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Start-up Defined as a Portfolio of Embedded Options

Abstract

In this paper we show the advantages of staged investments for venture capitalists. We de-
velop an option-pricing model that enables to evaluate the flexibility acquired by a venture
capitalist when he stages his investment process. Instead of investing a fixed amount at the
beginning of the investment, the venture capitalist proceeds to a staged investment (one first
investment and a second investment). The second investment will be triggered by a success-
ful achievement of the first investment. Should the first investment be unsuccessful, the sec-
ond investment will not be executed. Staging the investment in two phases enables the
investor to reduce its uncertainty at the beginning of the project. As it will be demonstrated
in the paper, the decision to proceed to the second investment can be modelled as a portfolio
of a call option and a binary option.

Keywords: real options, staged investments, structured products, embedded options.

JEL classification: G12, G30, G31, G32, G34, M13



Executive Summary

*
Pascal Botteron
. *%
Jean-Franc¢ois Casanova

Applying option pricing techniques to real asset valuation appeared in the middle of the
eighties under the name of real options. Real options have been initially used to price natural
resource investments such as gold mine, oil leases and more recently to price e-business
strategies, patents, IT infrastructure and manufacturing systems. This paper focuses on the

valuation of start-ups considered as a portfolio of real options.

The objective of this research is to show a new facet of real options, which is the solving of
investment conflicts between investors and entrepreneurs. When negotiating capital raising,
entrepreneurs usually seek to optimise the couple cash-in versus firm control and, under this
constraint, to maximise their flexibility trying to raise as much money as they can up front in
the form of a one time fixed amount. This strategy brings more stability to the management of
the start-up but is perceived as more risky by venture capitalists because if the project fails,
the whole investment is lost. A possible solution lies in a staged investment financing. This
type of investment can be cut in several phases. Each investment is triggered by objectives
reached by the entrepreneur. Should the start-up go to bankrupt, the investor loss would be
lower. The key point is to define up-front the value of the company at the different forecasted
stages of investments. Fixing this value will define the exercise price of the option to invest
offered to the investor and in connection the value of time, which will be calculated in relation

to the volatility of the expected cash flows.

This paper decomposes the value of a start-up as a portfolio of options. In function of the
information available on the start-up the venture capitalist can optimise its investment policy

by staging its investment in the start-up. Instead of making one full investment at the
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beginning, the venture capitalist will stage its investment in the start-up into two investments.
The venture capitalist invests the first fraction for a testing period. If the start-up is successful
after the testing period, the venture capitalist will exercise an option to proceed to the second
investment. In particular, the optimisation of the value of this portfolio allows the venture
capitalist and the entrepreneur to find an agreement on the set up of an optimal investment

policy.

This approach offers many applications for the valuations of the different parts of the project
constituting a start up and as ever is pertinence relies a lot on the quality of the retained
assumptions retained to build the evaluation model. The set up of the portfolio allows to
optimally structure investment decisions in function of the investor and the entrepreneur
preference. We show that, independently of all the other factors, that staging investment
provides superior value for the investor. The fact that the value can be the same in different
investment conditions enables the entrepreneur to optimally negotiate with the investor about

the shares of the company he will sell him.



