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Funding Decisions for Multi-Stage Projects
Abstract
Large industrial projects are generally organized and funded in stages, with each stage funded
and executed sequentially. This is widely practiced with new product and new technology
development projects, venture capital projects, and natural resource development projects. It is
required and regulated for pharmaceutical projects. Continued funding of a project generally
requires the successful completion of a stage.
The methods used to value multi-stage projects are derived from the fields of finance and
engineering economics. Traditional valuation techniques for multi-stage projects are based on
decision trees; this is the primary method taught to engineering students. Proponents of real
options have suggested that options analysis more closely follows the assumptions used in
actually funding a project, but these new methods have other, unresolved problems.
Introduction
Firms often undertake large investments in stages1. Rather than invest all required funds at the
beginning of a large project, many firms will make a series of sequential investments based on
the success of previous investments. Many projects involve multiple stages, and multi-stage
economic analysis is often necessary. An example of a multi-stage project is pharmaceutical drug
development, where new drug products must pass a series of clinical trials, and where successive
clinical trials are performed (or not) depending on the success of the previous clinical tests. That
is, Phase II tests are only performed if Phase I tests are successful, and Phase III testing is
conducted only if Phase II is successful. Staged funding also occurs in many other large
projects, where new ideas pass from concept development to product design and development to
engineering, creation of manufacturing capacity, and product introduction into the marketplace.
Each stage involves rapidly increasing monetary commitments, and each stage is funded only if
the previous stage is successful — and not necessarily even then. For example changing
markets, new drugs from competitors, and more promising drugs may stop a drug after a
successful clinical trial. This paper is an initial analysis of stage-gate funding and it assumes that
a successful clinical trial implies continuing with development. Staged funding is a method of
managing the investment risk. While at each passed stage the probability of the drug reaching
the market increases, the increasing financial stakes imply increasing amounts of risk.
Current methods for determining the value of staged projects use NPV analysis based on
expected costs, expected revenues, and the probabilities of passing from one stage to the next.
Decision trees are often used to organize the information and to calculate project value. Real
options analysis can use compound options to determine an expanded net present value (ENPV)
of a staged project. In high risk, high payoff projects, such as drug development, where the
probabilities of moving forward are fairly low, options analysis may provide a different, and
possibly more positive, project assessment. There is a possibility that options analysis will
provide a more accurate project valuation than traditional methods if existing problems and
concerns that exist with real options can be overcome.
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In this paper, we examine the issue of staged funding. Engineering economics, finance, and
project management textbooks are first reviewed to determine the extent to which we are

teaching staged funding. The past fifteen years of The Engineering Economist are also reviewed.
A case study is analyzed using both traditional and real option techniques to demonstrate the
different valuations that can result. We conclude with a discussion of what should be taught in
undergraduate and graduate engineering economy courses.
Literature Review
Current engineering economy texts2,3,4,5,6,7,8,9,10,11 were reviewed to determine whether they
included material regarding staged funding. There were two ways that staged funding was
discussed: as a part of decision trees, and as independent material. Table 1 shows the results in
those texts where staged funding was discussed, whether there was a discussion of staged
funding as part of decision tree analysis, and/or whether there was an independent discussion or
use of staged funding.
While the use of staged funding is widespread within industry, it is not a significant part of our
engineering economy textbooks. A survey of finance texts revealed much the same thing; some
books discuss staged funding 1,12,13 while others do not14,15,16,17. Project management texts deal
with the fact that many large projects are managed as distinct stages or phases18,19,20,21, but few
discuss how the stage-gate process includes project funding22.

Table 1. Staged Funding Content
Authors
Newnan, Lavelle, Eschenbach

Copyright
2009

Staged Funding
included, part of
Decision Trees

Hartman

2007

X

Park

2007

X

Blank, Tarquin

2005

X

Eschenbach

2003

X

Staged Funding
included, not part of
Decision Trees
X

X

Articles in The Engineering Economist over the past fifteen years (starting with 1995) were
surveyed, searching for examples of staged or phased funding. Surprisingly, only six articles
were found23,24,25,26,27,28. Even more surprising, all six articles had the common topic of real
options analysis. Despite the large proportion of money that is managed using staged funding,
the topic does not frequently appear in our literature.
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Case Study
A drug candidate for treating hypertension (high blood pressure) has been identified and has
completed initial (animal) testing. In order to develop the drug candidate for market, a series of
clinical tests would need to be conducted, following established Food and Drug Administration
(FDA) rules. Three clinical trials would be needed, followed by FDA approval and a launch
phase. Each phase is increasingly more expensive, and each is dependent on the success of the
previous phase.

