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Executive Summary

The unconventional hydrocarbon supply revolution has changed the oil and gas industry, and market participants are adapting 
as quickly as possible. These players would increase their chances of success if they applied key strategic management lessons 
learned from the technology revolution that is centered in Silicon Valley and that has been underway for over 40 years. The oil 
patch and Silicon Valley may seem disparate business environments, and until recently that would have been true. However, 
the unconventional supply revolution has created an economic ecosystem that is common to that in Silicon Valley in many 
important ways, particularly in what it takes to “win.”

Winning means creating more value for shareholders over both the short and long terms and requires companies to have 
sustainable competitive advantages. The prevailing theory of competitive advantage is based on a paradigm that firms achieve 
superior returns by leveraging “valuable, rare, inimitable, and non-substitutable” (VRIN) resources (e.g., bigger reservoirs, 
legacy relationships with resource owners, low-cost operators). This “resource-based” theory1 of the firm has provided insight 
to management regarding competitive advantage under certain conditions; however, in economic ecosystems characterized 
by rapid change, it has not been useful because of the fleeting longevity of competitive advantages. David Teece,2 in the 
seminal work,3 demonstrated that sustainable competitive advantage in rapidly changing economic conditions requires more 
than ownership of VRIN resources. Sustaining competitive advantage also requires capabilities that empower companies 
to continuously create, extend, upgrade, protect, and retain their VRIN resources. These “dynamic capabilities” confer upon 
companies an evolutionary fitness that allows them to rapidly adapt as economic conditions change. 

Silicon Valley is used as a proxy for the high-technology industries in which change is clearly fast paced because of a number 
of factors (e.g., innovation and manufacturing that are globally diverse and distributed among competitors of all scales). 
Within Silicon Valley, dynamic capabilities—as a means to capture sustainable competitive advantage—have been embraced 
by management teams, researchers, and consulting organizations. Key lessons from this experience have been developed 
to help companies take actions to identify the current state of their dynamic capabilities and then to commit resources to 
building additional dynamic capabilities so as to achieve competitive advantage. 

Literature summarizes4 that dynamic capabilities can be segmented into three clusters of capabilities that provide a firm 
the capacity to sense and shape opportunities and threats (“Sensing”), seize opportunities quickly and effectively (“Seizing”), 
and transform a firm’s VRIN resources to maintain competitive advantage (“Transforming”). A key to operationalizing these 
dynamic capabilities is to consciously define (and redefine) and build (and rebuild) the “micro-foundations” of each of these 
three segments of dynamic capabilities.

The economic ecosystem of the unconventional hydrocarbon resource development (URD) business is materially different 
from the conventional exploration and production (E&P) business. This difference is driven by the nature of the resource 
and the exploitation life cycle of that resource. In particular, the fact that development (i.e., drilling wells) never stops in URD 
provides for continuous seizing of opportunities, while the same is not true in E&P. The short history of URD demonstrates 
that management teams have taken advantage of these opportunities, and as a result the entire industry continues to evolve. 
The source of innovation in URD is broadly distributed among players of different sizes and scopes, another similarity to 

1   Examples include R. Rumelt, “Towards a strategic theory of the enterprise,” in R.B. Lamb (ed.), Competitive Strategic Management, Prentice-Hall: 
Englewood Cliffs, NJ (1984), 556–570; and R. Amit and P.H. Schoemaker, “Strategic assets and organization rent,” Strategic Management Journal 14(1)
(1993): 33–46.

2   David Teece is the founder and chair of BRG.

3   D.J. Teece, G. Pisano, and A. Shuen, “Dynamic capabilities and strategic management,” Strategic Management Journal 18(7) (1997): 509–533.

4   D.J. Teece, “Explicating dynamic capabilities: The nature and microfoundations of (sustainable) enterprise performance,” Strategic Management 
Journal 28(13) (2007): 1319–1350.
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Silicon Valley that URD shares but that E&P does not. URD is a fast-moving economic ecosystem, and winning requires the 
evolutionary fitness that dynamic capabilities provide.

The current state of dynamic capabilities depends on the unique path each firm has taken; however, this past is not 
deterministic for the future trajectory of a firm’s dynamic capabilities. Insights as to the most important micro-foundations 
for enterprises in URD (operators, service companies, investors, etc.) to focus on to improve their dynamic capabilities are 
revealed by reference to Silicon Valley. Examples to improve Sensing in URD include effective use of “predictive analytics” 
(use of “Big Data”), “open innovation,” and crowdsourcing. Quality decision making is a key element of Seizing in URD, 
and unfortunately the use of “stage-gate” processes and best practices helpful in E&P are hurting decision quality in URD. 
Alternative decision approaches should be adopted. A rich set of micro-foundations that support Transforming in URD exist, 
including knowledge management and IP protection. 

This paper briefly introduces the dynamic capability framework. The material difference between E&P and URD is then 
demonstrated by juxtaposing the life cycle of these two resources. Then discussed are specific micro-foundations that URD 
participants can focus on to achieve the greatest impact. Finally, this paper discusses the challenge (“ambidexterity”) industry 
participants face when choosing to compete in both E&P and URD, given that the route to competitive advantage is different.
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Introduction to Dynamic Capabilities

A full discussion of the theory and application of dynamic capabilities is beyond the scope of this paper, but the field is well 
documented.5 The goal of this section is to quickly establish the fundamentals and highlight important lessons from Silicon 
Valley, while hinting at those areas of focus most important for management teams involved with unconventional resource 
development (URD) that will be discussed in a following section. 