Start-up Defined as a Portfolio of Embedded Options

1. Introduction

Investing in a start-up is a venture, often an attractive adventure, but certainly a risky busi-
ness. Statistics show that chances of success (finding a prosperous exit strategy) are low.
Obviously, these chances are low because risks for failure are high. There are numerous
risks attached to the development of a start-up. Economic environment, Market perspectives,
Offer (products/services) fitting with Market demand, Project structuring including Finan-
cial structure, Risks management procedures and overall Quality of Team and Management.
In the absence of historical data on which the investors should base their judgement, the un-
certainty associated to all these factors strongly impacts the valuation process start-up. One
way to increase the chances of success is to manage these risks and to assess the impact of
these risks on the value of the start-up. The solution usually adopted is to develop a revenue
model that accounts for all the risky parameters. The most common valuation methodology
is the Discounted Cash Flow (DCF). The objective of this methodology is to estimate the
future cash flows that will be generated by the start-up and then to discount these future cash
flows by a discount rate that reflects the start-up’s risks. Generally the discount rate used
reflects the probability of default observed in the market place or in the investor portfolio for
the same type of investment. This valuation process is by nature robust, conservative but
usually reflects nothing more than a gambling behaviour. For instance a 50% interest rate
chosen to discount the expected Cash Flows means by comparison with a risk-free rate of
5%, a risk premium of 45%. This high value for the risk premium spreads over the reliable
forecasting time horizon (never more than two to three years) means a probability of default
of 45% + 55%%45% = 69%. This probability of bankruptcy is so high that it doesn’t justify
the investment for a non gambler (to be compared with D rating). Very often this type of in-
vestment is part of a portfolio spreading the risk over several investments, playing the diver-
sification effect, without a clear analysis of the intrinsic value of the project. An other com-
mon way of analysis consists to look at the “comparable” which means to relate the value of
the project to comparable valuation realised for the same type of projects but more generally

with quoted companies which have to be further discounted because they are not at all at the



same stage of development. The purpose of this paper is to define a different way of start-up
valuations by beginning from the start-up project itself, identifying the different risks and
opportunities which are implicitly part of it and valuing them as different options constitut-

ing of an options portfolio making the valuation process much more sound and reliable.

The application of the options approach offers new perspectives in the valuation of start-ups
as it allows assessing the value of adjusted risk management within a start-up investment.
Evaluating a start-up with a DCF methodology, avoids:
“learning effects”, after 3 months of activities additional information on the probability
of success of the investment arrives. This new additional information allows the investor
to re-adjust its future investment strategy
“path dependency”, risk changes over time and, for example, if good sales have been
generated in the 3 first months of activities, future sales will be more promising
“positive volatility of CF”, cash flows fluctuate over time and it is very difficult to put a
value on future cash flows
“investment timing optionality”, DCF assumes a “now or never* investment decision.
The non-inclusion of timing flexibility (now or later) may leave significant value and in-

formation for making effective decisions.

A theory called “Real Options” that applies option-pricing theory to real life investment de-
cisions offers new solutions in terms of investment analysis. This approach considers all the
issues mentioned above. The computation of the project value is similar, except that, in addi-
tion to the traditional approach, as for the discounted value methodology we start to calcu-
late the expected present value of future cash flows, using Monte Carlo simulations to define
the risk premium to be chosen in relation to their relative probability of occurrence, to define
the theoretical value of the start-up, we define the exercise price of the Real option as the
expected investment cost of the project, our time to expiration is the period of time during
which we can invest, the volatility is given by the expected project value return’s volatility
and the cost of keeping the investment opportunity alive is a good proxy for a dividend on
stock , at least the risk free interest rate is adjusted to be relevant with the process. This ap-
proach offers many applications for the valuations of the different parts of the project consti-

tuting a start up and as ever is pertinence relies a lot on the quality of the retained assump-



tions retained to build the evaluation model. Nevertheless it offers an elegant approach for
analysing in depth the different components of a project, start-ups are nothing else than a

project, and to make a much more informed decision.

As an application of the real options theory we propose to consider, in this paper, its contri-
bution to the investment decision process to be realized by a Venture Capitalist. We show
how this investment decision should be structured and timed. Doing so obviously offers an
apparently objective toolkit providing results, which could be valuable to the start-up pro-

moters during the negotiation.

The possibility to evaluate this flexibility of choosing the optimal time to execute an invest-
ment is a major argument in favour of real options vis-a-vis to DCF. The advantages of this
approach are presented in academic papers and books such as McDonald and Siegel (1986),
Paddock, Siegel and Smith (1988) or Dixit and Pindyck (1994) as well as in books destined
to practitioneers such as Copeland, Koller and Murrin (1996). For example, real options
models have been developed to quantify the time-value of reporting an investment, to evalu-
ate the strategy of shutting down a mine temporarily, to evaluate the opportunity to resell
equipment if the project fails, to evaluate the opportunity to switch the inputs or the outputs
in a production system or to quantify growth opportunities. See Trigeorgis (1996) for a de-

tailed discussion of the different types of real options and for a detailed literature survey.

