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Early Business Model Evolution in Science-based Ventures:
The Case of Advanced Materials
Sarah Lubik, Elizabeth Garnsey
Business models of many types have received attention in recent management research, but less work has focused on models suited to
the commercialization of scientiﬁc research in areas such as biotech, green tech and advanced materials. University spin-outs (USOs) are
often required to demonstrate the potential value and viability of generic new technologies, but there has been little work to date looking
at appropriate business models for these new ﬁrms. This study investigates how the business models of advanced material USOs often
develop by trial and error in response to their unique challenges.
Many of the most commonly recommended strategies and resultant models do not translate directly into practice for ventures with
generic, early-stage technologies, particularly those that have to commit considerable resources and attract funds and partners early on.
Case exemplars reveal business models and strategies that have been successful, and also less successful, in creating value from sciencebased innovations of advanced material USOs. This evidence informs our conclusions and recommendations.
© 2015 Elsevier Ltd. All rights reserved.

Introduction
Traditional lines between academia and business have begun to blur as academic spin-outs come to play a key role in
the development, demonstration and early commercialization of revolutionary technologies. Although established ﬁrms in
research-driven ﬁelds (nanotechnology, biopharmaceuticals, genomics, etc.) still play a powerful role in moving radical, generic
technologies into widespread use, spin-outs from university laboratories are increasingly important in commercialization
and R&D, supplementing or even substituting for corporate research labs. While these new vehicles bridge the gap between
fundamental science and commercial application, they also face a host of unique external challenges, because they are remote
from the end customer, have to choose between multiple disparate markets and applications, and require complementary
innovation by partners and/or other players. They also face internal challenges, such as the need for substantial resources,
lack of commercial experience and conﬂicting objectives of advancing science and creating wealth. Because these new ﬁrms
face such distinct challenges, the business models used to commercialize previous generations of technologies are unlikely
to be suitable. New business models must be created and adapted to suit the speciﬁc challenges these spin-outs face (Mustar
et al., 2006; Pisano, 2006; Rothaermel and Thursby, 2007). But even though the key role of new materials innovation in
enabling innovation further downstream is well known (Wield and Roy, 1995; Foresight, 2013), little research has been found
offering insight and practical guidance into crafting business models for ventures launching radical, generic technologies.
Nor is there guidance on how to enter or create the innovation ecosystems from which they will need to get resources and
support.
In order to create commercial value, new ﬁrms must create a business model, whether explicit or implicit, which speciﬁes their intended market, resource requirements and sources, position in the value chain and value proposition. While many
previous studies focus on the customer-supplier transactions involved in innovation, there has been little research reported on transactions and exchanges that take place before a product has been fully developed. In the case of sciencebased ventures working with generic technologies, business model creation and development will often begin before the
entrepreneur has selected a route to market and may change several times in response to opportunities and developments
by any number of competitors and complementors before the ﬁrst sales have begun.
Advanced-material university spin-outs (USOs) provide a fertile terrain to study the commercialization of emerging generic
technologies. They face nearly all of the challenges inherent in technology ventures, with some unique differences. Unlike
many IT innovations, they face established substitute products in many of their intended markets and industries. They are
also unlikely to have the same market draw as the life-saving innovations found in biotech and biopharm. Choosing among
potential markets and corresponding value networks is very exacting, as some of these materials technologies are so generic
http://dx.doi.org/10.1016/j.lrp.2015.03.001
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that potential markets for a single application can range from energy to defense, from transport to telecommunications,
each of which may require different combinations of resources from diverse business environments (Maine et al., 2012).
Stakeholders often have conﬂicting objectives, and even within the ﬁrm there is a tension between the aims of advancing
science and of making a proﬁt. Early-stage, science-based entrepreneurs, who cannot rely on guidance proposed for other
sectors, must keep these in mind as they design and adapt business models to operationalize their strategies.
In the following, we identify the particular challenges that advanced material ventures are likely to encounter in their
early development and discuss how applicable the business models currently advised in popular and academic literature
may be. We use a framework combining Penrosian resource-based theory, to identify how ﬁrms use resources to realize
market opportunities, and more recent work on business ecosystems (Adner, 2012), to address how value creation is inﬂuenced by the wider value chain. The concept of the business model is used to bridge these well-established theoretical
approaches to provide a holistic analysis of value creation in science-based ventures. Through three case studies, we follow
the early evolution of the business models of two science-based USOs and a second-generation spin-out seeking applications for their generic technologies. Evidence from these cases serves to highlight the main drivers of early business model
change, and to illustrate successful strategies for accessing complementary resources, navigating speciﬁc challenges and leveraging their unique position as USOs. They also highlight the inherent tension these ﬁrms face: they must experiment
with the often large number of markets where their technologies could be applied to ﬁnd where they can create the most
value, they need resources only available from established partners, and investors may be limited to particular markets.
However, the collaborators needed by the venture may be wary of experimentation and often press for early commitment
to key elements of a business model. These theoretically grounded case studies inform the conclusions and recommendations of this study.
Science-based ventures: new business models for a new paradigm
In many science-based sectors, university spin-out (USO) ﬁrms are increasingly seen as a necessary vehicle for early technology commercialization, bridging the gap between scientiﬁc research and speciﬁc commercial application before the ventures
are either acquired or, more rarely, bring their technology to market independently (Shane, 2004; Gill et al., 2007). Rather
than grow to displace the industry giants, science-based ventures generally provide the ideas and innovations that ignite
competition and drive market and industry evolution (Schumpeter, 1928; Geroski and Pomroy, 1990). For example, Cambridge Display Technology developed its P-OLED (Polymer – Organic Light-Emitting Diode) technology for over a decade
before it was acquired by Japanese incumbent Sumitomo Chemical. Seven years after founding, Oxford biotech spin-out Avidex
Ltd was acquired by Medigene AG, which then integrated the Avidex T-cell protein technology with their own offering. But,
while they hold the power to transform industries and spawn new ones, science-based ventures face a host of unique commercialization challenges that make their journey particularly diﬃcult (Shane, 2004), and that require them to devise and
adapt novel business models.
Heterogeneity in science-based business
Science-based businesses are a unique group in that they are “entities that both participate in the creation and advancement of science and attempt to capture ﬁnancial returns from this participation” (Pisano, 2010, 471). At the core of this
deﬁnition is the fact that these ﬁrms are attempting to create value from newly established or as-yet unproven scientiﬁc
principles. Thus, while decades ago information technology (IT) innovations, such as semi-conductors, emanated from scientiﬁc knowledge, most IT innovations are now based on well-understood technologies and no longer ﬁt into this category.
The culture and objectives of the science base from which radically new technologies tend to emerge is often at odds with
traditional business. In a university lab, publications are often favoured over patents or secrecy, and contribution to knowledge emphasized over contribution to the commercial bottom line (Pisano, 2010). University entrepreneurs are often experienced
in scientiﬁc discovery but not in business (Bower, 2003). Moreover, the university often becomes a stakeholder in addition
to partners, investors and customers. Science-based ventures embrace and attempt to balance their conﬂicting objectives
and stakeholder needs with mixed, if not negative, results.
They are also subject to the risks associated with long development times (ﬁve to ten years is not uncommon) and the
need for much greater capital and resource investment than other types of ventures, such as those working with IT or devices
(Christensen et al., 2004; Maine and Garnsey, 2006). Hence, before value can be created, science-based ﬁrms must gain access
to funds, often running into hundreds of millions. This generally requires the engagement of large ﬁrms and ﬁnanciers, and
often requires securing IP and other resources from the parent university. Rather than taking a relatively passive role, customers of science-based ventures are often highly interactive, acting as partner and co-producer, offering access to various
combinations of complementary assets, including ﬁnance, scientiﬁc knowledge, technical know-how, scale-up facilities, market
knowledge and distribution channels. Resources may also be needed from the parent university, investors, government or
regional business support services, to enable the startup to assemble the resource base necessary for viable operation (Dosi,
1982).
It is not always recognized in the literature that science-based ventures are highly heterogeneous (Druilhe and Garnsey,
2004). They span a number of categories, which are not necessarily mutually exclusive, including devices, biotech, pharmaceuticals, genomics, green-tech, nanotech, energy, and advanced materials, each of which are subject to speciﬁc challenges
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Table 1
Factors inﬂuencing the commercialization of radical, generic technologies
Factor

Inﬂuences

Established substitutes

Technological uncertainty

Radical innovation

Technological uncertainty

Required process innovations – changes
to the manufacturing process to enable
desired properties to be achieved and to
reduce unit cost

Technological Uncertainty

Multiple Markets

Technological uncertainty
and Market uncertainty

Upstream Value Chain Position

Market uncertainty

Requires complementary innovations –
new competencies from manufacturers or
customers

Market uncertainty

Lack of product continuity, observability
and trailability

Market uncertainty

Effects
- May not ﬁt with existing manufacturing capabilities and require
process innovations
- Requires extensive development, external linkages and long lead
times
- May result in highly differentiated products and/or substantially
increased proﬁt margins
- May require additional development if the ﬁrm needs to produce
their own process innovations
- Often call for process innovations by downstream manufacturer
customers
- May deter to adoption if it requires new skill sets from customers
and/or if it overturns existing capabilities
- Requires more complex allocation of resources
- Requires prioritization of markets and applications
- Necessary product attributes differ for customers in diverse
markets, as does the need for complementary innovations
- Diﬃcult to access market information and assess consumer
reactions
- Often requires downstream identiﬁcation of and reliance on
alliance partners to integrate activities and reach market
- New technology and production competencies from downstream
manufacturers increases adoption delays and diﬃculties obtaining
prototypes
- May hinder adoption if new skill sets are needed from customers
- Increases lack of continuity, observability and trailability
- May hinder adoption if product utility is not readily visible to
customers and diﬃcult to trail

and strengths. Spin-outs commercializing scientiﬁc devices often have a fairly clear market, as they have often been invented to solve a problem speciﬁc to their scientiﬁc ﬁeld, are of fairly clear value to other labs, and may need comparatively
little further development. Ventures taking forward biotech and pharmaceutical breakthroughs are generally targeting speciﬁc problems; undergo a clear stage-gate trial process toward commercialization; may not have close market substitutes;
and, they may be able to clearly demonstrate their value through potential lives saved. Moreover, biotech ventures have
proven business models of pioneers to emulate, like Genentech. In contrast, new energy and advanced material technologies, and to a lesser extent genomics, are often highly generic in nature; must undergo a risky scale-up phase of unknown
duration before commercialization; must usurp the positions of accepted substitute products; and may ﬁnd it diﬃcult to
demonstrate value soon enough to gain entry into established value networks with entrenched technologies (Maine and
Garnsey, 2006).
In addition to these challenges, materials innovations also suffer from a lack of continuity with previous technologies,
and lack of observability and trialability by the end user, deﬁciencies that have been found to impede adoption (Rogers,
1995). The breadth of potential applications for new materials can be staggering. Of the ﬁrms in our larger sample (detailed further in Appendix 1), some could select from as many as six broad markets and a multitude of applications within
those markets, showing both the great potential of materials innovations and the considerable diﬃculty of market selection, particularly for inexperienced, academic entrepreneurs. The material must often be embedded in another product to
provide a complete solution to players further down the value chain, for which complementary and process innovations
may be needed (Adner, 2012). To secure adoption, these ventures often need complementary market knowledge, scale-up
facilities and distribution channels, which they generally seek from commercial partners (Maine et al., 2012). Table 1 summarizes the range of challenges faced by advanced materials ventures.
To surmount these challenges, new ventures may have no alternative but to create new business models (Pisano, 2006),
which may well diverge from those promoted by conventional wisdom.
Business models: concepts and current wisdom
Business models are a growing area of interest in the ﬁeld of strategy, particularly in startup strategy. The idea that strategy had to be operationalized through a business model was implicit in early strategic studies (Porter, 1985), but made more
explicit when Internet innovators found ways to provide a new value proposition by creating novel relationships with parties
external to the ﬁrm. The business model construct provides a holistic way to view ventures, one that can bridge the ﬁrm’s
internal and external environments to show how a ﬁrm’s activities ﬁt together to create and capture value. In the case of a
new venture, to explain the business model is to show how a critical mass of necessary resources is built and attracted from
participants in the ecosystem, and how those resources are deployed in order to generate value (Garnsey and Leung, 2008).
While it is largely accepted that the ﬁrm’s business model encompasses its value proposition, market segment, value chain,
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value network, internal value chain, cost structure/proﬁt potential, and competitive strategy (Chesbrough and Rosenbloom,
2002), business models have been deﬁned in any number of ways with varying degrees of speciﬁcity (Baden-Fuller and Morgan,
2010).
We see the business model as specifying how resources ﬂow into the ﬁrm from participants in the ecosystem, as well
as how the ﬁrm is organized internally to create value for users and capture value for the ﬁrm (Garnsey, 2003). This is congruent with Teece’s deﬁnition of the business model as “the manner by which the enterprise delivers value to customers,
entices customers to pay for value, and converts those payments to proﬁt” (2010, 173). Zott and Amit (2010, 219) usefully
extend this deﬁnition in referring to the business model as specifying “transactions designed so as to create value through
the exploitation of business opportunity”. Deﬁned as such, the business model construct can be seen to bring together the
opportunity environment of the ﬁrm and the ﬁrm-speciﬁc challenges, which together determine resource needs and deployment options. McGrath (2010) points out that new waves of technology may lead to business models that emphasize
or neglect certain requirements, for example, many early internet business models neglected to specify their method of value
capture. Moreover, the form each of these requirements takes can vary signiﬁcantly by technology and market sector. Advanced materials ventures need to demonstrate the potential for signiﬁcant commercial value in order to attract the coinnovation, complementary resources and investment needed to create economic value from their technologies, which cannot
be achieved without a supportive innovation ecosystem. It follows that successful business models for advanced material
ventures would emphasize that ecosystem.
In developing a business model, decision makers can be thought of as “modeling“ the conditions in which the ﬁrm will
operate, assessing their own potential and deciding on this basis how to create and capture value. Many prominent business model studies, those that scientiﬁc entrepreneurs hear of and are taught, have focused on IT and Internet companies
(Porter, 2001; Zott and Amit, 2007; Wirtz et al., 2010). But IT ventures beneﬁt from network effects that favor early entrants. IT innovators are not positioned as far upstream in the value chain as are advanced materials ventures and rarely
experience the same degree of market selection diﬃculties, capital and resource requirements, entrenched substitute technologies and need for complementary innovations.