The research of competitive advantage necessarily focused on the heterogeneity of competing firms, because without 
this difference economic theory could lead to the zero-profit outcome of homogeneous firms competing in a perfectly 
competitive market. The “resource-based” theory of the firm became useful because it described firm heterogeneity and 
provided a practical basis for competitive advantage. The theory posits that firms are unique collections of assets (tangible 
and intangible) and capabilities (collectively “resources”) that imbue a firm with some level of efficiency and effectiveness. 
Those firms whose resources lead to higher efficiency and/or effectiveness have a competitive advantage and will reap a 
higher return. A theoretical challenge is that firms with lesser performance could simply acquire the advantaged resources. 
The response to this challenge is that only those resources that are valuable (lead to increased efficiency/effectiveness), rare, 
inimitable (can’t be copied), and non-substitutable (another resource can produce the same outcome) can lead to competitive 
advantage. These are referred to as VRIN resources. 

This paradigm (VRIN resources leads to competitive advantage) has long been used in practice in the conventional exploration 
and production (E&P) industry. It is our expectation that it will continue to be used, because experience indicates that 
it works. For example, some firms have legacy relationships with important resource owners that provide more effective 
resource acquisition. Understanding that resource acquisition is a competitive advantage leads these firms to strategies that 
exploit this sustainable competitive advantage and thereby achieve advantaged returns. While some theoretical literature 
suggests that “best practices” do not lead to competitive advantage because these practices can be bought or learned, there 
are limited examples where the opposite has been true in E&P. The best practice of “lean manufacturing” is a good example. 
This is a widely known best practice, but as hard as many companies try they simple cannot achieve the “low-cost producer” 
status of other firms. Likewise, using a stage-gate process to build decision quality into mega-projects is a well-known (and 
widely adopted) best practice, but few firms gain competitive advantage by adopting this approach. A useful concept is that 
VRIN resources provide a firm “technical fitness” or the ability to “do things right.” 

However, the usefulness of the VRIN paradigm in rapidly changing environments is limited. The resource-based theory is 
essentially static and says nothing about how a firm builds VRIN resources, much less how these are refreshed. The dynamic 
capability framework has flourished in these rapidly changing environments, or what are called “high-velocity industries.”6 
The four criteria for a high-velocity industry are:

• Full exposure, including the managerial flexibility to respond, to the opportunities and threats of technological change.

• Technological change is systemic in that multiple inventions must be combined to create valuable solutions.

• The market for the exchange of component goods and services is well developed.

• The market for exchanging intangible assets and capabilities (e.g., managerial and technological know-how) is not well 
developed.

5   See footnotes 3 and 4. For additional background, see M. Zollo and S.G. Winter, “Deliberate learning and the evolution of dynamic capabilities,” 
Organization Science 13 (2002): 339–351; and K.M. Eisenhardt and J. Martin, “Dynamic capabilities: What are they?” Strategic Management Journal 
21(10–11) (2000): 1105–1121.

6   The original term is actually “high-velocity market”; however, the market for commodities is very different, and the authors have chosen the term 
“high-velocity industry” to be more inclusive.
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As discussed below, the URD industry meets these criteria, while conventional E&P is not a good fit.

Dynamic capabilities in general allow firms to win in these environments by ensuring these companies adapt rapidly as the 
environment change. They thus imbue firms with an “evolutionary fitness” that ensures that companies are “doing the right 
things.” This contrasts with the “technical fitness” that VRIN resources provide by ensuring companies are “doing things 
right.” It’s useful to acknowledge at this juncture that “doing things right” is still important in rapidly changing environments 
like URD, just as “doing the right things” is important in conventional markets like E&P. However, our focus is on what 
creates winners, and the theory and practice is that in high-velocity industries, it is more important to devote management 
“bandwidth” towards dynamic capabilities and ensuring a firm is doing the right things. Apple is the exemplar: its products 
rarely are held to be the most technical ( fastest, most efficient, etc.), but its ability to adapt and bring the right product to 
market at the right time (iPod, iTunes, iPhone 1 through 6, iPad) has allowed it to become the most valuable publicly traded 
company in the world. 

The general concept of dynamic capabilities is intuitive, and segmentation into the following clusters of dynamic capabilities 
facilitates making the framework actionable:

• Sensing and shaping opportunities and threats

• Seizing opportunities effectively and efficiently

• Transforming the firms resources (especially intangible) to achieve congruence with the new set of opportunities

Sensing

Technology, the action of competitors, and the desires and tradeoffs of key stakeholders (e.g., customers, regulators) are 
constantly changing in high-velocity industries. The nature of this change may be somewhat predictable. For example, “Moore’s 
Law” (miniaturization) has been active for decades.7 In other markets, the trajectory of change is more uncertain. The cluster 
of capabilities involved in Sensing provides firms information and insight about the current state and likely trajectory of 
important drivers of the economic ecosystem. Sensing is not limited to passive monitoring but encompasses proactive steps 
that may be internally focused (research and development) and externally focused (influencing suppliers or collaborating 
with universities). Nor is Sensing simply data gathering; rather, the discovery and synthesis of new opportunities (or threats) 
is a creative process that requires a high level of entrepreneurship. 

FIGURE 1. MICRO-FOUNDATIONS OF SENSING

     

7   An equivalent to Moore’s Law is seen in URD, as discussed later.

SENSING
Strategic Entrepreneurship: Filter, synthesize, and 

articulate specific opportunities and threats

Direct and learn from 
internal participants: 

R&D; existing employee knowledge 
and social networks, BoD 
experience and breadth of 

perspective, etc.

Learn from and shape 
external participants: 
science and technology 
enterprises; suppliers, 

complementors, customers and 
other stake holders

Learn from data: 
capture, verify, structure 

(Big Data) and gain insights 
on future (Predictive Analytics)
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Micro-foundations are processes, systems, and organizational structures that support high-level dynamic capabilities. The 
key micro-foundations of Sensing are shown in Figure 1. The micro-foundation referred to as “strategic entrepreneurship” is 
meant to represent the processes and systems most likely done by the top-management team, while the remaining micro-
foundations are more broadly spread throughout the enterprise.