Several authors have already applied real options in a similar context. Grenadier and Weiss
(1996) analyse innovations with real options. They model a strategy of investment as a se-
quence of embedded options. The model allows the analysis of the firms' optimal migration
strategies under technological uncertainty. The importance of real option valuation in re-
search and development (R&D) projects has been mentioned by Schwartz and Moon (1994)
who apply a real option approach to value a pharmaceutical R&D project. To perform a pre-
cise valuation of such a project they took into account three different types of uncertainties:
the investment costs during the project, the future payoffs and the success of the project.
Then the value of the R&D project is shaped as a contingent claim on these three stochastic
variables. In practice real options model are also used to evaluate pharmaceutical projects.

Nancy Nichols (1994) describes how the option pricing theory is used to evaluate uncertain



pharmaceutical projects at Merck and Copeland, Koller and Murrin (1996) describe an ap-

plication of a pharmaceutical R&D project evaluation with a discrete time real option model.

The objective of this research is to show a new facet of real options, which is the solving of
investment conflicts between investors and entrepreneurs. When negotiating capital raising,
entrepreneurs usually seek to optimise the couple cash-in versus firm control and, under this
constraint, to maximise their flexibility trying to raise as much money as they can up front in
the form of a one time fixed amount. This strategy brings more stability to the management
of the start-up but is perceived as more risky by venture capitalists because if the project
fails, the whole investment is lost. A possible solution lies in a staged investment financing.
This type of investment can be cut in several phases. Each investment is triggered by objec-
tives reached by the entrepreneur. Should the start-up go to bankrupt, the investor loss
would be lower. The key point is to define up-front the value of the company at the different
forecasted stages of investments. Fixing this value will define the exercise price of the op-
tion to invest offered to the investor and in connection the value of time, which will be cal-

culated in relation to the volatility of the expected cash flows.

In this paper we model the valuation of a start-up from both the venture capitalist and the
entrepreneur perspectives when the financing of the start-up is made with a staged invest-
ment. We show, in particular, the advantage of conducting staged investments over one-shot
investments. The remainder of the paper is organized as follows. Section 2 presents the main
assumptions of the model. Section 3 develops the real option model to determine a monopo-
listic firm's decision to introduce an innovation in the market when it faces uncertainty on
the demand level and thus on the introduction timing of the innovation. In section 4, we dis-
cuss the application of our model and in Section 5, we conclude by summarising the main

results of this real options approach.



2. Assumptions

Start-up X seeks to raise an amount / to start its activities at date ¢ = 7). A venture capitalist
(hereafter the ‘investor’) is interested in investing in the start-up. The start-up has a value V..

The environment can be characterised by the following assumptions:

Al. The investment / will be divided into two parts.

the first investment /; (the "Seed Capital investment") which allows start-up X to
launch its activity at ¢y and conducts its activities during the period [#y, #;]. In ex-
change of / the investor will get a fraction a of the company (i.e. the investor gets
aly), with 0<a<l/.

if start-up X can carry out its objectives (detailed in assumption A4), the investor will
invest a second block (the "Venture Capital investment") allowing start-up X to fur-
ther develop its activities after ¢;. At t=t;, In exchange of /; the investor will get a

fraction b of the company (i.e. the investor gets bJ;), with O<b<(1- a).

A2. Start-up X will consider only /y and /; as a unique source of financing. The investor has

the exclusivity for the second investment.

A3. Both the investor and the entrepreneur determine at time ¢ = ¢, the allocation of the in-
vestment between /j and /;. The allocation will be set following the preferences of both the

investor and the entrepreneur.

A4. We assume that both the investor and the entrepreneur will jointly fix an objective K to
be reached at # = ¢;. The objective is measured in terms of start-up value V. If this objective
is reached (1?3 K), the investor will trigger the remaining investment /; in exchange of an ad-

ditional fraction b of the start-up.