As summarized in Figure 1, the testing and approval process is expected to take ten years. If all
goes according to plan, the drug would have 10 years of exclusive marketing rights, beginning
with FDA approval. In Phase I testing, the drug would be given to 20 – 80 healthy people to
determine human safety. The testing is expected to cost $8 million (in year 2) and take two years
to complete, with an estimated 70% chance of success. In Phase II testing, the drug would be
given to 100 – 300 people to determine the efficacy for treating hypertension. The probability of
success is estimated at 30%. Phase II testing is expected to require 2 years to complete, and
would cost $30 million (in year 4). In Phase III clinical testing, the drug would be given to 1000
– 5000 people to determine safety and efficacy in a broad spectrum of the population. This
testing is expected to take three years to complete and would start pending successful results
from Phase II. The Phase III trials would cost $300 million (in year 7) and have an 80% chance
of success. To obtain FDA approval, a new drug application would need to be written; this will
require $10 million (in year 8) and one year to complete. FDA approval is expected to take two
years, and there is a 90% probability of obtaining the needed approval. Successfully launching
the product would require $350 million (primarily marketing costs) in year 10.
The hypertension drug has the potential of generating large profits, with net revenue of $450
million per year for ten years, starting in year 11. While the development costs are high and the
chances of success are low, the potential payout is high if success can be achieved. The question
therefore becomes: should the drug be developed? The minimum attractive rate of return is 20%.
This information is summarized in Table 2.

Table 2. Hypertension product costs

Phase I
Phase II
Phase III
NDA

Year
2
4
7
8
10

Required Cost
(EOY $ million)
8
30
300
10
350

Conditional
Probability of
Success
70%
30
80
90
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Traditional Valuation. Figure 1 illustrates a decision tree for the problem in terms of decisions
and probability of success or failure in a given stage over the 10 year horizon. We examine the
costs and revenues. To match published practice for sequential options, we assume that
payments are made at the conclusion of each phase. Product launch and market introduction
costs $350 million in year 10. As is normal with decision trees, the calculations start at the final
stage and work their way backward to the initial decision point.
Cost @ year 10 = $350M
Revenue at year 10 = 450M(P/A,20%,10) = $1886.4M
NPV10 = 1886.4M – 350M = $1536.4M

The New Drug Application (NDA) will cost $10 million in year 8. To determine the likely costs
in year 8, we add the NDA preparation cost to the probability weighted discounted cost from
year 10. The MARR is 20%.
Expected Cost @ year 8 = 10M + (0.9)(350M)(P/F,20%,2) = $228.75M
Expected Revenue @ year 8 = 1886.4M(0.9)(P/F,20%,2) = $1179M
Conditional EV = 1179M – 228.75M = $950.25M

Figure 1. Hypertension Drug Decision Tree
Go

Launch
0.90

Abandon
0.10

NDA

Fail

0.8

Abandon
0.2

III

Fail

0.3

Abandon
0.7

II

Fail

0.7

Abandon
0.3

I

Fail
Abandon

Phase I
$8 million
2 years

Phase II
$30 million
2 years

Phase III
$300 million
3 years

NDA
$10 million
2 years

Launch
$350 million

In year 7, we need to pay for the Phase III testing and need to assume probability-adjusted costs
of further testing.
Expected Cost @year 7 = 300M + (.80)(228.75M)(P/F,20%,1) = $452.5 million
Expected Revenue @ year 7 = 1179M(0.8)(P/F,20%,1) = $786.0M
Conditional EV = 786.0M – 452.5M = $333.5M
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In year 4, we need to pay $30 million for Phase II tests.
Expected Cost @ year 4 = 30M + (0.3)(452.5M)(P/F,20%,3) = $108.6 million
Expected Revenue @ year 4 = 786.0M(0.3)(P/F,20%,3) = $136.5M
Conditional EV = 136.5M – 108.6M = $27.9M