Applications of the micro-foundations to URD are discussed below; however, to facilitate that discussion, it is useful to 
highlight recent trends observed in Silicon Valley regarding Sensing. The first is how data is both perceived and utilized. 
Many of these advancements fall under the title of “Big Data.” An important high-level concept is that data has value in and 
of itself, not solely as input to either quantitative or conceptual models. Rather, the data itself can reveal new insights about 
not only what has happened (and why) but also what will happen. “Predictive analytics” can provide significant insights and 
reveal new opportunities, and clearly it is helping some firms gain competitive advantage.8  

Another critical trend observed in Silicon Valley, consistent generally with the dynamic capability framework and 
particularly with Sensing, is the “open innovation” concept. This summarizes how companies in fast-moving environments 
must exploit both the outside/in movement of ideas and opportunities by overcoming NIH (not-invented-here) bias and 
the inside/out movement of opportunities that no longer fit with a firm’s evolving business model. A specific example that 
is currently differentiating firm performance is the use of “crowdsourcing” of data, information, insights, and opportunities, 
particularly through the various modes of social media.

Seizing

Seizing opportunities requires making decisions about which opportunities to pursue (e.g., new product or service) and how 
(e.g., product/service attributes or technology employed) and when to pursue these opportunities. Critically important is to 
decide whether the existing business model is appropriate for the chosen set of opportunities or whether another business 
model needs to be chosen or created. Key to a business model is the design of the “boundaries” of the enterprise (what the 
firm does versus what complementors do). That includes designing the work processes at the boundary interface. 

Making these investment decisions is hard for long-known reasons and for reasons specific to high-velocity industries. 
Overcoming well-documented cognitive and motivational biases9 is critical. The nature of opportunities in high-velocity 
industries can frequently be radically different and require abandoning existing businesses and accepted work processes. 
In these conditions, the intensity of motivational biases can be extreme, and traditional hierarchies tend to exacerbate the 
challenges. Including the value of “co-specialization” (where the combined value of multiple investments is much greater 
than the aggregated value of these investments as stand-alone opportunities) in these decisions is a challenge particularly 
important in high-velocity industries. This challenge becomes more daunting given that some investments may be outside 
the control (but not influence) of the company because they are made by complementors. The ability of firms to make 
quality decisions under these challenging conditions clearly isn’t homogeneous among all firms and can be a real source of 
competitive advantage.

8   R.E. Silverman and N. Waller, “The algorithm that tells the boss who might quit,” Wall Street Journal (March 13, 2015).

9  D. Kahneman and D. Lovallo, “Timid choices and bold forecasts: a cognitive perspective on risk taking,” Management Science 39(1) (1993): 17–31. D. 
Kahneman and A. Tversky, “Prospect theory: an analysis of decisions under risk,” Econometrica 47(2) (1979): 263–291.
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FIGURE 2. MICRO-FOUNDATIONS OF SEIZING

Another challenge to Seizing generally, and a key lesson from Silicon Valley for URD, is the need to galvanize complementors 
and other stakeholders to commit to act in ways that support the firm’s vision so that the value of co-specialization can be 
captured. Part of this involves doing a great job at defining the firm’s boundaries in the business model design. However, it goes 
beyond that. For example, embracing an indifferent view on outsourcing is extremely challenging but necessary. High-tech 
products are often systems made up of components sourced from multiple companies but that all rest on a common platform 
managed by still another party. Embracing that the participants in this symbiotic system may be from multiple countries with 
differing business and cultural norms is particularly important. The “open innovation” approach discussed above has proven 
useful and differentiates Silicon Valley from other markets. The means or tools to align the broad stakeholder cohort have 
rapidly evolved in Silicon Valley, and URD players have much to learn from these steps; however, it should be recognized that 
aligning others to a vision is the essential task of leadership.

Overcoming the challenges to decision quality, designing product/services and business models, and galvanizing 
complementors and other stakeholders to commit their resources in support of a common vision requires “strategic decision 
leadership” because the nature of change will frequently be large and require substantial changes to the status quo. Seizing 
these types of opportunities requires embracing the notion that the errors of omission (not doing the right things) are likely to 
be greater than the errors of commission (doing things wrong) in fast-changing environments. Without strategic leadership, 
Seizing in high-velocity industries will not succeed.

Figure 2 summarizes the micro-foundations of Seizing. Strategic leadership is mainly a role for the top management team, 
while the remaining micro-foundations are more broadly distributed across the enterprise.

SEIZING
Strategic Leadership: Embed Culture that shares vision, recognizes 

errors of omission; incentivizes change, encourages risk taking

Business Model Design: 
selecting technology and define 
product; design revenue model; 
select target customers; design 

value capture mode; define 
enterprise boundaries and 

interactions

Decision Quality: 
create real choice; minimize 
cognitive and motivational 

biases; capture the value of 
cospecialization, optionality and 

irreversibility in decisions

Stakeholder Alignment: 
align complementors, facilitators 

and blockers, “guide” product 
platforms, identify and “control” 

bottleneck assets



PLAY TO WIN

WHITE PAPER BERKELEY RESEARCH GROUP

7

Transforming

FIGURE 3. MICRO-FOUNDATIONS OF TRANSFORMING

Sustaining competitive advantage requires changing the firm’s assets (tangible and intangible) and organizational structures 
and processes. This is hard. Cannibalization of tangible assets is probably the easiest to accomplish, because there will likely 
be a market to facilitate this change, but even this step is challenging because cannibalizing assets will always meet internal 
resistance. Reconfiguring and recombining intangible assets and processes are nothing less than changing “the way we do 
things around here.” This is particularly complicated when these hard-to-replicate “routines” have provided value in the 
past but are no longer aligned with the fast-changing market. A lesson from Silicon Valley is the need for “organizational 
balance,” which refers to achieving the appropriate balance between centralization to capture economies of scale and ease of 
knowledge transfer and decentralization to bring executives closer to the “coal face” (i.e., customers, technology development, 
etc.). Achieving this balance is all the harder because conditions are rapidly changing in technology-dominated businesses.