Business models and strategy
A signiﬁcant amount of work on venture strategy has focused on how the nascent ﬁrm interacts with and positions itself
in its environment; however, each recommended strategy has implications for the ﬁrm’s internal resources and the overall
business model. In this section, we focus on the strategies most widely recommended for high-tech ventures regarding market
selection, access to resources complementary assets and resources, and need for co-innovation which have been identiﬁed
as some of the most signiﬁcant challenges faced by advanced material USOs.
One of the most prominent recommendations to emerge from such work is that ﬁrms commercializing a new technology should focus on a niche market in which they can become indispensable to early adopters, remaining out of sight of
predatory incumbents while improving their offering and building a suﬃcient resource base (Davidow, 1986; Hagedoorn
and Schakenraad, 1991; Christensen, 1997; Moore, 2002). A niche building strategy is operationalized by a business model
where early value creation can be achieved by a novel offering that can be reﬁned through close contact with the end customer and relatively short feedback cycles. It also assumes that the ventures are steering clear of incumbents and do not
need complementary assets or investment from them. While this applies to many technology ventures, it does not necessarily describe the situation of science-based startups.
For advanced materials USOs, the ability to create value often depends on their augmenting the existing or desired capabilities of extant ﬁrms with complementary assets, which makes some existing models less suited to this type of venture.
Other models address the need for complementary assets by suggesting that ﬁrms adopt a licensing model to minimize
their need for resources (Teece, 1986; Gans and Stern, 1993). However, this type of model places the ﬁrm far from the ﬁnal
customer, making it diﬃcult to control downstream application and obtain customer feedback, which would be particularly limiting for generic technologies. It requires very strong patents and the ability to defend them, the latter being particularly
diﬃcult for USOs to achieve. With a licensing model, economic value and downstream risks are shared with licensees. Use
of a licensing model is found in biotech, where inventors may be willing to generate value through royalties, securing a
smaller part of a broader market (Pisano, 2006). However, early-stage USOs with generic technologies like materials are often
working on technologies that are too far from market or still too generic to attract licensees, and hence they are likely to
require signiﬁcant resources to demonstrate the value that would be needed to secure any licensee (Minshall, 2008). Yet
these USOs may ﬁnd it diﬃcult to demonstrate value without signiﬁcant input from downstream players who are unlikely
to participate before the technology has been shown to be valuable.
There are a smaller number of studies speciﬁcally on science-based ventures that suggests that ﬁrms with generic technologies should experiment in a number of diverse market areas to spread market risk (Nerkar and Shane, 2003). With regard
to nanomaterials ventures1, some ﬁrms that pursued multiple markets managed to generate above average commercial value
if they survived the early-stage risks associated with multiple markets (Maine et al., 2012). However, this strategy may not
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The majority of ventures in this study were not USOs.
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be viable for most radical, generic spin-outs since the resources required to explore any single market through to commercialization, and to cultivate the requisite partners, are well beyond those they possess (Maine and Garnsey, 2006).
More recently, it has been recognized that strategies should take into account the entire ecosystem in which an innovation is to be launched. This includes ecosystem participants — the organizations taking part in the value web, including
suppliers, complementors, downstream players and ﬁnal customers. An ecosystem perspective encourages technologists
to consider co-innovation risk (risks that rest on the other innovations, existing or future, required for a full customer solution) and adoption chain risk (risks that stem from the need for other players in the value network to adopt your technology)
(Adner, 2012). The ﬁrm’s ability to create value is shown by Adner to depend on the ability to manage its ecosystem. Until
recently, the main focus of business ecosystem analysis has been on large well-resourced ﬁrms, with less attention paid to
science-based sectors. Such large companies are very differently placed from resource-constrained startups that command
little inﬂuence other than the promise of their novel technology. Thus, while many of the underlying principles ecosystem
analysis as put forward by Moore (1993) and Adner (2012) apply, their exemplary business models would be diﬃcult for
advanced material USOs to emulate (Li and Garnsey, 2013).
It is clear that the business models currently recommended in literature, while undoubtedly well-suited to other sectors,
do not fully reﬂect the particular challenges faced by science-based USOs with generic technologies, as they do not take
into account their lineage, resource intensity, clashing objectives and key relationships, nor the speciﬁc market-oriented
challenges they face. This leaves entrepreneurs and managers in many science-based ventures without the information or
guidance they could use in developing their own business models. In the following, we attempt to gain better understanding of how such business models evolve and ﬁnd examples that have proven successful thus far, as entrepreneurs and their
collaborators sought to meet the needs and challenges of generic technology USOs. To do so, we require a dynamic conceptual framework that is capable of showing how the ﬁrm’s ability to create value is linked to its ability to build resources
internally and secure access to external resources.
Conceptual framework: integrating perspectives
Our conceptual framework combines resource-based theory and ecosystem analysis, which are bridged by the business
model concept. Penrosean resource-based theory (RBT) aligns with Teece’s (2010) deﬁnition of the business model and with
Adner’s (2012) depiction of the ecosystem, which in turn is a good ﬁt with Zott and Amit (2010) activity-based view of the
business model. These approaches are complementary and can enrich each other because they share a concern with value
generation and align with the concept of value added along the value chain through the division of labor among participants in the ecosystem.
In contrast to more recent versions of resource-based theory (RBT), which focus on how resources unique to the ﬁrm
can be a source of competitive rent generation, Penrose’s (1959) theory of the growth of the ﬁrm was concerned with how
value was generated through creative use of resources. While Penrose wrote about established ﬁrms, her concepts can be
applied to the new ﬁrm, whose survival and growth depends on building a resource base that can be used to realize opportunities by generating value (Garnsey, 1998). The venture’s resource base is a productive combination that includes capital,
employees, funding, patents, and prototypes rendered value-creating through teamwork and experience. As other parties,
such as ﬁnanciers, regional development agencies (RDAs) and commercial partners become involved, there develops an interactive resource building cycle through which the ﬁrm demonstrates its potential to create value and secures further resources.
The business environment is integral to this process and enables the value generation cycle. An ecosystem perspective is
highly complementary and shows how the business environment enables this cycle.
The ecosystem perspective transcends the traditional concept of the value chain to take a holistic view of the environment in which a business operates, with a particular focus on the co-innovation and adoption required for successful
implementation of new technologies. In theory, complementary or process innovations could be produced in a vertically
integrated business, but this involves a resource-intensive business model. While they seek to create value by providing a
solution for customers and to secure value for themselves, science-based USOs rarely have access to enough resources to
be self-suﬃcient in this respect. They must gain entry into a complex value web of other players (an ecosystem) in an industry or industries where they can take part in an exchange of resources and beneﬁt from complementary innovations
(Adner, 2012). However, the commercialization of science-based innovations is more intricate than even Adner’s use of the
ecosystem concept suggests. When such ventures spin out of universities, they often require interaction with their parent
universities, academic networks, government agencies, investors, suppliers, complementors, partners and customers (Lubik
et al., 2013). Depending on the venture’s choice of market or markets, these players could differ substantially. The advanced material venture cannot realize the potential of its innovation unless it can identify and participate in a business
environment that can meet its critical requirements for co-innovation and adoption. We integrate these two perspectives
in Figure 1.
The darker lines show the resource-building and value creation processes going on within the ﬁrm. The straight lines
denote fairly straightforward resource ﬂow, while the curved lines denote resource ﬂow from a more interactive relationship. This model provides theoretical grounding to the pragmatic list of features of business models provided by Chesbrough
and Rosenbloom (2002) by relating their six features of the business model to the process of value generation: 1) value
chain activities within the ﬁrm are made possible by the ﬁrm’s productive resource base and the way it is organized; 2) the
value of the product from the customer’s perspective and the target customers to whom the technology is useful can be
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Figure 1. Conceptual Framework

related to value creation by the ﬁrm for customers; 3) complementary assets to support the ﬁrm’s position in the wider
value chain can be related to the ecosystem of resource providers and co-producers; 4) the cost structure and proﬁt potential of producing the offering can be related to the basis for securing value/capture. The remaining two features can be
derived from these four factors, including revenue generation mechanisms for the ﬁrm, the position of the ﬁrm in the ecosystem (value network) of suppliers, complementors, customers and competitors, and the competitive strategy in terms of
cost leadership or differentiation. Thus, the notion of the business model can be turned from a list of factors to set of related
constructs that are conceptually grounded through the idea of a business design for value creation and value capture.
In the following sections, we use this model to present and examine evidence from three case studies and employ the
following methodology.
Methodology
There is currently a lack of primary data needed to provide evidential grounding for the concepts of early-stage business models for science-based ventures. This suggests that inductive methods of analysis, such as case studies, are suitable.
A qualitative case study presents and allows the interpretation of rich evidence, serving as an exemplar to inform understanding of a phenomenon that is little known (Eisenhardt, 1989; Brown and Eisenhardt, 1997). Qualitative case studies do
not aim at being statistically representative but seek to advance theoretical and empirical knowledge. The case studies presented below have been selected, as contrasting examples of high and low value creation (using revenue over time as the
value creation metric) from a dataset of advanced materials spinouts from UK universities and related portfolio of case studies.
They serve as extreme exemplars of the phenomena in question (Eisenhardt and Graebner, 2007) since “. . . it is often desirable to choose a particular organization precisely because it is very special in the sense of allowing one to gain certain
insights that other organizations would not be able to provide” (Siggelkow, 2007). Each company exempliﬁes the way the
ﬁrms’ business model evolved as part of efforts to secure resources and create value, as discussed above. Each ﬁrm has altered
key features of its business model several times in response to change and opportunities in an initial or subsequent business ecosystem. Each ﬁrm had a business idea based on a process innovation, found a variety of sources and partners for
building their resource base and went through several adjustments to their business model. Both ﬁrms chose to enter established business ecosystems rather than to create a new ecosystem.
The cases draw on both secondary and primary information, but are mainly derived from semi-structured interviews
with the founding entrepreneurs, early executives and other stakeholders. The interview questionnaire was based around
key constructs and metrics linked to the conceptual framework. The viewpoints and insights of founders and early management are particularly revealing because, as Penrose put it, “the environment is treated, in the ﬁrst instance, as an ‘image’
in the entrepreneur’s mind of the possibilities and restrictions with which he is confronted, for it is, after all, such an ‘image’
which in fact determines a man’s behavior” (1959,5). And indeed, many decades later, we see business model being changed
as the entrepreneur or founding team learned more about, and developed new perceptions of, the environment. (See Appendix
1 for extended methodology).
The study explains outcomes of business model development with reference to internal resource-building to realize opportunities and with reference to the business ecosystem in which resource acquisition and exchange with external parties
occurs. Thus, the conceptual framework operates at the level of the ecosystem, the level of the ﬁrm and the level of the
entrepreneur. A multilevel analysis is useful to understand innovation and technological advance in context (Venkataraman
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and Henderson, 1998). The case evidence corresponds to features of the conceptual framework, pointing to ways in which
key resource inputs support value creation, and resource deﬁcits or the failure to map resource needs to opportunities inhibit
business development. But, cause and effect are not unilinear in this analysis — as entrepreneurs learn, their learning feeds
back into the way the business model develops; outcomes (effects) become causes that can have a reinforcing or countervailing impact on prior inﬂuences.
Evidence
The following case studies detail the experiences of three UK-based advanced material USOs: a spin-out from the University of Cambridge, a spin-out from the University of Bath and, thirdly, a new incarnation of the second spin-out. These
cases show how the unique challenges faced by advanced materials ventures inﬂuence the core components of their nascent
business models and drive their evolution over time. They also provide examples of successful and unsuccessful business
models for USOs with generic, science-based technologies. All three have had to create an appropriate business model and
adapt in order to secure resources from other players in their environments and attempt to create value.
Case 1: Metalysis
Business Idea. Metalysis (FFC Ltd until 2003) was spun out of the University of Cambridge to commercialize the Cambridge FFC Process developed by Fray (Cambridge), Fathering (former Cambridge student), and Chen (Cambridge). The process
uses molten salt electrolysis to convert titanium dioxide directly into titanium, a previously complicated and expensive process.
The process can be used on most metal oxides, and offers a number of advantages over conventional metal processing techniques. It can produce metal powers directly from metal oxides, lowers processing costs, allows production of near net shaped
novel products, decreases the need for potentially costly machining in further production processes, removes the need for
melting and allows for potential new alloys and the production of valuable, customized materials. Moreover, the process
signiﬁcantly decreases environmental impact. By lowering temperatures, using fewer toxic chemicals and avoiding toxic
by-products, the FFC Cambridge process also avoids many of the harsh environmental consequences of traditional metal
processing methods (Process Engineering, 2003). To patent the process, the founders approached Cambridge Enterprise, the
university technology transfer oﬃce (TTO), which then licensed the process to FFC Ltd and QinetiQ. QinetiQ was given further
licensing responsibilities, and licensed the rights to the development of the process for titanium to another startup: British
Titanium (BTi).
Resource-building cycle. While the initial business model was fairly unclear, Fray’s original value creation strategy was to
license the technology as early as possible, with manufacturing as a future possibility. To reach a point where it could be
licensed, the process had to be developed further. The venture applied to Cambridge Challenge Seed Fund for its ﬁrst investment, which went toward building a small-scale pilot plant on the Granta Science Park near Cambridge, where the
technology was taken forward with the assistance of a post-doctoral researcher. The next year, another grant from the regional development agencies (RDA) Yorkshire Forward and from the government’s Objective 1 initiative lured Metalysis to
Rotherham, Yorkshire, to build its next facility.
Gaining considerable press attention for its potentially revolutionary green applications in the cleanup of metal reﬁning, Metalysis raised £5 million from a coalition of investors. This was one of the UK metallurgy industry’s largest funding
rounds in years. The funds were put toward scale-up facilities so that the company could demonstrate the ability to produce
commercial quantities of its metal powders. Table 2 gives a breakdown of funds received and intended use.
Upstream resources
Metalysis’ early business model included funding and IP from its science base, but also included upstream collaborations to provide complementary innovations. In 2005, Metalysis was awarded an EPSRC research grant, together with British
Titanium, the University of Cambridge and the University of Leeds’ Institute of Materials Research, to work on a necessary
anode technology. While this collaboration did not yield many commercial results, the USO has also forged relationships
with other academic institutions have been more directly beneﬁcial. Research collaborations with the universities of Shefﬁeld, Hallum, Birmingham, Newcastle, Manchester and Warwick universities, have provide assistance with scale–up, post
processing, metal characterization, modeling and a number of other tasks.
Downstream Ecosystem. While metals potentially suitable for the process included chromium, tungsten, cobalt and silicon,
Metalysis originally chose tantalum, a metal needed for cellular phone components. Metalysis saw a signiﬁcant ability to
create value because tantalum was very costly to produce and the process could greatly reduce those costs. And, according
to Dr. Fray, “it [did not] require huge quantities, it is more reasonable to be able to get a signiﬁcant portion of the world’s
market” (Fray interview, 2006). Metalysis estimated it could meet a signiﬁcant proportion of the world’s market, roughly
2000 tons per year, when the process was perfected. However, this strategy did not last long. Key players in the metals industry were beginning to take notice. In 2006, Metalysis announced its ﬁrst partnership agreement with a major incumbent,
Rolls-Royce, which would provide funding for the R&D activities and scale-up as part of its offset program in Malaysia.
Titanium (Ti) was the most attractive metal identiﬁed on which to use the FCC process because, if its prohibitively high
processing costs could be signiﬁcantly reduced, it could be used in a wide range of potential applications. But, because the
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Table 2
Metalysis funding history
Year