AS. We assume that the start-up value V; is obtained following the discounted cash flow
methodology. We further assume that the future cash flows are discounted at a risk-adjusted

discount rate.

A6. Let r be the constant risk-free interest rate and suppose that there is no inflation.

A7. We assume that the agents are risk-neutral and thus that they discount their payoffs at
the risk-free rate. This assumption is valid as long as the options to invest are owned by
well-diversified investors. The diversification may lead the investor to get a global payoff
for which the return is the risk-free rate. Thus, he can evaluate the globality of his projects at
the risk-free rate. As mentioned by McDonald and Siegel (1986), “assuming that investors
are well diversified describes publicly owned corporations in the United States and simpli-

fies the computation of the options value”.

AS8. We assume that Start-up X acts in a “perfect” world with features like perfect anticipa-
tion, symmetry of information and without strategic consideration. Thus we exclude dump-

ing strategies, alliances and mergers.

3. The Model

The objectives set at t=¢, are defined in terms of cash flows. These cash flows are deter-
mined following the characteristics of the start-up and the market environment where it op-
erates. Features such as growth expectation of the target market, competitors, forecasts of
the prices of products, forecasts of the economic situation (growth rate of the country, per-
spective of evolution of the interest rates and etc) all influence the future evolution of future
cash flows. We assume that the start-up value V; is determined by discounted cash flows.
The effect of the discount rate makes the short-term cash flows more important in terms of
impact on V. Thus, good sales results before #; will positively impact V; and then V. In this
perspective, the decision to proceed in the second investment is formalized so that at t=#,

jointly the investor and the start-up set one objective K to be reached by V at time t=¢;. The



objective is a level of cash flow corresponding to an expected value at r=¢,." If V3 K, the
second investment will be executed. If the reverse case occurs, the second investment will

not be executed.

In the framework of the assumptions, the investor invests /j at ¢ = #y. This investment will
reward him with a fraction a of the start-up value, thus aV,. In association to this first in-
vestment, the investor gets the exclusivity to invest /; at time ¢ =¢, in the start-up in ex-
change of a fraction b of the companies value. Thus, the investor holds the right but not the

obligation to invest a second block /; if the objectives fixed in t=¢, are reached at ¢,.
Thus, in ¢;, the investor who holds the option to invest I, gets the following pay-off:
- If V; <K, the investor will not further invest and will not get any pay-off.

- If V; ® K, the investor will invest /; and will get in exchange of this investment a

fraction b of the start-up value.

The pay-off of the investor can be rewritten as follows:
Payofﬂ:ﬂ: (b V] — [1)
= (bV;—bK +bK — 1))

= V;-K) +(bK-1))

The start-up value can thus be decomposed into two European Option Values.
C] = b (V]—K]) and ng(bK] —[1)

The first option, C;, whose price is influenced by the fraction b, is a plain vanilla European

option with the following characteristics:
- Underlying is the value of the company: V;

- Strike price: K

' For example, V can be modelled as a function of the number of goods sold during a fixed period of time. If
the “sales rate” increases, thus the value of the startup V, increases.



- Volatility: s
- Time to Maturity: [¢;— {]

Assuming a risk-neutral environment with an underlying liquid market, the option value C;

can be evaluated with the Black and Scholes formula (1973):
C, =VN(d,)- Ke'""""'N(d,)
with

_In(V/K) +(r+s?/2)(¢, - 1)
St -t
dy=d, -s.\t-t

The second option, C>, has the characteristics of a European binary call option as its pay-off

d,

is not directly linked to V;:

- Underlying: Value of the company V;
- Strike Price: K

- Pay Off: bK; - I,

- Volatility: s ?

- Maturity = [t;— 1]

In a risk-neutral environment with an underlying liquid market, the option value C; can be

evaluated with the following formula (See Willmot (1999) as a reference):
C,=Ke """ 'N(,)
Thus, the investor’s value E of its investment at t = t; is the following:

E=al+ C[(b) + Cg(b, 1) —1Iy.

with C; and C; that are the price, in ¢, respectively of the European and binary options de-

scribed here above and /; is the investment to be realised in ¢;.