Establishing organization balance is primarily a management team role; however, Transforming also requires that the 
broader base of participants are motivated to let go of the familiar “way of doing things” and accept more risky and uncertain 
routines. Research suggests that employees will embrace changes better if they have the ability and opportunity to contribute 
to decisions about reconfiguring routines via quality communications and consultation with management. A necessary 
antecedent to quality communications is the quality and intimacy of relationships with management. This need for intimacy 
is an important consideration in organizational balance. Successful motivation of change across the organization also requires 
that incentives be tailored to embrace innovations and that decision rights and policies minimize well-known agency issues. 
Intangible assets (e.g., IP) in high-velocity industries are mostly likely to be the source of competitive advantage. Thus, growing 
(e.g., learning), sharing (e.g., knowledge transfer), and protecting (e.g., patents) knowledge is critical to success. Knowledge 
management encompasses these activities and includes managing and monetizing data as appropriate. 

Another lesson from Silicon Valley that is salient for URD is that it is common for firms new to high-velocity industries to fail 
in aggressively protecting their IP and to lose substantial competitive advantage as a result. Protecting IP in businesses with 
significant collaboration to capture co-specialization value is a unique challenge, and URD participants could learn from the 
failures and the successes experienced in Silicon Valley. 

Capturing co-specialization value by ensuring external stakeholders remain committed to plans and continue to innovate 
in ways that are mutually beneficial is important to Transforming. The Silicon Valley experience that is important to URD 
players is that this is much more entrepreneurial than transactional (i.e., “deal-making”) in nature. It is about forging new 
relationships, discovering new value propositions, and constantly aligning external stakeholders to the firm’s vision.

TRANSFORMING
Transformational Leadership: Configure, reconfigure, and deploy firm resources and coordinate, 

facilitate, and motivate behaviors of internal and external individuals and organizations

Knowledge Management: 
operational learning; knowledge 

transfer across firm and 
complementors, integration; IP 

protection and monetization

HR Management for Innovation: 
“organizational balance” 

appropriate incentives, minimize 
agency issues; invest to empower 
employees and build intimacy of 

inter-firm relationships

Stakeholder Management: 
complementor coordination, 

guidance of total platform 
performance, maintenance of 

competitive barriers, mitigation of 
stakeholders blocking
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Figure 3 summarizes the micro-foundations of Transforming. The micro-foundation “HR Management for Innovation” 
captures both the organizational balance activities and the issues of motivating employees to accept and drive innovation. 
Transformational leadership is mainly an activity of the top management team, while the other micro-foundations will include 
broader participation across the firm.

Summary

Figure 4 shows the relationship of the micro-foundations to the key clusters of dynamic capabilities, and how these dynamic 
capabilities lead to competitive advantage that in turn supports the ultimate strategic management goal of advantaged 
returns. The arrows between Sensing and Seizing, between Seizing and Transforming, and between Transforming and Sensing 
are meant to indicate that this is a virtuous cycle of continuous innovation in rapidly changing markets. This innovation 
includes not only new products and services but also innovations into how a company will Sense/Seize/Transform (indicated 
by the input arrows to the micro-foundations). 

FIGURE 4. SUMMARY OF DYNAMIC CAPABILITIES

What Is so Unconventional about Unconventional Oil and Gas?

The history of the unconventional supply revolution is well documented10 and, like most overnight successes, was decades 
in the making. Defining unconventional supply is a bit tricky, since the name is a definition of what it is not; namely, 
unconventional is supply that is not conventional. This is not precise, but neither is “high-tech.” High-tech certainly means 
more than that which is not “low-tech.” The industry norm, and that used here, is to define unconventional supply by the type 
of resource and the means of exploitation. Unconventional resources include hydrocarbons that are hard to extract because 
the rock in which they are found does not allow the fluids to flow easily, and as a result requires novel extraction methods; 
namely, the combination of horizontal wells and multi-stage hydraulic fracturing. This includes shale gas and shale oil (also 
known as tight light oil) and CBM (coal bed methane). Shale and CBM resources are distinctive in that the hydrocarbons are 
mostly contained within their original source rock. However, unconventional resources also include “tight-gas” resources that 
share the difficulties with, and solutions to, production, but for which the gas has migrated from the source rock. 

10  U.S. Department of Energy, Office of Fossil Fuels, “Natural gas from shale: Questions and answers” (April 2013).
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Another class of resources that are not uniformly defined as unconventional but that will benefit from adopting the dynamic 
capability framework are oil sands produced via SAGD (steam-assisted gravity drainage) and heavy oil resources produced 
via steamflooding.

The flow properties and means of exploitation differ for unconventional resources, but from a high level much remains the 
same as conventional resources. The products produced (e.g., crude) are materially the same and are exposed to the same 
commodity-market prices. Procuring the rights to exploit the resources is not substantially different; nor is the means of 
contracting service companies to execute much of the development activity (e.g., drilling a well).