Funding Body

Amount

Intended Use/Purpose

2001
2003
2004
March 2005

£250,000
£250,000
£300,000
£5m

Seed
1kg pilot plant in Granta Park
Relocation to Rotherdam
Scale-up and commercialization

July 2005
2005

£500k
£180k

University of Cambridge Challenge Fund
University of Cambridge Challenge Fund
Objective 1 and Yorkshire Forward
Seven Spires Investments, 3i, Generics Asset
Management, The Coalﬁelds Enterprise Fund and
Cambridge Capital Group
Yorkshire Forward
Invest For Growth Metals (IFG Metals) award

2006

£2.75 million

July 2007

£8million (15million
committed)

July 2009

£5.1 million (changes in the
world, delays, new terms,
new price)
£862,000

July 2009

Yorkshire Forward (European Union Inward
Investment grant and from the Selective Finance for
Investment in England (SFIE) scheme)
Environmental Technologies Fund (ETF), 3i, QinetiQ,
Seven Spires, Chord Capital and Cambridge Capital
Group
Environmental Technologies Fund (ETF), 3i, QinetiQ,
Seven Spires, Chord Capital and Cambridge Capital
Group
Technology Strategy Board

Grant for scale-up
development of applications for tantalum
processing
Further R&D, set up manufacturing plant and
create 130+skilled jobs
further development of processes for
commercial production of tantalum, titanium
and high value alloys
further development of processes for
commercial production of tantalum, titanium
and high value alloys
continue to scale up its technology for the
production of titanium powders

rights for the use of the process for titanium had been licensed to another ﬁrm, Metalysis was initially barred from participating in that ecosystem and focused on the markets available to it. However, in 2006, the university chose to transfer
the full legal rights for the process to Metalysis; and, Metalysis chose to issue BTi with a non-exclusive license for titanium.
A legal battle ensued and ﬁnished with Metalysis holding the global rights to the process: a formidable stock of IP resources. This also allowed Metalysis the opportunity to attract BHP Billington, who added their method for processing titanium
to Metalysis’ resource base. Metalysis also evolved their business model to include a new joint venture, Metalysis Titanium
Inc., in which BHP had a minority stake. This venture has helped to accelerate the development of strategic alliances and
entry into that ecosystem, which could lead to other joint ventures and licenses.
Value creation
After considering their value network, former CEO Graham Cooley explained that the easiest entry point appeared to be
producing the metal powder that was already in common use, instead of trying to introduce a completely new product.
Samples of tantalum powder were used to demonstrate the value of their process to potential partners and customers, and
to generate early revenue.
The following case tells a contrasting story where, despite signiﬁcant effort and learning, a USO was unable to operationalize
a fully functioning and sustainable business model.
Case 2: Nanomagnetics
Business Idea. NanoMagnetics spun out of the University of Bath in 1997, to develop and commercialize the PhD work of
Dr Eric Mayes. This involved a nanoscale process for removing the iron from Ferritin, an iron-storage protein found in living
organisms, and using the resulting cavity for storing uniform magnetic nanoparticles. Ferritin self-assembles from twentyfour identical subunits into a 12 nm sphere with an 8 nm cavity. Reducing and removing the iron produced a cavity that
could be used as a mold for uniform magnetic nanoparticles. The particles created had properties that included uniform
size and shape, generation of osmotic potential and magnetic charge, biocompatibility for drug delivery, and isolation of
particles to prevent melting together at high temperature. NanoMagnetics built an IP portfolio with applications that can
be divided into seven groups, explained in Table 3 (Patent Navigation Inc., 2006).
While the technology had a number of potential applications, Mayes’ awareness of opportunities in the data-storage industry led him to begin development of DataInk™ technology, growing magnetic material inside the protein, conﬁning its
growth and making uniform particles for disbursement onto disks and other information storage media. However, further
technological development and complementary resources would be required in order to demonstrate the utility of the
technology.
Resource-building cycle. At the end of 1996 and 1997, the company began approaching San Francisco Bay Area data storage
companies as potential partners. The companies expressed interest but asked to see more development, including a process
to lay down the material. The necessary process and performance development would require a bigger R&D team to develop
a prototype, requiring estimated ﬁnancing of £750,000. As there was no technology transfer program at Bath University,
NanoMagnetics had to identify other sources of seed funds. In 1998, the company met with a series of seed capital fund
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Table 3
NanoMagnetics’ potential applications
Technology Group

Potential Applications

Magnetoferritin
Ferroﬂuids

Forward osmosis and medical resonance imaging (MRI) contrast enhancement agents
Sealants, separations, heat transfer agents, damping ﬂuids, security marking and printing inks, transducers and
pressure sensors
Data storage
Cellular phones and microwave antenna
Filtration and magnetic separation methodologies
Ink-jet printing
Solar cells, bio-labelling, laser diodes, optical ﬁbre communication modalities, etc

DataInk™ Devices
Microwave Absorbers
Enhanced Nanoparticles
Nanoparticle Films
Semiconducting Nanoparticles

managers. In January 1999, Cambridge Research and Innovation Ltd. (CRIL), Amadeus and Prelude became their ﬁrst investors, committing £650,000 in two phases: 1) demonstrating proof of concept and ﬁnding a chairman and a CEO; then, 2)
demonstrating magnetic recording on a material. To add to the funds available, NanoMagnetics competed for a SMART grant
and were awarded £133K.
In 2000, NanoMagnetics raised a further £6.7 million when IBM published an article in Science on the use of magnetic
nanoparticles in data storage, which described a process similar to NanoMagnetics’ technology. Although raising potential
IP conﬂicts, IBM’s article provided independent validation of Mayes’ earlier research, renewing investor interest. These funds
would be used to manufacture material samples for industry testing, bring in manufacturing expertise, and fund a clean
room and prototype production line. The company moved out of the university and into its own lab, the team became more
focused on entry into a market and commercial ecosystem. Mayes explained that “the idea of this facility [was] to increase
the capabilities of the technology, but more importantly develop it to the point where we can get a partnership, take this
medium into an integrated device and start shipping it” (Kalaugher, 2002a).
Upstream Ecosystem. To continue development of the process, NanoMagnetic’s initial business model included a number
of “back-scratching” arrangements with the University of Bristol. In exchange for a vacant oﬃce, access to resources including electron microscopy and close relationships with the department of physics, NanoMagnetics upgraded pieces of lab
equipment that both the company and the department could use. This situation also allowed the startup to access specialists in chemistry and physics.
Downstream Ecosystem. Mayes’ initial idea for the business model involved licensing the technology to a data storage
giant. In the data storage industry, thin ﬁlms were being deposited on disks for information storage, but the current
processes were beginning to reach the limits as to how much information could be stored per unit of area on the disk. Each
year, disks in the data storage industry doubled their capacity, but the methods for depositing thin ﬁlms onto the storage
media did little to control the crystalline or granular structure of the materials in order to achieve further increases in
capacity. Mayes saw this as an ideal opportunity for his technology, which could potentially constrain particles to the
much-smaller grain size the industry favored, allowing for larger disk capacity. The company’s CEO Brendan Hegarty
hoped that “this level of areal density [would] turn the heads of the disk-drive community to the potential of this
technology” (Kalaugher, 2002b). During this time, the data storage industry was becoming increasingly turbulent.
Companies were merging or acquiring each other in an attempt to deliver a product with twice the capacity at the same
cost every year. This pressure caused suppliers to decrease their margins until they exited or were bought by other
companies. This made it diﬃcult for NanoMagnetics to attract the attention of possible partners. By the end of 2003,
despite continued technical progress and another £1M from investors, NanoMagnetics began to search alternative markets
for possible partnerships in order to access new investment. Possible markets identiﬁed included ﬂexible media, medical
imaging and water puriﬁcation.
NanoMagnetics examined the ﬂexible media industry, ﬁnding a point in the supply chain where ﬁrms bought in particles. Entering at this point would require fewer process innovations by others. They could simply supply their partners
and/or customers with different kinds of particles to use in their current processes and/or existing manufacturing lines. At
this stage, NanoMagnetics were running low on cash and chose to commit their remaining resources to the ﬂexible media
industry and reduce their numbers to about ten people. But, as 2004 continued, no deal was yet in place, making it necessary to decrease the employee head count further. NanoMagnetics spun back into the university to lower overhead costs.
At this time a small private U.S. company called Cascade Designs came across one of NanoMagnetics’ patents. A manufacturer of high-end camping equipment, they were interested in using the materials in a relatively slow, osmotic process
to purify mountain/lake water, and were curious as to whether NanoMagnetics’ materials could be used in this way.
NanoMagnetics’ scientists doubted whether the particles could be used to generate the necessary osmotic pressure, but Cascade
was insistent that they ﬁnd out. The trials worked far better than anticipated, and the two companies jointly applied for a
£500,000 Small Business Innovation Research (SBIR) grant from the U.S. Oﬃce of Naval Research to support the development of the new product. In mid-2005, despite a tacit agreement that additional investment would be forthcoming if the
SBIR award were granted, many investors had lost interest or were reluctant to invest in view of the unexpected shift from
data storage to water puriﬁcation. The company’s funds were exhausted. Mayes resigned in December 2005, and put the
company into administration in January 2006.
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Case 3: Apaclara
The Birth of Apaclara. Despite the demise of NanoMagnetics, Cascade remained interested in taking the water puriﬁcation application forward. In January of 2006, Dr. Mayes founded a new company: Apaclara. The company was able to use
funds from the SBIR grant awarded to Cascade to develop and commercialize NanoMagnetics’ technology in a water puriﬁcation application, speciﬁcally using ﬁeld-separable osmotic agents (FSOA) to purify water through Forward Osmosis (FO).
Apaclara’s FO process requires less energy than most current water puriﬁcation techniques, and thus could potentially lower
the cost of water puriﬁcation in a number of applications.
Resource-building cycle. Access to the original development funds, roughly £35,000, came through Cascade, which was
matched with £65,000 from a UK Regional Development Grant. These funds provided suﬃcient funds to ﬁle a single patent
and complete the ﬁrst prototype.
Upstream Ecosystem. Before NanoMagnetics went into administration, Mayes had made another creative agreement with
the physics department at Bristol, whereby the department received most of NanoMagnetics’ equipment and, in this exchange, Apaclara received free use of the lab, their equipment and the help of research fellows. In addition, the lab was aﬃliated
with the Colloid Centre at Bristol University, a quasi-commercial interface between the University and the business world.
Downstream Ecosystem. Initially, Apaclara’s business model would involve licensing the use of its materials to Cascade,
while Cascade would act as a manufacturer, providing access to market. A working prototype was produced, but the process
was ultimately too expensive to compete in the highly fragmented water-puriﬁcation market. As the products in that market
competed more on cost and effectiveness rather than novelty, its ability to create value for the end users was limited. Apaclara
did not ultimately produce a product, but its CEO went on to hold management positions in other materials spin-outs, including one in polymer organic light emitting diodes (POLEDs) and another using magnetic nanoparticles for cancer detection.
Cross-case comparison and analysis
To interpret the case evidence, we examine how the development of the venture’s business model was shaped both by
foundational resource-building processes (required if science-based spin-outs are to realize market opportunities), and concurrently by their business environment (in particular, by resource attraction through relations forged with key external
players). But cause and outcome are not related in just one direction, since the business model also represents the initiative taken to create resources and attract resources from the chosen ecosystem. Each case highlights the importance of
complementary resources and cross-boundary exchanges with participants in the ﬁrm’s ecosystem, and highlights the difﬁculty of ecosystem selection for generic, science-based spin-outs. Table 4 compares these cases in terms of the basic information
and constructs in the conceptual framework, operationalized in the ﬁrst column as factors identiﬁable from the case
evidence. They give an overview of the resources secured by the ﬁrm and the ecosystems identiﬁed and/or pursued by
the ﬁrm.

