second phase and introduce Product B to the
market. The valuation results under both methods, DCF and real options, indicate that the option of
entry into the market with Product B is more valuable than Product A. Under real options method, the
value of Product B is 782,528 TL and that of Product A is 323,751 TL. Pertaining to the decision to be
made, going for the Product B option is more profitable for the Company. Thus, in any transactions
such as acquisition of the Company, the value of the R&D Project needs to be taken as 782,528 TL.
Results using DCF method differ from those obtained by real options method. The real option method
includes the values of the options in the Project value and employs binomial tree approach. It provides
flexibility to the manager at the very beginning of the Project to do resource planning for the option
available. On the other hand the DCF permits to value only the initially planned path with no options.
Consistent with the literature (Barnett, 2005), the Project value under the DCF is lower than that under
real options. The value of the planned path, Product A, is 288,388 TL under DCF. If DCF is the
accepted method of valuation, the value of the project will be taken as 288,388 TL under any market
transactions. This figure is 323,751 TL with Product A option and 782,528 TL with Product B option.
The differences between the figures are due to the differences between the two methods. Primarily, as
mentioned above, real options accounts the value of option faced during the project implementation.
Secondarily, it uses sale figures and probabilities calculated through either binomial tree approach or
Black-Scholes Model while the DCF method uses management estimates of these data for each year
into the future. The management relies on the expansion rates of sales in similar projects completed in
the past years to provide these estimates.
Furthermore, the resulting values depend on risk and uncertainty levels associated with the Project. In
order to analyze the impact of risk and uncertainty on the results, sensitivity analyses were carried out.
Thus, the Project value under various discount rates and volatility levels were calculated. Given the
nature of the methods, the real options method is sensitive to both discount rate and volatility while the
DCF is sensitive to discount rates (Bogdan and Villiger, 2008). Discount rates obtained under various
scenarios are displayed in Table 1. The economic value of the project calculated using these discount
rates is displayed in Table 2. A change in the country’s risk for a company in low technology sector
rather than a high technology one, and a change in the size of the company alters the discount rate.
When the country, sector and/or company risks increase, the difference between the values of the
Project’s under real options and DCF increase. For example, if the project was financed completely
from the equity, the discount rate would be 17.5%. With a 17.5% discount rate, the Project becomes
viable only under real options, but if DCF is used, it will be rejected. However, public intervention in the
form of a grant with zero interest rate and no back payments makes the Project attractive under both
methods by pulling down the discount rate to 7%. On the other hand, if economic conditions change
and make the risk free interest rate or the country's risk premium higher and the discount rate rise to
25%, the Project will not be profitable regardless of the valuation method used.
The uncertainty is reflected in the volatility values. The results under different volatility values are
presented in Table 3. The change of the volatility value, directly affects the valuation results in the real
options method by changing the estimation of sale expectations and probabilities. In the valuation with
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DCF, since a binomial tree is not formed, the effect of uncertainty cannot be clearly monitored. The
volatility rate increases in high technology and risky sectors such as biotechnology. There are different
volatility calculation methods (Cassimon et al. 2011), however, due to the data constraints for the
sector and the Company under the study, the volatility has been taken as 40% based on the opinions
of company officials. As it can be seen from the values in the table, as volatility increases, the
differences between values under both methods increase. Volatility increases the value of options
(Hull, 2006).