Conventional E&P Life Cycle

To demonstrate the key differences between E&P and URD, we juxtapose the typical life cycle of these two resources. We 
will use the life cycle of a deepwater play as a proxy for all conventional resources. The life cycle begins with the exploration 
process. Exploration begins with earth scientists predicting the likely location of accumulations of recoverable hydrocarbons 
by using existing information (e.g., past drilling results, historical production and seismic information) as input into “physics-
based” earth science models that are both qualitative (basin modeling) and quantitative (seismic inversion modeling).11 

This modeling stage of exploration for conventional resources can take several years and tens of millions of dollars. During 
this time, companies will capture the rights to complete the exploration phase (and develop, if successful). Completion of 
exploration requires drilling, because while the uncertainty of the resource (quantum and quality) will have been reduced 
through the exploration-modeling phase, it is still significant. Currently, the success rate of global exploration drilling in deep 
water is about 40 percent,12 which may not sound bad when compared to Major League Baseball batting averages, but this 
is the “technical success factor,” meaning that hydrocarbons are found to be present. Technical success factors are the moral 
equivalent of making contact in baseball, including foul balls. The success factor falls to about 25 percent when an economic 
criterion is added. This is the “real” batting average of exploration drilling. Deepwater exploration wells can cost over $200 
million, so a one-in-four chance of success clearly is a high-risk endeavor. 

Exploration outcomes, particularly positive ones, provide a large step-change reduction in the level of uncertainty on how 
the resource will ultimately perform13 as a business opportunity. A demonstration of this is that the batting average for 
development wells (not projects) is above 80 percent.14 The vast majority of learning during exploration is internal to the 
resource and highly proprietary to the partners developing the resource. The step-change nature of learning, or equivalently 
the step-change reduction in uncertainty, based on exploration results is important because unconventional resources 
demonstrate a very different learning pattern.

Successful exploration is followed by a stage-gate “development” phase15 that is management’s approach (or adaption) to seize 
the opportunities created by this the step-change in learning. Development follows a fixed stage-gate approach,16 during which 
management makes decisions on whether and how to develop a discovered resource. Learning about both the reservoir (e.g., 
if delineation wells are drilled) and the characteristics (type and costs) of the project (wells and facilities) occurs as designs 
are finalized. Importantly, management’s flexibility is drastically reduced as design decisions are made. As in exploration, 

11  The importance of the relationship between the data as input to physics-based models is key to alternative “data-analytics” approaches that need 
to be used in unconventional resources.

12  K. Nelson et al., “Deepwater operators look to new frontiers,” Offshore (May 2013).

13  Performance has many metrics, but here we assume economic performance.

14  Nelson et al. (2013).

15  For simplicity, we assumed that delineation (additional drilling to further define the resource) is part of the development process.

16  Gardner Walkup and J. Robert Ligon, “The good, the bad, and the ugly of the stage-gate project management process in the oil and gas industry,” 
SPE 102926, 2006 SPE Annual Technical Conference and Exhibition (September 2006).



WHITE PAPER

PLAY TO WIN

BERKELEY RESEARCH GROUP

10

predictions are primarily developed by using available data as input into physics-based models. The project design is finalized 
and codified at the FID ( final investment decision). The last stage of the development phase involves the actual building of 
facilities and drilling of production wells.

The significant learning that occurs during exploration and development does not mean significant uncertainty doesn’t 
remain, as demonstrated by the fact that projects over the last 15 years have, on average, returned only about 60 percent of 
the value creation assessed at project sanction17 (i.e., at FID).

FIGURE 5. LIFECYCLE OF CONVENTIONAL E&P

The “production” phase follows development and can last decades. Significant learning (idiosyncratic to the specific resource 
and exogenous to the company about new technology) occurs during production; however, the limited flexibility that remains 
to management to seize upon new opportunities during production in conventional resources is diminishingly small when 
compared to that available to management in unconventional resources, as discussed below. Opportunities during production 
do exist for conventional resources but are focused on best practices to reduce operating costs or limited capital projects 
(compared to initial capital investments) to extend project lifespan.18

Figure 5 summarizes the interplay between learning and management’s ability to seize upon new opportunities in conventional 
E&P. Management’s ability to respond, and thereby create value, to learning is extremely front-loaded. Capital expenditures 
are a direct consequence of these management decisions and are likewise front-loaded. Learning is very episodic until 
production, by which point little managerial flexibility remains. The life cycle really isn’t much of a cycle; rather, it is a linear 
process of explore, develop, and produce—or what is traditionally referred to as E&P. 

Exploration can cost hundreds of millions of dollars, and development can cost tens of billions of dollars. Extreme levels of 
uncertainty exist in these investments. The combination of cost and risk easily justifies application of world-class technology 
and the development of new technologies (mostly exogenous). The distinction between unconventional and conventional 

17  Neeraj Nandurdikar, “Wanted: A new type of business leader to fix E&P asset developments,” Journal of Petroleum Technology (October 2014).

18  The limited flexibility during production is extreme for a deepwater project. Onshore projects have more flexibility, including enhanced-oil 
recovery (EOR). Many EOR projects will benefit from the unconventional success factors, but this discussion is beyond the scope of this paper.
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businesses is not only that unconventional businesses employ technology, but also, as discussed below, how innovation 
coupled with the learning and adaption characteristics of unconventional resources provide management an ability to 
continuously seize upon new opportunities to improve unconventional resource performance. 

Unconventional Life Cycle

Unconventional resources have a very different life cycle of learning and seizing than conventional E&P, and this is why 
different routes to competitive advantage and winning are needed. Shale plays are used in the discussion below as the proxy 
for all unconventional resources. 

The distribution of existing shale plays has been known for decades, because these are the source rocks of many conventional 
plays. This is true in North America and in places like Australia, Argentina, and China, where the most promising shale 
plays exist. Exploration, in the conventional sense, doesn’t apply for these unconventional resources. The challenge isn’t 
“discovering” these resources; it has always been finding ways to produce these immense resources economically. We now 
have enough experience utilizing horizontal wells with multi-stage hydraulic fractures to be able to filter shale plays that 
will likely not be good candidates. Thus, the initial phase (Figure 6) isn’t exploration but a screening process to ensure that 
the rocks are possible candidates by evaluating criteria (e.g., the brittleness of the rock to ensure hydraulic fracturing has a 
possibility of working, and the organic content of the resource to indicate economic volumes will be recovered if fracturing 
is successful). Many shale plays pass this filtering process, and so the step-change in uncertainty seen in the initial stage of 
conventional plays is not seen in the initial stage of an unconventional resource.