Table 4
Case comparison
Metalysis

NanoMagnetics

Apaclara

Founded
Technology (Business Idea)

2001
Metal reﬁning process based of
molten salt electrolysis (FFC)

Parent University

University of Cambridge

1997
Process for removing iron from
ferritin and constraining
particle growth
University of Bristol

Primary type of innovation
Employees in 2007 (Resources)
Total external funds raised as of November
2009 (Resources)
Patents (Resources)
Prototype before partnership (Value
Demonstrated)
Complementary innovations required?
(co-producers?)
Markets pursued (ecosystem selected?)

Process
40
£22,785,000

Process
0
£8,808,000

2006
Water puriﬁcation through
forward osmosis and ﬁeldseparable osmotic agents
Still connected to University
of Bristol
Process
2
£165,000

2
Yes

12
No

1
No

Yes

Yes

Yes

3

Market entry requires co-producers?
Suﬃcient value created to attract coproducers?
Established substitutes in ecosystem?
Value Created? (Revenue Generated)
Value Captured? (Proﬁt)

1

4

•
•
•

Tantalum
Titanium
Near net shapes

•
•
•
•

Data storage
Medical imaging
Flexible media
Water puriﬁcation

•

Water puriﬁcation

Yes
Yes

Yes
No

Yes
Yes

Yes
Yes
No

Yes
No
No

Yes
Yes (as sub-contractor)
No
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Table 5
Evolution of Business model of case companies
Metalysis

NanoMagnetics

Apaclara

# of business models
First perceived business model

3
Licensing to tantalum market

Subsequent business model

Development of tantalum powder for
unsecured partner
Development and small-scale
manufacturing of tantalum with
assistance of RR and titanium for BHP
Yes
Universities of Sheﬃeld, Hallum,
Birmingham, Newcastle, Manchester
and Warwick,
Rolls-Royce, BHP

3
Licensing to data storage incumbent
(unsecured)
Manufacturing of ﬂexible media for
partner (unsecured)
Licensing and development for water
puriﬁcation incumbent before
administration
No
University of Bristol

1
Licensing and development for
water puriﬁcation incumbent
N/A

Most recent model

Co-producers secured?
Upstream Partners

Downstream Partners
Access to complementary
resources

Current market(s)

Scale–up, post processing, metal
characaterization, modeling
(Universities) Scale-up (Rolls Royce)
R&D (Rolls Royce) IP-Additional
Processing method (BHP) Strategic
Alliance (BHP) Market access (BHP)
• Tantalum
• Titanium

N/A

Yes
University of Bristol

N/A (no formal deal before USO went
into administration)
Lab (U of Bristol)
Proof of Value (IBM)
-No direct relationship

Cascade
Lab (U of Bristol)
Funding (Cascade)
Co-development (Cascade)

N/A

Water puriﬁcation

A cross-case comparison of business model, market selection, ecosystem management and partnership evolution is given
in Table 5.
These cases show evidence of an initial experimentation process as the precursor to a more focused value creation process
aimed at commercial exploitation (as per Gambardella and McGahan, 2000). They also demonstrate the kind of resources
required and available during these processes. They highlight the diﬃculty and importance of market and ecosystem selection for this type of spin-out.
Early resource-building and experimentation
In line with Penrose’s approach, early business model evolution appears to be driven by the iterative entrepreneurial
learning process, particularly in the key areas identiﬁed: market identiﬁcation and selection, considerations for selection
of value chain position, and availability of suﬃcient resources (usually contingent upon the availability of partners).
As with most university spin-outs, the initial business idea for each ﬁrm originated in academic research and was carried
forward by academics in the early stages. For Metalysis, initial funds and access to resources (including the researcher who
assisted the founder with early commercialization) came from their parent university, soon followed by funding from a Regional Development Agency. In the case of NanoMagnetics, the creative arrangements made with the parent university
substantially reduced the venture’s costs in accessing equipment and personnel in its earliest stages. During its time in a
university department, NanoMagnetics identiﬁed many different potential markets and applications for its technology before
experiencing pressure to commit to the data-storage market and raise funds for commercialization in that area.
At founding, it appears highly unlikely a science-based spin-out with a generic technology can devise a fully formed business model. Instead the business model evolves, driven by shifts in the entrepreneur’s perception of key information regarding
markets, relations with others in the ecosystem, required value proposition (the way they create value for co-producers and/
or users), and the availability of resources in each distinct ecosystem. The business model must be ﬂexible enough to adapt
to such changes. The evidence of this study supports the recommendation that early-stage business models should explore
a number of markets and associated ecosystems (Nerkar and Shane, 2003). They may need professional advice and help in
covering the costs of market identiﬁcation and analysis, an investment that may pay off by preventing the targeting of inappropriate markets. During this process, all of our case companies show how these spin-outs can leverage their academic
connections and the links they provide to secure complementary resources, while they experiment with markets and the
appropriate components of their business model. The partnerships Metalysis has with other universities also show how academic networks can continue to be sources of complementary innovations and personnel resources even into the next
phase in their value creation cycle, as is often the case with biopharm ventures (Pisano, 2006; Garnsey and Leong, 2008).
The experience of NanoMagnetics shows that these partners may even be able to provide a temporary escape route or buffer
should the company experience ﬁnancial diﬃculties. However, these cases also show that the dexterity that makes ventures suitable vehicles for commercializing new technologies may be diﬃcult to maintain. Once the ﬁrm gains signiﬁcant
ﬁnance and resources from downstream partners it becomes much more diﬃcult to change some core components of the
business model, most notably the focal market.