In year 2, we need to pay $8 million for Phase I tests.
Expected Cost @ year 2 = 8M + (0.7)(108.56)(P/F,20%,2) = $60.77 million
Expected Revenue @ year 2 = 136.5M(0.7)(P/F,20%,2) = 66.35
Conditional EV = 66.35-60.77 = $5.58M
Discounting this to year 0, we have
Conditional EV = 5.58(P/F,20%,2) = $3.88M
The expected NPV of the project is $3.88 million. The project is worth pursuing, but the NPV is
not particularly high given the long timeline and the many hurdles that need to be overcome.
Option Valuation Using Binomial Lattices. There has been a significant amount of literature
in the past ten years concerning the development and use of real options for evaluating capital
investment decisions under uncertainty. Real options methods are used to determine an option
value, which is added to traditional net present value (NPV), creating an expanded net present
value (ENPV). The argument for real options analysis is that it incorporates uncertainty when
calculating the option value, unlike traditional measures of worth, and provides a value for
management flexibility, such as the option to delay an investment, often improving the
forecasted value of projects. The mathematical foundation for real options analysis is in
financial option pricing methods. However, there are numerous problems in translating financial
options into real options. Recent research has illustrated a number of pitfalls with the use of real
options – especially with regards to volatility, which is the parameter that real options uses to
describe the uncertainty in the data.
Staged funding can be viewed as a series of options. If the first stage is successfully passed, then
management has the option, but not the obligation, to fund the second stage. This is also true of
each succeeding stage. Successfully completing one stage creates further options: to abandon,
to delay, and so on. A multi-stage project can be seen as a series of dependent options, also
known as a sequential compound option. In theory, this approach accurately follows the actual
decision making process regarding multi-stage project funding. Some real options
proponents29,30 have suggested that sequential compound options is a preferred method over
decision tree analysis for determining the value of multi-stage projects.
The majority of work and the latest criticism regarding real options have been focused on the
simple deferral (single stage) option. As with single stage analysis, an option value for a
multiple stage project can be computed. However, there is significantly more complexity in
evaluating a multi-stage project when compared to a single-stage project. Because of this
complexity, closed form (and thus straightforward) solutions are generally not possible. Also,
due to the complexity, many questions about multi-stage analysis remain open.
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Binomial lattices were created to provide a simplified approach to option valuation that did not
require calculus31. Lattices are more flexible and can be used to calculate more types of options
than can be done with closed form equations. The Black-Scholes model is limited in how it can
be applied; lattices are more flexible. However, the proof that lattices worked was that they
would provide the same answer as Black-Scholes if enough time-steps were performed. For
simple options, the methods are essentially the same. Lattices can be set up fairly easily as a
discrete form of the continuous Black-Scholes model. However, for complicated options

including compound options, binomial lattices must be used because closed form equations
generally do not exist.
While the real options literature claims that simple NPV undervalues the true value of many
projects32,33,34, there is feedback from industry that real options analysis overvalues projects35.
There are a variety of concerns regarding the use of real options. A common problem is that
most of the examples found in the literature are highly simplified compared to real problems
found in practice36. In reality, problems are much more complex than most authors imply,
making a complicated decision process much more difficult. Most companies have not adopted
real options analysis35,37. This limited use may also be attributed to the fact that the results of the
analysis are not significantly different than for traditional decision analysis (i.e., decision tree
and utility theory) methods36,38 when performed correctly.
The option value for the project may be determined using binomial lattices. The details of the
calculation technique are outside of the scope of this paper, but are available in the literature28,30.
Because there are five project stages, the value calculation consists of six lattices, each related to
the previous one. The first lattice is the underlying lattice, starting with the present value of the
predicted net revenues. This value is expanded over time, based on the project’s estimated
volatility and the length of each time step. Remaining lattices subtract the cost of each stage, and
calculate an option value based on the risk-neutral probability (which is based on the volatility),
the risk-free rate of return, and the length of each time step. The probability of passing each
stage is incorporated into the volatility parameter, which is the estimated standard deviation of
the project’s projected rate of return. The option value is highly dependent on the volatility, as
shown in Figure 2.