FIGURE 6. UNCONVENTIONAL RESOURCE LIFE CYCLE

The second phase in an unconventional resource is called many things but is essentially a feasibility pilot designed to identify 
a drilling and completion design that makes development feasible, but that is not optimal. Many market participants have 
attempted to use the time-honored approach developed for conventional plays of using available information as input into 
physics-based predictive models to identify drilling/completion designs that should work, and then testing those. But the 
majority of successful companies have taken an empirical approach, tested a number of possible solutions, and then simply 
followed where the data of these experiments led. Some companies have taken this data-focused approach further and have 
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used predictive-analytic approaches (commonly used in high-tech/IT industries) to identify improved drilling/completion 
designs. Experimental design tools have also been employed to improve the efficiency of the learning. This feasibility pilot 
is not a linear process but rather one that follows a common idea/design/test/learn/idea cycle. Learning is a combination 
of evolutionary and breakthrough learning, and managerial flexibility to seize new opportunities is not reduced through this 
learning. The learning isn’t all internal, either; rather, the experiences of other operators, service companies, and research 
groups are all sources of new and innovative technologies that create opportunities for further experimentation.

The end of the feasibility pilot is difficult to define, because the next phase of “development” follows the same learning cycle 
as that observed in the pilot. The differentiation between these two phases is simply the scale of competitive activity. Only a 
few companies (drilling hundreds of wells) typically participate in the pilot of a play; however, during “development,” dozens 
of operating companies can be drilling thousands of wells. 

The development phase of an unconventional field continues for as long as production does. Unconventional wells decline 
rapidly.19 Thus, drilling never stops in unconventional plays and, consequently, neither does the experimental, date-driven 
learning. Management’s ability to seize upon new opportunities (including new drilling and completions designs) that arise 
from this learning is not reduced as it is for conventional learning. Learning followed by adaption is fast and continuous 
throughout the entire life cycle of unconventional plays.

FIGURE 7. SAMPLE MANUFACTURING LEARNING FACTORS | SOURCE: NASA, BRG ANALYSIS

Percent increase (IP/section or EUR) or percent decrease (drilling days) 
in cumulative average for every doubling in number of wells 

The result of this dynamic business environment is that successful unconventional plays demonstrate strong “manufacturing 
learning curves.”20 For example, the days to drill a well of given design will drastically fall over time, and the initial production 

19  A rule of thumb is that unconventional wells will produce half of what they will ever produce in 18 months, with the remaining production occurring 
over 20 years or more.

20  R. Chamberlain and G.W. Walkup, “The unconventional revolution – We are just beginning the journey,” Oil and Gas Monitor (August 2014).
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rates per length of lateral section will drastically increase over time. In our practice, we have examined the manufacturing 
learning curves of many plays, and this data reveals that the manufacturing curves in unconventional fields are very similar to 
those found in other manufacturing industries (Figure 7)21. The famous Wright learning curve22 has been used for over 50 years 
in a number of industries to both describe these historical learning curves and predict future performance. The cumulative 
form of the Wright learning curve is parameterized by a single parameter that defines the percentage improvement to the 
cumulative average value (e.g., days to drill) that occurs each time the cumulative number of units (e.g., number of wells) 
doubles. Figure 7 demonstrates that many industries demonstrate a learning factor between 5 percent and 15 percent and 
that unconventional plays are no different. The equivalent of Moore’s Law in URD is the “Learning law” that states that the 
constant-commodity price return of unconventional wells will improve by 10 percent every time the number of wells doubles 
in a particular play.23

This type of learning suggests that improvement (to cumulative average values) seen from well 100 to well 200 is the same 
improvement that will be seen from well 1000 to well 2000. The learning is geometric; however, given that many resources 
will see more than 20,000 wells drilled, this manufacturing learning is critical. In fact, in our practice we have identified the 
uncertainty in the learning factor as the single biggest driver of economic success. This means those companies that have 
the capability to sense opportunities to drive the learning curves, the capability to seize upon these opportunities quickly, 
and finally the capability to transform their routines and asset position continuously will achieve a sustainable competitive 
advantage and capture higher returns.

In summary, the “exploration and production” paradigm of conventional resources does not apply to unconventional 
resources; rather, a “design and manufacture” (D&M) is a better description of the unconventional business. The difference 
between these two paradigms is profound and driven by the rapidly changing business environment (high-velocity industry) of 
unconventional resource plays that create new opportunities, as well as management’s ability to continuously seize on these 
opportunities. The URD economic ecosystems qualifies as a high-velocity industry, and the dynamic capabilities embraced by 
many in Silicon Valley to achieve sustainable competitive advantages and produce sustainable outsized returns can likewise 
help URD market participants’ insights on how to win. Specific examples are discussed in the next section.

Dynamic Capabilities in URD: Getting Started

There is no cookbook to exploit the dynamic capabilities framework. If there were, these resources would not meet the VRIN 
attributes necessary to lead to competitive advantage. Much depends on the legacy of each firm and its existing resources 
(tangible and intangible). However, it is possible to build dynamic capabilities, and there are a number of case studies of firms 
doing so. 

The initial requirement to build competitive advantage from dynamic capabilities is for companies to fully embrace that 
achieving sustainable competitive advantage is in fact necessary to achieve superior returns over the short and long terms. 
Participants in fast-changing environments will take this as a given; however, the same is not true in all industries. Many 
energy companies (i.e., utilities, E&P, pipelines, etc.) believe that ensuring returns exceed the cost of capital is all that is 
necessary for long-term success.