404

S. Lubik, E. Garnsey / Long Range Planning 49 (2016) 393–408

Downstream lock-in: a potential downside of commercial progress
In 2005, Metalysis secured one of the largest VC rounds in its sector, based on the potential value of its technology for
the product of tantalum and near net shapes. Once the company possessed the IP for the use of the process on titanium, a
partnership with BHP (which included the exchange of IP and a new joint venture) further tied the focal venture to the
titanium market. The partnership with Rolls-Royce also provided funding, ecosystem entry and networking possibilities. In
the case of NanoMagnetics, millions in VC funding were secured based on its potential application in the data-storage industry. But, in the absence of process innovations to demonstrate value, they were unable to secure the large partner central
to their anticipated business model. Having invested in development for the data storage sector, NanoMagnetics’ investors
did not welcome a change to a very different market in the ﬂexible media industry, nor to another business model in which
the spin-out would act as a contract researcher in the water puriﬁcation industry. While the spin-out venture, Apaclara,
managed to secure a partnership and create value by securing revenue through that partner, their technology turned out
to need further development to reduce costs before it could be competitive in the market, and insuﬃcient funds were left
for future commercialization efforts.
These cases show that after a ﬁrm enters an ecosystem and secures partners and later stage funding (venture capital or
corporate), they are likely to be locked into the ecosystem, even if things go awry. Both large companies and investors usually
require evidence of a fully formed business model based on credible market logic. Moreover, the investment in necessary
capital resources will cause further lock-in to the selected market and application (Garnsey, 1998). This suggests that USOs
commercializing radical technologies should take enough time and spend suﬃcient resources in the exploratory phase, ensuring that the value proposition they envisage is a good ﬁt for relevant players in an innovation ecosystem that has suﬃcient
resources to see the venture through to commercialization.
Ecosystem selection
When each ﬁrm was formed, it selected a market that encompassed a value chain and associated ecosystem. While the
entrepreneurs initially believed they had found a suitable business environment, in practice they had to revise their understanding of the market and their partnering needs, and change their business model several times. After a brief ﬂirtation
with the idea of a pure licensing model, Metalysis began by scaling up production, with the target of processing high-valueadded metal where there were prospects to produce enough supply for the entire market. As their understanding advanced
(and as the players in the industry found out about them), it became clear that large players dominated the market. The
titanium market was also dominated by multinationals; however, the value of the process technology offered by Metalysis
was suﬃcient to encourage collaborations. Metalysis also chose to produce metal powders, which would provide the continuity to make downstream adoption seamless (as recommended by Christensen et al., 2004).
NanoMagnetics began with the understanding that, to enter their chosen market, they would have to partner with a large
ﬁrm. However, while their materials had the potential to add value for a partner, it would require heavy investment to get
it ready for a market where a price war was currently underway. Having learned the lesson that the need for process innovations by other players might inhibit downstream adoption, particularly in a market where incumbents valued cost reduction
over increased performance, NanoMagnetics then selected another market where this could be avoided. However, that change
alone was not suﬃcient to attract interest in that area. Finally, the water puriﬁcation market was selected because of partner
availability, regardless of the founder’s skepticism, ultimately resulting in a product too costly for a fragmented market. This
also suggests these ventures need to be aware of what party in the value chain will beneﬁt most from their innovation,
taking into consideration not only corporate partners to whom they can supply, but the needs (including price point) of
those customers’ customers.
Market and ecosystem selection for generic technology USOs
Currently, the most popular and widely discussed business models and strategies suggest that ventures should target
niche markets where they are safer from competition while they establish a bridgehead from which to grow (Davidow, 1986;
Christensen, 1997; Moore, 2002). However, none of our three cases attempted to dominate a niche (though Metalysis’ earliest business model contained elements of that logic). While Metalysis’ technology offers dramatic improvements over current
metal reﬁning processes, it does not necessarily open emerging market segments which would then provide a path to a
wider market. Instead, they began with a high-end segment of a large market, adding value for existing players, a strategy
recommended by Utterback and Acee (2005). In contrast to niche recommendations, a partner in a suﬃciently attractive
ecosystem is more likely allow a ﬁrm with high value creation potential to build its resource base and ultimately develop
its target application, than is a focus on short-term niche objectives. Given the sheer amount of funding required to get these
ventures through the initial phases that precede signiﬁcant value creation, a focus on mainstream markets may also increase the ﬁrm’s attractiveness to investors who may not see how their investment could be recouped using a niche market
strategy. Both Metalysis and Apaclara attracted funding from a corporate partner with existing stakes in their chosen markets,
suggesting that these ventures may be wise to seek out rather than avoid such partners, because they are the most obvious
source of substantial resources and entry into the most attractive markets and ecosystems. In some cases, ﬁrms may inﬂuence their environments (Nelson, 1994), but these selected cases were unable to do so directly, nor could most startups in
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well-established ecosystems be expected to do so in the short run. Well-resourced partners are better placed to help drive
downstream adoption (Adner, 2012). In addition, as large, science-based ﬁrms are increasingly aware of developments in
their ﬁeld, it may be unrealistic to think that a science-based venture can avoid detection for long enough to dominate an
appropriate niche.
While our ﬁndings emphasize the formation of alliances, previous research suggests that alliance strategies can be detrimental to a small ﬁrm, because it increases interdependence risks and limits avenues available to the spin-out in the future
(Hagedoorn and Schakenraad, 1994; Mitchell and Singh, 1996). However, in the case of advanced materials ventures, this
threat appears to be outweighed by the reduced market uncertainty and increased access to complementary assets offered
by partnerships. Moreover, the bargaining power of the small ﬁrm in the partnership may be increased by the prospects
for, and value potential of, their technology, thus increasing the importance of market and application selection (Ahuja, 2000).
To maintain their bargaining position, science-based spin-outs need to take measures to protect their IP.
Conclusions
Even though they face many similar challenges, science-based USOs are a diverse group, requiring different business models
to deal with their unique challenges. By applying a conceptual model that integrates Penrose’s (1959) resource-based theory
of the ﬁrm with ecosystem analysis (Adner, 2012), this paper uses the case of advanced material USOs to show how the
early business models of USOs with generic, science-based technologies evolve over time. On this basis, we assess the suitability of currently recommended business models and associated strategies for these ventures. We also offer case evidence
of successful and unsuccessful business models that have been employed to overcome the unique challenges faced by these
ventures, speciﬁcally noting how these ﬁrms exchange resources with their upstream and downstream ecosystems, employ
early experimentation and exploration, and select suitable markets.
The early evolution of these business models appears to be considerably inﬂuenced by the way the entrepreneurs’ perception evolves, both of the external environment and in terms of understanding how value creation must be shared among
necessary players. The ability to respond to this early learning and continue experimentation can be enabled by the ﬁrm’s
participation in the inherited upstream university ecosystem and by their attracting ﬂexible sources of ﬁnance and resource. Downstream partners and complementary assets have also been shown to be critical, but such partnerships may
have drawbacks, particularly in the early stages of venture development, if the focal venture has not fully analyzed and understood its market and the resultant ecosystem challenges.
Our literature review and empirical evidence have also shown how and why popular business models and strategies recommended in literature may not be ideally suited to USOs commercializing generic technologies. A business model conceived
in advance, prior to learning by doing, may not be viable for these ventures because their environment is so complex and
uncertain. These ventures need to focus on experimentation and exploration; they need to build on characteristics that make
them unique, including the wide range of potential markets and applications. They need to exploit their academic roots
and networks and cultivate signiﬁcant complementary resources through co-innovation with investors and partners. The
types of business models that facilitate these activities works do not require immediate returns or the forging of possibly
premature bonds with players downstream. The nascent ﬁrm needs suﬃcient time for market and ecosystem identiﬁcation and analysis, as market selection is one of the most signiﬁcant challenges it faces.
Our evidence also suggests that, in the earliest stages, before downstream parties have committed signiﬁcant resources,
an exploratory model exploring multiple disparate markets may minimize other market-related challenges later on. However,
this type of model may be diﬃcult to fund through traditional routes, and requires ﬁrms to look for creative ways to leverage the resources they already have, such as access to university facilities. Established ﬁrms remain the gatekeepers to the
funding, scale-up resources and market access only large players can provide, and once the venture has selected partners
and secured investment, they may be committed to certain features of their business model, such as market, value chain
position and value creation strategy (in terms of offering). While this potentially provides the venture with greater security, undertaken too early this approach can result in lock-in to what may turn out to be an inappropriate strategy.
Our cases also show that, contrary to some of the widely publicized recommendations in management literature (Christensen,
1997; Moore, 2002), and congruent with others (Utterback and Acee, 2005), these ventures may beneﬁt from focusing on
high-value segments of mass markets rather than niche markets, as the substantial resources required to see them through
resource-building to value creation and capture are unlikely to be found easily within a traditional niche. Moreover, the incumbents with the requisite complementary resources may prefer mainstream markets and are in better position than young
ventures to compete in them directly (Christensen and Bower, 1996; King and Tucci, 2002).
A number of recommendations ﬂow from this research. University spin-outs with generic, science-based technologies
face substantial challenges as regards market identiﬁcation and selection, compounded by the complexity of the ecosystem of partners and stakeholders with whom they must interact to create value. Such spin-outs may ﬁnd it useful to ﬁnd
creative ways to leverage their lineage and academic connections and delay market selection until they have had an opportunity to systematically identify and review their market opportunities. When these markets have been identiﬁed, it is
crucial that they be evaluated on the basis of availability of willing partners and potential value-added to that market and
the related ecosystem. Moreover they must also be assessed in terms of the resources that would be available through those
partners, including the ability to inﬂuence downstream adoption and further co-innovation requirements. This suggests
that high-end, mainstream markets of interest to large market leaders may be more appropriate initial markets than
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traditionally approved niches. Partners with suﬃcient resources for co-development and scale-up are unlikely to contribute ﬁnance and assets over the required lead time, unless the resulting process or product can be targeted at a large and/or
suﬃciently lucrative market. However, it is important to keep in mind that once a venture has raised funds and secured
partnerships in their selected market, it is unlikely they will be able to radically change their business model and strategy.
These ﬁndings also have implications for large ﬁrms seeking to capitalize on new, university-origin technologies, and
for universities aiming to proﬁt from their spin-outs. Our evidence shows that a USO’s choice of market, particularly one
run by ﬁrst-time entrepreneurs, is very much inﬂuenced by resource availability (through ﬁnanciers or partners), sometimes more so than by systematic market analysis. A critical ﬁnding of our research is that proactive involvement and guidance
in early experimental stages may help the venture demonstrate value before external funding and/or other partners lock
the venture into a particular market and ecosystem. For universities interested in this area, it would be useful to invest in
market-oriented entrepreneurship training and market coaching activities early in the life of the ﬁrm to assist and guide
the science-based venture team while there is still ﬂexibility and the ability to explore widely. Creative arrangements for
ongoing collaboration and/or resource sharing can prolong the time a venture has to experiment, so that they commit to a
promising market.
Our ﬁndings and recommendations may be extended to other science-based sectors with generic technologies, such as
renewables and to a lesser extent genomics. It is unlikely they will apply in IT sectors where ventures are closer to the end
customer and have shorter development timelines. As scientists are increasingly encouraged to identify potential commercial applications for their research, useful future work could include further identiﬁcation and exploration of appropriate
and proven business models for science-based USOs. Examples of such models for the various types of science-based ventures to emulate could usefully inform policy, support academic entrepreneurship and open areas of future academic research.
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Appendix 1. Extended methodology
This appendix explains in greater detail how the data were collected and how the authors selected appropriate constructs from the literature and data.
These cases were selected from a dataset of 67 advanced material USOs in the UK. Rather than being an exhaustive collection of all advanced material spin-outs in the UK or a random sample, the dataset included every advanced material university
spin-out from fourteen “top tier” UK universities, in order to assemble the sample that was the best ﬁt for our investigation. With the assistance of experts in the ﬁeld, the institutions were selected to include those with signiﬁcant development
time, funding and resources going into “blue sky” material science, and the closest and most active ties to industry and commercialization. Each technology transfer oﬃce was contacted directly to ensure that the study included as many relevant
spin-outs as possible, including those that had since gone out of business.
After the spin-outs were identiﬁed, data was gathered from secondary sources such as company reports and presentations, websites (the ﬁrms’, and business publications such as Business Weekly), databases (such as Companies House and
the UK Patent Oﬃce) and any scientiﬁc journal articles containing relevant information (see Lubik 2010). The data collection was guided by the constructs in the conceptual framework (Figure 1) to ensure that the selection of signiﬁcant factors
was grounded in theory. Because a construct is not directly measurable, the constructs were translated into observable metrics
and proxy measurements — such as funding, employees, patents, revenues, proﬁt (if applicable), partners, markets, etc. —
as derived from the literature (Morgeson and Hofmann, 1999). These constructs are described in Table 6.
From the dataset, seven cases that had varying degrees of success in creating economic value were selected in order to
trace the experiences of highly successful companies, and ensure that value creation observed included less successful or
failed companies to provide contrast. Interviews with start-up personnel were conducted between 2006 and 2009. Regarding the three cases presented here, six interviews with the founder of NanoMagnetics and Apaclara took place at fairly regular
intervals from 2006 until after Apaclara ceased its activities. In the case of Metalysis, four lengthy interviews (over one hour
each) were undertaken with several people involved in its early life including the founder, the ﬁrst CEO, a representative
from the university technology transfer oﬃce and one of the original executives that had been with the ﬁrm since just after
founding. Most of the interviews were digitally recorded and the answers to the questionnaires were ﬁled. The answers to
key questions, key insights and information regarding core concepts were then coded and entered into the master dataset.
Secondary data from company websites, patent databases, press releases and publicly available company records were used
to supplement and triangulate information gained from our interviews.
A possible limitation of the static visual representation of the conceptual model is that it cannot fully capture all features of the evolution of the ﬁrm’s business model over time. The ﬁrm’s value chain (web) or business ecosystem can be
analyzed in cross-section at one time, but is continually evolving. The value creation and capture by the ﬁrm is developmental and occurs through the ﬁrm’s resource building with resource complementarities and relationships co-evolving as
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Table 6
Operationalization of model constructs to guide data selection
Construct
Business idea
Parent
External sources
Demonstration of value
Resource base

Partners/co-producers

Proxy

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Value created

•
•
•
•
•

Value captured

•

Links to ecosystem

Basic technology – carbon nanotubes, polymers, performance plastics, etc.
2003 UK Standard Industrial Classiﬁcation (SIC) codes – indicates primary business activities
Parent institution
Sources of funding – Seed capital, government grants, venture capital, angel investment, founder-funded
Prototypes constructed?
Granted patents – demonstrate identiﬁed market space
Cumulative patents
Annual patent growth
Employees
Annual employee growth
Funding history
Total funding over time
Publicized partnerships
Levels of access to partner resources – full access to complementary assets or limited access, ex. Only access to
distribution channels
Number of markets targeted
Which markets targeted
Position in value chain – how many parties removed from end user
Past and present revenue models – includes licensing, manufacturing, development, service and other
Cumulative revenue divided by age of ﬁrm (Utterback and Meyer, 1988) – indicates commercial value to
partners/customers, corrects for uneven revenue generation, objectively quantiﬁable measure of relative value
creation between
Proﬁt – Value retained by ﬁrm above outgoing resources

the ecosystem or value web changes. Instead of showing evolution, the visual representation serves to depict key components of the business model and allows key metrics and constructs to be analyzed as an interactive system.
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BIG PICTURE

Biotech has not delivered on its promise because
the industry’s structure – much of it borrowed from
Silicon Valley – is ﬂawed. Businesses engaged
in advancing basic science as a core activity need
a new design.

Can Science Be a Business?
Lessons from Biotech
by Gary P. Pisano

I

n its 30 years of life, the biotechnology industry has attracted more
than $300 billion in capital. Much of
this investment has been based on the
belief that biotech could transform
health care. The original promise was
that this new science, harnessed to
new forms of entrepreneurial businesses that were deeply involved in advancing basic science, would produce
a revolution in drug therapy. Unencumbered by the traditional technologies
and organizations of the established
pharmaceutical giants, these nimble,
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focused, science-based businesses would
break down the wall between basic and
applied science and produce a trove of
new drugs; the drugs would generate
vast proﬁts; and, of course, investors
would be handsomely rewarded.
So far, the promise remains largely
that. Financially, biotech still looks like
an emerging sector. Despite the commercial success of companies such as
Amgen and Genentech and the stunning growth in revenues for the industry
as a whole, most biotechnology ﬁrms
earn no proﬁt. Nor is there evidence
harvard business review | hbr.org
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thereby slowing scientiﬁc advance. But
the question of whether science can be
a proﬁtable business has largely been
ignored.
As always, the prevailing outlook in
the industry itself is that the revolution
in drug creation will succeed; it will just
take a little longer than anticipated.
That may be wishful thinking. Over the
past 20 years, I have conducted extensive research on the strategies, structure,
performance, and evolution of the biotechnology and pharmaceutical sectors. I learned that the “anatomy”of the

biotech sector – much of it borrowed
from models that worked quite well in
software, computers, semiconductors,
and similar industries – is fundamentally ﬂawed and therefore cannot serve
the needs of both basic science and
business. Unless that anatomy changes
dramatically, biotech won’t be able to
attract the investments and talent required to realize its potential for transforming health care.
By “anatomy,” I mean the sector’s direct participants (start-ups, established
companies, not-for-proﬁt laboratories,
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that they are signiﬁcantly more productive at drug R&D than the much maligned behemoths of the pharmaceutical industry.
This disappointing performance raises
a question: Can organizations motivated
by the need to make proﬁts and please
shareholders successfully conduct basic
scientiﬁc research as a core activity? For
30 years, debate has been intense about
whether business’s invasion of basic
science–long the domain of universities
and other nonproﬁt research institutions – is limiting access to discoveries,
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universities, investors, customers); the
institutional arrangements that connect
these players (markets for capital, intellectual property, and products); and the
rules that govern and inﬂuence how
these institutional arrangements work
(regulations, corporate governance, intellectual property rights). For biotechnology to fully succeed, its anatomy
must help the players collectively to
excel in three ways: managing risk and
rewarding risk taking, integrating the
skills and capabilities that reside in a
range of disciplines and functions, and
advancing critical knowledge at the organizational and industry levels.
The parts of an industry’s anatomy
should support one another in meeting these challenges. In biotech, they
work at cross-purposes. For example, the
way the industry manages and rewards
risks – how businesses are funded – conﬂicts with the long R&D timetable
needed to create new drugs. The fragmented nature of the industry, with
scores of small, specialized players across
far-ﬂung disciplines, is a potentially useful model for managing and rewarding
risk, but it has created islands of expertise that impede the integration of critical knowledge. And biotech’s market
for intellectual property, which allows
individual ﬁrms to lock up the rights to
basic scientiﬁc knowledge, limits the
number of scientists who can advance
that knowledge by learning through
trial and error.
While all this sounds pretty gloomy,
it does not mean that the industry is
doomed. It does not mean that science
cannot be a business. It does mean that
biotech’s anatomy needs to change – an
undertaking that would have a major
impact not only on drug R&D and health
care but also on university- and government-funded scientiﬁc research, other
Gary P. Pisano (gpisano@hbs.edu) is the
Harry E. Figgie, Jr., Professor of Business
Administration at Harvard Business School
in Boston. This article was adapted from
Science Business: The Promise, the Reality, and the Future of Biotech, to be
published by Harvard Business School
Press in November 2006.
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emerging industries engaged in basic
science, and the U.S. economy. The purpose of this article is to provide a framework for such an undertaking and to
offer some ideas about the new organizational forms, institutional arrangements, and rules that will be required.

The Biotech Experiment
Science-based business is a relatively
recent phenomenon. By “science-based,”
I mean that it attempts not only to use
existing science but also to advance scientiﬁc knowledge and capture the value
of the knowledge it creates. A signiﬁcant portion of the economic value of
such an enterprise is ultimately determined by the quality of its science.
Before the emergence of biotech, science and business largely operated in
separate spheres. Conducting research

seek commercial partners to license the
patents; and they partner with venture
capitalists in spawning ﬁrms to commercialize the science emanating from academic laboratories.
In numerous instances, the boundary between a university and a biotech
ﬁrm is blurred. The founders of a substantial number of biotech ﬁrms include
the professors (many of them worldrenowned scientists) who invented the
technologies that the start-ups licensed
from the universities, often in return for
an equity stake. These companies frequently maintain their links with the
universities, working closely with faculty members and postdoctoral candidates on research projects, and sometimes using the university laboratories.
In many instances, the founding scientists even retain their faculty posts.