4. Application of the model

The reader can verify that without time flexibility (¢ = #/) the investor would get the follow-

ing pay-off:
E= (a + b) V-1y— 1

In Figure 1, we see that the possibility to stage investments enables the investor to gain more
value. This strategy has more value in the presence of risks. In Figure 2, we observe that the

higher the volatility, the better the inclusion of risk effects in the analysis.

250.00
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150.00
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100.00 - investment
50.00 - ‘
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-50.00 - 800 1000 1100 ,“1200 1300 1400 1500 1600
-100.00 - .’
X
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200.00 & L ..-- -7 without staged
' ) investment
-250.00 -

Figure 1: Value of the Investment Strategy for Different Values of Vo with 1o=100,
11=150, a=5%, b=25%, K=1200, s=25%, r=5%, T-t=0.5

The model helps to show the value of a risk management strategy in a start-up investment.
This value stems from the flexibility to cancel the second investment if the value of the start-
up does not reach the objective at time /=t;. For example, for a fraction a of the company
held at time ¢ > ¢y (Ip has already been invested), the investor holds the right to invest /; The
option portfolio’s price is affected by all the traditional factors influencing the price of an
option and also by the percentage of the value negotiated to be taken if the investor decides

to invest the second block.



Thus at time ¢ = #,, the investor can determine the minimum fraction a to negotiate in order
to make its investment "in the money" when he decides to invest in the first Phase of the
project. The advantage for the investor is the possibility to choose between a, b and
1,/(1;+1,). For example, the three scenarios below provide him with the same economic

value but his risk-preferences will lead him to choose one precise scenario:

Several applications can be mentioned. For example, at time ¢ > ¢,, the investment value E is

the following:
E=e(a, b, 1,1y, K;, S) =aV) + Crao)0) + Coney (b, 1))-1,

The investor holds continuously a net portfolio value influenced by four parameters ((a, b,

1,/(1,+1;), K;) that are linked.
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000 I I - I I I I I 1
800 900 00. -100 1200 1300 1400 1500 1600
5000 4 === --"-" g

-100.00 -

Figure 2: Value of the Investment Strategy for Different Values of Vo with 10=100,
11=150, a=5%, b=25%, K=1200, r=5%, T-t=0.5

In function of his preferences, the investor can fix three parameters and bargain on the base
of the remaining parameter. For example, depending on his preferences, he can play on the
allocation between [,/(I;+1;) and a/(@a+b). As an example, two strategies (scenario 1 and

scenario 2 in Table 1) that offer different characteristics have the same value for the inves-
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tor. In function of its risk preferences, there is a high probability that he prefers one strategy

to the second one.

Scenario 1 Scenario 2 Scenario 3

Total Investment | 250 250 250

lo 125 75 150

l1 125 175 100

a 10% 5% 13%

b 20% 25% 17%
Value of the Startup (V) 1200 1200 1200
Objective (K1) 1200 1200 1200
S 25.00% 25.00% 25.00%
r 5.00% 5.00% 5.00%
T-t 0.5 0.5 0.5
Strategy Value 73.28 73.32 75.71

Table 1: Three different scenarios of investment returning the same value for the in-
vestor

Thus, this tool helps to clarify both the positions of the investor and the entrepreneurs. In
function of the start-up structure as well as of the investor preferences, the bargaining proc-
ess between the investor and entrepreneur can be structured in a different way following the

risk preferences of the investor. When the investor targets a net situation that is nil, he sets:

E=e(a, b, ]1,]0, K, S) = aV(m) + C[(m)(b) + Cg(m) (b, [1)—10:0

In this context, if the investor is risk-adverse, he can set the conditions regarding size of the

second block to be realized in ¢; either to:
- demand a minimum fraction b to be held in #; so that his “net situation” is at least nil.

- demand a maximum investment /; in #; to be realized so that his net situation is at least

nil.

If the investor is risk-lover and is persuaded that he will invest in #;, he can demand a mini-

mal fraction a to be held in #, so that his net situation is at least nil.