Economists will undoubtedly struggle with this, because in perfect markets this state of play would lead to a zero-profit outcome. 
However, these conventional E&P players operate under conditions that change slowly and are neither perfect nor frictionless. 
Competitive advantage is needed for long-term excess returns in URD, because the economic ecosystem changes so rapidly.

21  D.M. Delionback, “Guidelines for Application of Learning/Cost improvement Curves” NASA-64968, October 1975.

22  T.P. Wright, “Factors affecting the cost of airplanes,” Journal of Aeronautical Sciences 3(4) (1936): 122–128.

23  The 10 percent learning curve is for the “winning” companies or those with sustainable competitive advantage.
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TABLE 1. EXAMPLE RECOMMENDATIONS

Embracing the need to compete and win is the first step. Focusing on how is the second. The discussion above on the 
basics of dynamic capabilities provides some important clues. The example recommendations in Table 1 are based on the 
authors’ experience working in URD since 1996 on over 30 unconventional plays in six countries, as well as our firm’s unique 
dynamic capabilities legacy.24 A full discussion of the recommendations in Table 1 is beyond the scope of this paper; however, 
the discussion below presents some key actions URD participants can take to begin the process of capturing competitive 
advantage by embracing the dynamic capabilities framework. 

Sense

Learning is the key to success in URD, as demonstrated by the learning curves discussed above. This learning has been the 
result of creative and intuitive experimentation and has led to rates of learning similar to other design and manufacturing 
industries. Yet with all this learning, 25 percent of wells drilled will never produce and up to 50 percent of wells will be 
uneconomic. Recovery can average as low as 6 percent in shale oil resources and only 12 percent in shale gas. The opportunities 
for additional URD learning are huge.

To accelerate this learning, URD players can build on work done in other high-velocity industries that exploit a range of 
tools referred to as “Big Data” that exploit that the cost of acquiring, storing, and processing data has dropped by orders of 
magnitude because of cloud computing and other advances. A starting point is to recognize that the unprecedented wealth 
of data URD provides value in and of itself. The oil and gas industry is a leader in collection of large quantities of data (e.g., 
seismic); however, for the most part this data has only been valued as input to physics-based models. This view of data is and 
will continue to be important, but other industries have embraced that this data has intrinsic value that must be managed in 

24  See footnote 2.

Dynamic 
Capability Micro-foundation Example Recommendations for URD Participants

SENSE

External Shaping 
and Learning

Use social media and crowdsourcing to better monitor changing preferences of 
landowners, NGOs, municipalities.

Internal Directing 
and Learning

Operators should increase proprietary R&D and should not rely only on service companies 
for technology development. Develop Innovation Council that includes participants from 
outside firm.

Data Learning and 
Predictive Analytics

Develop “data strategy” and target two to three “learning curves” to drive via Predictive 
Analytics. Investigate data monetization options.

SEIZE

Decision Quality
and Leadership

Do not use stage-gate project management processes for URD. Develop “program 
decision quality” process. Invest in alternative valuation methods.

Business Model 
Design

Select service companies should change revenue model or own resources directly. “Lean 
startup” approaches should be applied to significantly new completion concepts, new/
step-out plays, or new service offerings.

Stakeholder 
Alignment

Adopt “open innovation” protocols to replace existing JOAs with partners or service 
agreements with service companies.

TRANSFORM

HR Management 
for Innovation 

Develop “consultation” routines across organization. Focus incentives on innovation 
outcomes (e.g., product/service and work process innovations).

Knowledge 
Management 

IP “leakage” actively managed. IP actively monetized. Use of social media tools to 
increase integration of new routines and technology.

Stakeholder 
Management

Adopt “key account management” techniques towards all stakeholders and have direct 
roles for senior management. 
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pursuit of a clear, compelling, and well-communicated “data strategy.” Predictive analytics is a powerful way to learn from the 
data directly; in the case of URD, this would include identifying ways to reduce logistics costs, cut drilling time, and improve 
completions to achieve higher initial rates and recoveries and other drivers of value. The use of advanced “experimental 
design” methods common in the life science and consumer market industries has the potential to improve on the current 
intuitive experimental approaches. 

Seize

The concept that making quality decisions is critical is not new; however, decision quality in high-velocity industries is 
particularly challenging because of the pace and magnitude of change that may be required. The challenge of overcoming the 
motivational biases associated with changing business models is compounded by the technical challenges (and associated 
cognitive biases) of URD. The good news is that the concepts of decision quality have been disseminated broadly across the oil 
and gas industry; the bad news is that the E&P industry-standard approach to implementing these concepts (the “Stage-Gate 
Project Management Process”)25 is inappropriate for URD. Unfortunately, many URD participants are using this stage-gate 
process and destroying value as a result.

The stage-gate process is based on decision-quality concepts, and decision quality is the stated goal of this approach. However, 
it is critical to recognize that the stage-gate process is the implementation of decision quality for a specific purpose—namely, 
major “projects.” In E&P, projects can come in many forms. For example, drilling a well can be a project, and there are stage-
gate processes for drilling wells. The most common implementation of the stage-gate process is for the development of 
a discovered reservoir like a deepwater play. The nature of learning and managerial flexibility for these E&P projects was 
discussed above and summarized in Figure 5. Critically, the stage-gate process was designed understanding that changes 
post-FID must be minimized, and thus the value of the process is to ensure a high level of technical fitness (“doing things 
right”). 

The nature of learning and managerial flexibility of URD is profoundly different, as discussed above and summarized in Figure 
6. The learning and managerial flexibility to adapt and evolve that occurs during development is the essential feature that any 
decision-quality approach must support. The development of an unconventional play is not the development of a “project,” 
and project stage-gate decision approaches will result in uncompetitive performance because these approaches do not lead 
to the “evolutionary fitness” needed to win in URD.