Despite the commercial success of several
companies and the stunning growth in revenues
for the industry as a whole, most biotechnology
ﬁrms earn no proﬁt.
to expand basic scientiﬁc knowledge
was the province of universities, government laboratories, and nonproﬁt
institutes. Commercializing basic science – using it to develop products and
services, thus capturing its value – was
the domain of for-proﬁt companies. Historically, a handful of companies, including AT&T (the parent of Bell Labs),
IBM, Xerox (the parent of the Palo Alto
Research Center), and GE, did some remarkable research, but they were the
exception. By and large, businesses did
not engage in basic science, and scientiﬁc
institutions did not try to do business.
The biotech sector fused these two
domains, creating a science-business
model that nanotechnology, advanced
materials, and other industries have
adopted. For-proﬁt enterprises now
often carry out basic scientiﬁc research
themselves, and universities have become active participants in the business
of science. They patent their discoveries;
their technology-transfer ofﬁces actively

The science business was born in
1976, when the ﬁrst biotech company,
Genentech, was created to exploit recombinant DNA technology, a technique for engineering cells to produce
human proteins. It was founded by
Robert Swanson, a young venture capitalist, and Herbert Boyer, a professor at
the University of California at San Francisco who had coinvented the technology. In addition to demonstrating that
biotechnology could be used to develop
drugs, Genentech created a model for
monetizing intellectual property that
has proved remarkably powerful in shaping the way the biotech industry looks
and performs. This model consists of
three interrelated elements:
• technology transfer from universities to the private sector through creating new ﬁrms rather than selling
to existing companies;
• venture capital and public equity
markets that provide funding at critical stages and reward the founders –
harvard business review | hbr.org
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pensate for the major drugs that were
losing their patent protection, ﬁnancial
analysts questioned the sustainability of
the industry’s proﬁts. Biotech’s champions in the scientiﬁc and investmentbanking communities believed that its
technologies would create an avalanche
of proﬁtable new drugs. They argued
that small, specialized biotech companies had a comparative advantage in
research over bureaucratic, vertically integrated pharmaceutical giants; Big
Pharma should therefore focus on marketing and leave innovative R&D to
nimble biotech ﬁrms that were closer
to the science. Even some executives at
major pharmaceutical companies appeared to believe this, as evidenced by
their decisions to aggressively pursue
alliances with biotech ﬁrms.
Because the products of the ﬁrst
wave of biotech companies – including
Amgen, Biogen Idec, Cetus, Chiron,
Genentech, and Genzyme – were proteins found in the human body, scientists, managers, and investment bankers involved in the sector argued that

they would have a much lower failure
rate than conventional, chemical-based
drugs. The lower technological risks
would mean lower business risks. The
initial success of a few genetically engineered replacement hormones–insulin,
human growth hormone, and clotting
factor VIII to treat hemophilia among
them – seemed to validate this view.
The sequencing of the human genome
and the invention of so-called industrialized R&D techniques further bolstered predictions that biotech would
generate breakthrough therapies and
tremendous gains in R&D productivity.
The reasoning was that the massive
amount of biological data produced
would help enormously in identifying
the precise causes of diseases, and that
techniques such as combinatorial chemistry (for creating new compounds),
high-throughput screening (for testing
the compounds’ medicinal potential),
and computational chemistry (for “rationally designing” drugs to have speciﬁc effects) would greatly increase the
quantity and quality of drug candidates.
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investors, scientists, and universities –
for the risks they have taken;
• a market for know-how in which
young companies provide their intellectual property to established enterprises in exchange for funding.
In 1978, Genentech struck an agreement with Eli Lilly, a major pharmaceutical company. In return for the manufacturing and marketing rights to
recombinant insulin, Lilly would fund
development of the product and pay
Genentech royalties on its sales. This
agreement knocked down one of the
chief barriers to new ﬁrms’ entering
the pharmaceutical business: the huge
cost ($800 million to $1 billion in today’s
dollars) over the long time (ten to 12
years) generally required to develop
a drug. This was also the ﬁrst time a
pharmaceutical company had essentially outsourced a proprietary R&D
program to a for-proﬁt enterprise. Since
then, virtually every new biotech ﬁrm
has formed at least one contractual relationship with an established pharmaceutical or chemical company, and most
have formed several.
This market for know-how has encouraged venture capitalists to provide
seed money for start-ups. It has also
helped biotech companies tap public
equity markets for capital by providing
investors with an alternative to proﬁts
and revenues as a gauge of value. Genentech’s wildly successful initial public
offering in 1980 demonstrated that a
ﬁrm with no product revenues or income could go public – which made the
sector even more attractive to venture
capitalists.

The Promise
The rise of this system for monetizing
intellectual property was intertwined
with high hopes for biotech. Through
the 1980s and into the 1990s, the sector
seemed to offer a solution to the looming crisis in R&D productivity that
threatened established pharmaceutical
companies. Facing a shortage of potential blockbuster drugs in their pipelines,
these companies had dramatically increased their R&D spending, but to no
avail. With new drugs unable to comoctober 2006
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The days of inefﬁcient, trial-and-error,
craft-based, one-molecule-at-a-time approaches to drug discovery were deemed
to be numbered.

Progress to Date
Excitement about these emerging technologies, the exploding number of biotech start-ups (some 4,000 over three
decades), and the sector’s soaring annual revenues (now about $40 billion)
only reinforced this optimism. But if
the industry’s success is measured by
profitability and progress in revolutionizing R&D to generate an avalanche of breakthrough drugs, a troubling picture emerges.
First, only a tiny fraction of biotech
companies have ever been proﬁtable or
generated positive cash ﬂows, and the
sector as a whole has lost money. (See
the exhibit “Proﬁtless Growth for Biotech.”) Of the ﬁrms that have been profitable, only an elite handful of the oldest – including Amgen, Biogen Idec,
Genentech, and Genzyme – have generated substantial proﬁts. Only Amgen
and Genentech have broken into the
league of established pharmaceutical
companies. It’s especially noteworthy
that Genentech, after pioneering the
system for monetizing intellectual property, then took a different path: along
with Amgen, Genzyme, and a few others, it vertically integrated by investing
heavily in manufacturing and marketing even as it continued to build internal
scientiﬁc capabilities. In addition, Genentech forged a long-term relationship
with Roche, the Swiss pharmaceutical
giant, which owns 56% of its shares.
Second, there is no sign that biotechnology has revolutionized the productivity of pharmaceutical R&D, despite
many claims to the contrary. The average R&D cost per new drug launched
by a biotech ﬁrm is not signiﬁcantly
different from the average cost per new
drug launched by a major pharmaceutical company. (See the exhibit “Biotech Has Produced No Breakthrough in
R&D Productivity.”) Nor has industrialized R&D dramatically increased the
number of compounds that make it to
human clinical testing, let alone into the
118

market. (See the exhibit “Industrialized
R&D Has Yet to Deliver for Biotech.”)
There is no conclusive proof that the
unexceptional productivity of biotech
ﬁrms is due to the complexity and risk of
the projects they undertake.
Nor is there reason to believe that
biotech’s productivity will improve with
time. Optimists point out that biotech
ﬁrms account for a growing percentage
of drugs in clinical development. This
suggests that we should expect a great
number of drugs to emerge from the

The way the industry
manages and rewards
risks–how businesses
are funded–conﬂicts
with the long R&D
timetable needed
to create new drugs.
biotech pipeline in the future. But while
industry spending on R&D continues to
increase substantially, the attrition rate
of biotech drugs in development has
also grown over time. Thus it is doubtful
that biotech’s output per dollar invested
in R&D will improve signiﬁcantly.
Finally – and perhaps not surprisingly – the biotech sector appears to be
retreating from its distinctive position at
the radical and risky end of the R&D
spectrum. Since 2001, when the genomics bubble burst, the strategies of
start-ups and the preferences of venture
capitalists have undergone a marked
change. Rather than forming so-called
molecule-to-market companies, whose
ﬁrst product revenues might be more
than a decade away, entrepreneurs and
investors have begun to look for lowerrisk, faster-payback models, such as licensing existing projects and products
from other companies and then reﬁning them.
Reﬁnements such as new formulations, including new technologies for delivery, are certainly valuable. They can
lead to signiﬁcant therapeutic improvements and expanded treatment options.

That said, the change in strategies raises
a major concern: If young biotech ﬁrms
are not pursuing cutting-edge science,
who will focus on the higher-risk longterm projects that offer potential medical breakthroughs?
People involved in biotechnology
have long contended that the sector
will ﬂourish eventually. Some still say
it’s just a matter of time and money. Others insist that technology will save the
day. Genomics, proteomics, systems biology, and other advances will make it
possible to identify promising drug candidates with a high degree of precision
at extremely early stages of the R&D
process, which should lead to a dramatic
reduction in failure rates, cycle times,
and costs.
Such optimism assumes that the
underlying structure of the sector is
healthy and the strategies of the players make sense. My research suggests
otherwise. This structure and these
strategies cannot solve the fundamental
business and scientiﬁc challenges facing
the sector.

A Flawed Anatomy
Like living things, industries are not
“designed” but they have designs. In
living things, these designs are called
anatomies. Anatomy helps us understand what a given species is capable of
and why certain species can thrive in
some environments but not others.
Anatomy explains why a cheetah can
run 65 mph and a turtle can’t. The ﬁt between anatomy and environment matters in economics, too.
The anatomy of the biotechnology industry looks quite similar to those of
other high-tech sectors, such as software and semiconductors. It involves
university-spawned start-ups that focus
on speciﬁc pieces of the R&D value
chain; a role for the venture capital and
public equity markets; and a market for
know-how. What some might call the
Silicon Valley anatomy has worked wonderfully well in these other sectors.
Biotech’s anatomy was based on the
premise that it would be a lot like them.
But when it comes to R&D, biotech differs radically in three ways:
harvard business review | hbr.org
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and persistent uncertainty,
rooted in the limited knowledge of
human biological systems and processes, makes drug R&D highly risky.
• The process of drug R&D cannot be
broken neatly into pieces, meaning
that the disciplines involved must
work in an integrated fashion.
• Much of the knowledge in the diverse
disciplines that make up the biopharmaceutical sector is intuitive or tacit,
rendering the task of harnessing collective learning especially daunting.
Contending with profound uncertainty and risk. The basic feasibility of
technologies is not an issue for R&D in
most industries, where the effort and
resources go primarily into developing
concepts already known to be technically feasible. Car designers may grapple
with engineering problems concerning
a vehicle’s various parts and worry
about whether the design can be manufactured and whether customers will
buy the vehicle. But they can be virtually certain that at the end of the process the vehicle will work. Even in hightech industries such as semiconductors,
high-performance computers, and aircraft, it is usually fairly clear which commercial R&D projects are scientiﬁcally
feasible and which are not.
This is not the case with drug R&D.
Whether a drug candidate is safe and
effective can be determined only
through a lengthy process of trial and
error. Despite extraordinary progress
in genetics and molecular biology over
the past few decades, scientists still ﬁnd
it extremely difﬁcult to predict how a
particular new molecule will work in
humans. Even today, they can assume
that the most likely outcome of a project, after years of effort, will be failure.
Historically, only one out of about 6,000
synthesized compounds has ever made
it to market, and only 10% to 20% of drug
candidates beginning clinical trials have
ultimately been approved for commercial sale.
Advances in basic science may eventually improve these odds. But so far
(and contrary to expectations), biotechnology has actually increased the
uncertainties in drug R&D. Although
october 2006

the number of targets (possible causes
of diseases), weapons (therapies) with
which to attack them, and novel approaches for identifying new potential
causes and cures has exploded, knowledge about many of these options remains superﬁcial, forcing scientists to
engage in more trial and error, not less.
So even though biotechnological advances may eventually reduce the technical risks in R&D, they have to date
had the opposite effect.
Profound, persistent uncertainty translates into high, long-term risks. At ﬁrst
glance, biotech’s system for monetizing
intellectual property seems to have
functioned fairly well in managing such
risks. The rapid formation of new ﬁrms
has given rise to a plethora of experiments. The allure of equity ownership
has encouraged scientiﬁc entrepreneurs
to take the risks inherent in starting new
ﬁrms. And venture capitalists have had
the wherewithal to manage early-stage

risks and to diversify them by building
portfolios of ﬁrms. A closer examination, however, suggests that hidden
ﬂaws in the system have impeded the
overall business performance of the
sector.
Venture capitalists have a time horizon of about three years for a particular
investment–nowhere near the ten or 12
years most companies take to get their
ﬁrst drug on the market. In addition, because they need to spread their risks,
not even the largest funds can afford to
sink a vast sum into any one start-up. According to data from the National Venture Capital Association on fund investment policies, the average investment in
a biotech ﬁrm is about $3 million. The
average maximum is $20 million – far
less than the $800 million to $1 billion
typically required to develop a successful drug.
Biotech ﬁrms rely on public equity
and strategic alliances to close the gap.

Proﬁtless Growth for Biotech
The revenues of publicly held biotech companies have grown dramatically but their profits have hovered close to zero. Excluding Amgen, the largest and most proﬁtable ﬁrm, the
industry has been consistently in the red. Its losses would be even greater if private companies were included in the data pool.

