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We propose a presentation to be delivered at the Atlanta Conference on Science and Innovation Policy in September 2011.  Building on earlier work that described a framework for valuing individual R&D projects with real option techniques (Vonortas & Desai, 2007; Linquiti, 2010), this presentation will extend the focus to portfolios of R&D projects.  The topic is an important one because R&D managers rarely invest in a single project; rather, R&D programs typically comprise a collection of related projects in the same general area.  Deepening our understanding of how the relationships among individual projects affect the value of the overall portfolio will thus be an important contribution to the field.
To ensure that audience members share a common understanding of the analytic problem, we will begin with a quick review of the application of real option thinking to R&D projects.  We’ll explain that R&D resembles an option because the sponsor’s investment in a project creates the opportunity, but not the obligation, to exploit the results of the research if it is technically successfully and commercially viable.  Our claim that real option analysis can improve the decision-making for R&D investments will be substantiated by references to the pharmaceutical and oil and gas industries, where real option analysis is prevalent.  We will conclude this introduction with a few remarks about the application of real option analysis to government R&D programs and some of the unique considerations that arise in the public sector context.
Turning to portfolio effects, we will start by observing that the value of diversifying an R&D portfolio has long been recognized by citing, for example, Nelson who observed in 1959 that firms can “spread the[ir] risk by running a number of basic-research projects at once” (p. 304).  Nelson’s observation notwithstanding, however, if R&D projects are framed as real options, we find that investigation of portfolio effects by the scholarly community has been limited.  As Anand et al. note:  “the literature is still in its initial stages regarding portfolios of strategic investments.  ...  [T]he issue of potential interactions among real options has so far scarcely been investigated” (2007, pp. 276, 279).  Moving the field forward entails tackling two difficulties associated with portfolio analysis of real options: one theoretical and the other practical.
The core theoretical issue stems from the fact that diversifying a collection of options has a different effect on portfolio risk than does diversifying a collection of typical financial assts.  The intuition here is that because an option has an asymmetric payoff (i.e., the downside is truncated while the upside is unlimited), its effect on portfolio performance differs markedly from that of an asset with a symmetric payoff (e.g., the typical stock which has similar upside and downside risk).  In a portfolio of assets with symmetric payoffs, the below-average performance of one asset is typically offset to some degree by the above-average performance of another asset, thereby reducing the risk of the portfolio of as a whole.  (This is, of course, the standard and well-known rationale, as articulated by Nelson, for diversification as a risk-management strategy.)  In contrast, for a portfolio of real options, the benefits of diversification – while they still exist – are not as powerful as in the portfolio of symmetric assets.  Above-average performance of one option cannot be fully offset by the below-average performance of another option since the former has an unbounded upside but the latter has a bounded downside.  In addition, the effect of diversification on portfolio risk depends on whether the options are positively or negatively correlated (van Bekkum, Pennings, & Smit, 2009).  Accordingly, in this section of the presentation, we will describe the range of portfolio characteristics that may arise as a function of the characteristics of the real options within that portfolio.
The core practical issue associated with formation of portfolios of real options is the need for, and difficulty of, assessing the correlations among the likely payoffs of the various R&D projects in the portfolio.  Consider two quick examples.  One could imagine that the outcomes of a collection of projects aimed at the same technical challenge would be positively correlated by virtue of the similarity of the underlying physical and natural phenomena, yet at the same time, if two investigators have different views of such phenomena – only one of which can logically be correct – then the results of their two projects will be negatively correlated.  As a second example, imagine that the electric utility industry perfects carbon capture and sequestration, thereby rendering fossil-fired generation carbon free.  Such an outcome might cause both wind and solar R&D projects to lead to commercial failure (thus creating a positive correlation between the results of these two projects).  On the other hand, if there is no such advance in carbon capture technology, then the performance of the wind and solar R&D projects would be much more weakly correlated.
Our goal in this section of the presentation will be to lay out a typology of possible correlations among R&D projects in a portfolio.  We will then use Monte Carlo simulation techniques of a hypothetical ten-project R&D portfolio to illustrate the effects on portfolio performance of each case within the typology.  We will use this analysis to help clarify the types of analytic inputs that would be required of peer reviewers or other experts at the time of portfolio formation to enable portfolio-level analysis of collections of real options.
We will conclude the presentation with a re-cap of our findings.  We would pay particular attention to the pragmatic needs of government R&D managers and the types of analyses that can be used to improve the decision making process.
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