DISCUSSION
Biotechnology processes have important roles as complementary and substitute technologies in
technological development of key sectors, mainly health, energy and agriculture in any economies.
Moreover, trends like increasing and aging population and changing illness structures carries it to a
rather important place in health services and food, energy and water demand. The performance of the
biotechnology sector itself and the sectors that it technologically integrates with, is closely related to the
economic growth and welfare increase in developing economies. In the biotechnology field, as
scientific publications and patent numbers increase rapidly, commercialization of these activities
intensifies and the number and size of biotechnology companies in the World increases. Biotechnology
provides developing economies with opportunities to increase their competitiveness sustain their
development and become global centres. Since biotechnology companies are mainly based on R&D
activities related to intangible assets such as patents, they deal with economic transactions such as
technology transfers, license agreements, joint projects, and mergers and acquisitions. Furthermore,
for the development of the sector, financing models are very important. In countries where the
biotechnology sector is immature or still growing sluggishly, risk capital comes to the forefront. All of
these dynamics necessitate valuation of global and national biotechnology companies, and their R&D
projects and intellectual properties.
This study aimed to analyze economic valuation process of an incomplete R&D project of a
biotechnology company serving to the health sector in Turkey, being the study applicable in other
developing economies. The data was gathered through in-depth interviews under the case study. Real
options and DCF methods were used for the valuation by integrating developing country features of the
Country. Real option provides managers with flexibility and permits to value the options that arise
during the project. DCF is the traditional and more widely used method due to its ease of
implementation and relatively less data requirement (Nielsen, 2009). Both Product A and B turned out
to be more valuable under the real options than DCF. Thus, the value of the Project under real options
exceeds its value under DCF. These findings are consistent with the findings of the studies in the
literature. The decision of the Company Manager changes with the methods employed. While the
decision might be not to start the Project under DCF, it might be to move on with real option method.
Moreover, the method chosen affects the decisions of public officials and venture capitalists, also.
These decisions shape the future of the sector.
The sensitivity analysis shows that risky circumstances reduce the value of R&D project. Risk of a
project increases in developing economies, makes the project less valuable through the use of higher
discount rate. On the other hand, public grants reduce the cost of capital and increase the value of the
project, which in turn helps the sector to grow. However, if DCF method is used in presence of these
funds, less viable options will become more attractive and thus decisions of managers will be
erroneous. Therefore, under different valuation methods, the effects of public finances on the value of
projects need to be investigated before they are provided.
Although the Country’s genetic diversity and biological resource potential is promising, the
biotechnology sector in Turkey is relatively young as opposed to the ones in developed economies.
The majority of the companies in Turkey’s biotechnology sector are small and medium size enterprises.
Different forms of financial support, including the ones from public institutions, are very important for
successful development and commercialization processes of innovations of especially small
companies. As in many developing nations, venture capital market is very thin. Public institutions
provide support with certain forms of interventions. For these supports to be fruitful, the selection of
R&D projects to be funded need to be done carefully. Moreover, ex-post assessments of policy tools or
intervention mechanisms need to be conducted. Resources such as risk capital, public grants or low
interest debts necessary for the development of the sector are much more limited in developing
economies. The scarcity of resources requires them to be distributed more carefully. Thus, economic
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valuation of the projects becomes indispensible input for ex-ante funding decisions and ex-post
effectiveness analysis. The valuations need to incorporate idiosyncratic characteristics of projects,
company, market and country.
From a policy point of view, it is observed that economic values of biotechnology intangibles are
affected by country and sector risks and by public financing. Thus, both macroeconomic and
microeconomic policy interventions become important for the development of biotechnology in
developing economies. While public financing enables the risky R&D projects to take place, it makes
them more valued than they would be under no intervention policy. Thus long-run effects of public
support need to be carefully studied and its benefits and costs need to be assessed in developing
economies.
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FIGURES

Fig. 1 Countries share (%) of patent applications in biotechnology. (Source: OECD, 2009a).

Fig. 2 Total venture capital investments in the life sciences, Million $ Purchasing Power Parity, 2007.
(Source: OECD, 2009a).
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Fig. 3 The project phases.

Fig. 4 Product A- expected sales in binomial tree.
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Fig. 5 Product B- expected sales in binomial tree.

Fig. 6 Product A- end point values in binomial tree.
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Fig. 7 Product B- end point values in binomial tree.

Fig. 8 Product A-solution of the binomial tree.
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Fig. 9 Product B-solution of the binomial tree.

Fig. 10 Product A- discounted cash flows.

Fig. 11 Product B- discounted cash flows.
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TABLES
Table 1. Discount rates under various scenarios.
Risk-free
interest rate

β co-efficient

Risk Premium

Expected rate of
return

Small Sized Biotechnology
Company in Turkey

7%

2

5.25%

17.5%

Large Sized Biotechnology
Company in Turkey

7%

1

5.25%

12.25%

Small Sized Low Technology
Company in Turkey

7%

1

4%

11%

Small Sized Biotechnology
Company in developed countries

4%

1,5

1%

5.5%

Large Sized Biotechnology
Company in developed countries

4%

1

1%

5%

Table 2. Sensitivity analysis: The results under different discount rates.
Economic Value (TL)
7%

15%

17.5%

Product B-Real Options

782,528

292,952

139,141

16,681

-132,536

Product A-Real Options

323,751

93,710

30,550

-25,123

-104,121

Product B- DCF

691,175

260,249

77,265

-74,593

-270,381

Product A- DCF

288,388

39,590

-22,742

-79,266

-162,545

Discount rate

20%

25%

Table 3. Sensitivity analysis: The results under different volatility values.
Economic Value (TL)
30%

40%

50%

Product B-Real Options

744, 966

782,528

834,139

Product A-Real Options

293,814

323,751

365,170

Product B- DCF

691,175

691,175

691,175

Product A- DCF

288,388

288,388

288,388

Volatility
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