Revenue and operating income before depreciation ($ billions 2004)
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These solutions, however, create other
problems.
Public equity markets are not designed to deal with the challenges of enterprises engaged in R&D only, which
compose most of the biotech sector.
These companies cannot be valued on
the basis of earnings; most of them
don’t have any. Their value hinges almost exclusively on their ongoing R&D
projects. But trying to value them on
the basis of projects that face years of
great technical and commercial uncertainty is next to impossible. Information
is simply inadequate. No clear disclosure and valuation standards exist for
intangible assets in general and R&D
projects in particular. Generally accepted accounting principles (GAAP)

typically don’t require companies to disclose their R&D projects, and although
biotech and pharmaceutical ﬁrms must
disclose information on the state of
their development pipelines, the requirements are vague. For example,
companies have discretion over how
much detail to provide about possible
therapeutic uses of a given product, clinical trial results and progress, and future
development plans. Without adequate
information, even the most sophisticated valuation techniques, such as real
options and Monte Carlo simulation,
are of limited use.
The other challenge for investors is
interpreting the publicly announced results of clinical trials. Companies can
and do interpret these results in differ-

Biotech Has Produced No Breakthrough
in R&D Productivity
As the graph below indicates, the average R&D cost per new drug launched by biotech
ﬁrms is not signiﬁcantly different from the average cost per new drug launched by
major pharmaceutical companies.

R&D spending per new drug launched ($ billions 2004)
$4.3

PHARMACEUTICAL

$2.0

BIOTECH

$1.3
$1.2
1985

2004

The sample of biotech companies includes all publicly held companies that tried to develop new drugs. The sample of pharmaceutical companies includes the top 20 companies in the world according to their R&D spending. The drugs do not
include line extensions, reformulations, or approvals for new uses. Every annual data point represents the cumulative R&D
expenditures from 1985 through the given year divided by the cumulative number of drugs launched during the same period. The ﬁrst four and last four years of data were adjusted to account for the lag between R&D spending and the resultant
output. Credit for a jointly developed new drug was divided equally between the biotech ﬁrm and its partner, the established
pharmaceutical company.
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ent ways. Even if they interpret them
similarly, they may make different decisions about whether to proceed to the
next stage, based on their differing appetites for risk.
Public investors have looked to the
market for know-how to ﬁll this information gap. With their years of experience and armies of scientists, the big
pharmaceutical companies that have
struck deals with biotech ﬁrms surely
have the knowledge to assess projects’
technical and commercial prospects. So
the willingness of Merck or Novartis or
Eli Lilly to invest in a biotech company’s
project should signal that its prospects
are good, right? Not necessarily. Pharmaceutical companies often make alliances in precisely those areas where
they lack expertise. Moreover, in many
cases they have spent lavishly on alliances and reaped little in return – or
have walked away from licensing earlystage drugs that eventually became
blockbusters.
Further evidence that the system for
monetizing intellectual property is
ﬂawed is that, on the whole, the longterm returns on investments in biotech
have not been commensurate with the
substantial risks. While venture capital
funds have enjoyed some stellar years,
and individual biotech stocks have performed spectacularly, average returns
overall have been disappointing relative to the risks. From 1986 through
2002, venture capital funds generated
an average annual internal rate of return of 16.6%. And an analysis conducted by Burrill, a San Francisco–
based merchant bank, found that an
investor who bought all 340 biotech
IPOs from 1979 through 2000 and held
on to those shares until January 2001
(or until a company was acquired)
would have realized an average annual
return of 15%.
All this may explain why biotech
start-ups appear to be retreating from
the riskiest projects. Although it is
hard to know conclusively, indications
are that investors are becoming more
cautious.
Integrating diverse disciplines.
Thanks largely to the emergence of the
harvard business review | hbr.org
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narily multifaceted. What is the pathway? What genes might be at work?
How do they interact? What are the
proteins those genes express, and what
do they do? What is their structure?
How likely is one or more of them to
be a “druggable” target? Answering
these questions requires insights from
different disciplines – including structural genomics, functional genomics,
cell biology, molecular biology, and
protein chemistry – and also a broad
range of approaches, including computational methods, high-throughput experimentation, and traditional “wet”
biology.
The same kind of integration must
also occur further downstream in development but with still other disciplines,
such as toxicology, process development, formulation design, clinical research, biostatistics, regulatory affairs,
and marketing. It is difﬁcult, if not
downright impossible, to successfully
develop a drug by solving problems individually in isolation, because each
technical choice (the target you pursue,
the molecule you develop, the formulation, the design of the clinical trial, the
choice of the target patient population,
and the choice of manufacturing process) has implications for the others.
Arriving at a solution requires that dif-

ferent kinds of scientists repeatedly exchange huge amounts of information.
In other words, they must work together
in a highly integrated fashion.
There are two basic ways of achieving
integration. One is by having individual
ﬁrms own all the requisite pieces of
the puzzle (vertical integration). The
other is with market-reliant networks, in
which independent specialists integrate
their work through alliances, licensing
arrangements, and collaboration. The
traditional pharmaceutical business employs the former, and the biotech industry the latter.
Most biotech ﬁrms were formed to
allow small teams of highly dedicated
scientists to focus on exploiting a speciﬁc
ﬁnding or body of work initiated at a
university. The result was hundreds of islands of specialized expertise. The biotech sector has relied heavily on the market for know-how to link these islands.
There are indications, however, that this
market can’t facilitate the ﬂow of information and the collective problem solving needed to develop new drugs.
To function in a highly efﬁcient fashion, a market for any property–whether
real estate or intellectual property –
requires well-deﬁned, well-protected
rights. Strong IP protection generally
exists in software and semiconductors.

Industrialized R&D Has Yet to Deliver for Biotech
Since the mid-1990s, a combination of genomics, combinatorial chemistry, highthroughput screening, and IT has been used to create new drugs and to identify possible targets in the body for attacking diseases. Despite this industrialization of R&D,
however, the number of compounds developed by commercial organizations that have
progressed at least to human clinical testing has not increased signiﬁcantly.

Number of compounds in human clinical trials
Industrialization of R&D begins
500

0

1986

2003

Source: www.fda.gov/cder/rdmt/Cyindrec.htm
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biotech industry, the tool kit of drug
R&D has become much bigger and
much more diverse. In the mid-1970s, it
was dominated by a single discipline:
medicinal chemistry. Today it includes
molecular biology, cell biology, genetics, bioinformatics, computational chemistry, protein chemistry, combinatorial
chemistry, genetic engineering, highthroughput screening, and many others. These new tools are opening up new
opportunities, but each sheds light on
only one piece of a very complex puzzle.
Discovering and developing drugs effectively requires that all the pieces come
together. Therefore, integration across
diverse scientiﬁc, technical, and functional domains is more important than
ever if the scientiﬁc promise of biotech
is to be realized.
The challenge of integration is not
unique to drugs. Virtually all R&D involves solving multiple types of problems. Not only must the many problems
be solved, but the solutions must ultimately work together as a whole.
In some cases – including highly complex systems such as electronics equipment, automobiles, software, and airplanes – a big R&D problem can be
broken down into a set of relatively independent subproblems, to be solved
independently and then put together.
Modularity makes possible the division
of labor among different organizations
specializing in different parts of the
system, but it generally requires welldeﬁned interfaces and standards that
specify how different components of
the system are supposed to ﬁt and function together. In addition, modularity
requires that intellectual property be
codiﬁed and the rights to it be clearly
deﬁned and protected. Drug R&D lacks
these requirements.
Most of the numerous functional and
technical activities involved in drug
R&D tend to be highly interdependent.
A case in point is identifying a target for
drug discovery. The big questions to be
resolved are what the underlying mechanism of the disease is and where drug
therapy might intervene in it. Because
human biology is extraordinarily complex, target identiﬁcation is extraordi-
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A piece of software code, for instance, is
a fairly distinct entity that can be protected by legal mechanisms, and its theft
can be detected quite easily. In biotechnology, the IP regime is more complex
and murkier. It is often not clear what is
patentable and what is not. Moreover,
the most valuable IP is often not a speciﬁc molecule but data, understanding,
and insights relating to how that molecule behaves, what it can do, what its potential problems are, and how it might
be developed. Such knowledge can be
much more difﬁcult to patent.
Murky IP creates two problems: It
makes its owners think twice about
sharing it in the ﬁrst place, and it provides fertile ground for contract disputes over what will be shared. Biotech
has suffered both. Suits between former
partners and collaborators have been
fairly common. Indeed, Genentech and
Lilly, whose recombinant-insulin deal
became a template for the industry in
many ways, wound up in a legal contest
over rights to use genetic-engineering
technology to produce human growth
hormone. After codeveloping recombinant human erythropoietin, a synthetic
protein that stimulates the body’s production of red blood cells, Amgen and
Johnson & Johnson fought a bitter legal
battle over the division of marketing
rights. Years after that, they had another
dispute about whether a later version of
the drug was a completely new product
or an improved form of the original.
Another formidable barrier to sharing information is the tacit nature of
much of the knowledge critical to drug
R&D. Such knowledge cannot be fully
described in writing, because the causeand-effect principles behind the techniques or know-how have not been completely identiﬁed. This is common in
emerging ﬁelds, but the magnitude of
tacit knowledge in biotech impedes
the pace of learning in the sector, as we
shall see.
Promoting cumulative learning. It
would be hard to overstate the importance of learning to the long-term
health of science-based sectors. The profound and persistent uncertainty enveloping biotech in particular and drug
122

R&D in general means that what is
known pales in comparison to what remains to be discovered. New hypotheses
and ﬁndings must constantly be evaluated, and decisions must be made about
which options to pursue and which to
discard. These decisions must occur in
the fog of limited knowledge and experience. Mistakes are common, not because people or ﬁrms are incompetent
but because they are constantly dancing
on the edge of knowledge.
When, as in the case of drug R&D,
failure is far more common than success, the ability to learn from failure is
critical to making progress. Learning can
occur at multiple levels in a system or
an industry. A scientist who has spent
decades doing research on cell growth

Far from being dead,
vertical integration has
an important role to
play in the future drug
industry.
factors, for instance, will have accumulated quite a lot of knowledge, and the
lab in which he worked will have
learned many new things from his research as well as from that of others in
the lab. This learning will be not only
the aggregate of what individuals know
but also the insights shared by the community. Some of this knowledge will be
formalized in organizational procedures
and methods, but much of it will probably be tacit.
Despite scientiﬁc advances, there is
still an art to drug discovery that relies
on judgment, instinct, and experience.
For example, what individual scientists
know about a molecule, or a biological
target for attacking a disease, or the
behavior of a drug inside the body cannot be codiﬁed or reduced to precise
rules – if X, then Y. Data from experiments are subject to a wide range of interpretation and opinion. What constitutes a strong signal of potential efﬁcacy
for one researcher may give pause to
another.

As a result, sharing experiences over
an extended period matters enormously
in such endeavors, and the breadth of
the sharing is extremely important. For
the science to advance, each of the disciplines with expertise needed to solve
a problem must be able to leverage the
collective wisdom.
Unfortunately, the biotech industry
is not organized to learn from experience over time. Once again, its system
for monetizing intellectual property is
to blame. By fueling the proliferation
of start-ups, the system has helped create a sector of relatively inexperienced
ﬁrms. The typical young ﬁrm in biotech simply lacks the capabilities that
Genentech, for example, accumulated
in the course of conducting R&D for 30
years. Nor can newer ventures afford to
learn through experience. They have
limited ﬁnancial resources, and investors aren’t willing to give them the time
to perfect their craft.
Finally, the market for know-how
hinders companies from forming longterm learning relationships. The lack of
well-delineated intellectual property
rights is one problem; the short-term
focus of alliances is another. All too
often, priority is given to the deal, not
to building joint long-term capabilities.
As a result, most alliances are at arm’s
length and fairly brief. According to research by Harvard Business School’s Josh
Lerner and Stanford Business School’s
Ulrike Malmendier, the length of a typical contract is just short of four years –
much less than the amount of time
needed to develop a drug. In addition,
the relationship is often centered on
reaching speciﬁc, short-term milestones;
if one is missed, the alliance may be
terminated.
All in all, the obstacles to integration
and learning in the industry are enormous. Given these impediments, it’s
hardly surprising that biotech suffers
from productivity problems.