Figure 2. Effect of Volatility on Option Value, Hypertension Drug
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Under typical published practice, a project of this type would likely have a volatility of at least
0.2, and likely 0.4 or more. However, it is unclear how much of this volatility would be

actionable which is discussed in the next section. The option value with a volatility of 0.40 is
$73.7 million. Because the NPV is $3.88 million, options analysis provides an ENPV of 77.5 at
0.4 volatility. The large option value relative to the NPV is theoretically due to several factors29.
First, the option approach identifies all of the opportunities that are available to the firm,
including those that are not obvious from the decision tree (such as uncertainties regarding price,
sales volume, and market conditions). Second, the option includes a value for managerial
flexibility where uncertainty exists. The option value can increase, but never decrease, the
project value relative to the NPV.
Problems with compound options. In previous work, we identified two significant reasons for
inflated real options valuations. A common real option is the deferral option, where there is
value in delaying (deferring) a decision to a later time when more information is known. Most
authors ignore the fact that there is usually an associated cost of waiting, which decreases the
expected net present value of cash flows of a project39,40. Merck’s project Gamma, which has
been used as a real options example, has also been criticized because they failed to consider a
patent expiration, which led to overestimating the option value. This resulted in an incorrect
decision to license another company’s technology41.
The second problem lies in estimating an overly high value for volatility. Many real options
examples use multiple sources of volatility, including cash flows, hurdle rates, and time
horizons. Only volatility that can be captured by exercising the option (termed actionable
volatility) should impact the value of the option42. Volatility that comes from independent
random variability cannot be captured and should not be used to value the option. Doing so
leads to an inflated volatility parameter and an inflated option value.
In real multi-stage projects, the volatility is not constant. Each stage of a multi-stage project has
a different level of risk, and in general, the probability of failure decreases over the life of the
project as facts become better known, and early hurdles are overcome. As volatility decreases
over time, project costs often increase dramatically, so the highest cost stages have lower
probabilities of failure. Risk, however, is often viewed as the probability of failure times the
potential loss, so risk does not necessarily decrease as the project progresses. This is not
captured by traditional techniques nor is this addressed in most real options work. However, it is
possible to capture this effect using real options tools. Changing volatility over time complicates
the lattice, making valuation extremely difficult, but hopefully possible in future work.
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If each stage of a project has its own volatility, how can we determine stage volatility? This is
very difficult; estimating the volatility of a simple option is challenging. Uncertain variables
contribute to project volatility. Accurately determining actionable volatility for each stage of a
multi-stage project can be daunting, and has not been addressed by those who propose the use of
compound options. The volatility of an individual stage is far smaller than the average project
volatility. Some uncertainties will continue throughout the project, causing the values of some
stages to be correlated to the values of other stages. The standard (published) compound option
method uses the average project volatility at each stage. This difference should produce a
significant change in the value of the option. To our knowledge, no one has explored the impact
of correlated stage volatility.