Decision approaches that support evolutionary fitness, or what we call adaptive decision quality, have been developing in 
areas like software development and are based on the idea that designs of products or services must constantly be improved. 
A complete description of how these processes, called Agile Program Management (APM), can be adapted to URD to ensure 
adaptive decision quality is beyond the scope of this paper; however, some foundational concepts are critical to summarize. 
Firstly, the APM approach transforms the linear stage-gate process into a cycle and expands on the needed input from a 
broader stakeholder group. Additionally, the E&P practice to define the “project” to include all elements of the design that is 
managed by one centralized integrated (multidisciplinary) project team, what is called the “IPT” in the industry, is replaced 
by a more decentralized orchestration of teams working on different elements of the solution (e.g., logistics). We refer to 
each element as a project and the collection of projects as the program. Critically, each cycle of the decision process for the 
program does not require a new generation of design from each project team. This allows the decision process to respond to 
the speed of innovation and not force innovation to be set by the decision process. Thus, APM allows solutions to be iteratively 
defined and outcomes incrementally delivered. The need to respond to the speed of innovation and decentralization means 
that decision leadership (usually the role of top management) to ensure the orchestration of the more independent parts is 
significantly more important in APM than in the conventional stage-gate approach. 

25  Walkup and Ligon (September 2006).
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Transform

Development of unconventional resources never stops; wells and associated infrastructure must constantly be renewed. 
This provides significant benefits to management by allowing product designs and work processes to be regularly improved; 
however, this development intensity will impact external stakeholders for a much longer period of time. This stakeholder group 
includes local landowners with competing land uses, local communities impacted by increased traffic, and municipalities 
impacted by high numbers of a non-resident workforce. This opinions and preferences of this broad stakeholder cohort are 
critically important to URD participants, and these preferences and opinions will change over time. URD participants’ work 
processes need to create an intimacy with these stakeholders. The nature of these stakeholder management routines will 
need to transform as the business model changes. For example, it’s likely that certain technology service providers will evolve 
into resource owners to exploit real technological advantages. These companies’ required interaction with stakeholders must 
drastically change as a result. 

A paradigm from the professional services industry that allows for a dynamic relationship with customers is key account 
management. Adoption of key account management tools, especially the practice of mapping interactions of the top 
management team with counterparties in stakeholder organizations, can be very helpful. Additionally, fast-changing markets 
are successfully exploiting new technologies like social media and crowdsourcing to maintain intimacy with customers and 
other stakeholder groups. These same tools are also being used to learn about, and shape (i.e., Sense), the preferences of 
stakeholders and can easily be adopted in URD.

Implementing the dynamic capabilities framework begins with top management embracing the need to compete to win. 
An unbiased audit of current competitive advantages, dynamic capabilities, and micro-foundations will help leadership 
identify which micro-foundations should be the initial developmental focus. Table 1 is neither an exhaustive list of action 
nor a “cookbook” of required steps; rather, it will hopefully provide leadership ideas as to how to move from concept to 
implementation.

Ambidexterity

The winners in URD have been the independents, not the majors. The record of the majors in URD has lagged that of smaller 
competitors. Exxon is an exception; however, Exxon acquired XTO and has to a large extent kept this organization separate in 
the unconventional space. This strategy has worked for both Shell and Exxon in the “URD-like” heavy-oil steamflood business 
run by Aera, a separate company they jointly own. BP has admitted that its unconventional business performance lags the 
independents and was going to establish a separate company with its own governance and work processes to pursue URD. 
Whether BP follows through with these stated plans given the recent collapse in commodity prices remains to be seen. 
Shell has had multiple billion-dollar write-offs in URD but has recently expressed confidence in a newly refined portfolio of 
properties. Other super-majors likewise have failed to demonstrate competitive advantage in the URD businesses. 

Sustainable competitive advantage in URD requires developing the type of evolutionary fitness that dynamic capabilities 
provide, because of both the rapidly changing state of technology and the managerial flexibility to adapt to these changes 
throughout the life cycle of unconventional resources. Conventional E&P does not allow managerial flexibility during 
development on the scale that URD does, and the key to performance is to excel at the conventional capabilities that drive 
technical fitness. This is especially true in mega-projects. 

Companies trying to win at both E&P and URD face the challenge of simultaneously building both technical and evolutionary 
fitness, or being “ambidextrous.” Ambidexterity is exceedingly hard for two main reasons. The first is that the important 
role that top management must play in exploiting dynamic capabilities (entrepreneurial leadership, decision leadership, 
and transformation leadership) creates a talent and bandwidth problem. There simply are not many individuals with these 
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leadership skills that are also great at operational management issues like planning, budgeting, organizing, and staffing, which 
focus on minimizing deviations from approved plans. Additionally, if individuals with these dual skill sets exist, it is not clear 
they would have the bandwidth to be effective. 

The second important reason firm-wide ambidexterity is hard to achieve is the role company culture plays on firm performance. 
A discussion of this topic is beyond the scope of this paper, but it is sufficient to summarize that the cultures needed for URD 
and E&P are quite different.

We are not recommending that firms only compete in E&P or URD; however, firms considering (or currently) doing so would 
be well served to address the ambidexterity challenge head on, as the degree of necessary transformation may be too extreme 
to pursue.

Conclusion

The unconventional hydrocarbon supply revolution has changed the world, and it will be a long-lived revolution. Those 
companies that will be the winners in this revolution will capture higher returns than their competitors over the short and 
long runs; they will win because they have created, and continuously re-created, competitive advantages. The dynamic 
capabilities framework that leading firms in high-velocity industries like Silicon Valley have embraced can help companies in 
the unconventional “oil patch,” because URD is also a high-velocity industry. By focusing on the three key clusters of dynamic 
capabilities (Sensing, Seizing, and Transforming) and their associated micro-foundations, companies can build these 
capabilities and be winners. 
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