A More Suitable Anatomy
To deal with profound uncertainty and
high risks, allow closely interdependent
problem solving, and harness the collective experience of disciplines throughharvard business review | hbr.org
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out the sector, biotech needs a new
anatomy–one that involves a variety of
business models, organizational forms,
and institutional arrangements. The approaches needed to develop more innovative drugs differ enormously from
those required to develop less innovative drugs. One size does not ﬁt all. A
more suitable anatomy might include
the following elements.
More vertical integration. Far from
being dead, vertical integration has an
important role to play in the pharmaceutical industry’s future. It will be most
useful in the pursuit of the most scientiﬁcally innovative drugs. Vertical integration requires a degree of scale, which
means that established pharmaceutical
companies are well positioned to be integrators. But that will require change.
Most major pharmaceutical companies
have created their own islands of expertise inside their own corporate boundaries, a deeply problematic practice that
probably explains their poor R&D productivity. To realize their potential as

integrators, they will need new internal
structures, systems, and processes to
connect technical and functional domains of expertise.
Fewer, closer, longer-term collaborations. Alliances will continue to be a
critical complement to internal R&D.
Given the breadth and rate of technological change, not even the largest
companies can explore all facets of the
R&D landscape without help from outside parties – universities and smaller,
specialized biotech ﬁrms. Their collaborative relationships, however, will differ substantially in form and number
from those that currently dominate the
sector.
For projects that are scientiﬁcally or
technologically novel, forging fewer,
deeper relationships makes sense. Instead of signing 40 deals in one year, a
pharmaceutical company might be better off involving itself at any one time in
only ﬁve or six that last ﬁve to ten years
and are broad in scope. Instead of concentrating on a given molecule, for ex-

ample, a collaboration might focus on
speciﬁc therapeutic areas or target families. Such relationships would potentially result in much more sharing of
proprietary information, greater joint
learning, and larger, more productive
investments. We simply cannot expect
independent enterprises to share knowledge and engage in true collaboration
within a business-development framework that focuses on short-term goals
and emphasizes the law of large numbers over commitment.
Fewer independent biotech ﬁrms.
Small entrepreneurial biotech ﬁrms will
continue to be an important element of
the landscape. But there will be far
fewer independent public companies.
The publicly held model will work only
for companies that have earnings, allowing investors to judge their prospects;
under existing disclosure practices, pure
R&D enterprises do not belong in the
public equity space.
Quasi-public corporations. A possible alternative to the public company is
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the quasi-public corporation. Its shares
are publicly traded, but a large company
with a long-term strategic interest in the
biotech ﬁrm’s success owns a majority
stake. Such a relationship would provide a ﬁrm with much more intensive
oversight than is possible with a normal
public corporation, as well as a longerterm perspective and assured funding – all of which are crucial for drug
R&D. It would also allow the ﬁrm to operate with a signiﬁcant degree of independence and to offer stock options and
other incentives to attract and retain
entrepreneurs. Genentech, which is
majority-owned by Roche, is one of the
few existing examples. Genentech has
been highly proﬁtable; its R&D programs have been among the most productive in the industry; and despite its
growth it has maintained an entrepreneurial and science-based culture.
A new priority for universities. A
shift in the mentality and policies of universities is needed. They should focus
primarily on maximizing their contributions to the scientiﬁc community, not
maximizing their licensing revenues
and equity returns.
Much of the debate about university
activity in the business of science has
focused on the impact of patents and
has asked the wrong question: Should
universities patent their discoveries?
The central issue is the extent to which
universities make available the knowledge embedded in their patents. They
should be much more cautious about
granting exclusive licenses to basic scientiﬁc discoveries and supporting the
creation of new ﬁrms. Putting the science into the hands of more explorers is
likely to accelerate the pace of advance.
“Open” licensing that makes an upstream discovery widely available on
reasonable economic terms works best
when the technologies in question are
broadly applicable tools, techniques, or
concepts with many potential (but uncertain) paths for development. The advance of biotechnology would have
been slowed considerably had recombinant DNA, monoclonal antibodies, and
other basic genetic-engineering techniques been exclusively licensed to a sin124

gle ﬁrm. Granting an exclusive license to
an existing ﬁrm is necessary when the
technology in question is speciﬁc and
further downstream in its development,
its value declines as access to it grows,
and certain complementary assets and
capabilities are needed to fully exploit it.
For example, a novel cancer therapy
might be more fully exploited if licensed
to an organization with experience in
both developing cancer drugs and designing and managing clinical trials. But
that ﬁrm would be less inclined to invest
in development if the therapy were also
licensed to competitors. Granting an exclusive license to a start-up makes sense
only when the technology is so radically
different that existing ﬁrms lack the capabilities essential to developing it. For
instance, it would probably make sense
to incubate a highly novel technique
such as tissue engineering inside a new
ﬁrm that could build the essential capabilities from scratch.
More cross-disciplinary academic
research. In commercial drug R&D, the
fragmentation of the knowledge base
into highly specialized niches is a major
barrier to integration. There is deep
knowledge within, say, chemistry and
genomics, but much less knowledge
about the connections between them.
This is partly because each academic discipline has its own focal problems, language, intellectual goals, theories, accepted methods, publication outlets,
and criteria for evaluating research.
Some of the difﬁculty may be in the
peer-review process that universities use
to award research grants. The process
does an excellent job of ensuring that
decisions are based on scientiﬁc merit,
but reviewers tend to award grants to
projects within their own disciplines.
To address this problem, some universities have in the past decade launched
interdisciplinary institutes to bring together scientists from biology, chemistry, mathematics, computer science,
physics, engineering, and medicine. The
Broad Institute, a research collaboration
involving faculty, professional staff, and
students from the academic and medical communities of Harvard and the
Massachusetts Institute of Technology,

is one example. Such collaborations are
a step in the right direction.
More translational research. As the
name implies, this kind of research
translates basic scientiﬁc ﬁndings and
concepts into speciﬁc product opportunities. It connects early basic research
with clinical testing, encompassing activities such as target identiﬁcation and
validation, in vitro and in vivo screening, and perhaps some early-stage
human clinical trials. Working to understand how stem cells divide and specialize is an example of basic scientiﬁc research. Developing hypotheses and
insights about using stem cells to treat
diabetes is an example of translational
research. Historically, the problem with
translational research has been that the
National Institutes of Health and other
government agencies that fund basic research view it as applied science, and
private venture capitalists view it as too
risky and too long-term. Moreover, to
undertake translational research requires investments in intellectual assets,
such as novel animal models, that may
be difﬁcult to commercialize or even
protect.
Translational research may be funded
in two ways. The ﬁrst is by extending
the reach of government funding further downstream. This is already starting to happen with the NIH Roadmap
for Medical Research, an initiative
launched by the agency’s director to
identify and address major opportunities and gaps in biomedical research.
The second is through more private
funding. The largest pharmaceutical
companies could increase their support for the translational research they
conduct on their own or in collaboration with universities. Novartis, for one,
has been pursuing both strategies. Venture philanthropies, too, hold promise.
These organizations tend to be privately funded, not-for-proﬁt entities that
focus on advancing treatments for speciﬁc diseases. Some examples are the
Bill & Melinda Gates Foundation (for
research on AIDS and infectious diseases in developing countries), the
Michael J. Fox Foundation for Parkinson’s Research, the Multiple Myeloma
harvard business review | hbr.org
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Research Foundation, and the Prostate
Cancer Foundation. These organizations approach funding and management much the way traditional forproﬁt venture capitalists do, with a
couple of big differences: They have
long time horizons, and their goal is to
make a therapeutic difference, not to return a proﬁt to limited partners within
three to ﬁve years.
•••
With such organizational forms and institutional arrangements, science can be
a business. Is it realistic to think that the
anatomy of biotech could change so radically? Yes, for two reasons. One is that
many of the elements I have listed already exist, even if they are still the exception, and their success will undoubtedly attract a following. The other is that
evolution is the norm in business.
Epochs of major technological innovation have been accompanied by transformational innovations in industry design. For example, the development of
the rail and telegraph systems, which required enormous investments and the
management of vast operational complexity, gave rise to the modern corporation, which separated ownership (shareholders) from management (salaried
professionals). Throughout the past century, the modern corporation has continued to evolve. Venture capital’s emergence in the United States in the latter
half of the twentieth century, for instance, helped produce entrepreneurial
organizations that played a crucial role
in semiconductors, software, computers,
and communications.
We can hope that biotech will similarly evolve and create a model for
emerging science-based businesses like
nanotechnology. After 30 years of experimentation, it is clear that biotech is
not just another high-tech industry. It
needs a distinctive anatomy – one that
will serve the demands of both science
and business. Only then can it deliver on
its promise to revolutionize drug R&D,
conquer the most intractable diseases,
and create vast economic wealth.
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From science to business
ESONN, 16 Sept 2016
Dr. Charles-Clemens Rüling
Professor of Organization Theory
Grenoble Ecole de Management

The workshop at a glance…

1. Understanding sources of competitive advantage
2. Understanding business models
3. Business model performance and change
=> Specificities of science-based business?

Prof. C. Rüling, Grenoble Ecole de
Managment
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Understanding sources of competitive
advantage

Why do firms make money?
Why do some firms make more money than others?

Prof. C. Rüling, Grenoble Ecole de
Managment
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Sources of competitive advantage?

Prof. C. Rüling, Grenoble Ecole de
Managment
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Sources of competitive advantage?

Sources of competitive advantage?

Source: Reuters

Prof. C. Rüling, Grenoble Ecole de
Managment
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Sources of competitive advantage?

Sources of competitive advantage?

Prof. C. Rüling, Grenoble Ecole de
Managment
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Sources of competitive advantage?

Value
network

Market
characteristics

Product
features

Firm-specific
resources

Dynamic
capabilities

Not just products (and technologies)…

Prof. C. Rüling, Grenoble Ecole de
Managment
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… but firms as activity systems

(Porter, 1996)

Understanding business models

Prof. C. Rüling, Grenoble Ecole de
Managment
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Growing interest in the concept…
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Number of hits on Google Scholar
(search term "business model")

35000
30000
25000
20000
15000
10000
5000
0
92-94

95-97

98-00

01-03

04-06

07-09

10-12

13-15

Year of publication

What is a business model?

"refers to the logic of the firm, the way it operates and how it
creates value for its stakeholders" (Casadesus-Masanell & Ricart,
2010: 195)
"[defines] the manner by which the enterprise delivers value to
customers, entices customers to pay for value, and converts
those payments to profit" (Teece, 2010: 172)
=> how do firms create and capture value?

Prof. C. Rüling, Grenoble Ecole de
Managment

8

ESONN 2016, Lecture "From science to
business"

16/09/2016

The most abstract conceptualization…

Value
sensing

Value
creation

Value
capture

(Teece, 2007)

The building block approach…

(Osterwalder & Pigneur, 2010)

Prof. C. Rüling, Grenoble Ecole de
Managment
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Modelling the drivers of revenues and cost (RCOV)

(Demil & Lecocq, 2010)

Moving beyond the firm: value chain configurations

(Schweizer, 2005)

Prof. C. Rüling, Grenoble Ecole de
Managment
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Business models as activity systems

Core logic of value creation ("motor")

(Casadesus-Masanell & Ricart, 2010)

Business models as activity systems

(Casadesus-Masanell & Ricart, 2010)

Prof. C. Rüling, Grenoble Ecole de
Managment
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Business models as abstract categories

(Baden-Fuller & Morgan, 2010: 160)

Business models as abstract cognitive devices

Customer sensing – who uses? who pays? single vs. multi-sided?
Customer engagement – role of the customer? standardization?
Monetization – when and how is money raised?
Value chain linkages – integration, hierarchy, or network

(Baden-Fuller & Mangematin, 2013)

Prof. C. Rüling, Grenoble Ecole de
Managment
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Elemental business model categories (the "zoo")

(http://www.businessmodelzoo.com)

Some business models…

Prof. C. Rüling, Grenoble Ecole de
Managment
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What about business models in research/science?

Successful ventures engage in business model discovery:
insights from a study on big data healthcare ventures

DragonBaby

Positioning
RainForest

Discovery

TechLust

Enacting

YetiMoon

(Jiang & Rüling, 2015)

Prof. C. Rüling, Grenoble Ecole de
Managment
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Digital business models: components and trajectories

Communities

Applications

Devices

Third parties

And what about nanotechnologies and
business models in nanoscience?

Prof. C. Rüling, Grenoble Ecole de
Managment
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Start-ups as business models? The biotech craze…
1970s – new "science business"
approach (Genentech)

1980s/1990s – collective
excitement

• Techno transfer through new
firm creation
• Funding by venture capital
and public equity
• Market for know-how,
allowing to sell IP in exchange
for funding

• Strong belief in R&D
advantage of small,
specialized biotech firms
close to science
• 4,000+ start-ups created in
the US over 30 years

2000s – rude awakening
• Profitless growth
• Lack of breakthrough in R&D
productivity

(Pisano, 2006)

Start-ups as business models? The biotech craze…

• Biotech: strong belief in the establishment of small
entrepreneurial, science-based businesses
• Very high investment (>300bn USD), but few
profitable firms, no startup R&D advantage over
large pharmaceuticals
• 3 core questions for any science-based businesses
TIMErisk
HORIZON
1. ManagingLONG-TERM
risk + rewarding
taking
2. Integrating knowledge
across domains
FRAGMENTATION/CLOSURE
3. Collective learning (organization and
"MURKY IP"
industry levels)
(Pisano, 2006)

What would have been needed: More vertical integration, fewer and deeper
collaborations, fewer independent biotech firms, universities focusing less on
licensing revenues, more cross-disciplinary and "translational" research…

Prof. C. Rüling, Grenoble Ecole de
Managment
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Nanotechnologies – a 2002 vision…

Nanotech business applications…

http://vtu.ac.in/nano-technology/

(Tsuzuki, 2009)

Prof. C. Rüling, Grenoble Ecole de
Managment
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The future of nanotechnologies seen from the business side…

– General purpose technologies => potential for convergence
and cross-industry solutions
– Expected transformations in nearly every aspect of life
– Very strong investment by incumbent firms
– Adoption of nano-product paradigms in existing industries, in
parallel with the creation of entirely new sectors (e.g.,
nanobiotechnologies)
– Knowledge transfer mainly by large firms (vs. biotech); SMEs =
specialized suppliers
– Nanotechnology will not develop into a scientific discipline of
its own; importance of scientific and technological diversity
Technovation, 32(3-4): Special
issue on nanotechnology (2012)
(Mangematin & Walsh, 2012)

A puzzle for business (and scientists)…

Prof. C. Rüling, Grenoble Ecole de
Managment

18

ESONN 2016, Lecture "From science to
business"

16/09/2016

Challenges for nanoscience start-ups

(Lubik & Garnsey, 2016: 395)

Framework for business model development in
science-based ventures

(Lubik & Garnsey, 2016: 398)

Prof. C. Rüling, Grenoble Ecole de
Managment
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