The problems and the perceptions regarding real options need to be overcome before the tools
can become widely accepted by industry. The problems have been very real, and the negative
perceptions are directly related to these problems. The issues plaguing simple options are
present in compound options, and the parameters under which compound options can be
successfully applied are not yet understood.
What we should teach.
Staged funding is used extensively in industry as a means of funding large projects. This is
widely practiced with new product and new technology development projects, venture capital
projects, and natural resource development projects. The reason that staged funding is widely
used is because it works as a hedge against risk. A large project may be kept alive with partial
funding, accompanied by regular reviews. The firm does not need to commit to the entire
project, only the next step. Decision trees help to organize the information and aid the decision
making process by laying out the alternatives in a clear manner. These topics should be taught in
the undergraduate course. Risk management is a necessary part of project funding, and this is
appropriate for the undergraduate curriculum. Inclusion as an application of decision trees is a
logical and worthwhile application, and we are pleased to see that most authors include the
material in their texts.
Use of options analysis should be reserved for graduate courses. Use of options analysis in
multi-stage project analysis is a fairly limited area, and is still not fully understood (although
there is available literature that may allow you to calculate a project value). Where this is taught,
the current methods need to be accompanied by the concerns and shortcomings of the current
methods. Unfortunately, the engineering and the finance literature has plenty of content showing
methods that either can not or should not be applied.
Conclusions
While staged funding is widely practiced in industry, it is not a significant part of our
engineering economy textbooks, and so is not a significant part of what we teach. Finance and
project management texts do no better (though most project management texts discuss risk
management). Traditional methods of determining the value of a multi-stage project are based
on decision trees, using NPV analysis. Decision trees help to organize information and aid the
decision making process, and may be used to determine NPV, IRR, or other valuations. This is
an important tool in industry, and should be taught at the undergraduate level.
Real options analysis may also be used to determine a multi-stage project value using sequential
compound options. Options analysis assumes that the project moves forward only if the
preceding stage was successful and includes a value for managerial flexibility which is based on
the project’s volatility. Including volatility usually provides a significantly higher value. There
is a possibility that options analysis could provide a more accurate project valuation than
traditional methods if existing problems and concerns that exist with real options can be
overcome. However, in the near term, we believe that existing problems should preclude a firm
from placing much emphasis on real options methods.
Page 15.607.9

References
1. Titman, S. and Martin, J.D. (2007) Valuation, Pearson Addison Wesley, Boston.
2.

Newnan, D.G.; Lavelle, J.P.; and Eschenbach, T.G. (2009) Engineering Economic Analysis, 10th edition, Oxford
University Press, New York.

3.

Sullivan, W.G.; Wicks, E.M.; and Koelling, C.P. (2009) Engineering Economy, 14th edition, Pearson Prentice
Hall, Upper Saddle River, NJ.

4.

Hartman, J.C. (2007) Engineering Economy and the Decision-Making Process, Prentice Hall, Upper Saddle
River, NJ.

5.

Park, C.S. (2007) Contemporary Engineering Economic Analysis, 4th edition, Prentice Hall, Upper Saddle
River, NJ.

6.

Blank, L.T. and Tarquin, A.J. (2005) Engineering Economy, 6th edition, McGraw Hill, Boston.

7.

Canada, J.R.; Sullivan, W.G.; Kulonda, D.J.; and White, J.A. (2005) Capital Investment Analysis, 3rd edition,
Prentice Hall, Upper Saddle River, NJ.

8.

Bowman, M.S. (2003) Applied Economic Analysis for Technologists, Engineers, and Managers, 2nd edition,
Prentice Hall, Upper Saddle River, NJ.

9.

Eschenbach, T.G. (2003) Engineering Economy: Applying Theory to Practice, 2nd edition, Oxford University
Press, New York.

10. Thuesen, G.J. and Fabrycky, W.J. (2001) Engineering Economy, 9th edition, Prentice Hall, Upper Saddle River,
NJ.
11. Fabrycky, W.J.; Thuesen, G.J.; and Verman, D. (1998) Economic Decision Analysis, 3rd edition, Prentice Hall,
Upper Saddle River, NJ.
12. Parrino, R. and Kidwell, D. (2009) Fundamentals of Corporate Finance, John Wiley and Sons, Hoboken, NJ.
13. Brigham, E.F. and Ehrhardt, M.C. (2008) Financial Management, 12th edition, South-Western, Mason, OH.
14. Brooks, R.M. (2010) Financial Management, Prentice Hall, Boston.
15. Allen, W.B.; Weigelt, K.; Doherty, N.A.; and Mansfield, E. (2009) Managerial Economics, 7th edition, W.W.
Norton and Company, New York.
16. Higgins, R.C. (2009) Analysis for Financial Management, 9th edition, McGraw-Hill Irwin, Boston.
17. Bodie, Z. and Merton, R.C. (2000) Finance, Prentice Hall, Upper Saddle River, NJ.
18. Pinto, J.K. (2010) Project Management, 2nd edition, Prentice Hall, Upper Saddle River, NJ.
19. Kerzner, H. (2006) Project Management, 9th edition, John Wiley and Sons, Hoboken, NJ.
20. Meredith, J.R. and Mantel, S.J. Jr. (2006) Project Management, 6th edition, John Wiley and Sons, Hoboken, NJ.