11



5. Conclusion

The objective of this paper was to show how a “structured product” which is a combination
of options could help to optimise start-up investments. The flexibility provided by such a
structure is extremely advantageous for both the investor and the entrepreneur. For the first
one, he can manage his risks by acquiring ‘for free’ the option to invest in a good start-up by
staging his investment in the start-up. For the entrepreneur, if he is sure of the success of his

innovation, he can raise money in an easier way.

This paper opens a new perspective in the field of real options. It shows how to optimally
structure investment decisions in function of the investor and the entrepreneur preference.
We show that, independently of all the other factors, that staging investment provides supe-
rior value for the investor. The fact that the value can be the same in different investment
conditions enables the entrepreneur to optimally negotiate with the investor about the shares

of the company he will sell him.

The use of this model enables on the one hand to reduce the model risk within the start-up
valuation model and on the other hand it shows the positive leverage effect gained by the
use of options in the approach. Theoretically, there is no problem to buy options and the
delta of the underlying and thus to span assets on the market. However, in practice start-up
markets are extremely illiquid (i.e. inefficient) and thus, adopting a replication strategy is
very complex and probably impossible. The non-possibility for the investor to span assets on
the market may invalidate some results of the model. See Schwarz (1995) for an interesting
discussion on the validity of real options when assets cannot be spanned. However we show
that, when the spanning of assets holds, the investor can choose different strategies in func-
tion of his risk preferences that all provide the same value to him. In particular, if the start-
up is a catastrophe, the investor looses less as he invested less. If the start-up is a success,
the investor gets a better return as he invested less and he can exercise its option to further
invest in a good start-up. In summary, the investor improves its risk/return ratio with the in-
vestment model proposed for three reasons that are not included in traditional valuation
methodologies. First, the volatility that the investor faces at time t=ty does enable to conduct
a serious risk/return analysis. The model helps to manage the model risk on the estimation of

the volatility. Second, the cost for liquidity in such transactions is high and the staging of

12



investment proposed enables to reduce this cost. Third, entrepreneurs are not really affected
by the structure of such a staged investment if they are successful while investors can loose
the whole amount invested. It is also important to mention an additional limitation of such
an analysis, which is the organizational structure of the market. Indeed, the more intense the
competition between investors, the more complex the fixing of the objectives and vice-

versa.

Finally, it is worth to mention that the use of the option to wait is not new and is generally
used under the terminology of « Milestone planning ». This technique is already old but al-
lows to modular the investment structure in function of the information available at each
critical development stage. The value assed of real options adds value to the analysis by
pricing the value of investment decisions (go/ no go) at each development stage. This value
1s just an option on a project and its value will not be a function of a price at maturity (objec-
tive very difficult to fix at the beginning for investors in biotechnology or natural resource
developments), but function of a degree of information at each development stage. The de-
gree of information can be the result of researches but more than everything will be the

opinion of all agents on the future evolution of the underlying market.

« there is nothing genuine, the opinion of all makes the opinion of each one »

Democritus, Greek philosopher (460 b.c. - 370 b.c.)
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Biochemistry is located in Epalinges, in the northern hills overlooking the city. http:/www.unil.ch

The Graduate Institute of International Studies

The Graduate Institute of International Studies is a teaching and research institution devoted to the study of
international relations at the graduate level. It was founded in 1927 by Professor William Rappard to
contribute through scholarships to the experience of international co-operation which the establishment of
the League of Nations in Geneva represented at that time. The Institute is a self-governing foundation
closely connected with, but independent of, the University of Geneva.

The Institute attempts to be both international and pluridisciplinary. The subjects in its curriculum, the
composition of its teaching staff and the diversity of origin of its student body, confer upon it its
international character. Professors teaching at the Institute come from all regions of the world, and the
approximately 650 students arrive from some 60 different countries. Its international character is further
emphasized by the use of both English and French as working languages. Its pluralistic approach - which
draws upon the methods of economics, history, law, and political science - reflects its aim to provide a
broad approach and in-depth understanding of international relations in general. http://heiwww.unige.ch
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