22. Gray, C.F. and Larson, E.W. (2008) Project Management, 4th edition, McGraw-Hill Irwin, Boston

Page 15.607.10

21. Project Management Institute Standards Committee (1996) Project Management Body of Knowledge, Project
Management Institute, Upper Darby, PA.

23. Pyo, U. (2008) “Real Option Pricing and Bounds in Incomplete Markets,” The Engineering Economist, 53(1),
4-41.
24. Nembhard, D; Nembhard, H.; and Qin, R. (2005) “A Real Options Model for Workforce Cross-Training,” The
Engineering Economist, 50(2), 95-116.
25. Trigeorgis, L. (2005) “Making Use of Real Options Simple: An Overview and Applications in
Flexible/Modular Decision Making,” The Engineering Economist, 50(1), 25-53.
26. Miller, L.T.; Choi, S.H.; and Park, C.S. (2004) “Using an Options Approach to Evaluate Korean Information
Technology Infrastructure,” The Engineering Economist, 49(3), 199-219.
.
27. Miller, L.T. and Park, C.S. (2004) “Economic Analysis in the Maintenance, Repair, and Overhaul Industry: An
Options Approach,” The Engineering Economist, 49(1), 21-41.
28. Herath, H.S.B. and Park, C.S. (2002) “Multi-Stage Capital Investment Opportunities as Compound Real
Options,” The Engineering Economist, 47(1), 1-27.
29. Copeland, T.E. and Keenan, P.T. (1998) “Making Real Options Real,” The McKinsey Quarterly, 1(3), 128-141.
30. Mun, J. ((2006) Real Options Analysis, John Wiley and Sons, Hoboken, NJ.
31. Cox, J.C.; Ross, S.A.; and Rubinstein, M. (1979) “Option Pricing: A Simplified Approach,” Journal of
Financial Economics, 7(3), 229-263.
32. Brach, M.A. (2003) Real Options in Practice, John Wiley & Sons, Inc., Hoboken, NJ.
33. Trigeorgis, L. (1993) “Real Options and Interactions with Financial Flexibility,” Financial Management, 22(3),
202-224.
34. Copeland, T.; Koller, T.; and Murrin, J. (1996) Valuation: Measuring and Managing the Value of Companies,
2nd edition, John Wiley & Sons, New York.
35. Block, S. (2007) “Are ‘Real Options’ Actually Used in the Real World?” The Engineering Economist, 52(3),
255-267.
36. Smith, J.E. and McCardle, K.F. (1999) “Options in the Real World: Lessons Learned in Evaluating Oil and Gas
Investment,” Operations Research, 47(1), 1-15.
37. Teach, E. (2003) “Will Real Options Take Root?” CFO, (July 10, 2003), 1-4.
38. Lewis, N.A., Eschenbach, T.G., and Hartman, J.C. (2008) “Integrating Real Options with Decision Trees &
Simulation: Uncertainty in the Graduate Engineering Economy Course,” Proceedings of the 2008 American
Society for Engineering Management Conference, West Point, NY, CD.
39. Lewis, N.A.; Eschenbach, T.G.; and Hartman, J.C. (2007) “Sensitivity Analysis of a Real Options Problem,”
Proceedings of the 2007 Industrial Engineering Research Conference, Nashville, TN, CD.
40. Eschenbach, T.G.; Lewis, N.A., and Hartman, J.C. (2009) “Technical Note: Waiting Cost Models for Real
Options,” The Engineering Economist, 54(1), 1-21.
41. Bowman, E.H. and Moskowitz, G.T. (2001) “Real Options Analysis and Strategic Decision Making,”
Organization Science, 12(6), 772-777.

Page 15.607.11

42. Lewis, N.A., Eschenbach, T.G., and Hartman, J.C. (2008) “Can We Capture the Value of Option Volatility?”
The Engineering Economist, 53(3), 230-258.

